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INTRODUCTION 

LOCATION AND ACCESS 

The Watt Lake map-area (east half) is compri sed of approximately 170 
sq uare mi les, and covers the west-central portion of Granvi ll e Lake. The map­
sheet is bounded by latitudes ,56°15' and 56°:30' north , and by longitudes 100°30' 
and 100°-15' west. The co rresponding s heet of the Nat ional Topographic Series 
is 64C:/ 7E. 

The a rea is s ituated approximately 30 m il es southeast of the mining town of 
Lynn Lake, in the G ranville Lake ::\lining Division. Granville Lake is most easily 
reached by cha rtered aircra ft from Lynn L:ike, or by canoe along the Churchill 
Hiver, comm encing at Pawistick station, the poin t where the C.N.R. Lynn Lake 
line crosses the Churchi ll Hiver. This trip reriuires several short portages, the 
longest of which is 12 chains ,it C:ranville Falls. A second ca,noe route commences 
at Lynn Lake and fo llows t he Keewatin Hiver, but involves numerous porta,ges 
and rnpich,, making travel ve ry diffi cult and slow. In 1961 the portages just north 
of Granville Lake were overgrown and difficult to follow . C:ranville Lake may also 
be reached via t he Laurie River, commenc ing at D rybrough on the Lynn Lake 
rnilway or a lterrmtely from the power station, just west of Trophy La ke on the 
Laurie l{iver. A canoe route a long Beatty C reek (locally known as Lynx River) 
leads north from C:rnnville Lake to Beaucage Lake. This route has four portages 
a nd several slmllow rapids, which make navigation by canoe difficult at times of 
low water. 

The settlement of Pickerel Narrows, located one m ile south of t he south 
boumbry of t he mcLp-arca, has a population of about 80 persons. An independent 
tracler is located at the settlement, and during t he summer fi shing season un­
scheduled aircraft arrive regularly from Lynn Lake. 

GENERAL CHARACTER OF THE AREA 

I II gen eral the area is similar to other parts of the Canadian Shield, a nd is 
covered by smal l muskegs, ·wamps , and lakl's, an<l by g lacial deposits. Granville 
Lake cover,; much of t he southern portion of the map-area, a nd the narrow nort h­
wc,;t arm of th is Lake c1 1t,; di agona ll y acro,;s t he area from southeast to northwest. 
Hock Pxpo,;ure-; :ire numero us and of la rge areal extent. 

Topographic rel ief ill t he a rea does not exceed 250 feet. The G ranvill e Lake 
gabbro intrusion at the we,;tern edge of the area, is resi st:wt to weathering a nd 
presents t he maximum reli ef, ri sing sharpl y a long its northeas tern contact with 
t he Sickle grcywacke, uncl t hen more graduall y n,; t he cent ra l a rc-a of the intrnsion 
is approached . Black rrout Jiorite is resistant and crencrnlly forms high, steep 
riclges, part icularly in the are~i immecliately adjacent to Beaucage Lake. The gran­
iti c bodi es a long the eastern edge of the area also form high areas of extensive 
outcrop in many places. Scattered resistant pegmatite bodi es stand 50 to 75 feet 
above the enclosing sedimentary rocks. Rocks of the Sickle series also form exten-
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sive high rock ridges in some places, in contrast to those of the Wasekwan series 
which tend to underlie areas of lower ground. 

The entire area has been swept by forest fires within the past 40 to 50 years, 
and much of it is a tangled second growth of spruce and jackpine. Other species 
are poplar and birch, with scattered tamarack in the low swampy areas. Timber 
suitable for mining purposes is scarce. The maximum diameter noted was 8 or 9 
inches, but this size is rare .. 

A few local residents are engaged in commercial fishing ; the total allowable 
catch in recent years from Granville Lake has been 100 tons per year. Fish are 
transported to Lynn Lake by aircraft in the summer season and by winter road 
during winter months. Species available are pickerel, whitefish, jackfish, goldeye 
and tullibee. Commercial fishing is predominantly for pickerel and whitefish. 

GLACIATION 

In common with the rest of the Canadian Shield, the area was glaciat ed during 
Pleistocene time. Glacial deposits are thin, except for an area to the north and 
northwest of Beaucage Lake, where outcrops are not common. Glaciation has 
removed the weathered surface rock, and left the more resistant rock as generally 
rounded hills. In places where the Sickle rocks have a steep dip , st eep rock faces 
have been developed, probably by ice plucking. These are best developed along 
the west shore of Beaucage Lake. 

Glacial stri ae are common, and indicate an almost north t o south direction of 
ice movement. R ock ridges parallel the strike of the bedding rather than the 
direction of glacial movement, and are probably a refl ection of pre-glacial topog­
raphy. M inor local diversion of glacial ice flow by the comparatively narrow and 
deep valley of the northwest arm of Granville Lake is indicated by a few anomalous 
striae noted along the shores of this arm. These striae suggest a diversion of ice 
flow to the southeast. 

PREVIOUS WORK 

E arly geologi cal exploration of the Granville Lake region is summarized by 
M cinnes (1913). The Granville Lake district was mapped at a scale of 4 miles to 
1 inch by J. F . H enderson in 1932 and G. W. H. Norman and J. F . H enderson in 
1933. The results of t his work are published in Geological Survey of Canada 
Summary R eport 1933, P art C (out of print). Following further geological inves­
tigations by Downie in 1935, the work of H enderson and Norman was also incor­
porated into the Map 344A, at a scale of 4 miles to 1 inch. In 1950, G. C. Milligan 
mapped the "Beau Cache" Lake area, which covers the northeast portion of the 
present map-sheet , on a scale of ½ mile to 1 inch. Milligan's report was published 
as M anitoba M ines Branch Publication 50-8, " Geology of the Beau Cache Lake 
Area" (out of print) . F ollowing additional work by M illigan in 1957 the geology 
of the "Beau Cache" Lake area was revised slightly. The revised map was pub­
lished in 1960 at a scale of 1 mile to 1 inch, as M ap No. 7, Beaucage Lake, part of 
Manitoba M ines Branch Publication 57-1, " Geology of the Lynn Lake District". 
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PRESENT WORK AND ACKNOWLEDGEMENTS 

This report is based on fi eld work carried out during the period June 6 to 
September 1, 1961. Verti cal aerial photographs at a scale of ½ mile to the inch 
were available for the map-area. Compass and pace traverses were run at intervals 
of 1500 feet, and never exceeding 2000 feet , over the entire map area. In the area 
of complicated geology immediately east of Beaucage Lake, the traverse interval 
was approximately 1000 feet. All t raverse locations were plotted on the air photos 
in the field, and geology then transferred to a base map at a scale of½ mile to the 
inch. 

It is a pleasure to acknowledge the capable assistance provided by M r. W. 
Lambo, senior assistant, and by Messrs. G . D . S. Brisbin, W. A. Gibbins, and 
l{ . Day, who acted as junior assistants. 

Aircraft service was provided by the Manitoba Government Air Service, and 
radio communications with Wabowden was assisted by the Manitoba Forest 
Service stations at South Indian Lake, and Lynn Lake. 

A study of the Granville Lake gabbro was made at the University of Manitoba 
under the guidance of Dr. H. D. B. Wilson; the results were submitted as a thesis 
for the M.Sc. degree. 

Throughout this report the writer has used rock names based on the igneous 
rock classifications of the Geological Survey of Canada, and the sedimentary rock 
classification of Pettijohn (1957). 
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GENERAL GEOLOGY 

INTRODUCTORY STATEMENT 

The consolidated rocks of the Watt Lake area (east half) are of Precambrian 
age. Norman (1934) and Downie (1935) mapped and named the Sickle series, 
an extensive series of sedimentary rocks intermedia te between greywacke and 
arkose. They and subsequent workers considered this series to unconformably 
overlie an older pre-Sickle series of volcanic and sedimentary rocks for which the 
name Wasekwan series was proposed by Bateman (1945). The Wasekwan and 
Sickle series have since been ex tended by various geologists mapping for the 
Manitoba Department of Mines and Natural Resources to include similar rocks 
throughout the Lynn Lake d istrict, including the Watt Lake map-area . 

vVasekwan rocks in the map-area are a series of sedimeuts (greywacke, arkosic 
greywacke, arkose, conglomerate, iron-formation) and intermediate to mafic 
amphibolitic volcanic rocks . The Sickle series is a remarkably uniform series which 
consists predominant ly of well-bedded greywackes to arkosic greywackes and 
their slightly recrystallized equivalents. The contact between the Sickle and 
W asekwan series is marked by the Sickle conglomerate. In the southwest corner 
of the map-area a sequence of volcanic rocks several hundred feet thick has been 
est ablished as part of the Sickle series. These intermediate to mafic volcanic rocks 
lie about 1500 feet stratigraphically above the top of the Sickle conglomerate. 
These had not been recognized as an integral part of the Sickle series until 1961 , 
and must wedge out to the north. P rior to then the Sickle series was considered 
to completely lack volcanic rocks. T hese Sickle meta-volcanic rocks are strati­
graphically overlain by a sequence of metamorphosed arkoses and related rocks 
which is another new addition to the Sickle series and which must also wedge out 
to the north. The arkose sequence is overlain by the more typical Sickle arenites . 

W asekwnn and Sickle rocks have been intruded by many types of igneous 
rocks. These are mn,inly granitic to granodi oritic intrusions along the eastern side 
of the map-area, but also include the Granville Lake gabbro and Black Trout 
diorite. The internal structure of the Granville Lake gabbro, a differentiated 
intrusion, indicates t hat it was intruded in a near horizontal position and later 
tilted into an almost vertical posit ion by fo lding. The relative ages of the Granville 
Lake gabbro, Black Trout d iorite, and the granitic intrusions are not known. 
Following a period of complex fo lding of the rocks of the area, uplift, erosion and 
P leistocene glaciation have combined to form the present topographic surface. 

W ASEK WAN SERIES 

The term Wasekwan series was originally used by Bateman (1945) for an 
assemblage of metamorphosed volcanic and sedimentary rocks in the vicinity of 
Wasekwan Lake, approximately twenty miles to the northwest of Beaucage Lake. 
The recognized aeri al extent of the W asekwan series was enlarged by Fawley in 
1948 and 1949 (Fawley 1949, 1952) and by Milligan in 1950 (Milligan, 1951) to 
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TABLE OF FOJL\IATJONS 

Sand, gravel, glacial till and boulders 

C1U:AT UI\COI\ FOHMITY 

Pcgmatite. 
Complex of plagiocla:e-qu:trtz-biotite schist derived from Sickle 
a rcnit<'s with pcgm:ttite. 
(:rnndiorite to quartz monzonite- "Granite zone" 1 Granville 
Diorite, minor quartz rlioritc-"Transition zone" 1Lake 
Cabbro, minor quartz gabbro- "Gabbro zone" ) gabbro 
Pegmatite with remnant inclusions of Sickle meta-arenites. 
l\I igmatitic lit-par-lit gneiss. 
Grey grnnodiorite. 
Mixed rocks (a) Mixed Wasekwan sedimentary and volcanic rocks, 

hornblende syenodiorite, and pink granodiorite. 
(b) Mixed W:u;ekwan sedimentary rocks , hornblende 

syenodiorite, and pink granodiorite. 
(c) Mixed Waflekwan sedimentary and volcanic rocks, 

iron-formation, Sickle arenites, Black Trout diorite, 
hornblende syenodiorite, and pink granodiorite. 

Pink granodiorite to quartz monzonite. 
Porphyritic quartz monzonite to porphyritic granodioritc. 
Hornblende syenodiorite. 
Black Trout diorite- diorite to quartz diorite 

lNTRUSIVE CONTACT 

9 Venites formed by partial anatexis of Sickle aren ites (unit 5). 
8 Strongly recrystalli zed Sickle areni tes \Yith common muscovite­

quartz-sillimanite knots (derived from unit 5) . 
7 lV[eta-arkose, granitoid mcta-arko:;e, granite, minor quartz grit . 
6 Intermediate to mafic lavas, volcan ic breccia, and tuffaceous 

rocks. M in or deri ved plagioclase amphibolite. 
5 Sickle arenitc>:- impure :ukose to feldspathic grewacke :1!ld meta­

morphic equivalents. 
4 Conglomerate. 

3 

2 
lb 
la 

Intermediate to mafic lavas and derived p lagioclase amphibol ites, 
minor interbedded sediments and minor amygdaloidal fl ows (inter­
bedded with unit la). 
Conglomerate (interbeclcled with unit la). 
Feldspathic grcywacke and metamorphi c eq ui val en ts. 
G rcywacke, subgreywacke, a rkose, subarkosc, and metamorphic 
equivctlents; minor iron-formation and minor interbcddecl volcanic 
rocks. 
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include similar rocks in the present map-area. Bateman subdivided the Wasekwan 
seric,; in to eight map-units. In the vicinity of Beaucage Lake, lVIi lligan a nd the 
present writer have been able to distinguish only three units ,,·hich are mappable 
at the pre,;ent scale. The three map-units of the writer conform in genera l to those 
of :Milligan although they arc not strictly ident ical. The most extensive ·wasekwan 
unit (la) mapped by the writer in the vici11ity of Beaucage Lake is predomillantly 
sedmentary. The chief rock types are subarkose, arkose, and greywacke, and their 
metamorphic equivalents, with minor interbedded volcanic rocks and siliceous 
iroll formation. The arcn ites which comµrisc this uni t are highly variable in char­
acter , di,,tribution and appearance. In rare ca,;es vo lcanic rocks comprise as much 
as 50 per cent or more of local small outcrops. 

The map-unit second in importance at Beaucage Lake consists predominantly 
of plagioclase amphiboli tes derived from mafic lavas, with lesser interbedded 
sedimentary rocks identical to those of unit (1) . Sedimentary beds are usually of 
minor importance, but comprise as much as 40 to 50 per cent of scattered small 
outcrops. 

The Wa::;ekwan conglomerate (2) usually occurs as well-defined sheets and 
lenses within sedimentary rocks (unit la) of the Wascbrnn series. 

The relative ages of these three subdivisions of the Wasekwan series are some­
what uncertain. In the Watt Lake map-area (east half) , the three occur only in 
the area immediately to the ea,;t and north of Beaucage Lake. It would seem that 
at least in the vicinity of Beaucage Lake, depo::; it ion of arenaceous rocks continued 
throughout Wasckwan time, interrupted by deposition of the Wasekwan conglomer­
ate (2) and by intermittent periods of volcanism with extrusion of mafic lava. 
However, bcc:.wse of t he relatively confused pattern of fold ing, fau lting, and in­
trusion of Wa.-ekwan rocks in the vicinity of Beaucage Lake, the apparent strati­
graphi c sequence may now appear to be more compli cated than it actually is . 

A fourth lithologic unit (] b) consisting of homogcnous, uniformly bedded 
fe ldspathic grcywacke occurs in t he extreme southwestern corner of the map-area. 
These rocks differ distinctly in compo ·ition and t exture from Wasckwan rocks at 
Beaucage Lake. Lit hologically, they closely resemble t he Sickle seric · which com­
prises the major part of the map-area, a nd were originally mapped in the fi eld as 
Sickle arcnites by the \\'riter. D uring the summer of 1963, G. S. Barry of the :Mines 
Branch mapped the east half of the Trophy Lake area, (Barry, 1965), which is 
immediately adjacent to t he southern boundary of thf' W:itt Lake area (east half) . 
Structural and Ii tholop;ic featu res observed by Barry and discussed with the writer 
(September, 1964) indicate that t hese rocks arc probably part of the Wasekwan 
serie,;, and repre,;ent a considerable i11crca~e in the hitherto recognized a real extent 
of the Wasebrnn seri es. The probable ,v asekwan age of t hese rocks has an impor­
tant bearing on the interpretation of the .-trntigraphic ,;cquence and structure of 
the Sickle series within the Watt Lake map.area (east half). This matter is dis ­
cussed in later sections of this report. 

ARENITES (t a and tb) 
.1RKOSE, SUBARKOSE, SUBGREYWACKE, GREYIVACKE (la) 

An area of Wasekwan sedimentary rocks to the east and northeast of Beaucage 
Lake consist,; of complexly interbanded grcy,rncke, subgreywacke, arkose, sub-
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arkose and the metamorphic equivalents of these a renaceous rocks. All gradations 
between these rock types are fou nd, and the di stinction bet\\"cen an arkose and a 
gre.nrackc is necessarily problemati cal and in some places further obscured by 
sub;;cqucnt recrysta llization. Sili ceous iron -fo rmat.ion and plagioclase amphibolites 
derived from volcani c rocks occur as minor intcrbands. 

\Vasek\nw arenite;; vary in colour from light grey to medium grey. The pre­
dominant variety i;; fin e grained , and ma;;;;ive to moderately foliated. Bioti te is 
ubiquitou;; , in amou nts ranging from a trace to 15 per cent , but is generally a 
minor const ituent. R ock;; ,,·ith a relatively high biotite content generall y have a 
moderately \\"Cll-clevclopcd foliation , with original bedding planes obscured , and 
in many pl aces could be described as quartz-fe ldspar-biotitc schist. Arkose to sub­
:irkosc i;; probably the predomin:wt rock type. The original texture and composi­
tion of the grc:nrnckcs and subgrcy,ntckes has been considerably modified by sub­
sequent metamorphi sm. 

:i\'licro;;copi cally , the more massive V/asck\\"an a rcnitcs from Beaucage Lake 
appear as jagged, fine-grained in tcrgro,,·th, of quartz and plagiocb se, ,,·ith lesser 
microclin c a nd biotite in some specimens. A fc\\" grains of garnet, amphibole, 
chlorite, magn etite, :wd r,ircon arc found in some rocks . The foliated varieties 
have been modcrntcly recrystallized. Significant riuantities of muscovite are found 
only in stro ngly sheared rocks. 

T he fo llm,·ing range in composition ,ms estimated from seven thin sections 
of typi cal Wa:;ck,rnn t, rcnite:s from the Beaucage Lake area: 

Quartz 65-88% 
Plagiocb sc 0-36% 
Microcli ne 0-3% 
Biotite 0-1 2% 
Muscovite 0-1 5% 
C' hloritc 0-Tr. 
Am phi bole 0-Tr. 
l\Iagnetitc 0-2% 
Garnet 0-Tr. 
Zircon 0-Tr. 

C:ri tty a rkosc is minor in amount but ,,·idesp read in occurcnce, p:, rti cularly 
near the east shore of Beaucage Lake close to the Sickle conglomerate . Thi ;; rock 
conta ins up to 20 or 25 per cent \\"ell-rounded , glassy quartz grnins or "eyes" ,rhich 
range up to 3/ 16 inch in diamete r. Thi ;; rock type consists of 65 to 70 per cent 
quartr, , 30 to 35 per cent plagiocl:,;;e plus miroclin e, and 2 to 4 per cent muscovite 
plu:; biotitc. 

A band of siliceous iron-formation occurs ,,·ithin the \Vasek11· :1n a rcnites im­
med iately east of Beaucage Lake, near the mout h of Beatty C reek. The iron-for­
mati on consists of 1/ 8 to 1/ 4 in ch layers of fine, granular qua rtz intercalated with 
similar laycrn ,Yhich consi:;t of a granular intcrgro,Yth of quartz and an unidentified 
pl eochroi c green amphibolc that is apparent!.'" an iron-rich variety. The::;e b yers 
contain 50 to 80 percent amphibole. The rock contains numerous magnetite-rich 
band::; up to rt fc11· inche.· in 11·id t h, ,,·hich are composed of as much as 90 per cent 
magnetite. Exposure of t he iron-fo rmation is poor, so that it i:; impossible to arrive 
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at an accurate estimate of the overall magnetite content or of its areal extent. 
The average magnetite content for the entire iron-formation is probably 10 or 15 
per cent. Three or four other narrow bands of iron-formation are indicated by 
strong magnetic deflection of the compass needle over Wasekwan rocks east of 
Beaucage Lake. 

An outcrop of iron-formation is exposed in the small and isolated area of 
Wasekwan rocks which is found along the contact between hornblende syenodiorite 
and the Sickle arenites about ¾ mil e east of the southea t bay of Beaucage Lake. 
No exposures were found of the iron-formation which are probably respo1rnible for 
the other observed magnetic anomalies. However, outcrops are small and widely 
scattered in these a reas. The various occurrences of iron-formation probably re­
present an originally continuous band in the Wasckwan arenites ,,·hich has been 
greatly disturbed and offset by complex folding and fault ing of the enclosing rocks. 

Considerable <loubt exists as to the age of those rocks designated as Vv asekwan 
arenites on the wide peninsula which separates the southeast bay of Beaucage L:1ke 
from the ma in body of this lake. These (!jocks are intermediate in composition 
between arkose and greywacke, and resemble both the W asekwan and Sickle 
a renites. However, there is li ttle doubt that the rocks designated as Wasekwan 
immediately to the north of this peninsula and between Beaucage Lake and the 
long na rrow lake ½ mile to the east belong to the W asekwan series. 

FELDSP;lTHIC GREYW,!CKE (lb) 

The southwestern portion of the map-area is underlain by homogeneous, 
moderately ,rnll-bedded feldspathic greywacke (Pettij ohn) originally assigned by 
the writer to the Sickle serie ·. It is in contact to the north with the Sickle con­
glomerate, which w:1s originally mapped by the writer as an inter- (or intra-) forma­
tional conglomerate within the Sickle series. This rock is medium grey and has 
an average grain size of 0.04 to 0.10 millimeter . It is composed predominantly of 
plagioclase, quartz a nd biotite, and has a weak foliation parallel to bedding mani­
fested by alignment of tiny fl a kes of brownish black biotite. Thin section exami­
nation ·hows that this rock is an irregular mosaic of plagioclase, quartz and biotite, 
with trace quantities of magnetite, garnet ::wd zircon. The biotite is in the form of 
elongated flakes and laths which contain numerous minute grains of zircon sur­
rounded by pleochroic haloes. 

An outcrop of grey,rncke precisely on the southern boundary of the map -area 
and approximately 1700 feet east of the western boundary contains many irregular 
flakes and knots composed of intergrown quartz and muscovite. The knots, about 
1/ 8 inch across, consist of an irregular intergrowth of roughly 50 per cent quartz 
and 50 per cent muscovite. In addition many muscovite and quartz grains contain 
scattered needle-like inclusions of sillimanite. Other local areas in the fe ldspathic 
greywacke have scattered quartz-muscovite knots, but these are not as well 
developed as in the outcrop described above. Table l gives the mineralogical com­
position of 3 typical feldspathic greywackes, including one of the knotted variety. 
Larger and more rounded quartz-muscovite knots are common in the Sickle series 
(map-unit 9) about 4 miles to the northeast. 
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TABLE 1 
Average composition and range for 3 feldspathic greywackes (1 b) . 

RANGE A VER.'\GE 
Plagioclase . ..... . .... . ... . . .... . . . ... .. 50- 69% 59% 
Quartz ..... . . ... . .. ..... . . . ... . . . . .... 14- 32% 22% 
Biotite .. ... ... ... ... . . . . . .. ... .. .... . . 11-23% 17% 
Muscovite (knotted specimen only). 0-4% 
Garnet... . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- T race Trace 
Zircon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0- ½% Trace 
M agnetite.. . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 

The biotite has presumably formed by the recrysta llization of an original 
chloritic matrix. The rock closely resembles the Sickle a renite (5) except t hat it is 
generally somewhat darker in colour because of the higher ferromagnesion content . 
A comparison (Tables 1 and 4) hows that the fe rromagnesian content is 17 per 
cent for the Wa ekwan feldspathic grewyacke and 6.6 per cent for the Sickle 
arenites (5) and that the ferromagnesian minerals are chiefl y biotite in both cases . 

It should be noted here that both the Wasekwa.n feldi:; pathic greywacke (lb) 
and the adj oining southern band of Sickle conglomerat e differ considerably in 
lithology from their counterparts in the Beaucage Lake area. 

CONGLOMERA TE (2) 

The Wasekwan conglomerate occurs as bands and lenses up to 4000 feet long 
and 400 feet wide within the Wasekwan arenitcs. T he conglomerate consists of 60 
to 65 per cent pebbles. P ebbles a re predominantly off-white to light grey, fine­
grained quartzite. In some outcrops up to 25 per cent of t he pebbles are massive 
to coarsely granulat ed grey-white quaI"tz. Scattered pebbles of the gri tty arkose 
described above were noted in many outc rops. The matrix materia l is fine grained 
and dark grey t o grey-black in colour. 

P ebbles vary in shape from subrounded to well rounded . In some places they 
are a lmost spherical, and up to 3 inches or more in diameter. In other outcrops 
pebbles have been st rongly deformed, so that they are now rod-shaped , with 
diameters up to 2 inches, and lengths of 8 to 10 in ches. These elongated pebbles 
usually plunge steeply, a11d as a result they appear to be a lmost ·pherical in shape 
when viewed in a horizo11tal outcrop surface. 

Thin section examination indicat e::; that the quartzi te pebbles consist of more 
than 95 per cent strained, granular, intergrown 4ua rtz. Other::; resemble vein 
quartz that has been granula ted by intense deform ati on. The matrix materi a l 
is a fine-grained, allotriomorphi c granul ar intergrowt h of hornblende, plagioclase, 
biotite and quartz in order of relative abundance. H ornbl ende is greatly predomi­
nant , and the biotite i::; slightly al tered to chlorite. Zoisite a nd calcite a re minor 
accessories. 

M illigan (1951, p. 6) stated t hat: 
" Th e Wasekwan conglonwrnt<• has UPC n i1wlud eJ wi th so nw hesitation. It is possible 
t,haL some oc<·urrent·t•s of conglomt·rnlc, whi<'h havl' !)('en show n :,s Wusckw:m , a re com­
p lexly infoldcd and faulted remna nts uf Lhc i:i icklc conglomerate" . 
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After re-examination of the outcrops M ill igan (1960, p. 38) later stated: 
"There is now very li ttle doubt that a conglomerate does occur in te rl.Jedded with the 
Wasekwan volcani cs, though, perhaps, not a ll the conglomerate east of Beaucage Lake 
should be so considered" . 

The present writer concurs that the conglomerate bands a nd lenses in the 
W asekwan rocks a re of W asekwan age. This conglomerate may represent one of 
the fo llowing: 
a) a series of conglomerate lenses of variable stratigraphic position interbedded 
with the Wasekwan rocks; 
b) a single discontinuous horizon in the Wasekwan seri es; 
c) a single bed in the Wasokwan series which has been complexly fo lded and faulted 
with the rest of the W asekwan rocks. 

Detailed mapping would be required to settle this matter. 

VOLCANI C ROCKS (3) 

Flows of intermediate to mafic lavas with related rocks, up to 1000 feet thick, 
occur interbedded with the Wasekwan arenites throughout the series east of Beau­
cage Lake. The present dist ribution of these volcanic rocks is complicated by 
extensive fo lding and faulting. Volcanic rocks comprise less than 15 to 20 per cent 
of the Wasck\rnn seri es east of Beaucage Lake. Mi lligan (1960, Map No . 7) indi­
cates a relatively large area of predominantly volcanic rocks between the north end 
of Beaucage Lake and Beatty Creek. Outcrops are sparse in this area, and Milligan's 
interpretation is the most logical for the outcrops he observed. However, additional 
outcrops found during the 1961 field season indicate that this area is underlain 
predominantly by . edimentary rocks belongi ng to the Wasekwan arenites (l) , 
but containing vo lcanic interbands. 

The volcanic rocks of the Wn,sekwan series are varable in t exture, colour and 
composition. They a re predominantly medium to dark greenish grey to greenish 
black , and vary in composition from andesite to basalt . Milligan (1951 , p .6) 
describes what he considers to be thin flows of acid lavas having the composit ion 
of rh?oli te or quartz latite. None of these were observed by the writer, and it is 
probably that such rocks have been interpreted as metasediments in the present 
mapping. In any case, such rock:; are rare in the map-area. 

The majority of Wasekwan volcanic rocks have been met amorphosed to a 
medium to coarse-grained plagioclase amphibolite. The most highly recrysta llized 
rrrnteria l consist s of 70 to 80 per cent fibrous amphibole. In finer-grained phases 
the fibrous nature of the amphibole is not well developed. 

In most outcrops t he lavas a re a lmost massive, commonly with distinct flow 
structure. Foliation is moderately well developed in only a few outcrops. Amy­
gdaloidal flow tops, though not common , were observed by the writer in volcanic 
rocks along the west shore of the long narrow lake about ha lf a mile east of Beaucage 
Lake. M illigan (1951, p.5) reports that vesicular flows occur near Lynx River 
(Beatty Creek) . 

Thin sections of typical Wasekwan lava show 76 per cent hornblende, 22 per 
cent plagioclase and 1 per cent magnet ite, with traces of quartz, g:m1et, and calcite. 
However the hornblende content varies from 20 to 85 per cent and plagioclase 
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from 9 to 75 per cent. Hornblende is pleochroic from light green to dark green or 
blue green, and generally in the form of irregular to fibrous growth or grains. 
Plagioclase is normally granular and untwinned, and patchy retrograde saussuritic 
alteration is common. Garnet constitutes up to 2 per cent of the rock. The quartz 
content does not exceed 1 or 2 per cent. 

Milligan reports plagioclase compositions ranging from An 3 5 to An 4 5. Owing 
to absence of twinning, the writer was able to make positive determinations for 
only two specimens. These gave An35 and Ans4, corresponding to a composition 
range of andesite to basalt. 

Some volcanic rocks between Beaucage Lake and the long narrow lake one­
half mile to the east have the appearance of a conglomerate with elongated pseudo­
pebbles up to 2 inches across and 10 to 20 inches long in a garnetiferous volcanic 
matrix. However, closer examination reveals that the apparent "pebbles" are a 
fine granular mass of white carbonate; thin sections show calcite, quartz and a 
lesser mineral having an anomalous Berlin blue birefringence, probably zoisite. 
The origin of this peculiar rock is not known. 

SICKLE SERIES 

The Sickle series was named by Norman (1934) from its type locality at Sickle 
Lake, a few miles north of the present map-area. Norman considered the Sickle 
series to consist of two units (a) a relatively thin basal conglomerate overlain by 
(b) a thick sequence of arkosic sediments and greywacke. 

In the Watt Lake map-area (east half) Norman (1934) and Downie (1935) 
show a gradational contact between the Sickle series to the northeast and a more 
highly metamorphosed "biotite gneiss" or "granulite" phase to the southwest. 
Their gradational contact is parallel to (and 2 to 3 miles northeast of) the northwest 
a rm of Granville Lake, passing about 1 mile south of Beaucage Lake. However, 
there is little significant difference between rocks included in the Sickle series by 
Norman, Downie, Fawley, Mi lligan and other geologists and the greater part of 
those rocks which Norman has included in his metamorphi c granulite or biotite 
gneiss and schi st phase. 

Many of the rocks which constitute Norman's "metamorphic granulite" phase 
are slightly recrystallized Sickle arenites which retain most of their sedimentary 
bedding features, including fine crossbedding. Such rocks are generally recrystal­
lized, but no more so than many of the rocks considered by other geologists as 
Sickle series On the other hand, there definitely is an irregular increase of meta­
morphic grade in Sickle rocks to the south and west of Beaucage Lake. Some Sickle 
arenites immediately west of Beaucage Lake consist of fine irregular intergrowth 
with an average grain size of 0.01 ot 0.03 millimeters; the metamorphic grade 
corresponds to the chlorite zone of regional metamorphism (quartz-albite-muscovite 
chlorite subfacies of the greenschist fac ies). Sickle a renites at the western edge of 
the map-area (south of the northwest arm of Granville Lake) and also in the south­
east are recrystallized to a coarser mosaic (average size 0.15 millimeters or greater) 
and belong in the sillimanite zone of regional metamorphism as manifested by the 
appearance of q uartz-muscovite-sillimanite knots. In a small a rea at the east edge 
of the map-area anatexis has resulted in partial fusion of the original sediments. 
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Throughout the map- area the degree of recrystallization varies gradat ionally and 
somewhat irregularly from place to place with in the Sickle arenites and generally 
it is difficult to represent this on a map. Apart from map-unit 21 , Norman's t erm 
biotite gneiss and schist cannot be correctly app li ed to any of the rocks of the Sickle 
series which occur \\·ithin the Watt Lake map-area (east half) , because the biotite 
in these rocks occurs on ly in the form of very t iny flakes which arc not well aligned. 
The rock does not have a schistose or gneissoid foli a tion or cleavage. The term 
metamorphic granul ite, a lso used by Norman, might correctly be applied to some 
portions of map-unit 5 (Sickle arenites) and to map-units 7 (Sickle meta-arkose), 
8 (knotted meta-arenite) and 9 (Sickle venite). However, because of ambiguity 
rega rding its mean ing, the writer prefers to avoid the use of the term granulite. 

Mcta-arkose (7) , knotted meta-arenite (8) , and venite (9) , as well as a plagio­
clase amphibolite of probably volcanic origin (6) are a ll part of the Sickle series. 
Norman (1934) suggests that the plagioclase amphibolite band may be an upfolded 
or upfaulted band of pre-Sickle rocks, but this interpretation is incorrect and the 
meta-arkose and pl agioclase amphibolite are actually an integral part of the Sickle 
series which had not been recognized as such prior to the mapping of the Watt Lake 
area. In addition to the three previously undifferentiated Sickle map-units, Norman 
has also included the portion of the Wasekwan series (lb) at the southwest corner 
of the area in his metamorphic phase derived from Sickle rocks. 

CONGLOMERATE (4) 

Conglomerate is found at the base of the Sickle series at Beaucage Lake and 
along the southern shore of Granvill e Lake. At Beaucage Lake the conglomerate 
varies in thickness from 25 t o 1000 feet or more, with an average of about 500 feet. 
Pronounced stretching of pebbles, and shearing of the matrix sugge ts that defor­
mation has probably modified the original thickness. 

At Beaucage Lake the Sickle conglomerate normally consists of 30 to 60 
per cent pebbles in a fine-grained grey to greenish grey arkosic matrix . Pebbles 
are rounded from l inch to 3 inches across on horizontal outcrop surfaces, but a 
few pebbles exceed 6 inches in di ameter. They consist of fine -grained, greyish pink 
granite, white quartz and white to dark grey quartzite in that order of abundance, 
with a few pebbles of dark grey felsite. On the weathered surface the conglomerate 
is reddish grey to reddish green. Most pebbles are stretched ,,·ith long axes pitching 
steeply in the pl ane of foli ation , but they range in shape almost spherical to ellip­
soidal with lengths 20 times their widths. Many pebbles arc also slightly flattened 
parallel to bedding. Commonly the arenaceous matrix has developed foliation 
parallel to the bedding. Quartz pebbles arc only slightly elongated, granite and 
quartzite pebbles much more so . 

A band of Sickle conglomernte approximately 800 feet thick is found near the 
southwest corner of the map-area, striking parallel to the south Hhore of Granville 
Lake and dipping 30 to 60 degrees so uth. The conglomerate is composed of up to 
70 per cent light grey pebbles ranging in composition from subarkosc to arkose in 
a grcyw:wkc matrix. The pebblPs arc greatly elongated with long axes plunging 18 
to 38 de(Yrees in a direction S 15° K A few pebbles are as large as 4 inches by 12 
inches in horizontal section, but the great majority are Je::;s than 2 inches across. 
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The ratio of the short, intermediate, and long axes varies from 1 :3 :5 to 1::3:10. 
Mineralogical ,ciomposition of two typical pebbles are estimated in tab le 2. 

TABLE 2 
Mineralogical Composition of Pebbles in the Sickle Conglomerate (4). 

SPECL\IEN NUMBER 
C61-1165 C61 -1171 

Quartz . . ......... _ ........ _ . . ...... . 57% 58% 
Plagioclase ..... . ... . . . ... .. . . . . .... . . . . 38% 38% 
Biotite ...... .. ..... . ....... . 5% Nil 
Amphiboie .. .. . . ... _ . . . . . .. .. . _ ... .. .. . Nil 2% 
Muscovite .... _. . . . . . . . . . . . . . . . . .. . .. . N il 2% 
Magnetite. . . . . . . . . . . . . . . . . . Nil Trace 

Thin sections sho\\· the matrix material as fin e-grained, medium grey, fclds­
pathic gre:ywacke, (table 3). 

TABLE 3 
)iinernlogical Composition of the ::\fatrix of the Sickle Conglomerate (-1) 

SPECIMEN NUMBER 
C6l- 1165 C61-1 171 

Quartz ........ .. ... ... . . . . . .. . .. .... . 62% 31% 
Pia.gioclase ............ _ ... . 23% 57% 
Biotite . . ........... . . _ .. . 15% 12% 
Muscovite ........... . . . . . . . . T race 1% 
Magnetite ... . . ... . ... . ....... . . . . . . . . . Nil Trace 
Zircon ................... ... ..... . .... . Trace Nil 
Apatite ....... . .... . .. ... _ .... .. . .. . Trace Trace 

Both pebbles and matrix consist of fine, granular intergrowth . Scattered 
quartz-muscovite knots ,,·ere observed in the conglomerate matrix in t\\·o outcrops. 
Norman (1934, p. 33c) describes this band as biotite gneiss derived from a frag­
mental rock. Ho,Yever, "·ithin the present map-area t his rock has every appearance 
of conglomerate, ,,·ith stretched pebbles as in the Sickle conglomPrate at Beaucage 
Lake. Norman suggests the possibility that the conglomerate band may represent 
the highly metamorphosed equivalent of the Sickl e conglomerate. The present 
·writer concurs that this is the Sickle conglomerate, overturned to the north. 

NATCRE OF THE CONTACT UETWEEN TllE IV ASEJ{WA N A:\"D SI CKLE SERIES 

The contact between the vVasek\rnn feld.·pathic greywacke and the Sickle 
conglomerate in the southwest mu; observed in one outc rop, 4800 feet east of the 
,vest ern map boundary. The contact is gradational over a distance of 2 or 3 feet 
from a ·wasek\rnn fcldspathic grcy\Yacke with sca.ttered quartz-muscovite knots 
to Sickle conglomerate with identical quartz-muscovite knots. 

Because of the remarkably similar appearance of the Wasekwan feldspathic 
greywacke and the Sickle conglomerate matrix, the unconformity (if such exists) 
,ms not located. ::\lore detailed study of this outcrop might y ield critical evidence 
as to the possibi lity of an unconformity, but no angular discordance or disconfor-
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mity and no significant contrast in deformation or metamorphism was observed. 
At Beaucage Lake, on t he other hand, t here is a sharp increase in defo rmat ion, 
and a distinct cha nge in lit hology on passing from the Sickle to the Wasekwan 
series; M illigan (1960, p. 82-83) describes an angular di scordance (not observed by 
t he ,n-iter) of approximately 30 degrees between the Sickle series and t he W asekwan 
rocks t o the cast. He st ates: 

" .. . at t he contact, t he Sickle shows a strong development of muscovite and is qui te 
schistose; t here is a strong possibili ty t hat t his represents movement at t he contact . 
Thus an angular d iscordance might be produced by means other t han fo lding and sub­
sequent deposit ion" . 

During t he present mapping it was observed that the Sickle arenite (5) is 
moderat ely to st rongly sheared for a cont inuous distance of 3 miles along the east 
shore of Beaucage Lake, and faul t ing along t he W asekwan-Sickle contact seems 
a very di stinct possibility, part icularly because the Sickle conglomerate is apparent­
ly missing at the expo ure described by M illigan. H ence this exposure neither 
proves nor di sproves t he existence of an angula r unconfo rmity bet ween the Wase­
kwan and Sickle series. T he nature of t he W asekwan-Sickle contact at Beaucage 
Lake has also been obscured by the intrusion of a wide sill of Black Trout diorite. 

AREN l 'l'ES AND llfE 'l' A -A REN l'l'ES (5) 

F ine-grained Sickle aren ites and corresponding meta-areni tes underlie three­
quarters of the map-a rea. They a re normally well bedded wi t h individual beds 
vary ing in thickness fro m a fraction of an inch to 3 or 4 inches and ra rely as much 
as 1 foot . Bedding planes a rc commonly marked by paper-thin layers of fine b iotite . 
F ine crossbedding is commonly found west of Be:.ucage Lake, part icularly in the 
finest sil ty beds. In this v icini ty t he beds dip steeply east with the tops facing west. 
Crossbedding is rarely visible elsewhere but has probably been obliterat ed by 
rccrystallizatio11. 

T he Sickle a rcni tcs consist of a thi ck sequence of metamorphosed, predomi­
nant ly fine-grained sed imentary rocks probably gradational in composit ion between 
impure a rkose and fe ldspathic greywacke. The rocks called Sickle areni tes by the 
\\Titer have in the past been referred to in various parts of the Lynn Lake area as 
arkose, grey \\·acke, sandstone, feldspathic quartzi te. impure quartz ite and q uar tz ite. 
T his m ul tipli city of rock names ind icates t he problem of precise classifict,tion of 
t he rocks invo lved, insofar as t he rocks of unit 5 are remarkab ly homogeneous in 
composit ion and appearance. M illigan (1960, p. 90, Beaucage Lake) describes 
rocks consisting predominant ly of quartz and various feldspars (ort hoclase, micro­
cl ine, andesine and oligoc lase) wit h minor biotite, magnetite and garnet . He con­
cludes t ha t such rocks were origina ll y ~. rkose · or protoquartz itcs. 

A total of 29 t hin sections of Sickle a rcnitcs were examin ed by t he writer 
(Table 4). T \\"O of t he specimens were too fine graincJ fo r distinction of feldspar 
fro m q uartz ; t hese contai ned 8;"i per cent combined quartz plus fe ldspar. Otherwise, 
t he average quartz content (26 per cent ) is considerabl y IO\\"C r t han Mi ll igan's 
esti mate:;. Hence t he t e rms, impure a rknsc, a rko:;c, and greywackc a re p referable 
to qua rtz ite in t he ,v att Lake a rea, acco rding to t he cla:;sification of P ettijohn 
(1957, p . 283-339) . 
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TABLE 4 
Estimated mineralogical composition of 29 Sickle arcnitc,; . 

PJagiocla:c. . . . . . . . . . . . . .. .... . . 
Quartz. . ..... . . .. . ... . . . . ... .. . . ... . 
Biotitc . . . . . . . . . . . ....... . . . . .. . 
::\Iicroclinc . ... . .. ..... . . .. . . . . . ... . . . . . 
Horn blcndc .. . 
Magnetite . 
::.\lu,;covitc . 
C'hloritc . . . 
Apatite ..... . .... .. .. . . . ..... . ... . 
Carbonate .. . . . . . .. .... .... .... . 
Sphcnc ... . ... .. ... .. .. . ... ..... . .. .. . . 
Zircon . . . . .. . . . .. ... . ...... . .... . 
Total Fcrromagnci,;ian mincrab plus 

magnetite . . .. . . .... ....... ... . . . 

HANG!◄: AVEHAGE 
41- 70% 
10- 50% 
1-12% 

tr-1.J.% 
0- 8% 
0- 6% 
tr-8% 
0- 3% 
0-1% 
0- tr 
0-t r 
0-tr 

1. 5-19% 

59% 
26% 

5 .5% 
:3. 1% 
1.1% 
2.2% 
1.9% 

t r 
tr 
tr 
tr 

8.8% 

Sickle a rcnitc;.; arc predominant!,\· grc',\', weatheri ng to rcddi,;h grey a nd buff . 
Tlwy arc rcmark:1bl.v uniform in texture, colou r and composition t hrough :m nppar­
cnt ,;tratigraphic th ickness of m:u1y thousands or feet. In t he area adjacent to, 
and up to one• mile \\·est of Beaucage Lake, the Sickle arcnitcs have been subjected 
to only low grndc metamorph ism; the_\' arc grey, ext remely fi nc-grninecl, s ilty , 
impure :ukosc or fcldspathi c grcywackc, showing little evidence of recrystallizat ion . 
A ty pi cal specimen has an average grain size of !cs,-; t han 0. 02 millimctcrr- (maximum 
0. 2 millimPtcrs) and consi,;ts of irregular dctrita l grains (75% of the rock) of calci c 
a lbitc and quartz, and a little microcl inc, in :m extreme!,\· fine matrix of nlbit0, 
quartz , scricik, chloritc, magrwtite and calcite wi t h rare zircon. Actinoli tc and 
cpidotc arc pre,.;0nt in some :-;pccimens. ::.\[uch of the chloritc :-;hows in ci pi ent a lte r­
ation to biot itc, so t lrnt the rock li es in the upper chloritc zone or lower bi ot itc 
zone of n•gional metamorphism . Fifty per cent of the rock con:,,ists of coarne plagio­
clasc fragments. 25 per cent quartz, a nd ;3 per cent microclinc; t he remainder of t he 
rock is the much finer-grained intcr:,,titia l mate ri al. No rock fragm ents were 
ohlicn·ed in thin sections and the term grc_\'\\·:1,ckc• c:iltstonc, or impure arko,;ic sil t­
stone seems apprnpriatc (Pettijohn, 1957, p. 20). lt is :1]:-;o notable t hat t he rocks 
immedi ately \\·est of Beaucage Lake show no preferred orientation of mica flakes , 
in contrast to recrystallized Sickle arcnites common elsewhere in map-area. Delicate 
crossbcdding is thw; preserved only in this area of low grade metamorphism. 

Throughout most of the m:tp-arra the Sickle• areni tcs a rc recrystalli zed and 
conr:-l'I' grained than those described abov<•, but bedding is generall y well preserved . 
·w ith increasing metamorphism, biotitP appears and constitutes scvel':.tl per cent of 
most Sickle arenitcs. A characteristic tl'xturc results from the un ifo rm distribution 
of t in.v biotite flakes through an eq ually fine-graim'd quartzo-fcldspathic matrix. 
Alignment of the mica flakes usuall .v p:tr:dl eil'i bedd ing planes, but locally, mica­
ccous foliation cuts t he bedding. Th is is best seen immediately east of t he southeast 
end of tho (;ranville Lake gabbro intrul'iion. 
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Despite the rather uniform mincrnlogical composit ion and gro s general 
appearance of t he rocks of map-unit 5, minor but fairly distinctive variations in 
colour, texture, and degree of recrystall ization of these rocks can be distinguished 
in the , vatt Lake area. These variations arc generally characteristic of areas up to 
several square mi les in extent. It should be emphasized t hat the distribution of the 
various phases is somewhat irregular; hence t he fo llowing descriptions of these 
phases and their distribut ion rcpresent!:i only the gross li tho logic features of large 
areas rather than detailed descriptions of ind ividual outcrops. 

In the area bct\1·cen the northwest arm of Granville Lake, the western and 
northern boundari es of the map-area, ( 'hickcn Lake, Deane Lake, and R ilgour Lake 
the rocks are mediu m grey with average grain size less t han 0.04 millimeters 
(maximum 0. 25 mil limeters) . Hand specimens show distinct strong pa rallel mica­
ccous fo li ation , best seen 2½ miles south of Beaucage Lake, and at the south end 
of Chicken Lake. Microscopically the rocks shO\\. a granular mosaic of plagioclase 
and lcs8cr quartz, with 3 to 10 per cent aligned biotitc and lesser muscovite laths. 
M icroclinc, magnetite a nd apatite are present as acce8sory minerals. The frag­
mental nature of the origi n.ti a rkosic grc_nrnckc has been la rgely obliterated by 
recrystallization ( 'rm;sbcdding was recognized in only one outcrop, about 2000 feet 
west of t he nortlrn·est corner of the map-area (dip 67° west, tops facing east). 

Another phase of pale grey to buff grey arcnites is found in t he area bet ween 
the long nan-0\1· lake immed iate!~, soutlrn·cst of t he Gran ville Lake gabbro, the 
north\1·cst a rm of G ran vill e Lake, the west boundary of t he map-area, and t he la rge 
fingering ::, il l of Dlack Trout di oritc in the sout hwest part of the map-area. Simila r 
rock8 occur 011 the 2 mile- long pcninsul:1 on the north shore of the northwest arm 
of Granville Lake ;;outhcast of t he gabbro intru;;ion, and extend eastward to Beatty 
Creek, about 2 or 3 mile8 to t he east of t he pcni n:ml:1. Thc::,e rocks are thoroughly 
rccry8ta lli zcd to a gran ular mo8aic of average grain size varying from 0.04 to 0.20 
mill im eters and genera l_\· coarser t han 0.07 milli meter::; . They cont a in a ligned 
biotite and muscov ite flak es up to 2 mi llimeters lomg, with the a lignment less 
obviou:-; than in t he aren itcs near Chicken Lake. Origi nal bedding is clearly pre­
served in outcrop and hand specimen. 

Immediately adjacent to map-uni t 8 (knotted mcta-arenitc) the Sickle a renite 
is strongly rcc r_\·8ta lli zed to a granular mo:-;aic \Yi t h average grain size 0. 15 to 0. 20 
millimeters. The rock has a wcl l0 dcvelopcd "s:d t and pepper" texture caused by 
parall el mica flnkPs up to l . 5 millimctcrn in lcngt.h. T he coarner bcd!:i a rc usually 
\Yell prc:-;crved. Scat tered quartz-muscovite knot8 up to ¼ inch across arc found 
in a few outcrops. 

Ea!:it of the junction bct1Ycen Beatty Crock and Cranvi ll e Lake, the strongly 
recryskd lizcd Sickle a rcn itc consists of :t relat ively conrne mosaic of untwinned 
p lagiocb sc (60% ), quartz (25% ), biotitc (6%), microc li ne (5% ), muscov ite (2%) 
and magnetite (1 % ) and rare zircon in biotite. Thc::,c rocks grade into v enite 
(map-uni t 9) deri ved from the Sickle areni tc by pa rt ia l anatexis. 

The si ll -like intrusion of Bbck Trout d ioritc whi ch cuts across the southern 
portion of the map-area defi ne::, an approximate met:unorphic boundary . North of 
t his ;; ill recr_\·stalli zation of the Sickle arcn itcs ha !:i been more pronounced than to 
t he south. The arcn ites of map-unit 5, between this sill and the meta-arkose (7) to 
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the south, are slightly darker grey t han those to the north; in addit ion to the 
normal minernls, specimens from th is locality contain up to 5 per cent hornblende, 
le ·ser tremoli te-actinoli te, and epidote, as well as minor calcite. These minerals 
occur as fine, green, calc-silicate bands up to ½ inch thick, parallel to indistinct 
bedding planes, and also as irregular disseminated grains. The calc-silicate rocks 
are best seen on "·ater-washed outcrops ~.long t he mainland and island shorelines 
south of the diorite and almost impossible to distinguish inland. Average grain size 
varies from 0. 05 to greater than 0 . 10 millimeters. 

Sickle arenites in the southwest, between the Sickle conglomerate (4) and the 
Sickle volcanic rocks (6), consist of a recrystallized granular mosaic (average grain 
size 0. 05 to 0. 10 millimeters). A typical specimen is composed of 60 per cent 
oligoclase, 25 per cent quartz, 8 per cent biotite, 5 per cent microcline, 1 per cent 
muscovite, 1 per cent magnetite and a trace of apatite. A few peculiarly fl at quartz­
muscovite knots, not found elsewhere, were observed in these rocks on the south 
shore of the 2 mile-long island which consists primarily of Sickle volcanic rocks. 

Three or four 6-inch beds of an angular intraformational conglomerate or 
breccia were observed in the area between B~aucage Lake and the western boun­
dary of the map-area. The pebbles or fragments are fine-grained sil tstone or slightly 
recrystallized argi llite, medium to dark grey in colour. Under the microscope a 
typical fragment shows a very fine inter-growth of pbgioclase (60% ), bio tite (20% ), 
quartz (11%), magnetite (6%), and white mica (3%). The matrix of the breccia is 
fine-grained, but consiclerablyco:user tlrnn the constituent minernls of the fragments 
and has the following composition: plagiocbse (60% ), quartz (25% ), biotite (12% ), 
muscovite (2%) and magnetite (1 %). 

Rare 6-inch to 1-foot beds of "argi lli te", similar to the fragments described 
above, ,rnre observed locally throughout the map-area, mainly in the relatively 
unmetnmorphosed rocks north of Granvi lle Lake. 

The contact between the Sickle conglomerate and the overlying Sickle arenites 
is best exposed ,100 feet to the east of the small lake which cuts the northern b0tm­
dary of the map-area about 9500 feet directly northwest of Beaucage Lake. There 
the contact is sharp, wi th the transit ion from typical basal conglomerate to typical 
thinly bedded fi11e-grained Sick.le arenite taki ng place across a distance of less 
than 2 feet . The arenite is slightly sheared, but there is no indication of actual 
fau lt ing along the contact. The same contact is exposed in at least 3 localities along 
the east shore of Beaucage Lake, but there the overlying Sickle arenites have been 
highly sheared so that they are now well-developed plagioclase-quartz-muscovite 
schists; hence fo,ulting is a distinct possibility at this locality . 

FOLCA1'.: I C 1wc1-:.s (6) 

A band of plagioclase amphiboli te i:o exposed on the long narrow island in the 
south,,·est corner of the map-area. The b:md is 500 to 1000 feet thick and dips 35 
to 45 degrees to the sout hwest . In hand specimen the rock appears to be weakly 
fo liated grey-green andesite or basalt. The foliation is the result of a planar orien­
tation of t iny elongate hornblende crystals and grains. Four thin sections show a 
fine-grained intergrowth of plagioclase, hornblende and lesser quartz. with accessory 
magnetite and a few microscopic euhedral garnets . P lagioclase (identified in one 
thin section as An5o) is unaltered, and coutains dusty inclusions of an unidentified 
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black opaque mineral. Hornblende occurs as anhedral to cuhcclral grain:;, pleo­
chroic from light to dark ol ive-green. Quartz and magnetite grain::; arc irregular 
in shape. Only one th in section contain ed biotite (1 %). 
sition is summarized as follo\\':;: 

P lagioclase 
Hornblende 
Quartz 
Magnetite 
Biotite 
Garnet 

43- 49% 
40- 45% 

7- 11% 
0- 2% 
0-1% 
0- Trace 

The e:;timatccl compo-• 

Norman (1934, p . 33c) de:c;c ribcs the band of pbgioclasc amphibolite as follows: 
"A han<l o f has iC', grprn hornhlendP gneiss follo\\'S the sou th shon' of (:ranvi ll c Lake. 
Well-preSPrvod pillow st ruc tures am prl•sent in th is band and iL is <"i Parl;1· d1•r ivL·d from 
l>asi<' lava. It is in par t l>:u11k•d an<l in part massiv1·, a m! is ,·omposl'd of hornh lcndc, 
andl's inc, and biotite. Oc·C'asiona i P.Yl'OXl'B<' ri l' h hands 11·ith tilan itP arl' prPSl'nt . Its 
lithology suggests that it is a n upfoided or up-faul ted ban<l of pre-Sickle rocks but <ldi­
nite proof t hat it belongs to t his group is lacking" . 

G. S. Barry of the i\I ines Branch (personal communication, September, 1964) 
reports pillow structures within the band, and in one outcmp the \\'ri tcr observed 
a 10-foot layer of irregular vo lc:wic fragment:;, up to 1 inch acm··s, enclosed in a 
slightly p,Llcr groundmas:,; . This bed i:,; apparently a pyrocla,;tic breccia, which 
support:,; tL volcanic origin for the plagiocla:;e amphiboli tc. In one outcrop, near 
the ea,;t end of the long island , a contact bct\\'een Sickle arenitcs and plagioclase 
amphibolite i:,; marked by a series of 1/ 8-inch to 2-inch interbed:,; of both rock types, 
sugge.-ting that part of the plagioclase amphibolite is a metamorpho:cd tuffaceou::; 
sediment. 

The exposed contacts of the plagioclase amphibolite band arc gradational, 
and interbedded across a di:,;tance of 4 to 5 feet ,,·ith the Sickle arenites. There is 
no sign of fau lting along the contacts to indicate an up-folded or up-faulted band 
of pre-Sickle lava as suggested by Norman. T here is evidence, ho\\'cver, that the 
plagioclase amphiboli te represents volcanic activity during the Jeposition of the 
Sickle series. Evidence of such volcanic activity during Hickle t ime has not pre­
viously been reported. The plagiocla:,;c amphibolite band appear:; to have been 
deposited near the ba:,;c of the Sickle serie · and must ,,·edge out to the north, as it 
does not appear at Beaucage Lake. 

11JE1'A-AR!{OSE, GRANITOID META -ARIWSE Al\' D REL ATED ROC!{S (7) 

Rocks believed to have been derived from arkosic ::;cdimcnb of the Sickle 
series are found immediately north of the Sickl e volcanic rocks (6) in the southwest. 
The rocks included in map-un it 7 are variable in composition and appearance, and 
d istinctly different in compo.·ition, texture and overall appc:mmcc from the Sickle 
arenitcs of map-unit 5. The predominant rock type is highly variable, greyish pink 
fine-grained meta-arkose, \\'hich in some outcrop::; contain::; flattened quartz-musco­
vite knots up to ¾ inch in length. A typical specimen of this meta-:trkose has the 
follo wing estimated composition : quartz 54 per cent, plngioclase 24 per cent, 
microclinc l 7 per cent, biotite 3 per cent, magnetite 2 per cent, quartz-mu::;cov.ite 
knots 2 per cent. The rocks has a grain size of O. 4 millimeter:-;. The arko::;e is con­
siderably richer in quartz and muscovite than the average arcnite. Outcrops arc 
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commonly cut by small irregular granit ic bodies. Some outcrops show li t-7Jar-lit 
migmatite; other outcrops are best descr ibed as granitoid arkose and granitoid 
paragneiss. 

The arkosic material locally contains interbeds (l-50 feet thick) of quartzo­
feldspathic grit consisting predominant ly (90%) of angular quartz grains (1 mm to 
3 mm), with minor plagioclase and microcline grains; muscovite, biotite, and 
magnetite are accessory minerals. 

A few small outcrops near t he western boundary consist of meta-arkose or 
granitoid paragneiss, interbedded with similar rocks consisting of quartz, muscovite 
(as much as 60 per cent), and minor ol igoclase. Accessory sill imani te is commonly 
found in the quartz-muscovite beds, which locally constitute up to 30 per cent of 
some outcrops. 

The relatively large amount of granitic material included in this map-unit 
may have resulted from partial melt ing of the arkose and inj ection of the granitic 
material thus formed. Meta-arkose found about l ½ miles south of the southeast 
corner of the map-area is similar to t he typical specimen described above, but lacks 
the granitic material which characterize the meta-arkose near t he western boundary 
of t he area. It is probable that the two occurcnces are part of the same meta-arkose 
formation which underlies the southern portion of Granville Lake, and is therefore 
not exposed over the distance of 7 miles between these two locations. 

The contact between the meta-arkose and the Sickle volcanic rocks is exposed 
at the west end of the island near the southwest corner of the map-area. There, the 
contact is gradational from dark green tuffaceous sediments to greyish orange 
meta-arkose across a distance of 4 or 5 feet. Passing from t uffaccous volcanic rocks 
to meta-arkose, t he rock becomes progressively lighter in colour, with interbeds 
½ inch to 2 inches thick, of light-colou red meta-arkose and dark grey-green tuffa­
ceous sediment, A few ½ inch beds of tuffaceous material conta in numerous 1/ 8 
inch reddish brown garnets. The deposit ional seq uence from mafic lavas and 
agglomerates to t uffaceous sediments and then to arkosic sediments is thus tran­
sit ional, wit h no evident hiatus. 

After deposition of the arkosic and quartzitic elastic sediments there must 
have been a sharp change in sedimentation, at which t ime the extensive fine-grnined 
Sickle arenites (5) were laid down. Simi lar sediments had been deposited over the 
Sickle conglomerate preceding t he peri od of Sickle volcanism. The northern con­
tact between the arkosic rocks of map-un it 7 and the arenites of map-unit 5 is not 
exposed. However, about 1300 feet cast of the we::;t boundary of the area two out­
crops about 300 feet apart on the shoreline of Granvi lle Lake define t he contact 
between the Sickle arkose (7) and the more predominant Sickle arenites (5) . 

K NOT TED ME'l'A.-ARENI TE (8) 

A knotted variety of Sickle meta-arenite underlies two separate areas totalling 
15 to 20 square mi les in the south-central portion of the map-area, respectively 
north and south of the northwest arm of Granville Lake. The rock contain s approx­
imately 5 per cent muscovite-quartz· knots enclosing microscopic sil li manite. 
Knots are ellipsoidal in shape and up to ¾ inch across. The knotted meta-arenite 
is deri ved t hrough metamorphism from the less recrystallized arenites of unit 5. 
K nots stand out as rounded knobs on the weathered surface. 

19 



The fin e-grained rock matrix rE>prescnts rec rystallized arkosic greyll'ackc ll'ith 
speckled appearance due to parullel alignm ent of t iny mic:L flakes. Average grain 
s ize varies from 0. 15 to 0.25 rnillimcten; . Despite the extensive recrystall ization, 
remnant sedimentary bedding can invari:ibly be d iscerned. 

l\nots consist of 60 to 80 per cent muscovite, and 20 to 40 per cent quartz, 
usually in an in tcrgrO\\'th in 1rhich grain boundaries arc rounded and muscovite 
grains contai n many rounded inclusions of quartz. In some knots muscovite is 
cr~·stallographi call y contin uous throughout the knot, though tll' isted a nd contorted. 
Sill imanitc occurs only in the kno ts, a:=; ti ny microscopic need les and clusters of 
needles in quartz a nd less commonly in muscovite, and co nst it utes no more than 
1 per cent of the knots . f:i illiman itc needles ::;oldom exceed l or 2 mill imeters long 
and 0. 004 millimeter ll'ide. 

A fell' outcrops contain rare anhcdral, irregularly shaped. porphy roblasts of 
pinkish orange microclinc up to :3/ 8 inch acros::;, conta ining many rcmn:rnt inclu::;ions 
of t he associated minerals but excludi ng sil limanite. 

The compositional range of 7 thin sections of knotted Sickle meta-arenite 
(matrix only) is given in Table 5. 

TABLE 5 

Estimated l\1i11eralogical Composit ion of the l\Iatrix ::\Iaterial for 7 Thin 
Sections of Knotted ::\Ieta-areni tes (8): 

P lag ioclase. 
Quartz. 
Biotite. 
:i\'I icrocline ... .. . . . .. . .... . . .... .. ..... . 
:Muscovite . .. . .. . . . . . . . . . .. . .. . .. . 
Magnetite . ... ... . ... . 
Apatite . ...... .. . . . .... . . . .. ... . . . . . . . . 
Zircon . . . . ..... . 

HANGE 
48- 72% 
16- 29% 
2-8% 
2- 17% 
1-5% 
1- 2% 

Tr- 1% 
0- Tr 

AVERAGE 
59% 
25% 
5.1% 
6.6% 
2.6% 
1.5% 
Tr 
Tr 

The above figures include one unusual thin sect ion 11·h ich contains 17 per cent 
microcl ine; otherll'i se, t he microclinc content 1rnuld average 4. 5 per cent, plagio­
clase 61 per cent and quartz 25 per cent. 

Overall rock composition ( including t he knots) d iffers only s lightly from that 
indi cated b:v t he table. C'omp:iri son of the average f:i icklc knottccl meta-arcnitc (8) 
given above with t he iwcragc Sickle arenite (m:Lp-unit 5, Table •O indictLtes li tt le 
i:;ig ni fica nt compo i:; i tonal d iff crencc bct11·cen the rocks of t he two map-uni ts. except 
for an apparent sligh t ly higher content of mu.-covitc and microc linc in the knotted 
variety . 

\'arious origins have been propo::;ccl for simi lar knots in adjacent map areas 
by ::\Iilligan (1960) , Barry (1965), and by Godard (1966). This problem is further 
cli::;cusscd under metamorphism. 

VEN / TE (lJ) 

\'cn itc occurs in an area slightly greater than 1 ::;q uarc mile at the cast boU11-
dary of t he miip-area about 3 miles ea::;t of the mouth of Beatty Creek; it grades to 
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the f:iouth and ,refit in to f:itro ngly rccr.rntallizcd Sickle a rcniteH, :rnd has apparently 
formed by partial anatcxi:-; of thc;;c rock:;. Typical outcrops consi;;t of strongly 
recrystallized, grey-pink Sickle arenitcs impregnated \\·ith a net1rnrk of irregular 
veinlcb (up to 3 inche:; 11· ide) of fine-to medium-grained pinki;;h granodioritc. The 
granodioritc var ies in com po ·ition and texture, and merges imperceptibly in to the 
meta-sedimentary rock:; C:ranodioritc may comprise up to 50 p1)r cent of some 
venite outc rops but probably averages 10 to 25 per cent; both massive and pcg­
matit ic pha::;es occur. 

A typical .-pecimen of granodiorite with a small amount of remanent sedimen­
tary material consi:;ts of 60 per cent plagioclasc, 20 per cent qmtrtz, 13 per cent 
microclinc, 5 per cent biotite, 1 per cent muscovite, 1 per cent magnetite, with 
trace zircon. The plagioclase is oligoclasc (An 15) with a fair ly ,,·ell-developed 
(010) polysynthetic t\\· inning. The granodioritc is considerably richer in potash 
fe ldsp:u than typica l Sick le arenitc, and the remnants of arcnitc are depleted in 
potash fe ldspar. Thi :; is con::;i.-tent 11·ith the probable anatcctic origin of the venitc. 

The vcnitc pha.·c grades in to meta-arcnitc across a distance as great as 2000 
feet, and the degree of recrystallization of the mcta-arcnitc decreases away from 
the venite zone. 

BLACK TROUT DIORITE (10) 

D ioritc mapped by Fawley (1949) at B lack Trout Lake is continuous ,Yith 
t hat mapped near Beaucage Lake by M illigan and the pre::;ent writer. Similar 
diori tc has been m~tpped by the Man itoba M ines Branch (Fawley 1949, 1952, 
i\l il liµ; a n 1960; and others) northwest towards Lynn Lake. 

Other occurrences of Black Trout diortc, now mapped by the writer in the 
Watt Lake area, comprise an extcn::;ivc sill complex extending from the west boun­
cbry to the Houthcast corner of the area. Thi:; sill ha::; a maximum width of 30)0 
feet in the west, narrows to less than 100 feet in the southeast, and has tt tota l 
length of 12 miles within the map-are:1. It extends beyond the bou ndaries of the 
Watt Lake area to the northwest and southeast. 

A smaller ell iptical in trusion, about H mile long and 1000 feet wide, was map­
ped 3 miles cast of the mouth of Beatty Creek. Another outcrop waf:i noted on the 
largest sland in Beaucage Lake and other small intrusions arc included in the area 
of mixed rocks 3 miles cast of the south end of this lake. 

The dioritc usually occurs as c; ill-likc bod ies at various horizons in the Sickle 
a renitcs (5) , but occasional dyke- like bod ies arc abo found. Around Beaucage 
Lake and ebewherc, the dioritc forms high ridge::;; contacts with the enclosing 
Sickle sediments a rc marked by steep h ill slopes. 

The dioritc near Beaucage Lake is predominant I~· massive, but \\·eak foliation 
is developed wit hin 100 to 200' feet of its contacts. The extcm;ivc si ll in the south 
show::; weak fo liation parallel to t he bedding in the adjacent Sickle arenites . On the 
largest island, 2½ mile::; northeast of P ickerel Narro,rs , where this sill has a ,Yidth 
of 70 feet, tho dioritc has chill ed margins in contact \\·ith the Sickle arcnitc. 

In hand specimen, the diorite is slightly weathered, brown ish black, with a 
speckled appeara nce caused by ti ny lens-like conccnt r:ttion.- of gn'y ish fe ldspar 
that are most pronounced in the fo liated varieties. l\1 icro::;copically, B lack Trout 
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diorite is a fine- to med ium-grained , allotriomorphi c granuhr intergrowth of plngio­
clasc, biotite, hornbl ende and quartz , \r it h accc:-;:-;ory m:tgnctite, apat ite, 1tnd sphene, 
and rare zircon and ca rbo nate. Hornblrndc is plcoch roic from olive-green to bluish 
oli ve-gree11. B iotite is brown and plcochru ic. Apatite is common as subhedral to 
eu hedra l rods and grains. 8phe11 e occurs as granula r aggregates and cuhedrnl 
gra ins ::;u rrounding irregular grains of magnetite. Diot ite is weakl _Y a ligned. Zircon 
occurs as mi nute grains surrounded by plcochroic haloes in biotite . Table 6 gives 
the estimated range in min eralogical composit ion for 10 thin sections from vari ous 
localities in the map-area. 

TABLE G 

Hange and Average Composit ion of Black Trout Diori te (10). : 

l\'[INEHAL JUNGE IN A VERA.GE 
CONSTITUENT C'O:\IPOSITION COMPOSITION 
Plagioclasc... .47- 69%(An36t0An -17) 
Quartz. . . . . . 5- 20% 
Biotite.. . .. 5- 20% 
Hornblende. . . . . . . 0- 30% 
Biotite and Hornbende .. . . . . 18- 40% 
l\fagnetite...... . ..... . .. . 0- 6% 
Apatite........ . . . . . . . . . . . 1- 4% 
Sphenc ... . .. . . . . . ..... . ... Tr- 4% 
Zircon. . . . . . . . . . . . . . . . . . . . . 0--Tr 
Carbonate .. . . . . . . . . . . . .. 0- Tr 

57%(An 39) 
12% 
14% 
11% 
25% 

2% 
2% 
2% 
Tr 
Tr 

The diorite intrudes both the Wa.-ebrnn and the Sickle series and is cut by 
pegmntite. It.- age relations with hornblende sycnodiorite (12), porphyrit ic quartz 
monzonite (13), and pink granodiorite (14) are not known. 

Fawley (1950) a nd :.Vfilligan (1951) both considered that the BL.ck Trout 
diorite ,rns probably in truded after the main fo lding of the Sickle series. No con­
clusive evidence for this wa,; observed by the present writer. 

GRANITIC ROCKS EAST OF BEAUCAGE LAKE 

An extensive area to the east and ·outheast of Beaucage Lake is underlain 
by a large intrusive body of granitic rocks, which was mapped by l\I illigan (1951, 
1960) as "granite and related rocks", and which extends an unknown distance to 
the cast. In the present work , the granitic mass was subdivided into three d istinct 
mappablD varieties. These three varieties are hornblende syenodiorite (11), por­
phyritic quartz monzonite (12) , and pink granodiorite (10) . 

JJOR1VBLEN DE SYENODIOR/1'E (11) 

Hornblende syenodioritc occurs in the east, generally as a band from 800 to 
4000 feet in \r idth, situated between porphyritic quartz monzonite (12) and pink 
granodiorite (13), and rocks of the Wasekwau and Sickle series. Hornblende 
·yenodiorite has a uniform orange-pink colour and is fine to medium-grained . 
Faint foliation and lincation is imparted by greenish black hornblende. The min-
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eralogical composit ion is approx inrntel.\·: plagioclase (An 15- An 2 2) 70 per cent, 
microcline 20 per cent, hornb lende 5 µer cent, quartz :3 per cent, sphene 1 per cent, 
,,·it h trace amount::; of magnetite, eµi dote, biotite and apatite; the texture is allotrio­
morphic granular. P lagioclase is ,m il t wi nned, unaltered and of constant compo­
sit ion in :my individual specimen. Horn blende is pleochroic from gra::;::;-green to 
slight ly b luish green . l\ I icrocline show::; ,,·ell-developed gridiron t winning, and 
appears to have crysta ll ized slight ly later t han plagioclase. Quart z i.· faint ly 
strained . Sphene occurs as small ::;ubhedral grains scattered throughout the rock. 

This uni t contains a fe w melnnocrntic areas, up to several hundred feet across, 
\Yhich arc pinkish grey in colour and have an abnormally h igh content of hornblende 
(1 5% ) and biotite (5% ). 

l 'ORJ, /1 }R JT I C () £'ARTZ .1/0XZOJ\' JTE (12 ) 

Porphyrit ic quartz monzoni te occurs as :t uniform body, about 4 square miles 
in a rea, ea:;t of Beaucage Lake and as three ::;mall bodies south of t he main intrusion. 
It is closely associated ,,·ith horn blende syenodiorite and pin k granocl iori te. 

Porphy ri t ic qua rtz monzonite has a medium grey-orange colour, and i::; med ium 
grnined, ,,·it h 15 to 20 per cent (m rely 10 per cent) tabular, pinkish grey microcline 
µh cnocry .. ts up to 2 cent imeters in length. 

:.\lost of t he rock is quartz monzoni te wi th a re latively low potash fe ldspa r 
content, but grades to a granodiorite comparatively rich in pota::;h feldspar. The 
greater port ion of t he fc ld::;par occur::; as phenocry::;ts. 

T he ave rage mineral content of porphyritic quartz monzoni te i:; plagioclase 
(An 1 (j- An 1 n) -1-5 per cent, microcline :rn per cent, q uartz 20 to 25 per cent, horn­
blende 2 per cent . ,,·it h minor biotite, magnetite, ::;phene, and apatite. The texture 
i::: a llot ri omo rphic gr:u1ul:tr. P lagioclase grains arc mainly in the form of pheno­
crysts, but much of the microcl ine occur:; in t he grounclma:;s. ::.\ [icrocli ne phcno­
crysts conta in numerous t iny in clusion::; of pl:tgioclase, quartz a nd t he acce::;::;ory 
minerals . Ho rnblende i!:i pleochroic from green to blue-green. 

/ ' I .VII. OR.-L\'O IJIOUITE (13) 

P ink granodiorite covers an area of sevcml square m il es a long the easte rn edge 
of t he map-a rea. 1t is massive and mediu m grained, wit h a p:de pinkish orange 
colour imp:1rted b.\· fekb par. Genera ll.v, t he grnnodiori tc ha:; no discernib le gneiss­
osit y or fo liation, but at t he ::;out h end of Beatty L:1ke and ¾ mil e further ::;out h 
it has a ::;t rong gneis::; ic fol iation. 

T hin section:; :;ho,,· t he gran odiorite to consi,;t of :t medium-grnined allotrio­
morph ic granular in tergro \\·th of plagioclase. quartz, and microclinc, \\·it h :tcces:;ory 
biotite, hornblende, magneti te, apat ite and ::;phene. The ob:;c rved rn11ge in min­
eralogica l composit ion is: 

P lagioclase . .. . . . . .. . .. . . ...... . . . . .... . 
Quartz. . ... . . . ... . 
:i\ 'Ii crocline. . . . . . . . . . . . . 
B iotite and hornblende . . . 
::.\ Iag11etite, sphcne and ap:tt ite . . . . . 
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Plagioclase shows well-developed albite twinning and faint normal zoning. 
Quartz is slightly strained, and microcline has well-develpoed gridiron twinning. 
Biotite is pleochroic from light to dark brown and hornblende from gras::;-green to 
blue-green. 

CONTACT RELATIONS OF TI/EGRANITIC ROCKS EAST OF REA UCAGE LAKE 

It is likely that the three granitic rock types east of Beaucage Lake are of 
approximately similar ages . The probable sequence is hornblcmle syenodioritc (11), 
porphyritic quartz monzonite (12) and pink granodiorite (13) . The evidence is 
as follows: 

J.. Contacts between porphyritic quartz monzonite and hornblende syenodio­
rite are gradational, arid similar microcline phenocrysts occur in both rocks near 
the contact zone. 

2. In the mixed rocks (14a) north of Beaucage Lake, hornblende $yenodiorite 
(11) occurs as xenolithic blocks in pink granodiorite (13). These blocks vary in size 
from less than one foot to as large as 15 feet across. The folitLtion in a ll blocks is 
parallel, and hence it is inferred that they have undergone litt le or no rotation. 
Elsmd1erc, contacts between hornblende syenodiorite and pink granodiorite nppear 
to be gradational. 

3. Contact relations between porphyritic quartz monzonite (12) and pink 
granodiorite (13) were not observed. 

MIXED ROCKS (14) 

M ixed rocks east of Beaucage Lake were mapped from north to south as 
map-units 14a, 14b and 14c. 

?\fop-unit 14a lies along Beatty Creek near the north boundary of the area, 
and consists of a complex mixture of \Vasekwan sedimentary and vo lcanic rocks 
(la, 3), hornblende syenodiorite (11), and pink gmuodiorite (13). 

:\lap-uni t 14b, located about two miles east of Beaucage Lake, consists of 
mixed Wasekwan sediments (la), homblende syenodiorite (11), and pink grn,no ­
diorite ( 13). 

Map-unit 14c, about 3½ miles southeast of Beaucage Lake, consists of mixed 
Wasekwan sedimentary and volcanic rocks (la, 3), Sickle arcni tes (:j), Black Trout 
diorite (10), hornblende syenodiorite (11), and pink granodiorite (13). 

Because of complex intrusive relations, detai led mapping would be requ ired 
to differentiate the various rock types of these map-units. 

GRANITIC COl\IPLEX 

In the .-outheast, adjacent to Granvi lle Lake, a granit ic complex composed of 
gre~- granodiorite (15), lit-par-lit gneiss (16), and pegmatite (17) occupies 4 square 
miles within the map-area, and extends an U11known distance to the east. It forms 
an anticlinal core in recrystall ized Sickle meta-arenite. The central core of grano­
diorite is rimmed by a concentric band of lit-par-lit gneiss, 1rhich is enclosed by a 
coarse pegmatit ic band containing numerous remnants of the meta-arcnite. 

GREl' GllilNODIORITE (15) 

The grey granodiorite is a fine-grained, light grey rock composed of grey fcld-
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spar an<l quartz , ,ri th evenly d isseminated b iotite ,,·hi ch imparts a faint foli:ition. 
The outer 1 / 4 to :31 8 inch of the exposed rock surface is ,,·ca the red to a pa le buff­
g rey colour. 

Thin sections show an allotriomorphic in tngrml"t,h of plagioclase , quartz , and 
microcline, ,,·ith les,-cr biotitc , a nd acc('sso ry zircon. apatite and clinozo isi te. 

The quartz and fcld .-q ia r have rounded in te rlock ing g rain boundari e,; . B iotite 
occurs a:-; laths and rounded patch0s, ,,·it h rnrc zircon . Plag;ioclasc has sharpl:v 
defin ed albi te t,,·inninµ; . ::\[ icroclinc sho,rs po lysynthetic t11·in ni11g, and quartz is 
slight!~· .trained. The estimated range in composit ion is: 

P lagioc lase 55- 70% (.\n 1,:; to An 1 s) 
Quartz 25- :35% 
::\Ii croc line :3- 7% 
B iot ite 2- 4% 
Zircon 
Apatite 
C' linozoisite 

T race 
N il to Trnce 
N il to Trace 

C:rey g ranodiorite (15) differs from pink grand iorite (13) in texturn and in the 
much lu,,·c r rn icroclinc and higher pl:Lgioclasc content grey of granodiorite . 

.11/(;_1/ .I '/'l'f'IC: UT- I ' ,IN-LIT (;.\"F:188 (IG) 

The gnci:-;,- occur:-; as a b:u1d .500 to :3000 ff'et in ,,·iclth. surrounding the grey 
gran od io rit c. It consist,- of fine-grained. grc_Y, b iotit ic quartzo-fckbp:ithic byers, 
,r it h -lO lo GO JJC'I' cent gra ni t ic material intrnduccd as pink inegul:tr layer:;( ¼ inch) 
and augen like ll'nses . The augen and lenses arc fine-gra ined aggregates of qua rtz 
aml pink fe ldspar, ,rith th e com positio n of :Liaski te. 

The overal l com posit ion of the gneiss r:lllgcs from quartz monzonitc to grano­
d iori te depending 011 t lw relative proportion of i11 trod1teed potash fe ldspar. Esti­
mated composit ion of two representative th in sectio ns containing respectively 35 
per cent and GO per cent introduced material are given in Table 7. 

TABLE 7 
Compositi on of :'.\I igrnatit ic (:neiss (16) 

C'omposit ion of ('om posit ion of 
C neiss \Y ith c:neiss ,,·ith 

::\Iineral :35% fntro - 60% Intro-

P laµ; ioc l:tse .. . . . 
Quartz. 
:;\Ii crnclin c . . .. .. . 
Biot itc. 

duced ::\ I a te rial 
55%(An 1 ;) 

25% 
17% 
:3% 

C::1 rnet . . . . . . N il 
Zircon..... . . ... . . Tr 
Apatite . Tr 
::\luscov itc . . . . . . . . N il 

duccd ::\laterial 
:32%(.\n I n) 
3ii% 
30% 

:{% 
Tr 
Tr 
Tr 
Tr 

Approximate 
Average 
Lit-par-lit 
C: neiss 

44% 
:30% 
24% 
3% 

Tr 
Tr 
Tr 
Tr 

::\Iincr:tlogi eal composit ion s in Table 7 indi cate th:it the more highly gran itized 
lil -par-Ut g ncis.· is r icher in mi croclirw and poorer in plagiocl:tse than the less 
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granitized variety. These variations would be expected if potassium-rich alaskite 
was introduced into the Sickle arenitc to form the lit-par-lit gneiss. 

F ield evidence al.-o indicates that lit-par-lit gneiss formed as the result of 
extensive recrystallization and granitization of an originally well-bedded Sickle 
mcta-greywackc, with granitic material introduced along bedding planes. The 
original Sickle arcnite has undergone metasomatic "soaking" and strong recrystal­
lization so tlrnt boundaries between grnnitic and meta-sedimentary foliae are indi­
stinct and gradational. 

PEGJlllATl'l'E ll'lTII SICKLE INCLUSIONS (17) 

The outermost zone of the granitic complex is a band of pegmatite with meta­
sedimentary inclusions, varying in thickness from 1000 to 4000 feet, but generally 
about 2500 feet. It consists of coarse pegmatite, with large remnants of strongly 
recrystallized well-bedded Sickle arenite. These inclusions have been extensively 
invaded by pegmatite dykes and sills; many inclusions consist of 75 per cent meta­
arenite and 25 per cent pegmatite. The entire area mapped as pegmatite probably 
consists of 80 to 85 per cent pcgmatite, and 15 to 20 per cent meta-arenite. 

The pegmatite is a coarse intergrowth of pinkish orange feldspar and grey­
white quartz . Feldspar crystals are common ly as large as 12 inches or greater, and 
appear to be microcline and microcline perthite, although this identification was 
not checked by thin section. 

The Sickle meta-arenite surrounding the granit ic complex is extensively in­
jected by pcgmatite in a zone varying in width from a few hundred feet to 1000 feet 
or more. Some outcrops contain as much as 10 to 15 per cent pegmatitic material, 
commonly in the fo rm of lit-par-li t sills and lenses, but also as irregular dykes. 
However, t he contact between pegmatite and enclosing pegmatite-injccted sedi­
ments is well defined and easi ly mapped. 

GENERAL DISCUSSION OF THE GRAN11'IC COMPLEX 

In summary, the granit ic complex forms the core of a large well-defined anti­
cl ine in the Sickle mcta-arcnitc (map-unit 5). In the map-area, the complex has an 
interior zone of grey granodiorite, surrounded by successive zones of lit-par-lit 
gnei::;s, and pcgmatite respectively. 

Attitudes of fo liation, lit par-lit layering, and bedding of sedimentary inclu­
sions, in the granit ic complex conform closely to bedding in the enclosing Sickle 
sediments. All rocks are mutually concordant, except the minor pegmatitic dykes 
which cut surrounding sediments. 

The only observed contact between grey granodiorite and the gneiss is marked 
by a one foot bm1<l of biotitic ::;chist grading into gnei:s and granodiorite. Nearby 
pegmatite dykes containing bioti te books cut lit-par-lit gneis::;, but were not seen 
in the granodiorite. 

The contact bet\\·cen lit-par-lit gneiss and the pegmatite band was not observed. 

Lil-par-lit gneiss appears to have formed by mctasomatic introduction of silica 
and potash along bedding planes in fo lded Sickle arenites. The granodioritc core 
is low in potash feldspar, the lit-par-lit gneiss more potassic, and the outermost 
pegmatitic band richest in potash feldspar. 
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Grey granodioritc is apparently the oldest rock of the complex and pcgmatitc 
the youngest. 

C:HAN\'ILLE LAKE C:ABBJW (18, 19, 20) 

The C:rnnvillc Lake gabbrn consists of :t tabular differentiated intrusion, "·ith 
five or more adjace11t s:ltellite intru.· ions. The intrusion, which has been tilted to 
an almost vertical position, cons ists of a thick basal gabbro zone, overlain by 
thinner tr:rnsit ion am! granitic zones. Hocks of the transition zone :uc diorite to 
quartz <liorite, and those of the granitic zone arc grnno<liorite to gran ite, \,·ith minor 
s>·cni tc. The (;ranYille Lake gabbro intrndcs tlw Sickle arcnites (5) , and is cut by 
clykt's of pegmatite (22), but its age relations with other intrusive rocks in the map­
arc:t is not known. 

The C:ranYil lc Lake gabbro consists of six or more contemporaneous masses 
intrnckd concordantly along tlw core of \Yhat appears to be :lll overturned isoclinal 
fo ld in \\"Pil-beddcd Sickie' arc11 ites. The main bod>· is about 5 miles long, and -1-000 
to 5000 feet \\·ide. The satellite intrnsions r:mgc from approximately 5000 feet by 
--1000 feet to -1000 feet by ;j()O feet. The outcrnps stand a:-; high as 250 feet above the 
su 1-rou1Hling ,;cdimentar_\· rock,-, and the contacts arc generall y marked b>· steep 
scarp,;. The main intrusion is a tabu lar bod_Y, striking no1tl1\H'st and dipping 70° 
to 85° soutlrn·cst. The intrusion has bce11 mapped as a gabbro zone, a transition 
zone, and a granite zone, as sho\,·11 in F igure 1. 

The gabbro zone comp risC's about 75 per cent of the main intrusion. The 
co11tact bct\1"ec 11 the gabbrn and trnnsit ion zones is graclational acrn,-s :t distance of 
200 to 500 feet . The latter zone compri,-;cs about 10 pN cent of the main intrnsion. 
The contact bct\l"een the tr:rnsition and granite zones is gC'nc'rnlly grndation:tl over 
a di,-;t:tnce of 5 to 50 feC't but in on<' place the cont:tet i:-; sharp, and dips steeply to 
thC' ,;outh\n•,-;t, para llel to the plane of the intru,;ion. Trnnsition rock:-; immC'diately 
adjacent to the granite zone :u·e cut by :t few small granitic dykes, which have 
poor!_\· dPfined contact· . 

Both t he granite and tr:tn,-ition zone,-; arc widest at the southeast end of the 
main intrn~ion . \Yhere tlw \Yidths an' :tpproximatel_Y 1200 and 500 feet respectively. 
Both zones taper to abou t 100 feet to the northwest. 

c:abbro \rith in 200 f<'l't of t i ll' gabbro-Sick le arenite contact (\Yhich is l,!;c>nerally 
ob:-curecl b_\· o\·crburdPn) has a lighter grey colour th:ut typical gabbro, due to a 
lmYcr hornblende and hight'!' pl:tgiocla,-;e content. Tlw granite-Sickle contact is not 
expo,-cd, but one outcrop of Sickle art·nik , i<',-s than 100 fP<'t from :t granite outcrop 
contain ,-; 10 per cent of albite porph_nobl:1,-;ts, up to l 8 in ch across. The porphy­
roblast content of the arcnite progrc,-;s ivcly decreases to zero \\"ithin another hun­
dred feet. 

Small outcrnps of brcccia \l"C'l"C obscrvC'd at six localities along various gnbbro­
scdimcnt contacts. This brcccia consi,-;ts of angular arcnitc fragments as much as 
2 in chps acrn,-;s, cemented in one place by biotite, in others by pulverized rock flour, 
and cl,-cwhcre by ch il led magma. 

U nlike the main intru,-;ion, the ~:ttcllite intrusions have knife sharp chilled 
contacts \,·ith the enclosing arcnitcs; grnin size increases towards the centre of each 
intrusion. 

27 



LEGEND 

~ GRANITE 

- TRANSITION 

[!'.§J GABBRO 

SICKLE SER IES 

56°251 N 

0 1/2 

MILES 

\ 

The entire complex, and contact :trcnitcs, arc cut by :1 varict.Y of pegmatitcs. 
A ft>\\" small dykl':; of white to pinkish aplitc occur in the main g;:tbbro bod.Y within 
200 fet>t of the northeast sedimenta ry contact. 

Hh.Ylhmic layering and iµ.;m•ous lamination were not ob:;cr\'cd in t he intru:;ion. 
Yertical sections across the intrnsion are shom1 in figme 2. 
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F!Gt.:RE 2. i ·erticnl gcolouicnl cro.,s .sections of the Urc11u•ille La/;e gabbro rllo11g tra r•rrscs ('(; 1(f a11cl 
CG?', loo!.-ing 11ortluce.sl . 

PETROLOGY 
GABBJW ZO.VE (18) 

Roclrn of the gabbro zone grade from gabbro to diorite with subsidiary qua.rtz 
gabbro and quartz diorite. Typical gabbro is massive, uniform in compo:,ition 
and texture, medium-to coarse-grained, and medium to dark grey in colour. It 
contains from 43 to 78 per cent pl:tgiocla:,e, the average being .58 per cent. Pla.gio­
clase, invariab ly zoned, occurs as large anhedrnl bths and smaller anhedral grains. 
The mo:,t calcic crystals noted ranged from An71 at the core to An5-1 at the outer 
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edge of the crystal. The most sodic ranged from An 5 a to An 2 s. Plagioclase is 
locally ~mussuritized. 

Amph ibole content of the gabbro zone range::; from 12 per cent to 51 per cent, 
the average being :H per cent. ::\'Iost amphibole probably formed by deutcric 
btcration of primary pyroxcncfi; remnants of partia ll y altered clinopyroxene were 
observed in some thin sections from the 11ortlrn·cst half of the main intrusion, and 
amount tu as much as 6 per cent of the rock. Pyroxene is mainly diopside, \\" ith 
;;omc hypcrsthcne. 

There arc three varictie;; of amphibole; coarse cquigrnnular hornblende, 
plcochroic from light brom1 to green and blue-green and less commonly ol ive shades 
of these colours; a finer-grain ed , green to blue-green hornblende; and colourless to 
pale green and blue-green uralitic hornblende. mo,;t common[:\' in bladed aggregates . 
The coar,;c hornblende commonly contain:,; nurncrous bmellae of magnetite in a 
Schiller-like nct,,·ork. Brown biotite is prc,.;cnt in amounts ranging from a trace to 
16 per cent, averaging 4.7 per cent. It occurs as :oubhedrnl laths and granular 
intergrO\\'ths, grain :-;izc ranging from coar,.;c to ver.,· fine. 

Small quantities of quartz and opaque oxides in the form of irregular grains 
arc almo;;t ubiquitous. Apatite and sphcnc arc common accessory minerals with 
scattered p~Titc grains, rare zircon, and rare primary clinozoisite. Scapolite (dipyre, 
::\Ie37 ::\fau3) i;; pre;;cnt in about one-quarter of the thin sections from the gabbro 
zone; it occurs in patches and veins derived from alteration of plagioclase. Chloritc 
an<l leucoxenc arc rare alteration products. 

Crain size in the gabbro zone is gcncrall~· 3 to 5 m il limeter. ·, \\·ith many pla,gio­
clasc laths as long :ts 8 to 10 millimeters. ,vcathe1wl surfaces are norm:lll_,. grey tu 
buff, but locally , a pinkish shade accompanies strong s:wssuritization of plagioclasc. 
Ophitic texture is common in the central portion of the gctbbro zone. in the north­
west half of the main intru::;ion. 

TR.l.\'SITIO.V ZOXE (ID) 

The transition zone ranges from diorite to quartz cl ioritc \\' ith minor gr:wo­
d ioritc. D iorite predominates. These rock.~ can bP rough ly cla,.;,.; ificd in to t\\·o 
gradational types. The most common is a po rph~·ritic. fine-to medium-grained 
uneven-textured variety, grey to medium pinki ,.;h g rey in colour. Jt contains 15 to 
20 per cent poorly formed pinkish or:u1ge fe llbp:tr phenocr,\'sts up to -l mi lli mete rs 
in length. The groundmass i,.; a fine-grained int<-rgnmth of tllC' same fcldsp:tr \\'ith 
lesser hornblende and biotitc; grain size \':tries from I to 2 mi lli meter:-, . The other 
variet>· is a ma,.;sive. medium-grained intergrmrth of pink ish pl:1gioclasc and black 
hornblende. The texture and appearance of thi,.; t~·pe, \\·ith the excrption of the 
pink plagioclase, is ident ical to that of typical gabbro zone rocks . 

All variations bct\\·ecn thr t,rn types arc common . The porp h>· ritic va ri ety is 
great!_\' predominant, particularly in the soutlwa,;t half of the main in trus ion. The 
non-porphyritic variety is predominant in the nortlnn•,.;t ha lf of the main in trus ion, 
where the dioritc and granite zones arc thin . It is chemical ly intermediate bct\\'ecn 
the porphyritic dioritc and the gabbro . 

Hocke: of the tr:rn,;itiun zone arc h_\']Jidiomorphic to a llot ri omorphic gr:rnular 
intcrgro\\'ths of plagiuclasc \\·ith anhcdral green hornblende. Plagiuclasc co ntent 
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ranges from 45 tu 89 per cent, and averages 66 per cent; composition ranges from 
An23 to An 35. Normal zoning is invariably present, but is not as strong as in the 
gabbro zone. Some grains :trc lath shaped (but less so than in the gabbro zone) and 
invariably serrated. Hornblende content ranges from 12 to 38 per cent, and aver­
ages 21 per cent; grains arc cquidimcnsional and pleochroic from light brown to 
intense g reen and b lue-g reen, wi th lesser amounts of a lighter coloured hornblende 
as incgular grnirn;. Ko lamellar magnetite inclusions are present, and pyroxene 
,ms not observed. R iotitc content ranges from 1 to 15 per cent, and averages 5 per 
cent; grains arc subhedral to anhcdral, characteristically olive-coloured, less com­
monly brown. 

Quartz content ranges from 1 to 9 per cent and averages 3 . 4 per cent; it occurs 
commonly as an irregular granophyric intcrgrowt h ,,·ith fcld,;par. Microcl ine, as 
interstitial grains and perthiticall)· intcrgrmrn with plagioclase, may constitute as 
much as 11 per cent of the rock; the average microcline content is 2. 8 per cent. 

Sphene, opaque oxides, and apatite are common acce,;sories, with traces of 
pyrite. Saussuri te, scapolitc, epidotc, lcucoxenc, chloritc, and hematite were 
observed as minor secondary alteration products in some specimens, as described 
for the gabbro zone. 

Gil.I.VITE ZOX E (W ) 

Grout (1 9:32) ,rnuld clas:-i ify rocks of this zone as true granite, \Yhercas by the 
C:eological Survey of Canada cla,;sification they arc granodiorite to q uartz monzo­
nite. In this zone all rocks arc ma:-;sivc, and gener:tll)· un iform in composition, 
co lour and textme. They arc fine-to medium-grained and dull orange -pink in 
colour, ,,·it h scatte red black specks of mafic minerals. The weathered surface is 
rusty brown to orange. 

The rock,; arc irregular, allotriomorphic granular intcrgrowths of plagioclasc, 
quartz, and microcline, ,,·it h le::;ser hornblende and/ or biotite. Plagioclase content 
mnges from -1-7 to 91 per cent and :,vcrages 70 per cent . It is typ ically a calcic a lbite, 
ranging from An 7 to .A n 10. Zoning is rare and very ,rnak. Quartz content ranges 
from zern to :31 per cent, and averages 17 per cent. It is complexly intergrown with 
plagioclase and to a le:-;ser Pxknt ,ri th microcline. This texture, ,,·hich is not well 
dcvPloped in all specimens , migh t be described as g ranophy ri c but is not the normal 
g rnphi c or patchy graphi c intergrnwth prevalent in t he late granitic portions of 
man)· differentiated intrusions. Quartz is absent in t \\'o specimens from the north­
,,·est hal f of the intrnsion, ,,·here the grani te zone is very narrow. Both specimens 
came from \\'ithin 50 to 100 feet of the granite-Sick le contact, and consist of an 
in te rgro,,·th of a lbitc (90 per cent) aml hornblende (10 per cent). Specimern; con­
taini ng normal amounts of quartz \\'ere col lecteJ from the granite zone both to the 
north,,·est and southeast. 

Cra nite zone rocks have an average microcline content of 10 per cent, varying 
from O to 27 per cent. The microcli ne occurs a:; irregular gr~1,ins or is intergrown 
,rith plagioclase in a patch pcrthite. The content of intensity coloured green to 
blue-gr<'en hornblenJc and a les:-; common br0\n1 ish green variet_\', ranges from 
zpro t o 9 per C<' llt of the rock, and aYcrages 4 per cent. Sphenc, opaque oxides, and 
apatite arc minor acce::; ·o ry minerals. Truces of chlorite and leucoxene are present 
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in some specimens as alteration products of biotite and sphenc, respectively. 
Traces of saussurite, sericite, epidote, carbonate, and dusty hematite are present 
in some specimens. 

DEUTERIC ALTERATION AND CONTACT EFFECTS 

The intrusion shows no evidence of significant regional metamorphism, but 
deuteric alteration is particularly evident in the gabbro zone, where primary 
pyroxenes have been replaced by hornblende and minor uralite. The blue-green 
colour of the hornblende, suggesting a sodic variety, is consistent with alteration 
of pyroxenes by sodic fluids from late differentation. Calcic plagioclase shows only 
minor and local saussuritic and scapolitic alteration, again attributed to late deute­
ric reactions. Local contact brecciation of the Sickle arenites may represent either 
a cataclastic breccia zone which acted as a zone of weakness along which magma 
was intruded, or, more likely, is the result of forcible injection of the magma. 

The smaller gabbro bodies are chilled against baked, fine-grained arcnites . 
The contact arenitc within ¼ mile of the main intrusion a re finely schistose, with 
unusually well developed alignment of fine biotite and lesser muscovite flakes. 
This is attributed to stress inducted by later folding when the intrusion was tilted 
to its present, nearly vertical attitude. Recognizable assimilat ion of these sediments 
has, however, occurred in a three-feet wide contact zone along the northeast side of 
t he main intrusion. Other contact effects arc recognizable in thin section over a 
distance of several hundred feet from the intrusion by the destruction of albite 
twinning, presumably by contact metamorphic heating of Sickle sediments. 

l\fJNERALOGJCAL 1'ARJATJON AND PETROGENESJS 

Modal analyses of single standard-sized thin sections of Granville Lake gabbro 
specimens are lir:;ted in Table 8. Modal analyse· and specific gravit ies of specimens 
collected on traverses CG 2, CG 6, CG 11 are plotted in Figure 3, 4, and 5. M in­
eralogical variation across the intrusion follows a pattern typical of differentiated 
intrusions, particularly as regards quartz, opaque oxides, microcline, apatite, and 
sphene. 

Plagioclase, clinopyroxene, orthopyroxene, minor biotite and possibly some 
nmphibole, were the first minerals to crystallize from the primary magma. As the 
water content of progressive liquid differenti ates became higher and temperature 
decreased, the pyroxenes were altered to hornblende which also began to crystallize 
directly from the magma. Formation of plagioclase continued unti l crystallization 
of the intrusion \Yas complete. Crystallization of opaque oxides was irregular in 
the gabbro zone, reaching one or more peaks. Formation of apatite became pro­
nounced \\·hen about half the magma had crystallized, with maximum apatite 
accumulation near the top of the gabbro zone. Apatite then decreased gradually to 
almost zero in the granitic rocks due to impoverishment of the residual differentiate 
in P 20 s. As apatite cr_p:;tall ization reached its maximum, crystallization of sphene 
increased rapidly, reaching a pronounced peak at the transition zone. 

Concentrations of apatite are common to many d ifferentiated gabbroic intru­
sions. In the well -known Sudbury intrusion a concentration occurs near the top 
of the 110rite zone. Hunter (1958, p. 10, 19) in his study of the Tow Lake gabbro 
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CG 2- 2 
cu 2- -1 
cu 2- 7 
cu 2- 8 
C<: 2- 10 
cu 2- 11. 
cu 2- 1:.l 
C(: 2- 1-l 
C(: 2- 1:i 
C<: 2- 17 
C(: 2- l!l 
C<: 2- 21 
C<: 2- 2:l 
C(; 2- 25 
C( ; G- l 
C(i G- -1-
C(; G- H 
ex; G-s 
('(; li- 1 l 
ex; u- 1-1-
cu G- 1!) 
C(; H- 2l 
C(; G- 22 
C( : G- 2-l 
cc: ti- 2ii 
CU G- 2G 
C(: \J- 2,i 
C<: rn- :i 
C<: I0- 2:l 
C<: 11 - L 
C(: 11 - 2 
C(; 11- :l 
Cl, 11 - -l­
C<: 11- ;j 
Cl, 11 - 7 
cu 11 - \J 
(;(; 11- 11 
C<: I 1- 1-1 
ex: 11 - 1(; 
C<: 11 - 18 
('(; 11 - 2l 
CU 11 - 2:l 
C:( : 12- 21 
cc: 15- 17 

TABLE 8 

:\1odal analyses, spe<" ifie gravity, and eolour indices, 

c:ranvillc Lake gahliro 
( 1000 poin ts cou nted on s ingl e standard-sized thin seC't ions) 
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5 G 2 . G-1 -I- 7 . I -I- . 0 20 . 0 
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found a sharp apatite pe:tk in the "B " or in te rmediate gabbro . Apatite concentra­
tion also occurs in the upper zone of the Lynn La ke gabbro; sphene iti li mited cdmo. -t 
ent irely to t he upper zon e (Emslie, 1961, p. :35, 46). 

After crysta lli zation of the tram;ition zone rockti, t he retiidual m[lgma, ,,·as 
depleted in magnesium , calcium, and iron , t hus inhi biti ng t he formation of horn­
blende. Plagioclase compo.· it io11 changed abruptly from approximatel,v An 2 3 to 
Ant 3. This resulted in the relatively sharp boundary bet,,·een hornblende- ri ch 
transition rocks and hornb lende-poo r granite. A pronounced peak in opaque oxide 
content is evident at this stage. 

Concentrat ions of opaque iron oxides whi ch app:1rent ly correspond to that at 
the Granville Lake t ransition zone-granite zone boumlary a re found in the Sudbury 
in t rusion (Collin s, 1934) , the Ly nn Lake gabbro (Emslie, 1961, p. 35), a11d the 
Tow Lake gabbro (Hunter, 1958, p. 18). 

Quart z is found in : mall quantities throughout the gab bro and transition zo nes. 
Generally , quartz content is highest near t he top of the granite zone, ,,·here it 
reaches :30 per cent. However, 011 t r~werse CG l 1, maximum q ua rtz is found in the 
gabbro zone, and the transition and gr:rnite zones contain li ttle quartz. This may 
be due to floating of a lbite crystals to the top of the magma chamber, ,,·here they 
,,·ere t rapped by irregularit ies in t he upper surface , ,,·hich prevented their mig ration 
to t he uppermost southeast port ion of the in t rusion. A more plausible exphna tion 
is filter-pressing and migration of the late silica-rich differentiate from its albi te 
crystal mush befo re crystallization of quartz began. Such filter pressing would be 
the result of gravi tational settling of t he crystal mush and consequent displacement 
of the remaining fluid to t he higher southea:t end of the main intrusion. This is 
confirmed by the progressive increase of quartz and microcline in rocks from t rav­
erses C'G 11 , CG 6, and CG 2, respectively. 

Crystallization of microcli ne began in the upper portion of the gabbro zone, 
and reached its maximum in the t rnnsit ion or lower grnnite zone. ::\ficrocline is 
absent or negligible at the top of the granite zone. 

CJIEJ1IC.'1L ANALYS ES 11:VD REL .-iTED D.4.7',1 

E ight specimens were chosen for chemical analysis. U nfortunately, it was 
necessary to selec t these specimens before any t hin sections were availab le, and 
as a result , pyroxene gabbro, chilled gabbro, :wd bte-stage granite ,,·ere not included. 
It is, therefo re, improbable that the avail ab le analyses represent the maximum 
compositional variation. From Figure 4 it is obvious t lrnt the analyzed specimen 
highest in SiO 2 (CG 6- 25) is not t he most sili cic rock fo und in the intrusion. 

Chemical analyses, molecular norms, and modes of chemically analyzed 
specimens are li sted in Table 9. 

F igure 6 is a sili c~, variation diagram for the C:ranvi ll e Lake intru::; ion. The 
trends of the major oxides are cow;i;, tent with t hose ex pected fo r a differenti ated 
intrusion. The <l ro p in Na2O and correspond ing increase in K2O in specimen CG 
6- 25 is due to its high microclin e content. T iO 2 and P 20 5 show peaks \\' hich may 
be similar to the maxima of apatite and sphene in the moda l analy;,es diagrams. 
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Epidote 
Hcm:ttit.c 

TABLE 9 
Analyses of the Granville Lake gabbro 

C:abhro Zone 
C(; 10- 5 
E . Ramlal 
- ana lyst 

-rn G 
21 .1 
3 . :i 
5 8 
-1 !) 

!J. l 
3. :2:3 
0.82 
0.80 
0 . 17 
0.11 

t r 

O . ..J7 

!J!J.G0 

1.2 
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!i i .7(An3g -53) 
:i8 .o 
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-1.3 
tr 
0.3 
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Uabbro Zone 
CG 15- 17 
K. Ramlal 
- analyst 

51. 2 
20.1 

2.!) 
6.0 
-1.7 
!) 3 
2.87 
048 
l.0G 
0. 1.'i 
0.13 
n il 

0.G!l 

!J!J.58 

3 . ..J 

:i 0 
•)G - } A _ . :, n.n3g 
41.0 

2 .0 
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1 .4 
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Uabbro Zone 
cu !)- 25 
K. Ramlal 
- analyst 
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18 .5 

..J 9 
4.7 
3 . 1 
6.G 
5.3G 
1. 18 
1. rn 
0 .34 
0.02 
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7.5 
-17 .5 } An33 
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2 (i 
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l.G 
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0 .1 1.7 
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1. 1 0.4 
0. 1 0 ..J 
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Transition Zone 
cu 2- 1-1 
K . Ramlal 
- analyst 

53 .7 
18.2 
4 51 
5 .12 
3.1 
G.0 
5.7 
1.8.'i 
0.90 
0.U 
007 
nil 

0 .G5 

100 . 14 

11 .0 
48 .8 1_ An2u 
18 . 5 f 

0 .1 
7.6 

-l. 2 
1.9 
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1 .2 
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1. 3 
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TABLE g ( concluded) 

Transition Zone Transit ion Zone Granite Zone Granite Zone 
cu 10-2:3 cu 12- 21 cu U- 22 cu U-25 
A. M. l\faf'Kay A. M. MarKay K . Ramlal K . Ramlal 
D . F. U. Brown D. F. G . Brown - analyst - analyst 
- analyst - analysts 

SiO2 55.!)3 62.15 67.0 70.3 
Al2O3 17 .5!) 16.8l 16. 3 15.2 
Fe2O3 2.73 3.76 5.7 3.8 
FeO 4.88 2.23 0.39 0.3!J 
MgO 3.44 2.05 0.1 0.03 
Cao 6.10 3.60 1.9 1.4 
Na2O 5.80 6 .16 7.0 5.5 
K20 1.04 0.97 1.2 3.3 
TiO2 0.74 0.68 0.41 0.25 
P2O5 0 .22 0.22 0.10 0 .06 
M nO 0.04 0.04 0.05 0.02 
CO2 nil nil nil nil 
H2O+) 
H2O~) 0.80 1.18 0.42 0 .35 

99 .31 99.85 100 .57 100.60 

Molecular Norm 

q 1.3 11.0 20 .7 20.9 
C 2.3 0.4 
or - r. ~). , ) 6.0 7.5 19.5 
ab 52 .0} An27 55 .5} An21 56 .0} An13 49 .5}Anu 
an 1\) .3 15.0 8.5 6.0 
WO 3.8 0.6 
en 9.6 5.6 0.4 0.2 
di 
fs 3 .4 1.4 
fo 
fa 
mt 3.2 1. 6 0.3 0 .3 
hm 0.3 1.8 3.7 2.5 
ii 1 . 2 1.0 0.6 0.4 
ap 0 .5 0.5 0.3 0 .3 
cc 

Mode 

P lagioclase 64. 0(An24 -55} 82. 3(An26 -33) 73 .,5(An10) 53 .4(An10- i3) 
Am phi bole 24.4 11 .6 2.9 0.3 
Quartz 0.5 1. 9 16.5 23.4 
Mi crocl ine 3 9 1!). 6 
B iotite 7.!J 1.5 1.5 
Sphene 1.7 1.2 1 .2 0.6 
Opaque oxides 1.1 1.3 1. 7 1.1 
Apatite 0.4 0.3 tr tr 
Chia ri to t r 0.2 
Pyrite 
Epidote tr tr 
Hematite tr tr 
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Figure 7 is a plot of CaO and (Na20+IL10) against Si02. The:;e curves ero:s 
a t a silica content of approxim:itely 53 per cent. The value of the alkali-lime index 
is therefore 53 , and corresponds to allrnli-calcic in the Peacock ( 19:31) classification. 

Silica content ideally should increase from base to top of a different iated in­
trusion. The close relation:;hip (Fig. 8) between silica content and specific gravity 
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in the Granville Lake intrusion allows use of specific gravity as a differentiation 
index. Average specific gravity of 448 specimens from the intrusion is 2 . 84. 

The specific gravity contour map (Fig. 9) should, therefore, indicate variation 
in silica content. An upward t il t of the southeast end of the intrusion during cooling 
is inferred from this map, rocks of highest specific gravity being concentrated near 
t he northwest end. 

T he remarkable uniformity in specific gravity of the gabbro zone indicates 
t hat crystallization of plagioclase and ferromagnesian minerals began almost simul­
taneously and the relative proportion remained more or less constant until crystal­
lization of the gabbro zone was almost complete. 

Along the lower gabbro-sediment contact of the main intrusion, a zone of 
lower specific gravity (approximately 2.85) is evident, due in part to a sl ightly high 
plagioclase and slightly low amphibole content. P lagioclase determinations suggest 
that anorthite content of the grain cores is identical near t he base of the intrusion 
to that higher up in the intrusion, but that grain rims near the base are more sodic 
than those somewhat higher in the intru ion. This could indicate that lower specific 
gravity along the base is due to chilling or to enrichment of plagioclase in the earli est 
crystal differentiate. There is no evidence of chilling along the upper contact of the 
main intrusion. This may be due to modification by reaction with later granitic 
differentiates. Emslie found a similar chi lled zone along the base of the Lynn 
Lake gabbro, but not along its roof. 

T he satelli te intrusions are all chilled, and minor differentiation effect s were 
found only in the southernmo.-t satellite, where the uppermost rocks are fine grained 
and intermediate between those of the d ioritc and granite zones of the main intru­
sion. 

T able 10 shows the value of various indices of d ifferentiation for chemically 
analyzed specimens of the Granville Lake gabbro compared with specific gravity. 

The ratio K2O+Na2O is commonly used as an index 

CaO +K 2O + Na2O 
of differentiation (the felsic index). It decreases fairly regularly with increasing 
specific gravity. Similarly, the ratio FeO+Fe2Q3 , also used as an index 

MgO + FeO + Fe2O3 
of differentiation (the mafic index), decreases with increasing specific gravity. 
Colour index (Table 8) increases somewhat erratically with increasing specific 
gravity. 

VARIATION IN PLAGIOCLASE COMPOSITION 

Plagioclase composition of 26 specimens was obtained with the universal 
stage, by determination of the maximum extinction angle on (010) . The location 
and plagioclase composition for each specimen are shown in F igure 10. Bec:mse of 
the strong compositional zoning of plagioclase, it is possible that more calcic p lagio­
clase may exist in any specimen from the transition zone and particularly from the 
gabbro zone. 

Plagioclasc composit ion is relatively constant on any one traverse in the lower 
one-half to two -thirds of the gabbro zone. Anorthite content gradually decreases 
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through the upper portion af the gabbro and transition zones, with a sharp decrease 
at the granite zone bound.a.. ry. An apparent gap in the plagioclase range is evident 
at this bouncbry since compositions between An 2 3 and An 13 ,rnre not found. 

Collins (1934) indicates that a composition a 1 gap of An 2 5 to An 1 2 may exist in the 
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Sudbury intrusion. Similarly, for the Slrnergaard intrusion, Wager and Deer (1939) 
report an apparent gap in plagioclase composition between An 2 o and An 9 . 

At Granville Lake, anorthite content in the gabbro zone generally increases 
from southeast to northwest, corresponding to the general increase in specific gravity 
(Fig. 9). The compositional gap occurs within the specific gravity range 2 . 71 to 
2. 68. This corresponds to an approximate silica content of 63 to 66 per cent (Fig. 8). 

ORIGIN OF THE GRANITIC AND TRANSITION PHASES 

Differentiation in place of an original gabbroic magma seems the most probable 
explanation for all the features of the Granville Lake intrusion. However, other 
possible origins must be considered. These are as follows: 

(1) Fusion of Sickle arenites by gabbroic magma to form the granite zone: There 
is no fi eld or petrographic evidence that the Sickle arenites were melted, and the 
presence of granite on only one side of the intrusion is inconsistent with this mode 
of origin. 
(2) Granitization of arenites by late differentiates to produce the granite zone: 
Evidence of extensive granitization is lacking. 

(3) Multiple intrusion: There are two possibilities here. Reaction of the second 
magma with the previously consolidated first phase produced the transition zone; 
or mixing of the second magma with the crystal mush of the first phase produced 
the transition zone. The sharpness and regularity of the contact between the 
transition zone and the granite zone is not consistent with this hypothesis. 

(4) Differentiation in place of an original gabbroic magma: The relatively sharp 
contact between the transition and granitic phases is not inconsistent with this hypo­
thesis, since many other differentiated intrusions have relatively sharp phase 
boundaries. Differentiation is strongly supported by petrographic, mineralogical 
and chemical data, and variations in plagioclase composition. Specific gravity 
variations, especially across the southeast satellite intrusion, are particularly sig­
nificant. 

It is, therefore, concluded that the Granville Lake intrusion originated by 
differentiation in situ of an original gabbroic magma. 

GEOWGIC HISTORY OF THE GRANVILLE LAKE GABBRO 

The Granville Lake gabbro crystallized as a concotdant, sub-horizontal, sill­
like mass in well-bedded arkosic greywacke of the Sickle series. Pronounced diff­
erentiation took place during cooling, resulting in the formation of a thick lower 
gabbro layer, a transitional diorite layer, and an upper granite layer. The granite 
·and transition layers are widest, and the gabbro layer narrowest near the. southeast 
end of the intrusion, indicating an original slight upward tilt towards the sou'theast. 
As crystallization proceeded upwards from the base, there was presumably gravi­
tational accumulation of mafic crystal mush downwards, and of successive dioritic 
and then granitic different iates at higher levels. Later folding of the enclosing 
Sickle rocks tilted the intrusion to its present nearly vertical position. 

Figure 11 indicates that the differentiation trend of the Granville Lake gabbro 
corresponds to that of the calc-alkaline series rather than that of the Skaergaard 
type in which there is a pronounced enrichment in iron relative to magnesia. 
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Differentiation of basaltic magma can result in any gradation between two 
main trends, which are: 

(a) the tholeiitic trend consisting of pronounced enrichment of iron relative to 
magnesia until late stages of crystallization, followed by a decrease in iron and 
enrichment of alkalies (e.g. Skaergaard intrusion of Greenland); 

(b) the calc-alkaline trend with continuous enrichment in alkalies; the Granville 
Lake gabbro is a good example of this type of differentiation. 

Osborn (1959) has shown that the partial pressure of oxygen (pO 2) during 
fractional crystallization is the chief control determining whether basaltic magmas 
follow a calc-alkaline or tholeiitic trend. The former occurs where pO 2 remains 
constant or increases, the latter where pO 2 decreases during crystallization. Water 
content is probably the principal factor: Osborn concludes that if water pressure is 
appreciable, the total pO 2 in the magma will remain constant or will increase as a 
magma crystallizes. This results in a continuous increase in the silica content, and 
a decrease in iron oxide (calc-alkaline trend). 

Basic rocks of the Granville Lake intrusion appear to be of the calc-alkaline 
types as indicated by scarcity of pyroxene, high hornblende content, and scapolitic 
alteration of plagioclase. 

Kennedy (1948) states that the ratio of ferrous to ferric oxide in a rock melt 
depends upon the partial pressure of oxygen (pO 2). The reaction involved is:-

2Fe2O a < ) 4FeO+O2. 

TABLE 11 

Value of FeO/ Fe2O3 ratios for the Granville Lake gabbro 

Specimen % FeO %Fe2O3 FeO/ Fe2O3 Zone 

CG 6-25 ................ 0. 39 3.8 0.1 Granite 
CG 6-22 . . .... . ..... . . . . 0.39 5.7 0.1 zone 

CG 12-21. .............. 2. 23 3.76 0.6 Transition 
CG 10-23 . . .. . .... . ..... 4. 88 2.73 1.8 zone 
CG 2- 14 . . .. .. . .. .. .. ... 5.12 4.51 1.1 

CG 15-17 ... ........... . 6 .0 2.9 2.1 Gabbro 
CG 10- 5 ................ 5.8 3.5 1. 7 zone 
CG 9- 25 ......... . .. . ... 4. 7 4.9 1.0 

Table 11 shows the FeO:Fe2O3 ratio of specimens from the Granville Lake 
gabbro; this ratio ranges from 2 . 1 to O. 1. An average weighted value of FeO: 
Fe 20 3 was computed for the intrusion as a whole, assuming that the exposed surface 
areas are approximately proportional to the volume of each of the three map units. 
The value obtained, 1. 3, is believed to represent a reasonable approximation of the 
actual FeO :Fe 20 3 ratio in the intrusion. In the Skaergaard intrusion, typical of 

47 



the dry magmas (Wager and Deer, 1939, table XXXXI), the ratio varies between 
four and thirteen, falling to two only in the latest rocks to crystallize. Wager and 
Deer pro.pose a ratio of 6. 4 for the undifferentiated magma. The relatively low 
FeO :Fe 20 3 ratio of the Granville Lake intrusion is further evidence that this 
intrusion formed by crystallization of a wet mn.gma. 

Similar calculations indicate the silica content of the primary Granviile Lake 
magma as 53. 9 per cent. This is confirmed by the average specific gravity of 2. 84 
for the 448 specimens collected from the intrusion, corrnsponding to a silica content 
of 53. 8 per cent (Fig. 8). These figures indicate that the overall composition of the 
mass is intermediate beteeen Daly's (1933) average gabbro and average diorite. 

PLAGIOCLASE-QUARTZ-BIOTITE SCHIST-PEGMATITE COMPLEX (21) 

A complex of plagioclase--quartz-biotite schist and pegmatite occurs on the 
mile-long peninsula immediately south of the Granville Lake gabbro and on scat­
tered islands extending 6½ miles to the southeast_ 

The rocks of the complex are comprised of approximately 50 to 75 per cent 
schist and 25 to -5il per cent coarse orange pcgm.atite. The schist, apparently formed 
by recrystallization of Sickle sediments, is fine to medium grained, with "salt and 
pepper" texture and well-developed schistosity; grain size is coarser than in the 
normal Sickle arenites. The large -t pegmatite bodies are 500 feet long .and 150 feet 
wide. Most of the pegmatite occurs as concordant lens-sh.aped intrusions wedged 
into the schist . Smail dykes and veinlets are a lso common, some of them ptygmati­
cally folded. 

Typical pegmatite is a coarse intergrowth of orange feldspar and quartz. A 
much finer-grained phase is found in some of the Manitou group of islands_ A few 
outcrops ·contain euhedral black tourmaline crystals up to 3 or 4 inches long. 

Exposures of the pegmatite-schist complex may be part of a continuous band 
of such rocks with a length of over 8 miles, but as the larger pegm.atite bodies are 
relatively resistant to weather,ing, it is more likely that they represent localized 
injections along .a schistose horizon in the Sickle sediment~. 

LARGER PEGMATITE BODIES (22) 

It is pmb.ab1e th.at the pegmatite bodies grouped under this unit are not strictly 
identical in origin and age, .as they vary greatly in colour, composition, grain size 
and texture. However, pegmatite is always the youngest rock type in any particular 
locality. Many pegmatite bodies stand as bald rounded outcrops, 50 to 75 feet above 
the surrounding terrain. The predominant type is very coarse-grained and orange 
in colour, but some are ·white to rose pink and finer-grained. Most pegmatites are 
tabular dykes or sins, but irregular and rounded intrusions are also common. Well­
developed zoning can be seen in some pegrnatite intrusions. 

Typical pegmatite is composed of coarse pinkish orange feldspar and grey 
white quartz_ Feldspar is microcline perthite, microcline and sodic plagioclase; 
crystals range from l to 12 inches and rarely 3 or 4 feet in length. Mica is rare, but 
some intrusions contain muscovite, or less commonly biotite, in books up to 2 inches 
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across. Graphic intergrowths of feldspar with 10 to 15 per cent quartz occur rarely 
and were observed only in the orange varieties of pegmatite. 

A few outcrops of rose -pink pegmatite were observed, mainly near the Granville 
Lake gabbro. ,,rhite pegmatite is rare and appears to be associated with zoned 
pegmatite intrusions; grain size is usually less than one centimeter; graphic inter­
growths of white feldspar and quartz are common. 
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METAMORPHISM 

Metamorphic grade of sedimentary and volcanic rocks of the map-area varies 
from lower greenschist facies to middle or upper almandine amphibolite facies of 
Turner and Verhoogen (1960). Regional distribution of the various zones is illus­
trat ed in Figure 12, which is based on about 100 thin sections, on field notes, and 
on hand specimens. Since the Sickle sediments, which underlie virtually the entire 
area, are not sensitive indicators of metamorphic zoning, Figure 12 indicates only 
their minimum metamorphic grade. It has been possible, however, to use grain 
size (degree of recrystallization) as a supplementary indicator in determining meta­
morphic grade, particularly where mineral assemblages of the biotite or garnet 
zones have remained stable up to the sillimanite zone. 

The leas t metamorphosed rocks in the area, 'upper chlorite zone to 
biotite zone, are found immedi ate ly west of Beaucage 
tremely fine crossbedding is preserved in silty sediments. 
of the Sickle arenites in the northern half of the area 

Lake where ex­
A large portion 

has attained at 
least the biotite zone and probably garnet zone of regional metamorphism. 
W asekwan rocks east of Beaucage Lake show diagnostic garnet zone assemblages. 
From north to south no further change in mineral assemblage occurs until the 
lower si llimanite zone (almandine-amphibolite facies, sillimanite-almandine-mus­
covite subfacies) characterized by the presence of microscopic sillimanite needles 
in quartz-muscovite knots. A zone of partial anatexis is evident in the Sickle 
arenites about a mile northeast of the mouth of Beatty Creek at Granville Lake. 
Near the southwest corner of the map-area a zone of lower metamorphic grade 
trends west-northwest and is surrounded by rocks of the sillimanite zone. The low­
grade central portion has probably not exceeded upper greenschist or lower amphi­
bolite facies (greenschist facies, quartz-albite-epidote-almandine subfac ies of 
Turner and Verhoogen, 1960). Further south,vest, metamorphic grade rapidly 
increases to lower sillimanite zone, and partial anatexis of the band of Sickle meta­
arkose is common on the large island near the western boundary of the area. 
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Observed mineral assemblages in the W asekwan and Sickle arenites are as 
follows, with minerals for each assemblage listed in approximate order of relative 
abundance: 

Wasekwan greywacke to arkose (map-unit la) 

(a) oligoclase-quartz-biotite 
(b) oligoclase-quartz-bioti te-chlorite-garnet 
( c) oligoclase-q uartz-biotite-muscovite-garnet 
(d) oligoclase-quartz-microcline-biotite-muscovite-ga~net 
(e) oligoclase-quartz-microcline-biotite-muscovite-chlorite-garnet 
(f) oligoclase-quartz-hornblende-magnetite-garnet 
(g) oligoclase-q uartz-bioti te-hornblende-magneti te-chlori te-garnet 
(h) oligoclase-quartz-magnetite-anthopyhllite-garnet 
(i) quartz-hornblende 
(j) quartz-hornblende-magnetite 

Wasekwan feldspathic greywacke (map-unit lb) 

(a) plagioclase (untwinned)-quartz-biotite-garnet 
(b) plagioclase ( untwinned)-q uartz-biotite-magnetite-garnet 
(c) plagioclase (untwinned)-quartz -biotite-muscovite-magnctite-garnet (with mus­

covite-quartz-sillimanite knots) 

Sickle arkose to greywacke (map-unit 5) 

( a) albi te (?)-q uartz-microcline-biotite-m uscovite-calcite-chlori te 
(b) albite (?)-quartz-microcline-muscovite-calcite-chlorite-magnetite 
(c) oligoclase-quartz-microcline-biotite-muscovite-calcite-magnetite-apatite-

epidote-acti noli te 
(d) oligoclase-quartz-microcline-biotite-muscovite-calcite-magnetite-apatite 
(e) oligoclase-quartz-microcline-biotite-muscovite-magnetite-apatite 
(f) oligoclase-quartz-microcline-bioti te-muscovi te- magnetite-apatite-hornblende 
(g) oligoclase-quartz-microcli ne-bioti te-magneti te-apa ti te 
(h) oligoclase-quartz-microcline-biotite-magnetite-apatite-hornblende 
(i) oligoclase-quartz-microcline-biotite-magnetite-apatite-hornblende-clinozoisite 
(j) oligoclase-quartz-biotite-muscovite-magnetite-apatite 
(k) oligoclase-q uartz-mi crocline-bioti te-m uscovi te-calci te-magneti te-apa ti te­

epidote 
(1) oligoclase-quartz-microcline-magnetite-apatite-epidote-hornblende 

Assemblage (e) greatly predominates; most other assemblages are unimportant. 

Knotted recrystallized Sickle arenites (map-unit 8) 

(a) oligoclase-quartz-microcline-biotite-muscovite-magnetite-apatite 
(with muscovite-quartz-sillimanite knots) 

Si llimanite normally occurs only in the knots, but not in the finer-grained 
matrix. The reason for this is discussed below. 
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Sickle meta-arkose (map-unit 7) 

(a) q uartz-oligoclase -microcline-bioti te- muscovite-magnetite 
(with muscovite-quartz-si llimanite knots) 

(b) quartz -oligoclase-microcli ne-biotite-magneti te 
(c) quartz-oligochse -microcline-biotite-magnetite-apatite 
( cl) q uartz -o ligoclase-microcli ne-bioti t e 

Assemblage (a) is greatly predominant. 

Mineral assemblages of the Sickle and W asekwan meta-sedimentary rocks are 
best understood by use of the methods of graphical analysis of metamorphic mineral 
assemblages proposed by Thompson (1957; 1961). Thompson's method (1957) 
involves neglecting H 20 and Si0 2; the latter is assumed to be present in excess, 
to form qua rtz. M ineral compositions within the tetrahedrom A'20 a- I( 20-Fe0-
Mg0 arc proj ected through the poin t for muscovite, KAl a0 5 (plus 3Si0 2 and H 20) 
,Yhich is also assumed to be always present. Thus various mineral assemblages of 
the six component systems (Si02- A'20a- .:Vlg0-Fe0- K 20- H 20) are represented 
on a three-component diagram. Simila r projections can be constructed for the 
system K 20-N a 20 - A'20 a- Si0 2- H 20 (Thompson, 1961 , and unpublished work) . 

F igures 13a to 13e and 14a to 14g represent the mineral assemblages at various 
metamorphic grades for the two systems as common ly observed in various localiti es 
throughout the world. These figures represent only some of the important changes 
in mineral assemblages with changing metamorphic grade. The proj ections re pre­
sented should be considered as schematic rather than precisely quantitative in 
their present form as few analy.-es of co-existing mineral pairs and three phase 
assemblages are presently avai lable. Cordierite has been ignored in the construction 
of the few simple proj ections presented in this repo rt because the precise meta­
morphic P -T conditions and mineral assemblages of cordierite-bearing rocks are 
not well known . The formation of cordierite-bearing assemblages in regionally 
metamorphosed rocks .1pparently requires a high content of Mg0 relative to Fe0 
and also a relatively high Al 20 3 content. Peli tic and arenaceous rocks of such 
composition .1re relatively uncommon ; no such rocks are found in the Watt Lake 
area so tha t non-representation of cordierite is of li ttle significance here. 

With regard to metamorphic assemblages in the system Si02- Al 20a- Mg0-
Fe0 - K 20- H 20 (Fig. 13a to 13e), Sickle arenites have a bulk composition falling 
within the two -phase region biotite-K-feldspar (plus quartz and muscovite) . Hence 
the formation of chloritoid , garnet , staurol ite, cordierite, andalusite, kyanite and 
sillimanite is not possible and mineral assembltige of such rocks cannot change 
beyo nd the biotite zone. 

Simila rly , since the bulk composition of the same Sickle a renites lies in the 
muscovite-K-feldspar-albi te triangle of t he system K20- Na20- Al20a- Si02- H20, 
kao lini te, pyrophyllite, a ndalusite, kyanite, and sillimanite cannot stably coexist 
with K-fcldspar (microcline is invari ably present in t he arenites) except under 
higher grade conditions than were attained in the map-area. Local development 
of sillimanite in muscovite-quartz knots (map-units lb, 5, and 7) has, however, 
occurred because of the absence of K-feldspar in the knots. This sillimanite would 
correspond to the so-called·' 'first sillimanite zone" (sillimanite-almandine-muscovite 
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subfacies of the almandine amphibolite facies of Turner and Verhoogen, 1960). 
Nowhe-re in the Watt Lake area (east half) has the "second sillimanite zone" 
(sillimanite-almandine-orthoclase subfacies) been attained as indicated by the 
failure of muscovite and quartz to react and form si llimanite plus K-feldspar. 

Milligan (1960, pp . 97-98, 164) has described similar muscovite-quartz knots 
elsewhere in the Lynn Lake district. He considers that the accompanying sillim­
anite has formed by the reaction: 

KAl2(AlSi 30 1o)(OH) 2 + Si02 ---;, Al 2Si0 5 + KA!Si 30s + H 20 
muscovite quartz sillirnanite K -feldspar water 
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He attributes the lack of si llimanite at Tod Lake to a lower metamorphic grade, 
but his equation fail s to explain the complete lack of K-feldspar in the knots and 
the lack of si llimanite in the rock matrix, which contains both muscovite and quartz 
and should, therefore, have reacted to form sillimanite. 

Barry (1965, p. 11) describes similar knots in Wasekwan rocks of the Trophy 
Lake area (east half), immediately south of the present map-area. He attributes 
the muscovite to retrograde metamorphism of quartz-sillimanite knots, (presu­
mably in the presence of K-feldspar) . However, at least in the Watt Lake area, 
such an explanation is questionable because perfect , delicate and often radiating 
sillimanite needles would not likely be preserved during retrograde reaction suffi­
cient t o cause total disappearance of K-feldspar. 
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The sillimanite-bearing muscovite-quartz knots of the Watt Lake area are, 
therefore, considered to be a product of prograde rather than retrograde metamor­
phism. Muscovite-quartz knots have presumably formed by segregation during 
increasing metamorphism. As the segregated material lacks K-feldspar, sillimanite 
can coexist with quartz and muscovite in the 'first sillimanite zone' . The matrix 
rock, however, contains K-feldspar (with which sillimanite is incompatible) thus 
accounting for the general absence of sillimanite in the matrix. With increasing 
metamorphic grade the quartz and muscovite of the knots would react upon attain­
ing "second sillimanite zone" conditions to form·si llimanite a nd K-feldspar. This 
is apparently the case in the Watt Lake area (west half) , where Godard (1966, p. 
11, 15 and 25) describes quartz-muscovite knots in various rocks, which with an 
increase in metamorphic grade to the west, apparently become quartz-sillimanite­
K-feldspar knots. 

AGE AND TEMPERATURE OF METAMORPHISM 

Potassium-argon age deter· i,rntions on biotite and muscovite indicate that 
the last period of regional metamorphism to affect the Churchill Structural Province 
occurred <luring the Hudsonian orogeny 1600 to 1800 m.y. ago (Geo!. Surv., Can. 
Papers 61-17, 62-17, 63-17, 64-17, 65-17). However, separate determinations on 
biotite and muscovi te from a specimen of Sickle meta-arenite (8) collect ed by C . H. 
Stockwell on t he penim;ub in the southwest corner of the map-area (see map) gave 
a biotite age of 1650 m.y . and a muscovite age of 2670 m.y. (G.S.C. 60-77, Paper 
61-17) . The latter corresponds to the Kenoran orogeny and represents a minimum 
age for both the Sickle and underlying Wasekwan rocks. If, as believed by Stockwell 
(1963) , the Hu<lsonian orogeny in the area was not strong enough to recrystallize 
the muscovite or drive off the argon, the major metamorphism must have occurred 
during the Kenoran orogeny. 

Figure 15 shows the stability fields for kyanite, andalusite, and sillimanite as 
given by Newton (1966). Although these diff er from those of Bell (1963) , Khitarov 
(et. a l. 1963), Holm and Kleppa (1966), and Weill (1966) they are currently 
(August 1966) considered the most reasonable. Superimposed on these curves are 
the granite solidus curves of Tuttle and Bowen (1958) and Winkler (1966), as well 
as Winkler 's greywacke "solidus" curve and Evans' (1965) curve for muscovite­
quartz conversion to K-feldspar-sillimanite and K-feldspar-andalusite. 

Consideration of these curves indicates that rocks which contain muscovite, 
quartz, and sillimanite and which have undergone anatectic fusion f~ll in the 
range 625° to 750°C at pressures of 4 to 8 kilobars. If, as is probable, pH 20 was 
l"ess than total pressure, the temperature of anatectic fusion would be raised some 
what, possibly to 650°C. Similarly the muscovite-quartz conversion to K-feldspar­
sillimanite would take place at somewhat lower temperatures than those shown by 
Evans' curve. The maximum temperature for the Watt Lake are'l., therefore, was 
probably between 650° and 700°C at pressures of 5 to 8 kilobars (20 to 32 kilo­
metres depth). The lowest metamorphic grade (chlorite-biotite zone) indicates 
minimum t emperatures of 450° to 500°C. 
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STRUCTURAL GEOLOGY 

The dominant structure of the area is a large synclinorium ,,·hich trends north­
westerly in the sothern portion of the map-area and s,Yings to t he north in the 
northern half of the area. The same synclinorium extends north to Sickle Lake, 
where it swings west agai n, extending fo r ar least another 40 miles. The t rend of 
the synclinorium ,Yhi ch is apparent ly overturned to t he north , is well defined by 
the Sickle conglomerat e along the east side of Beaucage Lake and in the southwest 
corner of t he map-area. This conglomerate does not , however, defin e the outer 
limits of the synclinorium . Sickle strata within the synclinorium have been tilted 
and folded on a broad scale. Their dip is now steep to almost vertical, and it was not 
found possible to class ify the fo lds specificall y as ant iclines and synclines, or in 
many cases to locat e axi al planes. Axi al planes of clearly defined folds are indicated 
on the geological map but detailed structure could not be worked out because of the 
general lack of cri teria fo r t he determination of stratigraphic tops in the area. 

Immedi ately \Yest of Beaucage Lake, extremely fin e crossbedding in thin beds 
of silty Sickle areni te indi cate:; overturning "·i th easterl y d ips of 70 to 80 degrees, 
and t ops facing west. Cros.-bedding in t he Sickle arenites southeast of Beaucage 
Lake, alsu gives structural info rmation. E lsewhere crossbedding has been destroyed 
by recrystalliza tion. 

Lineations were recorded where fo und. East of Beaucage Lake, elongat ed 
pebbles plunge strongly eastward, as do corrugations along shear zones in the other 
Sickle and Wasekwan rocks. Near the northwest end of the Granville Lake gabbro 
small fold axes in Sickle areni tes plunge at 40 t o 60 degrees t o the south. In the 
southwest corner of the map-area lineations were mapped from corrugations in 
Sickle arenaceous beds, and from elongated pebbles in conglomerate. 

F aul ting is not prominent in the area apa rt from a few apparent minor east­
west faults in t he Wasek\rnn rock. east of Beaucage Lake. A strong north-south 
fault occurs about 2 miles west of t he map-area. 

Prior to 1961 the Sickle seri e:; was interpreted as overly ing an older Wasekwan 
seri es ,Yith angular unconformity. The stratigraphic sequence has been confirmed 
in the present area alt hough evidence for an angula r unconformity is inconclusive. 
The potassium-argon age of 2670 milli on years fo r Sickle muscovite, indicates that 
these rocks are considerably older than fo rmerly considered. Unfortunately pre­
Hudsonian ages have yet t o be found for Wasekwan rocks, so that the actual age 
difference between these two se ries is at present unknown . 
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ECONOMIC GEOLOGY 

GOLD 

Prospecting in the Watt Lake area (east half) has been primarily for gold. The 
only known promising showings are located on a property which extends west from 
the north end of Beaucage Lake to the north end of Deane Lake. This property 
consisted (1961) of the Star, Sky, Bee, Ham, and· Rex claim groups. Four gold 
bearing shear zones were examined on the portion of the property which lies within 
the map-area; all are within or associated with irregular quartz veins and veinlets. 
Nearly all the showings known to the writer within and to the north of the map-area 
occur either within, or near, the Black Trout diorite. Values appear to be erratic. 
The showings examined are numbered (1) to (4) on the geological map. Several 
smaller showings are reported on the claim group but were not examined by the 
writer. 

ST AR 1 AND 2 CLAIMS (Locality 1) 

In 1947 five trenches were excavated in Black Trout diorite and adjacent rocks 
on the Star 1 claim (at th1:1,t time Anna Lou 3 claim). The trenches were examined 
and described by Milligan (1951, pp. 20 to 23; 1960, pp. 181-183). No further work 
appeared to have been done by June, 1961. 

Milligan took channel samples over a length of 25 feet, with assay results 
as follows:-

T ABLE 12 

Gold assays, Star claims 

Sample No. Distance, Ft. Gold, ozs. per ton Remarks 

M1018-50 . ....... . .. .. . 4-9 .02 west wall of trench 
M1019-50 . . . . . ... . .... . 9-14 .08 east wall of trench 
M1020-50 .... . .... . ... . 14-19 .68 east wall of trench 
M1021-50 ...... . . . . . . .. 19-24 .10 east wall of trench 
M1022-50 .... .. ....... . 24-25 . 01 centre of trench btm . 

All these values occur in Black Trout diorite which contains a network of 
pyrite-bearing quartz veins. Detailed sampling of the same trenches in 1958 by 
Selco Exploration Company Limited confirmed Milligan's 1950 values, but also 
showed that the . 68 oz. value was due to a high gold content in a thickness of only 
3 inches. For further details the reader is referred to M illigan (1960). 

SKY 2 CLAIM (Localily 2) 

On the Sky 2 claim several test pits and trenches have been excavated along 
a system of quartz veins in Black Trout diorite. The veins vary from ½ inch to 

2 or 3 feet wide, and strike northwest en echelon. They have been exposed by ten 
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or more trenches which cross and expose the vein system over a strike length of 
approximately 350 feet. 

C hip samples were collected from t hese trenches; results are shown in Table 9. 
Location of each trench is indicated by approximate distance to t he north, measured 
in feet from the southernmost trench, along the strike direction of the vein system. 

TABLE 13 

Laboratory 
No. 

Gold Assays from Quartz veins, Sky 2 claim 

Au 
ozs. / ton 

M3228. . .0. 12 

M3229 . .. ... . . 0.01 

l\13230. 

M323 1. 
M3232 . . ... 

. .. 0.03 

. tr. 

.0.14 

M3233 .. .. ... . 1.00 

:;v13234 ........ o. 10 
1\113235. . .. . 0. 07 

l\113236. . .... 0. 01 

Length 

0- 2'0" 

0- 1'6" 

0- 2'10" 

Location Remarks 

0 ft. N . Network of quartz veins in 
sheared diorite with minor 
pyrite. 

50 ft. N. Weathered quartz and shear­
ed diorite, disseminated py­
rite. 

250 ft. N . Massive quartz vein in dio­
rite. 

2'10"-8 '5" 250 ft. N . 
8'5"-11'5" 250 ft . N. 

Slightly foliated diorite. 
R usty quartz vein in diorite 

0- 4'9" 300 ft . N. 

0- 7'0" 
0- 5'0" 

:320 ft. N . 
320 ft. N. 

320 ft . N. 

Rusty quartz vein with in­
clusions of diorite. 

llusty vein ci uartz and diorite 
Shear zone in dioritc, abun­
dant pyrite. 
Grab sample from shear zone 
in diorite. 

Analyst, D. F. Drown, Manitoba M ines Branch 

REX 4 CLAIM (Locality .J ) 

Four trenches whi ch vary from 20 to 75 feet long were examined on the Rex 4 
claim. The trenches had been excavated aero,;::; and along a system of quartz veins 
in Black Trout diorite. The veins contain sparsely disseminated pyrite and have 
been formed along an almo,;t vertical joint ,;y::;tem whi ch st rik es N75°W. The 
largest vein is approximately 3 feet wide. A grab sample of the most highly min­
eralized ciuartz assayed O. 04 oz. Au/ ton . 

HAM 1 CLA I M (Locality4) 

A zone of branching quartz veins occurs in Sickle a reni te near the northwest 
corner of Ham 1 claim . The mineralized zone is roughly 20 feet wide and 300 feet 
long. Trenches have been excavated across thi s zone over a strike length of 200 feet. 
Quartz veins a re milky white to grey ish whi te and contain up to 5 per cent dissemi­
nated pyrite. A few veins arc as wide as 2 feet, but most are only several inches. 
A grab sample of the most highly mineralized quartz assayed O. 11 ozs. Au/ ton. 
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BERYL (locality 5) 

A pegmatitc dyke containing beryl was found by the writer in August, 1961 
on the south side of an island in Granville Lake, near the south boundary of the 
map-area. Beryl has not previously been reported from the Lynn Lake or Gran­
ville Lake areas. 

The dyke is 16 feet wide, and cuts Sickle arenites. It consists of a coarse graphic 
intergrowth of microcline-perthitc and quartz, with scattered books of muscovite 
up to 2 inches across, and minor biotite. It strikes S55°E and was exposed only 
because of the low water-level of Granville Lake during August, 1961. The pegma­
tite contains a few red -brown garnet crystals and small disseminated grains of a 
hard grey metallic mineral, " ·hich yields a red powder when crushed a nd might be 
cassiteritc. Scattered, irregu larly shaped quartz lenses in the core zone of the dyke 
arc about one foot \ride, and contain hexagonal crystals of beryl , apatite, and tour­
maline, as \\·ell as small books of a pale greenish yellow mica. Beryl crystals are 
well formed , pale yellow-green in colour, up to 2 inches across and 6 or more inches 
long. Black euhedral tourmaline crystals are up to 3/ 8 inch across and 3 inches long. 
Apatite crystals a rc well formed, blue-green in colour and up to ½ inch across. 

It is doubtful that the beryl content of the dyke is sufficient to be of economic 
value. However, numerous large and small pegmn,tite intrusions exist in the Watt 
Lake area, and prospecting of these for bcry lium and lithium minerals and othflr 
minerals of pegmatitic association is suggested. 

BASE METALS 

The only occurrences of base metals known wi thin t he map-area are associated 
with the G ranville Lake gabbro. The association of copper-nickel sulphides with 
mafic and ultrnmafic rocks is well known. Different iated mafic intrusions present a 
particularly favourab le environment for the accumulation of copper and nickel 
sulphides in the form of chalcopyrite and pentlandite in association with pyrrhotite. 

In vie,v of the favourab le environment provided by d ifferentiation of mafic 
magma, and also the economic significance of the nickel -copper orebodies of the 
Lynn Lake int rusion, it would seem possible that similar sulphide accumulations 
might be found in the Granville Lake gabbro. 

In the fi eld, rare t iny specks of p_vrite were observed in the gabbro and tran­
sition zones of the main in tru: ion. In addition, minor copper sulphides were 
observed in the satelli te in trusion \\·hich is located at the nort hwest end of the main 
intrusion, between t he grani te zone and the cast shore of the narrow mile-and-a-half 
long inlet of Granvi lle Lake. This is the same intrusion from which specimens 
CG 15- 1 and CG 15- 3 were obtai ned. The one copper sulphide occurrence noted is 
at the northwest end of this intrusion. It consists of a few 1/ 8 inch veinlets of 
mixed bornite and chalcopyrite along chloriti c fractures in gabbro, immediately 
adjacent to the western gabbro-sedi ment contact. A similar occurrence, not seen 
by the writer, is reported near the southeast end of this same satelli te intrusion. 
It is the opinion of t he \Hiter that the veinlcts arc probably of hydrothermal origin, 
apparent ly deposited at some t ime after the conso lidation of t he intrusion. The 
observed veinlets are of 110 economic value. 
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Not one grain of chalcopyrite, pentlandite, or pyrrhotite was noted in the main 
intrusion either in the field, or in a later careful examination of all rock specimens. 
The main intrusion is extremely well exposed, particularly along its base where 
sulphide accumulations might be expected. In contrast to this, the Lynn Lake 
gabbro contains disseminated grains of pyrrhotite and chalcopyrite throughout 
the intrusion. 

Economic copper-nickel sulphide accumulations are therefore unlikely in the 
outcrop zone. Field and petrologic evidence indicates that the intrusion was slightly 
tilted at the time of crystallization and there is a possibility that more mafic rocks 
and/ or sulphide zones might exist at depth. 
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