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THE GEOLOGY OF THE CANIMITI RIVER AREA 

PONTIAC CODNTY Q,UEBEC 

INTRODUCTION 

General Statement 

The Canadien Shield is predominantly composed of 

rocks of Precambrien age. It contains numerous belts 

and isolated masses of volcanic and sedimentary rocks in 

which many of the gold and base metal deposits of Canada 

are found. These however, represent only a small part of 

the "Shield". The· bulk of it is oompos ed of gne issas and 

schists, believed to bave been formed from ancient sedi

mentary, volcanic, and plutonic rocks, by metamorphism. 

The close relationship between the "greenstones" 

and many ore bodies, has caused the prospecter to neglect, 

or to pass hastily over the gneisses, schists, and granitic 

rocks, in his search for new areas of "greenstone". While 

geological investigation has been mainly concentrated in 

areas of present economie importance. A naturel result of 

this neglect of the complex gneisses and granites, bas 

been the development of a "feeling" that tbese rocks are 
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barren, except for such minerais as mica, feldspar, apa

ti te, molybdenite, etc. Little is known about the contact 

zones between the Keewatin-Timiskaming volcanic and s edi

mentary rocks and the surrounding gneisses. No one knows 

whether the ore deposits stop at the contact zones; but 

in this respect it is of interest to note, that the "Zinc

Lead Deposits" of Calumet Island, Quebec, the "Brucite 

Deposits" of Farm Point, Q.uebec, the ttLead Deposits" of 

Kingdon :r.Unes, Ontario, the "Lead-Zinc Deposits" of Tet

rault, Quebec, and the "Copper Deposits" of Sherritt 

Gordon in Manitoba, do not occur in "greenstones", but 

are associated with "Grenville type" metamorphic schis ts, 

gneisses, limestones, and quartzites. 

Purpose of the Work 

It was desired to investigate the area lying 

between the Keewatin-Timisk arning sediment acy and volcanic 

rocks mapped by Lowther (42) in 1935, and the area mapped 

by Wahl (71) in 1946, containing only granites, gneisses, 

and schists. With the hope of being able to shed some 

light on the ages and origins of the granites and gneisses, 

and possibly through them, to discover, seme clue as to the 

relative ages of the Keewatin-Timiskaming rocks on one 

hand and the Grenville Rocks on the ether. The ultimate 

aim being to determine the possibilities of finding ore 

in this and ether similar areas. 
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Method Used in Surveying the Ares 

The rocks w ere mapped by rœ ans of pa ce and com

pass traverses, spaced at half mile intervals. Base maps 

on the scale of two inches to the mile, and aeroplane 

photographs, enabled the traverses t o be planned, che cked, 

and tied in t o topographie f eatures. All exposur es on 

lake shores were examined wherever possible. Highway 58 

has consecutive mileage signs, which give the distances 

from the town of Val d'Or, and these provided useful ties 

for the recording of ro ad-si de exposures. 

Extent and Location of the Area 

The area consista of roughly 200 square miles. It 

lies between latitudes 44°30' to 44°45', north, and longi

tudes 77°00' to 77°15', west; in the northern part of 

Pontiac County, and covers a part of the Senneterre-Mont 

Laurier provincial game reserve. The northern boundary of 

the sheet is approxiœ tely 41 miles south of Senneterre, 

• a town sorne 300 miles northwest of Montreal. 

Means of Access 

The Senneterre-Mont Laurier highway (No. 58) 

passes diagonally through the sou thwest corner of the map 

sheet, and provides direct access by automobile from 

Montreal, (270 miles) and the towns of Val d'Or, and Senne

terre (both 53.3 miles). The highway enters the area at 
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mileage 53.3 (from Val d'Or) and leaves it at mileage 56. 

The town of Senne terre i s si tuated on the Oana.

dia.n National Railw~ys, Northern Transcontinental Line; 

Val d'Or is on a branch line, which runs between Senne

terre and Noranda. 

A daily bus service connecta the town of Noranda, 

Val d'Or, B.l!l.d Senneterre, with the cities of Montreal 

and Ottawa, and passes through the area making flag stops 

where desired. 

Aeroplanes on pontoons can be c.b.artered at either 

Val d'Or or Senneterre for trips into those parts removed 

from the main water routes. 

Prerlous Geological Exploration and Investigation of the 

Region 

Robert Bell in 1887, (10) ascended from Lake 

Timislœming to Grand Lake Victoria by way of Lake Kipawa, 

and the Dumoine Ri ver. He e:x:plored the .beadwaters of 

the Ottawa River, then crossed the divide into the Gatineau 

River watersmd, and returned by this river to Ottawa. 

Later in 1895, he returned to Grand Lake Victoria, passing 

northward to explore the Bell River. (11) 

Between 1907 and 1912, M.E. Wilson reported on 

many sections of northwestern Quebec, including the Kipawa

Grand Lake Victoria region. These are covered in a memoir 
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published by the Geological Survey of Canada. (72) It 

con tains the first comprehensive study of the oomplex 

gne issas in this regi on. 

In 1932, L.V. Bell (12) reported on the complex 

gneisses in the Foch area. In 1933, J.A. Retty made a 

reconnaissance survey of the "Upper Gatineau Region". (54) 

Lowther mapped the "Villebon-Denain Area" in 1935. (42) 

Aubert de la Rue, made a reconnaissance of the Mont Laurier

Senneterre Highway in 1941, (26) and later in 1946, G. Wahl 

and F.F. Osborne reported on the oomplex gneisses of the 

Cawatose Basin. (71) 

In 1946, Norman did detailed mapping of the Kee

watin-Timiskaming volcanic and sedimen.tary rocks along their 

contact wi th the complex gneisses in Haig and Pershing 

townships. (48) (49) Tiphane continued this work in 1947, 

carrying the mapping further to the southwest. (67) (68) 

Drainage 

The area is just within the St. Lawrence River 

watershed and close to the Hudson Bay divide. It is 

drained by the Ottawa River, (of which Lake Soulier and 

Dozois are a part) and its tributaries, the Chochocouane 

and the Canimiti. 

Travel Within the Area 

The Ottawa, Chochocouane, and Canimiti Rivers 

afford excellent canoe routes; tbere are numerous rapids 
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in the latter two r.ivers, and in two places on the Chocho

oouane, there are falls with drops of between 15 to 20 feet, 

but in most places portages have been provided and few 

are more than two or tbree hundred yards long. The 

Ottawa is entirely navigable for oanoes within the area 

except for one place near the mouth of the mind River. 

In those parts removed from t.ba main rivers, 

travel by canee is diffioult sinoe the streams are 

shallow and have numerous small rapids; they are often 

filled wi th "windfalls", and portages where for merly 

provided bave long sinoe grown over. Canoes may be laun

ehed directly from either the Ottawa or Choe.b.ooouane 

bridges of Highway No. 58, for trips into the south or 

central parts of the area. 

A good bush road maintained by the Canadien Inter-
( 1) 

national Pulp and Paper Company, extends eastwards from 

mileage 46 (from Val d'Or) on the hig.b.way, J'8St the north

eastern corner of the sœ et as far as the C.b.ochoeouane 

and Denain Rivers. This gives easy aeoess by oanoe to 

the northern s eoti ons and elimina tes the numa rous por-

tages whieh otherwise would have to be made in ascending 

either the Choohocouane or Canimiti Rivers. 

Population 

Temporary settlements are loeated at the C.b.oeho

eouane River crossing of Higbway No. 58, and are known 

(I) Henoeforth refèrred to in this t.b.esis as 
the C.I.P. & P. Company road. 
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as "Murdock's" and "Paree's Camps". The inhabitants are 

local road construction and lumœ r company workers, and 

in all, probably number less than 200 parsons at any 

time. There is a general store in which food may be 

purchased, but there is no reguler accommodation for 

tourists. A small Indien encampment located on the banks 

of. the river, contains only one or two familias. 

The Department of Lands and Forests of Quebec, 

main tains a district office here for the supervision of 

woods operations, and the Ottawa River Forestry Protec

tive Association has a district headquarters where the 

highway crosses the Ottawa Ri v er. 

The nearest tourist accommodation is at Camp 

d'Or Val, soma 8 miles south of the Ottawa River along 

the highway, and outside the area. 

Climate 

The clirœte is rigorous, with short but hot 

summers during ~ich there is a moderate rainfall. The 

winters are oold with abundant snow. After the sun sets 

in the summer, the nights frequently become cool, and 

frosts are not unknown. A more elaborate discussion of 

the climate is given in the report by Wahl if further 

information is required. (71} 
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NATURAL RESOURCES 

Pulp Wood CUtting and Lumbarins 

Tbere are large tracts of spruce, and smaller 

stands of white pine, red pine, and jack pine. The 

northern two thirds of the area are under lease to the 

Ce.nadian International Pulp and Paper Company, and the 

Southern part is leased or owned by the o. and G. Dent 

Luml:sr Com:t:eny. Their mill baving a capacity at some si:z: 

million 'board f eet per year, is on t ae Cama tose Ri ver, 

about 24 miles south of the boundary at the present area. 

Muc.b. of the forest along t.b.e eastern boundary has 

been burnt wi thin t .be lest forty years, and the area is 

now co vered by a he avy growt.h. of white and yellow birc.b., 

poplar and mountain maple. 

The spruce in. the ares is healtby and relatively 

free from blights, but the white pine in many cases is 

suffering from a trwak rot, and many fine trees of large 

size were found broken off at the base and com.pletely 

rotted away inside. 

A notewort.b7 e:z:am.ple of t.b.e naturel reforestration 

of white pine occurs along the southern boundary of the 

sheet, between the east and west arms of Lake Soulier, in 

the Dent Lumber Company limita. 



Far ming 

The a rea is not sui table for farmi.f.:\g sine e the 

only lowlands are underlain by sandy soils, or moisture 

retaining clays, and because there is danger of destruc

tive summer frosts. 

Power 

Neither the Chochocouane nor the Canimi ti Ri v ers 

have sites capable of providing mare than a few thousand 

horse power. But a large power dam is being cons truoted 

at the "narrows" on Lake Dozois (Big Birch Lake), to the 

west of this ares, and will have a capaci ty of approxima

tely 75,000 H.P. 

The Dozois Lake dam when closed, will raise the 

water in the Ottawa River and its tributaries in the area, 

from the 1105 foot to the 1135 foot level, and will turn 

muoh of the southern part of the area into a vast swamp. 

(A map showing the ares to be inundated accompanies this 

thesis.) 

Game 

The map sheet is a part of the Mont Laurier

Senneterre provincial gama reserve, hunting is prohibited, 

but fishing is perm.itted in season. The rivers, streams, 

and lakes, are plentifully stocked with fish amongst which 
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are the great northern pike, white fish, and the pickerel 

or dore; no trout were seen but many of the lakes and 

streams in the eastern half of the sheet, with their rocky 

or sandy basins and clear cool water, are well suited 

for these fish. 

Bear are numerous and at times a great nuisance 

to campers, since they are readily attracted by unburied 

refuse, or food not properly cached~ 

Bea ver are found, and pro bably one-fifth of the 

srœll lakes in the area owe their exi. stance to be a ver 

dams. One dam observed was at least 125 feet long and 

at the centre of the stream, was retaining a wall of w a ter 

about 5 feet in height. 

Moose are not plen tiful and unless they are gi ven. 

more prot action, will suffer the s ame fa te as tha t of the 

beaver. In this respect, it should be mentioned that the 

Game Wardens have carried out their duties wi th the utmost 

diligence, but are handicapped by an area which is too large 

to supervise, and by the inability of the public to realize 

what the extinction of these fine animals would mean. 

Partridge are exceptionally plentiful, while fox 

and muskrat were occasionally seen in the various parts 

of the area. 
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GEOLOGY 

Introduction 

The rocks of the area are predominently gneisses 

and granulites (I) whose original compositions and struc

tures have been so alt ered by me tamorphism tha t their 

origine are obscure. Sharp contacts appear to be non-

existent, and metamorphism has produced a similarity in 

appearance which makes mapping off formations extremely 

difficult. 

It was decided after consid ering the high grade 

of metamorphism prevailing in the rocks, that the only 

feasible method of classification would be on a purely 

mineralogical basis. (i.e., according to the minerals 

identified in the handspecimen; thus a gneiss would be 

called a "biotite, feldspar, quartz, gneiss", if it con

tained all thos e minerals.) It was hoped that in the 

mannar of Barrow (9-pp.274-290) zones could be delimited 

which would tbrow light on the origine and compositions 

of the original rocks. 

The mapping was carried out using biotite, garnets, 

hornblende, and pyroxenes as index minerals; but it was 

(1) The t erm is used wi th reference to their granuler 
appearance, and without implication of origin or 
c ompos 1 ti on. 
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found thet the gerne ts overlapped into til e biotite end 

pyroxene- be aring rocks, and so it was n ecessary to res tri ct 

the garnet gneisses to ell those rocks containing 5 percent 

or more of garne ts end le ss than 5 percent of hypersthene. 

The map which accompanies this thesis shows ti:lose 

areas where rocks containing a predominant index mineral 

occur, but it does not exclude the occurrence in small 

amounts of rocks in which tlere are other index minerals. 

Banding or layering a1d foliation (see definition 

of these terms und er "Structural Geology") have be en found 

to conform wi th each ether everywhere wi thin the a rea; 

an the ir attitudes are represent ed on the a ccompanying 

map by strike and dip symbols. 1vUca and chlorite schists 

are rarely found, and bedding has not been definitely 

recognized, although it is thought to erlst. 

GEOMORPHOLOGY 

Topogra;phy 

The maximum relief so far recorded within the 

area is 658 feet and is between the Kanimiti geodetic sta

tion (elevation 1763 feet), ~ich is one mile east of the 

south ti p of Gremilin Lake in the west central part of the 

sheet, and the Ottawa Ri v er at i ts june ti on wi th the Cho-
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chooouane (elevation 1105 feet). The average relief is 

200 feet, but in a few localities such as west and south

west of El bow Lake, and along the eastern boundary, s ome 

hills rise to heights of from 350 to 400 feet above the 

adjacent valleys. 

In general the surface is one of oontrasting ele

vations and depressions, with numerous srœll, but few ex

tensive lowlands. Many of the hills have pronounced 

elongations with marked trends in a north or north-easterly 

direction. These trends are reflected in the courses of 

streams and lakes, being more pronounced in soma sections 

than in ethers. The b.ills, whetb.er of the elongated or 

irregular pattern, have steep north-to-west-faoing slopes 

characterised by numerous scarps, rising above valleys 

oontaining either lakes or streams. In oontrast the back 

slopes of these hills are less steep and show few rock 

exposures. {See Plates Nos. 1 and 2) 

The most extensive lowlands in the area are east 

of the Chochocouane River in the central and southern parts 

of the sb. ee t. Thes e a re sand plains covered by young j a ok 

pine. Spruce muskegs are best developed along the north

ern reaches of the Canimiti and Choohocouane Rivers and 

along the south bank of the Ottawa west of the highway. 

Explanation of Topography 

A view of the regi on from one of the higher ridges 
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in the a rea shows num.erous hills dotting t .he country, 

most of whieh are approxima tel y e qual in elevation. This 

rough aeeordanee probably representa the "Laurentian pene

plane", whieh Cooke belie ves was elevated high a bove the 

sea during the Plioeene, and was aeeompanied by faulting. 

{22-p. 51) (See Plates Nos. 3 and 4) 

The elongated hills with steep and rocky west 

to north aides, and gentle, soil eovered, east to south 

faeing baek slopes, are undoubtedly a refleetion of under

lying rock structures. The steep searps are in many cases 

eomposed of well foliated, and at times plated gneisses, 

having strikes parallel to or nearly parallel to the long 

axes of the hills, and dips going in the direction of the 

more gentle baek slopes. 

Some hills, in partieular the higher ones, have 

sill-like slightly folieted or unfoliated masses of aeidie 

igneous rocks; these also strike roughly parallel to the 

trends of the ridges, and dip in the direction of the beek 

slopes. 

At the bases of soma searps, sheared-looking 

"flaser" gneis ses wi th pseudo-sliekensided surfaces bave 

been found whieh may indieate that some of the valleys 

and the adjacent hills are the result of erosion along 

zones of faulting. Lowther (42-p.51) found that in the 

northern part of his area similar searps strike trans-
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vers ely to the direction of r eco izable bedd wllich 

is un do ubt edl v pr oof of tn eir faul t ori ,::;in in the s d .je cent 

are a to the north. 

Wilson (72-P.~3-J) ba 3 di3cussed the linear valleys 

of the regi on in sorne detail, and cites evidence to show 

t t theY JJ.ust be the resul t of faul tin:.?, v.;hicl.!. occurred 

betvveen post-3ilurian encl pr eistocene times. How ever, 

serious consideration should be given to the possihility 

that some of these valleys may have arisen by differentiel 

erosion as between lirœstone or garnet gneiss on one hand, 

and the more resistant granite rocks that frequm tly 

underlie the ridges. In this respect it should be pointed 

out that experience in making thin sections of highly 

garnetiferous rocks indicates that the garœ t gne isses 

though hard, are very friable, by virtue of the fractured 

nature of the garnets. 

In addition to the regularly oriented hills, 

there are irregula r or round hills, w.tüch appear to be 

in places where faulting or jointing does not coincide 

wi th the s trike of the fo lia ti on, or wb. er a the foliation 

directions form folds. A good exemple of this may be 

seen north of the Kanimiti geodetic station, in the west 

central part of the sheet. Other irregularly shaped hills 

are caused by the erosion of homogeneous rocks, such as 
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the syenites, that underlie much of the southeastern corner 

of the sheet. Here the hills are relatively low, and wall 

rounded by glaciation, but there is still an overall pat

tern which suggests faulting or jointing. 

The noteworthy absence of nU1D9 rous glacial stoss 

and lee forms on the hills of the area, can only be ex

plained by the attitudes of the underlying rock s tructu

res. It is thought that the ubiquitous banding of the 

rocks proœ bly a cted as reinforcing, gi ving them a resis

tance whi ch prevented t heir breaking along joint pla nes. 

This would tend to arrest the formation of the lee forms, 

while the northeasterly strikes and southeasterly dips 

of the foliations and banding, would present a strong 

front to the ica movement from the north, and so decrease 

the tendency for the ice to carve stoss slopes. 

In the northeast part of the sheet, just east of 

the Elbow Lakes and south of tüe fault shown on the accom

panying map, there is a fold-shaped hill that may r apre

sent an individuel garnetiferous formation. The outlines 

of tb. e hill have been shown on the map; but only coloured 

in those places where exposures were observed. 

The trends of rivers, streams, and lalœs, to a 

large extent conform wi th that of the foliation and band

ing in the various parts of the sheet, as may be confirmed 
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by a glanee at the a ccompanying map. But Lake Tombbah, 

Gabbro Lake, Lac des Montagnes, the Ottawa River west of 

the hig.hway, and the eastern p:l.rts of the ~lbow Lakes, 

have trends which are nearly east-west, and disrupt the 

general northeasterly trend of the area. These show a 

marked coincidence in trend withthe strikes of the 

known or ruspected faults and are believed to fo llow 

faul t zones. 

Those portions of the Ottawa River which were 

transverse to the direction of the ice movement, and 

parallel to the rock foliations, must undoubtedly be pre

glacial. The position of Lake Soulier is interesting for 

the mannar in which it curls around the hornblende syenite 

stock; and i t requires little imagina ti on to visualize 

its formation in an early geological period, as a result 

of differentiai erosion along the contact between the 

syenite and the surrounding gneisses. 

The Canimiti River on the other hand, for some two 

or three miles below the_Elbow Lakes, wenders over flat mus

keg areas underlain by clay and moraine. It passes between 

small hills or ridges a nd th en take s up a predominent 

southerly course, be come s narrow, and has nurœ rous bedro ok 

rapids. This youthful aspect of the so uthern part of the 

river valley probably indicates that here, it is of post-
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glacial origin. 

The nort hern part of the Canimi ti ent ers El bow 

Lake through a long straight southwesterly trending valley, 

which is d irectly in lina wi th anotœ r t hat enal os es the 

long southwest arm of the lake; and it seems possible th at 

the Canimi ti may formerly have oontinue d on to the south

west. This course may have been blocked by an eastwest 

fault. A su spected fault of this nature is indi cated on 

the accompanying map at the eastern end of the Elbow Lakes. 

Pleistocene 

During the Pleistocene, the a rea was undoubt edly 

covered by ica, as evidenced by the large erratics and 

striated surfaces tha t are t o be seen on a few of the 

hig.ber hills. Few good striee were observed, but those 

seen indicated an i ce movement of from south t o S 10°E. 

The Ottawa and Chochocouane Rivers oooupy the 

broadest valleys in the ares, in which muoh moraine was 

deposited. Both rivers in places upstream from naturel 

barriere such as rapids, have aggraded their beds and 

built levees, behind whioh there are small lakes and swamps. 

West of the Chochocouane, just above its junction 

with the Ottawa River, there are severa! sinuous esker

like forma, one of whic.b. split s into two branches towards 

the south end, while to the north it tapers out and 
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termina tes against a hill. No datai led examinati on w as 

made, but it is possible that these are crevasse fillings. 

(32-pp.410-16) In addition, there is a perfectly circuler, 

dome-like hill which consists of water-worn pebbles and 

sand; this is thought to be a deposit forme d by a "moulin" 

in stagnant ice. (41-pp.298-9) 

The size of the Ottawa River Valley in this vici

nity, and the way it lies transverse to the direction of 

the ice movement, indicate that it must be of pre-glacial 

origin. 

Fluvio-glacial deposits are found locally through

out the area. They are well stratified sands and gravels 

with marked cross-bedding, or poorly sorted sands and 

gravels with many large erratics scattered throughout. 

The cross- bedding shows no consistent d1r action of forma

tion, indicating shifting currents. Gravels in sorne places, 

form tnin and narrow lenses of well-water-worn pebbles. 

Possi bly, t hese a re the result of some temporary t orrential 

current, co ming from a stagnant ica front. Large boulders 

appear to be more numerous in the less stratified deposits 

of finer grain, but which nevertheless have sorne cross

bedding, and t hese are generally thought to have been 

derived by ice rafting in post-glacial lakes. 

A small sand plain oc ours in the northeast corner 
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of the sheet along the C.I.P. & P. Company road, and 

anotber mueh larger one lies to the east of the Chocho

couane River in the central part of the ares. Between 

Lakes Tombbah and Soulier, the country is strewn wi th 

much morainic materiel. An esker which starts in the node 

of Cultus Creek, extends southwards for about a mile and 

terminates in an area containing many erratics and a few 

small sand plains. 

REGIONAL GEOLOGY 

Lowther (42), and Tiphane (67}, {68), mapped the 

area to the north,and have shown it to be underlain in 

the northwest half by Timiskaming and Keewatin-type sedi

mentary and voleanic rocks, many of whieh are altered to 

amphibolites, and intruded by hornblende syenite. There 

are in addition, muscovite and/or biotite bearing pegma

tites. The southeast portion contains only biotite and 

garnat gneisses, that are a continuation of those found 

in the present area. Tiphane considera the boundary 

between his f!1l eisses and the Keewatin-Timiskaming rocks 

to be a fault zone which extends diagonally a cross his 

s.b.eet in a northeasterly djreotion. 

Wahl ( 71) reported on the a rea to the south w.œ re 



21. 

the rocks are predominantly biotite, biotite garnat, and 

biotite hornblende paragneisses, alongwith biotite and 

hornblende-bearing granite orthogneisses. In addition, 

there is a large quartz syenit e intrusi ve tha t extends 

across the northern boundary into the southeast corner 

of the present area. He found one small exposure of 

Grenville type limestone and quartzite, and another con

taining sillimanite gneiss. (?l-p.6) This find is of 

importance, inasmuch as i t shows t hat metamorphosed sedi

mentary rocks are present in the region, soma of which 

may be of Grenville a ge. 

Retty (54) oarried out a reconnaissance survey to 

the east, and reported biotite and garnat gneisses, granites, 

'granodiorites, and a few small patches of Grenville type 

limestone and quartzite. 

The geology of the Canimiti River area is in 

marked contrast to these areas; no Grenville type limesto

nes, quartzites, or sillimanite gneisses have been found, 

and orthogneisses are only known in a few small exposures. 

Volcanic and sedimantary rocks have not been found, but 

their metamorphic equivalents are undoubtedly present amongst 

the gneisses and granulites. On the otber hand, composite 

or hybrid gneisses are numerous and are charaoterized by 

small amounts of a "sanidine-anorthoclase" mineral, while 

hypersthene, which has hitherto not been reported in the 
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rocks o:f the surrounding regions, is ubiquitous th:rough

out the area. 

As in the other areas, save Wahl's, there is a 

structural trend in a northeas ter ly d ir eoti on whi oh is 

re:fleoted in the topography. It is partioularly note

worthy :for i ts rough parallelism to the suspeoted :raul t 

zone between the Keewatin-Timiskaming rocks and the 

gneisses. (See Regional Map) 

GENERAL GEOLOGY 

The rocks in the area are biotite, biotite garnat, 
(1) 

and hypersthene gneisses and granulites thought to have 

been :formed by the metamorphism of pre-e:xisting volcanic 

and sedimentary ro oks. Compas it e rocks which bave resul t

ed from igneous injections and metasomatism of pre-existing 

rocks, have both igneous and metamorphic charaoteristios, 

and display gradations into the other metamorphic facies. 

Metamorphism has been of such a grade that sohists 

oould not develop. Granoblastio textures with a slight 

directive structure are the rule; but in restricted zones 

(1) The term is used "With respect to their granula r appear
ance, and carries no implication o:f either origin or 
composition. However, there is a definite similarity 
to t.hos e des cri bad by Adams (1-pp. 78-82) from the 
Grenville area. 
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there ooour plated, or "t'laser" pegmatites and gneisses, 

wb.ioh are tb.ought to be the equivalent of the sheared 

zones f'ound in ether less metamorphosed regions. 

Hypersthene granulites are well represented along 

the eastern boundary between Lao des Montagnes and Lake 

Tombbah, and also in the southwest corner of the sheet. 

Here, however, they are more strongly f'oliated and oontain 

seme mafia inclusions or layers and zones of garne t gneiss. 

Garnat gneisses ooour throughout the area but are 

partioularly oommon in the looalities to the west of the 

Choohooouane River. They grade into or are intermixed 

with beth hypersthene and biotite gneisses and granulites. 

The biotite gneisses are generally restrioted to 

those areas east of the Choohooouane, where disoontinuous 

zones between one and two miles in wi dth, form a bel t 

whioh extends from the south and central part of the 

boundary, diagonally northeastwards up to and beyond Lao 

des Montagnes. Anotœr area is round in the very south

east corner of the sheet near the Blind River. These 

rocks as a group are muoh injeoted by igneous materiel 

and oontain numerous small exposures of pink "flaser" or 

"eugen" gneiss. Garnets are nearly always present, but 

in miner quantities {less than 5%}. 

Composite gneisses are most oommon in the northern 

part of the area. They are medium to oœrse grained 
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igneous textured rocks, having compositions approximating 

quartz diorite, and grade into finer grained, and often 

well-banded rocks rich in hypersthene and garnets. The 

banding is in part ·due to pegmatitic injections along 

bedding or planes of foliation, and in part, to original 

varia ti ons in composition from layer t o layer. (See Plates 

Nos. 9, 10, and 11) 

A short distance beyond the western boundary in 

the northwest corner of the area, t here are some small 

exposures of "greenstone" tbat may be sedimentary or 

volcanic rocks; yet they could be disrupted dykes. They 

are considered to be younger than the adjacent highly 

metamorphosed gneisses, by virtue of their much lower 

metamorphic grade, but they are definitely older than the 

red quartz diorite and syenitic pegmatites which are seen 

to intrude them. It is not improbable ttat their positions 

could be the result of faulting, or of an unconformity. 

It is thought that some of the "greenstones" may 

have be en incorporated into the composite rocks t.ba t are 

found in the vicinity of Composite Lake. Their proximity 

to the Keewatin-Timiskaming rocks, suggests t hat they are 

of similar origin and age. 

The earliest intrusives are t.he white to grey 

quartz diorites and associa ted grey t o pale pink pegmatoid 

and pegmatitic sills and dykes. There are no large masses, 
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but they appear to underlie the vb.ole area, and to have pro

vided the materiel for most of the lit-par-lit injections. 

Massive igneous rocks from hypersthene gabbro 

through quartz diorite to quartz syenite, form the largest 

individuel intrusive bodies in the area. These are only 

out by their associated syenitio and granitio pegmatites; 

all the more aoidic mambers of this group including the 

pegmatites are characterised by the ir pink to reddish 

colour. Tiphane (67) oonsid ers the syenites of the area 

mapped by him to be post-Timiskaming, and sinoe those in 

this a rea have a similari ty in trend and co mposi ti on, they 

are tentatively considered to be of the same age. 

There are severa! small exposures of a medium 

grained mottled green and grey, massive rock in the vici

nity of Gabbro Lake; these may be either hornblende 

gabbros or amphibolites. 

One la te oo arse grained granit ic dyke cuts the 

composite gneisses and is unlike anything seen elsewhere 

in the area, but a similar dyke oocurs outside the north

west boundary on the highway near McLaurin Lake, where 

it intrudes amphibolitic and garnetiferous gneisses. 

A few basic dykes have been round, some of which 

have been only weakly mstamorphos ed; but little is known 

about their associations and origins save t.bat they trans

act the gneisses and granulites. 
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Basic lavers, lenses, and inclusions, are found 

in the granulites and gneisses, sorne undoubtedly represent 

early intrus ives tba t have been pinched or rolled out 

during the deformation of the enclosing rocks, but ethers 

are probably of agglomeratic or conglomeratic origin. An 

analysis of one relativelv large mass indicates that it 

was probably a peridoti te. One "relie" dyke is now recog

nised only in outline, and by remnants of basic material 

at its centre. It shows that sorne basic dykes pre-date 

metamorphism, and intruded already banded rocks. In 

addition, i t demons trates that fluid action must have 

played a ma,jor role in the transformation of the rocks 

in the ares. 

The rocks have he en strongly f olded by regi on al 

stress es, and fault s, though only proved in two instances, 

are probably widespread. This is suggested bv the common 

regional trend of the topographv and foliation, and by 

the presence both in place, and as erratics, of numerous 

"flaser" gneisses. 

A tarle of the rocks found in the ares is gi ven 

below and a geological map showing the distribution of 

rock types is in the poeke t at the back of the the sis. 
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TABLE OF THE ROCKS OF THE AREA 

PLEISTOCENE 
and 

RECENT 
Sands and Gravels 

Basic Dykes: Metadiabase, augite porphyry, metagabbro? 

Pegmatites 1. ~uartz diorite, syenite, granite, pink 
red and brown colours, medium to coarse 
grained 

2. Granitic, coarse grained and grey green 

Aplites and (~uartz porphyry dykes.?) 

~uartz diorite, granodiorite, hornblende syenite, quartz 
syenite 

Gabbro 1. Hypersthene gabbro 
2. Hornblende gabbro (amphibolite)? 

Composite Gneisses 
1. Well banded may co nt a in ei t her or bot h 

( assoc. wi th 
hypersthene and garnets and grade into 
type 2a 

late 2. Massive igneous textured, may eontain mafic 
bands, possibly assimilated "greenstones", quartz 

diorite}? composition approximates to quartz diorite, 
2a. Massive igneous textured grades into type 1. 

contains "sanidine-anorthoclase" 

- - - - - - - - - - Intrusive Contact - - - - - - - - -

"Greenstones"? Outside nortbwest boundary 
or 

Dykes? 

- - -Unconformity ? Fault Contact ? - - - - -

~uartz porphyry dykes? 

~uartz diorite orthogneiss, quartz diorite, granite stocks 
and ass oci ated pegmatoid and pegmatitic 
(lit-par-lit} sills, pink pegmatite "flaser" 
and "augen" gnsisses, graphie pegmatite 
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TABLE OF THE ROCKS OF THE AREA ( oont 'd) 

Composite gneiss, no large exposures, mostly lit-par-lit 
injections 

Basio dykes or s ills - rioh in hypersthene (perido ti tes?} 

- - - - - - - - - - - - Intrusive Contact - - - - - - - -

PARAGNEISSES (in part) 

Mïorooline, plagioclase, quartz gneiss. 
Biotite, quartz, feldspar gneiss. 
Biotite, garnat, feldspar, quartz, gneiss. 
Hypersthene, quartz, feldspar, biotite, granulites and 

gne isses. 
Hypersthene - augi te - hornblende r ooks (layers or si lls). 

Small masses, in part believed to have been 
sedimentary rooks. 
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PETROLOGY 

PARAGNEISSES 
(in part) 

Rocks 

T.hese are dark green, massive, fine to medium, 

coarse grained rocks, consisting essentially of hypers-

thene, augite, and hornblende in various proportions; a 

few types may contain biotite, serioite, chlarite and 

carbonates. 

Occurrences 

One variety outcrops on the east bank of the 

Canimiti River, about 3 miles above its junotionwith 

the Chochocouane. It oontains large porphyroblasts of 

hypersthene, (up to 1.5") in a medium grained groundmass 

of hypersthene, augite, and hornblende. (See Plate No. 15} 

It is a layer or lens about 125 feet thiok, but otherwise 

of unknown extent. The ooarsest facies is at the centre 

of the mass. This deoreases in grain size towards the 

only visible contact with the garnat gneisses. Near the 

contact the porphyroblasts disappear, hornblende beoomes 

the predominant mineral, and the rock grades into the gneisses 
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over a dis tance of a few in cm s. The co nt a ct s tri ke s 

N 60°E, and dips 50° southeast. An analysis of this rock 

is given in Table 1. 

Two miles north from the junction of the Canimiti 

River with the Chochocouane, there is a questionable shear 

zone some lJ feet wide in the bed of a small creek, which 

stri ke s west and dips to the north at 50° to 60°. The 

rocks are green, very mica ceous, and sl ightly chlori tic, 

yet contain much coarse hypersthene, and are not real 

s chis ts. ( See Pla te No. 16) It is thought t hat the afore

mentioned coarse grained porphvroblastic rocks and those 

in the shear zone were formerlv the seme, 'J:'Iut formed dif

ferent fa ci es as a re sul t of different tvJX':'l s of rre tarnor

phisrn; the former thermal, and the latter dvnarnic. 

Near the suspected fault zone at the east end of 

the ~lbow Lakes, a small exposure oontains a green mica

ceous, hvpersthene rock inter't>anded v;ith biotite gneiss. 

The bani ing strikes N 20°-r;;, and dips 25° to the south

east. The rock appears to be a schist, but it contains 

mica only on certain planes; while the greater part of 

the rock consists of a ,g;reen pyroxene. A thin section 

of this rock showed hypersthene (65%}, augite (20/~), and 

biotite (lOy;), with accessory amounts of quartz end 

plagioclase An4o. 
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Basic leyers or lenses are found in the granulites 

and gneisses south of the Nose Lakes in the southwest 

corner of the sheet. They are of two types; one is brown 

to dark brown, medium grained, and is essentially composed 

of a dark brown hornblende, with lasser amounts of augite 

and/or hypersthene; (Plate No. 17) the other is green to 

dark green, fine to medium grained, and oontains hypers

thene, augite, hornblende, biotite, plagioclase, end 

accessory quartz. Both types occur as narrow isolated 

layers or lens es, rarely more tb. an a few inches in thick

ness, and seldom of great length. The latter type is 

more common and has also been found as small elliptical 

masses in the granulites tm t resemble volcanic bombs. 

(See Plate No. 19) In all the observed exposures, the 

bands are conformable to the foliations of the enclosing 

rocks. 

In t be same area south of the Nose Lake s an 

exposure of coarse reddish hypersthene-bearing :p9gmatit e, 

contains numerous irregular shaped but rounded inclusions 

of a green fine to medium grained hypersthene bearing 

rock, similar to those ocoesionally found in the granuli

tes. Approximately one-half mile east of bere, another 

exposure shows a pink non-biotitio medium grained pegmatite 

lying beneath soma narrow even banded biotite gneisses or 
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granulites. The contact between these rocks and the 

pegm.ati te is s lightly irregular, a nd at one pla ce th ere 

is a dark green hvpersthene-rich inclusion, very similar 

to those described ab.ove; but whether this rested in or 

on the pegmatite could not be determined. It is possible 

that these exposures represent unconformities along which 

pegmatites w ere intruded. 

A dark brown, rœdium grained, micaceous hornblende

pyroxene band or lens, crosses Highway 58 sorne 400 yards 

north of Gabbro Lake; it is roughly 10 feet wide and of 

unknown length, wi th a fol:ia ti on the t stri ke s N 5°E and 

dips 50° east. On the south side of this band the rocks 

are garnetifero us, wh ile on the north si de, the next few 

exposures are granulites with nurœrous dark green hyp:3rs

thene-bearing layers, that are roughly parallel to the 

foliation of the enclosing rocks, but in places have a 

disrupted or brecciated appearance. (See Plate No. 14) 

A syenitic pegrœtite intrudes these rocks, and it is not 

known whether it int ersects the pyroxene bands, but i t 

may possibly be responsi ble for the brecciation. 

In the so utheastern part of the a rea, one half 

mile south of Lake Tombbah, an exposure of dircy" grey 

green granulite, contains a narrow, but extremelv fine 

grained green band, th at parallels the weak f olia ti on of the 
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granulites and has a strike of N 25°E, with a gentle 

eastward dip of only a few degrees. A thin section of 

this band contains hypersthene (35%}, plagiocla$e An4o-
45 (45%), quartz (10%), biotite {10%); with augite, horn

blende, and magnetite as accessories. 

On the eastern bound ary of the sheet, four miles 

north of Lac des Montagnes, the re is an exp os ure of a 

massive, medium grained, light green rock which strikes 

north and dips east at 40°. A thin section of this rock 

appro:x:imates in composition to the band deseril:sd in the 

previous paragraph; but eontains more augite, and has 

tremolit e and quartz as aeeessories. The se ro eks may 

.bave been either basie intrusive sills or ealeareous 

sedimentary layers prier to the onset of metamorphism. 

Petrography 

These rocks are medium to coarse grained in thin 

seeti on, vd th textures that can only be ealled grano

blastic but of irregular grain size. Seme show slight 

directive textures, and the coarser grained varieties are 

often poikiloblastie. Hypersthene, augite, hornblende, 

and oecasi onally biotite, are the essen ti al mine rals; 

while olivine, carbonates, quartz and plagioclase are the 

aeeessories. However, the carbonates and olivine are 

only found in the coarser grained varieties, and plagie-
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clase An32-45 may be an essentiel mineral. Opaque oxides 

and sulphides were sean as accessories in only a few 

sections. 

The hypersthene is near bronzite in composition 

having a negative 2V:ô0°-70°, parallel extinoti on, a 

good (010) cleavage, and a very feint pink pleoohroism. 

It forma very large subhedral crystals (up to 30 mm) 

which frequently enclose the other minerale. (See Pla te 

No. 49) 

The augite, biotite, and hornblende, are the nor

mal varieties, usually anhedral, rarely subhedral, and 

seldom larger tban lOm.m.; in the southern parts of tb. e 

area they vie with hypersthene for predominance. 

Secondary alteration is negligible, but the hy

persthene in a ome thin seoti ons of rocks from the southern 

pert of the area, shows a limonitic alteration along the 

oleavage planes, while the orystals have serrated outlines. 

Orystals of carbonate large enough to obtain a 

good optic axial figure were round in a few thin sections, 

but whether these are of primary or seoondary origin is 

not known. 

Structural Relationships 

Mafia layars or lenses occur chiefly in the 

hypersthene bearing rocks, and are invariably perallel 
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to the foliation. In only a few places was evidence 

sean to indioate that they oould have been oaused by the 

disruption of larger amphibolitio bodies or sills, suoh 

as those desoribed by Adams (2-p.76) in the "Haliburton 

and Bancroft Area". (Sea Pla te No. 14) 

Thera ara threa distinct shapes, the ribbon or 

layer, the lens or pod, and th a small round ad "bomb-like" 

inclusion, of whioh only t hree were round in the granulites; 

though ethers occur in the pegmatites associa ted wi th them. 

The contacts of the smaller and finer grained 

varieties are clear out, while those of the ooarser and 

sometimes porphyroblastic types appear to be gradational 

in soma occurrences, yet àlarply defined in otbers. 

A striking feature is the rarety of these bands, 

and few e:x:posures exhi bit more th an one lens or pod. The 

best exemple of the ir multiple occurrence is on the high

way north of Gabbro Lake. (See Plate No. 14) 

Few if any of the finer grained ribbons or layers 

show pinohing or swelling along their strikes, but taper 

out gradually. 

The small "bomb-lika" inclusions that are found 

in the granulit as a ppear to ba is olated exemples having 

similar compositions to those of the mefie layers. They 

are not the result of spheroidal weatharing since their 

mafia content is muoh greater t.han that of the rocks in 

whioh they are inoluded. 
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The ooarse grained facies are found as larger bo-

dies, and soma of these were sean to be thiok, short pods. 

Origin 

An analysis of the ooarse porphyroblastio hypers

thene-augite - hornblende rook from east of the Canimiti 

River is given below in table 1. 

45.79% 

00.36 

Al2o3------- 06.97 

Fe2o3------- 00.77 

FeO--------- 09.74 

MnO--------- 00.82 

MgO--------- 26.75 

CaO--------- 04.39 

Naao-------- 00.54 

KzO--------- OO.aa 
P2o5-------- oo.oo3 
RaO--------- 01.55 

RaO--------- 00.09 

8 --------- 00.40 

BaO--------- 00.00 

cr2o3------- 00.37 

zrOz-------- oo.oo 
NiO--------- 00.14 

98.90 

(Specimen No. 8a-12) 

Analyzed by the Laboratories of 
the Quebeo Department of Mines. 
Analysts, R. Boileau, and J. Gagnon. 

Speoifio gravity - 3.26 
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The low silice alumina and alkalies, and the high 

magnesie, in addition t o the ohromium and nickel are fea

tures found only in rocks such as pyro:x:enites am perido

tites. In any event it must be ooncluded that the analysis 

is tbat of an ultra-basic rock. This is substantiated by 

its high specifie gravity. 

The small bomb-like inclusions may be she ared and 

rolled out dykes or sill fragments, but their isolated 

occurrences in tbe granulites wi th which they are dl iefly 

associated, points to their being accidentel inclusions 

such as might be found in sedimentary rocks. Tbeir pre

sence in greater numbers in one pegmatite suggests that 

the latter may have been intruded along a bed of conglo

merate; yet they could be caused by tbe breooiation and 

rolling out of a dyke engulfed in the advancing pegmatite. 

In the absence of any evidence to show that there bas been 

muoh brecciation and disruption of dykes or sills, (only 

one early dyke is known, see page 55) it must be ooncluded 

that those inclusions in the granulites at leest, are 

conglomeratic or agglomeratic in origin. 

Undoubtedly some, if not all, of the finer grained 

mefie layers are si lls, in je cted at an e arly period, and 

und er very different conditions from those of the recognised 

and little altered basic dykes, which eut the banding of the 

gneisses and granulites. 
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Hypersthene Gneisses and Granulites 

Desoription 

These are fine to medium grained, green to rusty 

brown rooks, depending upon whether they are fresh or 

weathered. They are oomposed of hypersthene, plagioolase, 

quartz, and biotite, wi th at times, varying amount s of 

garnet. The term granulite is used with referenoe to 

their granuler appearanoe, without implioation as to oom

position or origin. All medium grained granuler and 

gneissose rooks with hypersthene in exoess of 5 peroent 

are inoluded in this group. Pla te No. 18, shows some 

typical specimens of these rocks. 

Oocurrences 

Southeast of the Nose Lakes in the southwest 

section of the sheet, there are many foliated granulites 

containing hypersthene layers or inclusions. The strikes 

of both the layera and foliation vary throughout this 

loc ali ty and appear t o indioate folds in muoh the same 

manner as those of normal sedimentary or voloanio forma

tions. A good exemple is to be seen east of the little 

lake at lat. 47030' north and long. 77°11' west; here a 

closed fold some 30 feet wide in cross-seotion, plunges 

N43oE at 300, and is slightly overturned to the southeast. 
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The layering is caused by very small mineralogical dif

ferences in a light grey-green to green granulite; while 

the presence of one narrow dark hypersthene band confor

ma bly folded with the ethers, accentua tes the laye red or 

bedded appearance of the rocks in the fold. 

Hypersthene granulites constitute many of the 

high hills along the eastern boundary to the south of Lac 

des Montagnes, and are relatively rœssive, (See Plate No. 

18) but ocoasionally interbanded with zones of garnetifer

ous rocks, and injected by coarse grained pegmatite dykes, 

soma of which are 4 to 5 feet thick. Thin sections of 

the granulites from this vicinity show plagioclase An38 

(60%), hypersthene {15%), quartz (15%), and biotite (10%); 

accessories are garnat, magnetite or ilmenite, and sul

phides. 

Along the east sida of the Oanimiti River above 

its junction with the Ohochocouane, there are hills with 

prominent west faoing scarps which are essentially com

posed of massive granulites and garnat gneiss. A thin 

section from a representative specimen, shows tbet ger

nets and hypersthene are each present in amounts of 

around 15%. 

In the north and northwest parts of the sheet, 

hypersthene and garnat bearing gneisses are numsrous but 
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the more massive unfoliated types are absent. They are 

more intimately injected by igneous materiel than those 

previously de seri be d, s o mu oh s o, t hat in pla ces they are 

seen to grade into coarse granoblastic and apparently 

igneous rocks, which are referred to in this thesis as 

the ncomposite gneisses". Here marked layering or banding 

is seen in many places, and appears to have resulted from 

narrow igneous injections along parallel planes, or from 

compositional differences in the original rock. (See 

Plates Nos. 10 and 11) 

Petrography 

These are fine to medium grained, granoblastic 

rocks, and although a foliation is usually seen in hand 

specimens, it is rarely notioeable in thin section. (See 

Plates Nos. 35, 36, and 38) They oontain plagioclase 

An32_40 , hypersthene, quartz, and biotite; in addition 

some sections have large amounts of garnat. The oommon 

aocessorias ara garnat, magnetite and/or ilmanita, sul

phides, and occasionally apati te. 

The hypersthene coeurs as subhedral to anhedral 

elongated wisps and shreds; it is colourless to faintly 

pleochroio in pale pinks and yellows, wi th a parallel 

~xtinction and a negative 2V-60°-70°. Some crystals have 

small extinction angles of a few degrees, whereas one or 
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0 
two were observed of around 22 , s es ting the presence 

of clino-hypersthene. The optic axial angle according 

to Winchell (?4-p.218) indicates a content of 32 percent 

for the hïrpersthene molecule, v et the feint ple ochrism is 

tha t of bronzi te. 

The plagiee se grains are anhedral. They display 

infreauent al~ite and more frequent pericline twinning 

and are clear and fresh in appearance. 't:xtinctions on 

(010) and (001) are between 14°- 20°, giving compositions 

of An32_4o; but in those rocks containing large quantities 

of hypersthene, the plagioclase has extinction angles on 

010:26°, and positive 2V's, indicating compositions of 

between An45_48 • 

Garnets and hypersthene when found in the same 

section are generally s eparated bv ether minerals though 

exceptions are known. (See Plate No. 38) The garnets 

are subhedral dodecahedra, colourless, well fractured, 

contain inclusions of both quartz and feldspar, and are 

isotropie. 

Q,uartz anhedra are present in proportions of from 

10-20%, and emray all the otl.Br minerals, giving the 

impression of œ ving be en introduced; but this could be 

caused bv the melting or solution of original quartz, 

result ing in a local redis tri but ion in the P3 rent rock. 
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Some orystals show fraoturing and undulatory extinction, 

but most of the quartz is clear and unstressed. 

Structural Relationships 

A most notable feature is the apparent restric

tion of these rocks to the present area. Wahl has re

ported no hypersthene-bearing rocks from his area, and 

neither have Retty and Lowther. However, they undoubtedly 

extend to the northeast into Retty's area. 

The occurrences of basic hypersthene bands or 

layers and inclusions, appear to be restricted to these 

hypersthene rocks. They are less intensely in je eted by 

aoidie materiel than the other gneisses, and are more 

massive. In some instances they are thought to be tran

sitional into the garnet gneisses. 

Small folds outlined by banding are not uncommon. 

Biotite Garnat Gneiss 

Des cri pt ion 

These are fine to medium coarse graine d rocks, 

which are grey green to green on fresh surfaces, but a 

light yellow brown when weathered. {See Pla te No. 21) 

Some are massive but most are foliated or banded. (See 

Plate No. 22) The reoognizable minerale are pink to 

red garnets, feldspar, quartz, and biotite. Only those 
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rocks containing garnets in excess of 5% and negligible 

amounts of hypersthene {less than 5%) are included in 

this group. 

Occurrences 

Immediately south of the old highway bridge over 

the Ottawa River, there are many exposures of these rocks 

which display excellent banding. The strikes in this 

locality are variable, but generally in a northeasterly 

direction, whereas tbe dips a few hundred yards south of 

the bridget are low towards the southeast, but steepen 

narthwards as the Ottawa River is approached. The bands 

are pegmatoid quartz diorite and in some places consti

tute 70% of the rock in the exposures. A thin section 

of these gneisses shows plagioclase An34 (50%}, garnets 

(15%), quartz (25%), and biotite (10%). 

North of the old highway bridge over the Ottawa 

River, about 1000 feet along the highway, there is a 

green, foliated, fine to medium grained garnat gneiss; 

here injection banding is much 1ess apparent than in the 

exposure previously desoribed, but the rock has a strong

ly plated look which is very suggestive of soma argilla

ceous rocks. (See Plate No. 5) In thin section, this 

rock oontains plagioclase (50%), quartz (10%), garnets 

(15%), and biotite (20%). The adjacent exposure further 
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north is a massive, but slightly foliated, green, hypers

thene granulite, wi th little or no acidic banding. This 

rock contains plagioclase An3o (50%}, hypersthene (15%), 

quartz (10%), biotite (20%), and garnets (5%). The pre

sence of garnat and hypersthene bearing rocks in adjacent 

exposures is of interest and will be discussed later under 

the "Origin Of The Granulites and Gneisses". 

Banding of a different type is to be seen in the 

narrow garnetiferous zone, shown on the accompanying 

geological map, at tbe western end of Lake Tombbah. (See 

Plate No. 9) The bands are 1 to 2 feet thick and somewhat 

contorted; granitic materiel alternates with green layers 

consisting of biotite, plagioclase, quartz and abundant 

red garnets; some of the latter are about one half inch in 

diameter. These rocks typify the migmatites so frequently 

described by Sederholm. 

Another garnat zone occurs at the eastern end of 

this lake, and specimens from here bave 40% of garnat. 

(See Plate No. 20) A thin s action of this particular 

rock shows plagioclase An31, (45%), garnets {15%), quartz 

(15%), and biotite (20%), with accessory microperthite, 

sanidine or anorthoclase, magnetite, and sulphides. The 

low garnat content recorded in this thin s eotion is be

lieved to be oaused by their loss during grinding and 

polishing. 
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A fine grained brown band in which no minerals 

could be identified megascopically, is included in a 

massive gabbro exposured in the north central part of 

the sheet. The band is vertical, and 2 feet wide at the 

bottom, and bulges to 3 feet at the top. It strikes N 30°E. 

and in this respect confarms to the strikes of the otmr 

gneisses in tbat vicinity. Under the microscope, it is 

sean t o have plagi oc la se An38 ( 35%), garnets ( 20%), hypers

thene diopside and hornblende combined (25%}, quartz (5%}, 

and iron oxides (15%), (See Plate No. 40). The gabbro shows 

no chilling at the margins and has less than 10% of garnat. 

An analysis of this rock is given in Table 2, but 

provides no clue as to its origin. The high titanium and 

iron content can be accounted for by its presence in the 

gabbro. 

TABLE 2 

Si02 

Al2°3 

Fe2o3 

FeO 

MgO 

CaO 

Na2o 

K20 

fiaO 

49.78 

13.44 

4.94 

12.99 

3.85 

7.27 

2.16 

1.30 

0.56 

(Specimen #111-8) 

{Analyzed in the 
Laboratories of the 
Quebec Department of 
Mine s.} 

Analysts - H. Boileau 
J. Gagnon. 
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TABLE 2 (Cont'd) 

H20 0.10 

Ti02 2. 96 

P2o5 0.27 

Mno2 0.24 

co2 6.00 

s 0.02 

105.88 

A grey-green, massive, buff-weathering variety 

of garnat gneiss is found throughout the north central 

and central parts of the sheet, to the west of the Cani

miti River. The banding is sparse and restricted to the 

occasional narrow a cidic stringer in a nd alongsi de of which 

the garnets may be numero us. In the massive rock away 

from the injected materiel the garnets may be plentiful, 

but are small and can be easily overlooked. Certain 

sections of these rocks give t.l:::a appearance of having 

been "soaked" by acidic materiel, and on a fresh surface 

are a light grey-green, and contain some sulphides, mostly 

pyrrhotite. (See Plate No. 24) 

The strikes of the foliations and banding in the 

garnat rocks northeast of Gabbro Lake indicate the pre

sence of a large fold. This is eut by one of tb. e only 

proven faults in the area. The position of this fault 

agrees w i th the results obtained by Cadell (18) in his 

small scala experiments with the folding of bedded 
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formations; in tbat the fault seems to start or end in 

a fold. 

A most distinctive garnat gneiss occurs in two 

e:xposures at the eastern end of the Canadien International 

Pulp and Paper Company road, in the north of the area. 

It is a light grey, medium grained, granitic looking gneiss, 

and consista of fine layera of pink garnets in a ground

mass of feldspar, quartz, and sparse biotite. (See Plate 

No. 22) A thin section shows it to contain; plagioclase 

An40-45 (70~), garnets (15%), quartz (10%), and biotite 

(5%). The two e:xposures are about 1 mile apart and lie 

to the north of a fold-shaped hill from whioh they are 

believed to be separated by an east-west trending fault. 

This fault is indicated on the aeroplane photographe by 

a break in the topography,and by the occurrence of a 

"sheared" hypersthene-augite-hornblende rock in the vici

nity of the "topographie break". In view of the position 

of these exposures at the extremities of the fold-shaped 

hill, it is possible tbat they represent the same :forma

tion duplicated by folding. The hill 1tself was round 

to contain garneti:ferous gneiss in those places crossed 

by traverses, but none of a similar nature to those just 

desoribed. 

A garnet gneiss of more t han ordina ry interest 

oecurs on the highway at mileage 58. This is highly 
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injected by lit-par-lit sills of pegmatoid quartz diorite 

which carry "sanidine-anorthoclase" minerals. {See Plate 

No. 22) It is fully described in a later section under 

"Early Pegmatites". 

Petrography 

Under the microscope, these rocks are fine to 

medium grained and granoblastic, with occasional por

phyroblasts of garnat; directive textures are poorly 

developed or absent. The essentiel minerals are plagio

clase, garnat, biotite, and quartz; the common accessories 

are magnetite, and sulphides, wi th occasionally hypersthene, 

apatite, and zircon. The latter occurs as inclusions in 

biotite and is surrounded by pleochroic halees. 

Alteration is not co.mmon, but one thin section 

from east of the Chochocouane River shows distortion of 

biotite metacrysts, and oontains some chlorite, epidote, 

sericite, and carbonates. 

The garnets are subhedral to anhedral dodecahedra 

and contain numerous inclusions of rounded quartz; while 

hypersthene, biotite, and sulphides, are seen as inclusions 

or filling fractures in the garnets, and are thus consi

dered to be late-formed minerals. (See Plates Nos. 38 

and 39) 

The biotite is pleochroic in brown and is the 
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mineral most prominent in establishing the gneissose 

structure. It frequently occurs as olusters around the 

garnets, indicating a close relationship between the two 

minerais. One thin section from east of the Chochocouane, 

shows a few crystals of biotite wit h straine d or be nt 

lamellee. 

The plagioclase has compositions of An30_36 , 

except in the two instances pre vi ously des cri bed. Twinning 

of the albite, pericline, and Carlsbad types are found, but 

are rarely well devel ope d. 

The quartz is characteristically anhedral and 

apparently embays and replaces all tbe other minerals 

except biotite. It is generally clear but undulatory 

extinctions and fractures are occasionally seen. 

Potash feldspars only occur in minor quantities 

in a few thin sections as microperthi te, and as a "sani

dine-anorthoclase" mineral. The optical properties of 

the latter are; a negative 2V:30°-40°, a very low bire

fringence, a refractive index less than that of Canada 

bal som, and a faint twinning after the albite law. In 

many respects, the crystals resembled microperthite, inas

much as they have a feint wavy appearance caused by the 

irregular interlamination of two minerals with different 

refractive indices. The birefringence is so low that 
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the apparent aggregate is nearly opaque between crossed 

nicols. 

Structural Rela ti onships 

The garne t gneisses have no contacts or visible 

boundaries, a nd grade impe roepti bly int o the biotite 

gneisses, and possibly into the hypersthene-bearing rocks. 

They contain abund ant acidic ma terial in the form 

of lit-par-lit sills. These appear to have intruded 

along sorne preferred cha nnels, suoh as might have been 

provided bv closelv spaced bedding, or slaty cleavage. 

(See Plate No. 5) 

The strikes of the foliations and of the inJection 

banding, outline major fold patterns more sug stive of 

large sedimentary or volcanic formations than of flowage 

(Ptygmatic) folding. A good exemple of this apparent 

folding is shawn on the accompanving geological map north

east of Gabbro Lake. 

Biotite Gneiss 

Description 

These are fine to medium grained, grE!V-green to 

green rocks, and are gneissose to sub-schistose in the 

hand specimen, but in sorne places they are relatively 

massive. (See Plate No. 24) Biotite, feldspars, and 
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quartz are tbe common minerals, and in the typical exem

ple biotite predominates over all save feldspar, though 

all variations may be 1bund between rocks rich in biotite, 

and granitic rocks in which feldspars and quartz are the 

only minerale. Garnsts are usually present, but only 

those gneisses with less than 5% of garnat are considered 

in this thesis to be biotite gneiss. 

Occurrences 

'rhese rocks are mainly eonfined to an area in 

the southeast corner of the s.be et, and to a dis continuous 

belt one to two miles in width that extends from the central 

part of the south boundary, northeastwards up to and beyond 

Lac des Montagnes. 

The fine grained sub-sehistose variety are best 

developed on the south shores of Lac des Montagnes and 

are almost identical to those round in the "Villebon

Denain" map sheet of Lowther.(42) {See Plate No. 23) Else

where as in the vieinity of the Blind River, the biotite 

is usually much coarser though often not so plentiful or 

as evenly distributed, and much igneous materiel has been 

injeeted as lit-par-lit sills of quartz diorite to grani

tic compositions, and lenses of "pink granite pegmatite". 

Exoeptionally fine parallel banding is oeeasionally sean 

in which layers of eoarse biotite alternate with others 
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composed of quartz and feldspar. 

Between Cultus Creek and the Chochocouane River 

there are numerous exposures oomposed of different 

varieties of biotite gneiss; these vary with increasing 

quantities of injeoted materiel, from greenish, medium

grained, sub-schistose, biotite rocks, to lenses of gra

nite or pegmatite, with a low biotite content. A thin 

section of a typical biotite gneiss from this area con

tained biotite {30%), quartz (8%), plagioclase An33, (&2%), 

with accessory garnets, and magnetite. 

On the highway 1000 feet south of the old bridge 

over the Ottawa River there are wall banded biotite and 

garnat gneisses. The bands are apparently the result of 

injection by quartz diorite pegmatoid materiel along 

soma pre-existing closely spaced parallel planes in the 

original rock. {See Plates Nos. 7 and 8) 

In the seme looality the excavations for the 

abutments of the new highwey bridge over the river, showed 

good vertical sections of these gneisses. The section on 

the south bank of the river oontains highly foliated gneiss

es rich in biotite, which are only moderately banded by 

igneous materiel. The strike of the layering is parallel 

to the river, and dips to the south at 40°. The north 

abutment section is in strong contrast to the former; 
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here 80 par cent of the exposure oonsists of a white 

to pink, medium to coarse grained quartz diorite, in 

whioh t .bara are a f ew narrow bands of biotite and the 

oocasional lens of hornblende. Biotite gneiss comprises 

the top of the section, a nd i s wall in je cted or "soaked" 

by the quartz diorite. Contorted roots of the biotite 

gneiss sweep down into the intrusive, becoming weaker 

and fewer as they descend, until finally they die out, 

leaving only the massive quartz diorite in which biotite 

is rarely sean. (See Plate No. 26) 

It is tnis intrusive which appears to have pro

vided the acidic materiel for the lit-par-lit injections 

sean in the gneisses of this locality. Microscopically 

it contains only plagioclase An30 and quartz, with very 

minor quantities of biotite. 

The contrasting rock types in these exposures 

suggest that the Ottawa River in this vicinity may occupy 

a fault. 

Petrographr 

In thin section t.hese are fine to medium-grained 

rocks with a texture tbat varies from granoblastic to 

gneissose. The essentiel minerels are; Plagioclase 

An30-33t biotite, and quartz; while garnets, apatite, 

magnetite, and sulphides are the common accessories. 
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The biotite is the usual brown pleoohroic variety 

and eommonly subhedral. 

The plagioclase is subhedral to anhedral and dis

plays infrequent albite and perioline twins that are sel

dom elear or sharply defined, but which nevertheless show 

little alteration. 

The quartz is in anhedra of all s izes and rarely 

shows fractures or strain shadows. 

Alteration is absent or negligible. 

Structural Relationships 

These are the most inje cted rocks of all the 

paragneisses, and grade into granitie rocks on one band 

and into garnat gneisses on the other. 

Looally they exhibit good layering in which bands 

of biotite alternate with others of feldspar and quartz. 

Mlcrocline-Plagioclase-Quartz Gneisses 

Description 

These are light grey, medium grained, gneissose 

rocks, that to the eye contain feldspar, quartz,an~ acees

sory biotite. 

Occurrences 

This rock was sean only on the north shore of the 

little lake t.b.at lies due north from the eastern end of 
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Lake Tombbah. It is finely foliated and slightly oon

torted, and in one place bands snuggly around the nose 

of a protruding body of massive hypersthene granulite. 

The contact between t hase rocks was not observed, but 

the foliation in the micro cline gneiss appears to o onform 

to the shape of the granulite. 

An amphibolitio band is enolosed in this rock, 

and over part of its observed length transeots the folia

tion. It is about 2 feet thiok and has margins whose 

mafia content approximate that of the enolosing gneiss. 

However, the dark minerals inorease towards the centre, 

at whioh place there are severa! mafia hornblende-pyroxene 

lenses some 6 to 10 inohes long, arranged in line along 

the strike of the band. This band is undoubtedly the 

relie of a once more matie dyke whioh was altered by fluids 

during the metamorphism of the ro ok s. The signifi eance of 

this occurrence is far reaohing; sinoe it indioates that 

the foliation of the gneiss must have been formed prior to 

metamorphism, and is possibly of sedimentary origin. Fur

thermore, i t demonstrates the t the metamorphism of th ese rocks 

involved a prooess of replacement. 

Petrography 

Miorosoopically the gneiss is granoblastic, with 

only feeble traces of a directive texture. It oonsists of 
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microoline, plagioclase, and quartz, biotite is the only 

accessory. 

Fresh, well twinned microcline is present in 

amounts of around 15%, but the quantities of the ether 

minerals could not be estimated since the plagioclase 

is olear and untwinned, and difficult to distinguish 

from the quartz. 

ORIGIN OF THE GRANULITES AND GNEISSES 

There is little direct evidence to show what the 

biotite, garnat, and hypersthene bearing rocks were before 

they were metamorphosed; what there is, is mostly of an 

indirect nature. 

In the area to the north Lowther states; "there 

is a gradation eastwards from the normal Temiscamian 

greywackes to a coarse grained garnetiferous gneiss". 

(42-p.49) To the south Wahl found one exposure which has 

a garnetiferous schist between a layer of limestone and of 

quartzite; the position of the sch is t between rocks of un

doubted sedimentary origin implies that it must have been 

a shale or impure arenaceous rock, and points to a similar 

origin for the ether garnat rocks of the region. (71-p.ô) 
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Layering which undoubtedly developed from sedi

mentary bedding (See Plates Nos. 10 and 11) is found in 

many places, while inclusions in granulites and pegmati

tes could be xenoliths in extrusives or intrusives, dis

rupted dykes, or of agglomeratic, or conglomeratic origin. 

The mineralogical compositions of ten thin sections 

of both the hypersthene granulites and the garnat gneisses 

were estimated and an average determined for each rock; 

from these the chemical compositions were calculated, 

and are given below in Table 3 along with chemical ana

lyses of shales, slates, andesites and two greywackes. 

It should be pointed out that the average garnat 

content in the gneisses represented by analysis 2, Table 

3, is 16.5%, but that rocks with as muchas 40% of garnat 

are known. In auch instances it is felt that analyses 

would show much larger amounts of alumina, only reoonci

lable to gneisses derived by the metamorphism of aluminous 

sedimentary rocks. 
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TABLE 3 

1. 2. 3. 4. 5. 6. 7. 

Si02 61.71 61.74 58.38 61.74 61.96 61.59 61.12 

Al203 19.34 19.24 15.47 16.54 17.20 19.47 17.65 

Fe2o3 4.23 5.44 4.03 2.73 1.42 1.96 2.89 

FeO 2.46 3.63 4.49 3.07 2.40 

MgO 3.00 3.54 2.45 2. 99 3.27 1.09 2.44 

CaO 4.33 3.11 3.12 1.07 1.00 2.60 5.80 

Na2o 4.72 4.13 1.31 2.57 5.27 3.32 3.83 

K20 1.12 1.68 3.25 3.15 2.04 2.58 1.72 

Al20:3 
K20+Na20+CaO 1.89 2.15 2.01 2.43 2.05 2.29 1.55 

Note: 

1. 

2. 
3. 

4. 
5. 

6. 

7. 

The less common elements have not been included. 

Hypersthene granulites, "Canimiti River Area", 
Quebec, calculated analyses. 
Garnat gneisses, idem. 
Average of composite analyses of 78 shales, Clarke, 
F.W., "Data of Geochemistry", U.S.G.S. Bull. No. 
770, p.631. 
Average of 22 analyses of slates, idem. 
Analyses greywacke matrix Gowganda formation conglo
merats, "Onaping Map Area", Collins, W.G., G.s.c., 
Mem. 95, 1917, p.65. 
Analyses of conglomerate greywacke matrix, Hastings 
series, "Precambrien Geology of Southeastern Ontario" 
Miller, W.G., and Knight, C.W., O.B.M., 1914, p.87. 
Hornblende Ande si tes {Composite analyses) "Igneous 
Rocks and the Depths of the Earth", Daly, R.A., 
p.l6, McGraw Hill Book Company Inc., 1933. 

The chemical analyses included in Table 3 above, 

were chosen for purposes of comparison because they repre-

sent rock types having the nearest approximate compositions 
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to those of the oaloulated analyses of the Canimiti River 

rocks. 

Chemical compositions were also ealeulated for 

the biotite gneisses, but have not been included in the 

table because too few thin sections were available with 

which to obtain reliable averages; however, as a matter 

of interest, they were found to oontain 52.90% silica, 

21.19% alumina, 4.22% calcium, 5.19% soda, and 2.24% po

tash, while the combined magnesie and iron was 3.84%. 

The obvious features about the compositions of 

the Canimiti River rocks in Table 3 above (Columns 1 and 

2) are their similarities to eaoh other, even in alumina, 

and the occurrence of this element in quantities greater 

than that found in either the shales or slates (Columns 

3 and 4) but in amounts equal to that contained in one 

greywacke (Column 5). The greywackes show an exc~ss of 

soda over potash as do the andesites granulites and gneis

ses; this when found in metamorphic rocks is normally 

eonsidered to be evidence suggesting an igneous origin, 

but it is eertainly not applicable to metamorphic rocks 

derived from greywaokes. There are roughly equal amounts 

of magnesie and iron in all the rocks except the eonglo

merate (Column ô); whereas the slates, greywackes, and 

conglomerates eontain less calcium; however, the shales 

(Column 3) have equivalent amounts of this element to 
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that round in the granulites and gneisses. The igneous 

origin of the andesites is only signified by their higher 

calcium content. A calculation of the ratios of alumina 

to lime and alkalies, in all these rooks, shows that the 

andesites, the igneous rocks, have a ratio of 1.55 where

as all the others have ratios of between 1.89 to 2.43; 

of interest but not neoessarily of diagnostic value is 

the faot that the garnat gneiss has a ratio higher than 

that of the shales and greywacke in oolumns 3, and 5. 

Chemical analyses of two garnat gneisses from the 

Oanim.iti area were made by the laboratories of the Quebec 

Department of Mines; these are given below in Table 4. 

TABLE 4 

1 2 

8102 63.50 66.24 

Al203 17.32 15.42 

Fe2o3 1.06 0.76 

FeO 5.40 5.40 

MgO 3.68 3.21 AIJ.alysts 
H. Boileau and 

OaO 2.64 3.15 J'. Gagnon. 

Na2o 3.21 3.19 

K20 1.85 1.43 

Ti82 0.66 0.61 
99.32 101.41 
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1. Light grer-green, banded garnat gneiss shown in plate 
No. 22 (specimen No. C.I.P.-17) garnets 15-20% of 
rock. 

2. Massive medium grained, dark green garnat gneiss. 
Garnets only 10-15% of rock. (Specimen No. R.I.-22) 

A comparison between the analyses in ~able 4, and 

the calaulated average composition for the garnat gneisses 

shown in ~able 3, indicates that the aalculated analyses 

are most probably a alose approximation to the average 

composition of the garnat gneisses in the area. Moreover 

a point of exceeding interest, is that the chemical ana

lysis of the garnat gneiss in Table 4, column 1, has an 

alumina to calcium and alkali ratio of 2.2, which is slight

ly higher than that of the calculated composition in Table 

3. The gneiss in oolumn 2, Table 4, has a high silica 

content and an alumina to calcium and alkali ratio of 1.9. 

The latter is still too high for that of most igneous 

rocks, as shown by a perusal of the igneous rock compo

sitions given by Daly in his "Igneous Rocks and the Depths 

ot the Earth". The analyses strengthen the contention 

that most of the garnat and probably the biotite gneisses, 

are metamorphosed sedimentary rocks; possibly muddy sand-

stones or greywackes. 

The occurrence of hypersthene rich rocks in close 

proximity to others charaoterized by garnets, suggests 

that there must have been soma difference in the nature 
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of the parent rocks. Though faulting for which there is no 

proof, could have placed these contrasting facies in adja

cent positions. The alumina to lime and alkali ratio for 

the hypersthene granulites (1.89) is lower than that of the 

garnat gneisses {2.15),but comparable to that of the "Green

stones" (1.90). Therefore, it seems reasonable to consider 

that both these rock types were probably derived from mefie 

greywackes or even tuffs. 

EARLY IGNEOUS INTRUSIVES 

Introduction 

Throughout the area there are s mall lenses and 

many clos ely-spaced, narrow s ill-like injections, ranging 

from granite to quartz diorite, some have associated peg

matitic facies only identifiable by their coarse grain 

and considera ble tenor of quartz. 

Large intrusive masses of t hese rocks are not 

found, yet the injected acidio materiel in some places 

is so great that the rocks are now of a "composite" or 

"hybrid" cha ra ct er. 

Quartz Diorite Orthogneiss 

De seri pti on 

These are medium t o coarse grained massive rocks 
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mottled in grey and green, and are composed essentially 

of feldspar, biotite, and quartz, with locally some 

hornblende. The rock is decidedly gneissose and has a 

gnarled or knotted appearance. (See Plate No. 25) The 

biotite is plentiful and is oonoentrated in ill-defined 

layera. 

Occurrence 

These rocks underlie a small group of islands in 

the eastern part of Lake Tombbah and were the only expo

sures of crthogneiss seen in the area. They are highly 

contorted with a marked gneissic structure and oontain 

inclusions of a dark hornblende-pyroxene rock in all sta

ges of digestion, from that of sharply anguler fragments 

rich in mafia minerale to poorly defined ellipsoidal 

patohes with sparse hornblende, which grade imperceptibly 

into the less mafio quartz diorite. {See Plate No. ô} 

Thin seo ti ons of this gneiss and ar a moderately 

digested inclusion show that both oontain plagioclase 

An31, biotite and quartz, but tbat the inclusion has in 

addition 20% of a green hornblende. 

No constant strike or dip oould be recorded for 

these rocks owing to their contortion, but the longer 
0 axes of the moderately digested inclusions plunge at 35 

to the east. 
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Petrography 

Mioroscopically tbese are medium to ooarse grained 

hypidiomorphic granular rocks, with only the suggestion 

of a directive texture. The essentiel minerals are plagio

clase An29-31, quartz, biotite, and occasionally horn

blende. The aocessory minarals are apetite, zircon, mag

netite, and sulphides. 

The plagioclase is anhedral to s ubhedral and rare

ly twinned or a 1 tered; twinning wh en s een is a ft er the 

albite or pericline laws. 

The biotite is the brown pleochroic varietywith 

a negative 2Va0°, and a parallel extinction. The orystals 

are subhedral, lath-shaped, and fresh. 

The quartz is always anhedral and appears to re

pla ce the ot.l::e r mine rals. 

The hornblende is subhedral w.ith good oleavages 

at 560and 1240 on basal sections. It is pleochroic in 

green and greenish brown, has ZAo: 22°, a negative 

2V:75°, and a dispersion of P)v. In appearance it is 

fresh and unaltered, but oontains the oc casional small 

zircon around which there are weak pleochroic haloes. 

Apatite is the most abundant aoeessory and is in 

euhedral laths, while the magnetite occurs as small irre

gular blobs. 
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Description 

ô5. 

This is a massive medium to coarse grained, grey 

rock, in which the only minerals are fel dspar, quartz, 

and miner amounts of biotite. (See Plate No. 2ô} 

Occurrences 

The quartz diorite, revealed in the abutmant ex

cavation for the new hig.hway bridge over the Ottawa River, 

shows itself as a massive intrusive lying below a thin 

cover of biotite paragneiss. Tbere is a transitional 

zone between the two rocks, and the biotite gneiss leses 

its identity as it passes throughthis zone; becoming 

more injected and "soaked" until finally its former pre

sence is only made known by the occasional contorted streak 

or schlieren of biotite in the massive quartz diorite. 

Tbere appears to have been no rending or tearing of the 

biotite gneiss by the intrusive, the invaded rocks have 

not been flattened back tightly against a sharp contact, 

but rather there is the impression that the biotite gneiss 

has been grawing, and has sent long sustaining roots down 

into the intrusive. The rocks of the contact zone could 

be described as orthogneisses if seen only in plan, but 

the evidence shown in this section, makes it evident that 

where such gneisses are found, there are massive intrusives 
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at no great depth. Beoause of tbis,a small body of "or

thogneiss" that lies north of the Ottawa River, between 

the new and old highways, has been classified as massive 

quartz diorite. 

The vast numl:srs of quartz diori te pegmatoid 

sills sean throughout the area,imply that there is a 

large batholithic mass, or a large numœr of smaller 

stocks at no great depth. 

Petrosraph;r 

In thin section this rook is hypidiomorphic gra

nuler and oonsists of plagioclase An30 (85%), quartz {15%), 

and ac cess ory biotite. 

The plagioclase is olear and untwinned, and shows 

no alteration. 

The quartz is in the customary anhedra and is 

neither fractured nor strained. 

Granite (Anorthoglase Bearins) 

Description 

These are medium grained, pink to grey massive 

rocks, which in the hand specimen are oompœ ed of quartz, 

feldspar, and biotite. Garnets are eommon in the more 

eontaminated facies. 

Occurrence 

They have been found in only two loealities, the 
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first is in the west central part of the area, three 

quartera of a mile to the east of Gabbro Lake, where 

they appear as random masses of unknown aize and shape, 

contamineted by hypersthene and garnat gneisses; and 

secondly, south of Beak Lake where similar rocks form a 

strong east-west trending ridge. Here the granite has 

intruded the gnei.sses as sills; the largest se en was 

soma 15 feet thick and has an east-west strike and a dip 

of 550 to the south. There is a noticeable increase of 

grain size towards the centre of the sill but no margi

nal chilling. In soma places large elongated quartz 

crystals show a marked lineation which plunges N 85°E 

at 50°. 

Petrography 

In thin section these are medium grained grani

toid rocks, and oonsist of subhedral to anhedral micro

perthitic orthoclase and microeline (60%), anhedral 

quartz (28~), plagioclase (5%), with accessory anortho

clase, zircon, and occasionally garnets and biotite. 

The mierocline is of two ages; the earliest is 

perthitie and in large anhedral crystals (up to 6mm). 

Between erossed nicols the miorocline twinning is hazy 

and indistinct, while superposed on this is a wavy appear

anoe eaused by irregular alternating layera of two differ-
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ent minerals with different refractive indices. One 

mineral has an index lo~er than that of Canada balsam 

and is orthoclase or microcline; the other has a higher 

index, tnough whether it is highe r than 1-'alsam could not 

be determined, but it is believed to be a plagi.oclase. 

The second and later age of microcline crystals are small, 

display clear cross-hatched twinning, and are interstitiel 

to the la rger cr:vstals of pe rthi tic mie rocline and ortho

ela se. 

The orthoclase is in large anhedral crystals and 

may be clear or perthitic, with numsrous small lens-like 

inclusions of plagioclase, or it may have the wavy sur

face between crossed nicols similar to that found in the 

micro cline perthit e. 

The quartz is in the custorœ rv round ed but irre

gular enhedra of all s izes and mev show strain shadows, 

but is more often c le ar and und torted, a nd s eems to 

re pla ce the ott.e r "llinerals. 

The biotite is the normal brown variety, with a 

negative 2V:0°, and contains a few zircons with pleochroic 

haloes. 

A colourless mineral wi th a verv low birefring

ence, a refractive index less than balsam, and a negative 

2V:30-40° was identified es anorthoclase. 
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1 
Myrémekitio and verm.ioular intergrowths of quartz 

and plagioelase feldspar, and micrographie intergrowths 

of quartz in orthoolase oan be seen in a few small inter

stitiel patches. 

No alteration except traoes of sericite and/or 

carbonates was observed. 

quartz Porphyrl pyke 

Description 

This rock is pale pink to light grey and fine to 

medium grained. It consista of quartz phenoorysts up to 

12 mms in length, in a groundmass of feldspar and quartz. 

Disseminated sulphides, garnets, and biotite, oocur in 

small amounts. 

Occurrence 

Only one exposure was found and this coeurs on 

tb.e highway, approxim.ately 1500 reet north of the old 

bridge over the Ottawa River. Here a dyke 4 feet wide, 

strikes east and dips 55° to the south, cutting aoross 

the layering of the enolosing .b.yperst.b.ene granulites, 

whioh strike N 10°E and dip east at 45°. Tbere are 

poorly developed joints in the dyke and the surfaces of 

t.b.ese may be oovered wit.b. a red oxide. Disseminated sul-

phi des are fo und in the ro ok, and als o as very min or eon-

centrations along or near the joints. 
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The quartz crystals show an increase in grain 

size towards the centre of the dyke and have a lineation 

which plunges eastward at 45°. 

The mannar in which this dyke cuts the foliation 

of the enclœing granulites, and its clean eut contacts, 

as well as its massive c.haracter, suggest that it is pro

bably the youngest of the early acidic intrusives. How

ever, the possibility that it may be a lata apliti·c dif

ferentiate of the syenites s.hould not be discounted. 

EARLY PEGMATITES 

Quartz Diorite to Granite ~egmatites 

Description 

The pegmatites associated wit h the early quartz 

diorite intrusives are medium to coarse grained (2-lOmm.) 

and range 1n col our from white to pink, and grey to grey 

green. To the eye they are essentially composed of feld

spars and quartz, but a few have small amounts of biotite 

and garnat. The earliest or t hase resembles an even 

grained pegmatitic quartz vain; the later ones are very 

coarse grained and typically pegmatitic, but are not nu

merous. (See Plate No. 27) 
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Occurrences 

The simple quartz fel dspar pegmatites are round 

throughout the area and eonstitute most of the igneous 

materiel in the lit-par-lit injections. An outstanding 

exemple is tc be s een in the rocks along the highway 

south of the old Ottawa River bridge. (See Plates Nos. 

7 and 8) A thin section of a sill from here eontains 

plagioclase An27 (50%), antiperthitio plagioclase (10%), 

and quartz (40%). About one and three quarter miles west 

of the highway and 600 yards north of the southern boun

dary, a âmilar but more glassy pegmatite (See Plate No.27) 

roughly 10 inches thiok, shows no chilled margina. It 

iseut by a very coarse grained (20mm.) white feldspar 

pegmatite, (See Plate No. 27) which has a low quartz con

tent and the occasional book of biotite. The remarkable 

features of this dyke are its strongly ohilled contacts 

and the rapid coarsening of it s erystals away from the 

margina, while it bas numerous small offshoots which be

have in a s1milar mannar. A specifie gravity determina

tion of the faldspars showed them tc be plagioclase An18; 

whereas similar determinations of the feldspars in the 

more glassy dykes indieate compositions of An32• 

East of the Chochocouane River in the central part 

of the ares, a medium to ooarse grained glassy plagioclase 
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quartz pegmatite sill, some 5 inches thick, intrudes 

gernet gneisses. The feldspars are rounded end fairly 

coerse (5mm.), end on a weathered surface give the sill 

a porphyritic appearance. T.bare is a slight. but notice

able decrease in the size of the feldspars towards the 

contact, along which there is a strong concentration of 

red garnets. Small quantities of a sulphide, presumably 

pyrrhotite, occur as slickensided plates both in the sill 

and the gneiss. T.ba enclosing gne isses are fresh and sug

gary, and appear t o bave be en "grani tized" by the injection 

of fluids. 

At mileage 58 on the highway, an exposure of 

garnet gneiss is highly s aturated wi th a grey pegmatitic 

materiel, in the form of closely spaced parallel sills. 

(See Plate No. 22} The bending is imperfect because the 

injeoted materiel has broken through, and disrupted the 

separating layers of garnetiferous gneiss. Transgressing 

the gneiss is a dyke of grey pegmatite whioh seems to 

have been the source from which the materiel in the sills 

was derived. The dyke strilœ s N 55°E and dips northwest 

at 30°, whereas the w. eisses strike N 35°E end dip south

east at 45°. 

Petrography 

In thin section these rocks are medium to coarse 
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grained and granitoid. The essentiel minerals are micro

perthite, antiperthite, plagioclase An18_32 , and quartz. 

The accessories are orthoclase, microoline, biotite, ger

nets, and a soda-potash feldspar referred to in this thesis 

as "sanidine-anorthoclase". However, the only consistent

ly essentiel minerals are quartz and plagioclase. 

The microperthite is the normal type with the 

wavy-looking surface when seen between crossed nicols. 

The roda of albite are not so well devaloped, nor as clear 

eut as those seen in the microperthite of the hornblende 

syenite, and have a lower birefringence. The impression 

is gained that the albite{"Waves" with highar refractiva 

indices than orthoclase or microcline and lower than that 

of quartz) had been in the prooess of separating from the 

potash feldspar {microcline or orthoclase?) but that this 

procass had not been completed. 

The plagioclase is in anhedra, fresh looking and 

moderately twinned after the albite law; though tbsse 

have a faded appearance. The extinction on the section 

simultaneously parpendioular to {010) and (001) : 100- 130 

giving a oompositional range of An28_31 ; specifie gravity 

determinations previously quoted gave An32• Wbereas that 

in coarse grained lata pegmatite has the higber sodio 

composition of An1a• 
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Antiperthitic plagioclase is œst developed in 

the more quartz rich, pegmatoid sills near the Ottawa 

River. Large crystals of plagioclase An
31 

enclose many 

sm.al.l patches of feldspar with lower refractive indices 

than that of Canada balsom. They have a negative 2V: 

75°-80°, and must be orthoclase. The small pat che s are 

in places partly bounded by twinning planes, but more 

generally have very ragged outlines and appear to follow 

fractures. One of the small orthoclase patches seen in 

Pla te No. 45, shows the start of the formation of m.icro

perthite. These are undoubtedly developments from within 

the crystal itself, and unrelated to any replacement phe

nomene. It is to be noted that the albitic (higher re

tractive index than the containing orthoclase) lamallae {?) 

are parallel to the strongest diagonal cross-fractures 

in the plagioclase. This suggests that both the antiper

thi tic orthoclase, and the microperthi te may be e:x:-soluti on 

phenomene caus ed or a ided by stress. 

The dyke on the highway at mile age 58, c ont ains 

antiperthitic plagioclase, quartz, and minor amounts of 

orthoclase and microperthite. The sills from this dyke, 

which intimately intrude the garnat gneiss, contain little 

antiperthite or orthoclase, but more microperthite, and 

show small interstitiel crystals of myrmekit e, and are 
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more contaminated by garnets and biotite. They have in 

addition about 3% of a mineral believed to be a potash-

soda feldspar which because it has optical properties 

that var:v between those of sanidine and those of anortho-

clase, is referred to in this thesis as f'sanidine-anortho-

clase". 
. 0 

The "sanidine-anorthocla sen has a negative 2V:l0 -

30°, a very low birefringence, and a refractive index less 

than that of balsam. The crystals are glassy clear, but 

some have undulant surfaces when s een between crossed 

nicols indi ca ting that the re are pro bably two substances 

present, that have different refractive indices. They 

rrB :v conta in tiny inclusions of plagioclase tha t are occa

sionally twinned and bytheir extinction angles indicate 

a composition of An36 • It was found that the crystal or 

part of a crystal which has the most inclusions of pla-

gioclase, also has the largest optic axial angle. 

The origin of this mineral is di scussed in a la ter 

section on the "Para gene sis of the Mine rals". 

The quartz is ooaracteristically anhedral and in 

crystals of various size. It frequently contains ci ouds 

of small hair-like microlites which ma:v or mev not show 

directive tendencies: but whose compositions could not be 

determine d. Wilson ( 73-p.l22) has not ed simila r hair-like 
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inclusions in the sillimanite-garnet gneiss of the Mani

waki area, and notes t.bat they are very oommon in t.be 

quartz of the Grenville rocks. 

Pink Granite Pegmatites {Augen Gneiss and Flaser Gneiss} 

Description 

These are pale pink to pink, medium to coarse 

grained rocks. One type oontains large eyes of pink or 

green feldspar and lenticular streaks of biotite, in a 

fine to medium grained ground mess of feldspar and quartz. 

It is referred to as "augan" gneiss. (See Plate No. 28) 

The other type has a highly foliated or plated appearance, 

consists of quartz and f eldspar, and is referred to as 

"flaser" gneiss. (See Plate No. 29) The quartz in the 

latter type may be in "pencils" se veral incœ s long, and 

display preferred orientations of their longer axes. 

Occurrences 

The "augan" gneisses are most oommonly found in

truding biotite gneiss, and are usually lens shaped bodies 

of small size, which contain inclusions or schlieren of 

biotite, or biotite gneiss. A good exposure of these 

rocks is to be seen on the old part of the highway, one 

half mile south of the Chochocouane River, where an 

"augan" pegmatite conformably intrudes biotite gneiss. 
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The "f'laser" gneisses are f'oum tb.roughout the 

area inwhat are bel..ieved to be f'ault zones. The best 

exemple coeurs two miles northeast of Gabbro Lake wb.ere 

a narrow 1.5 foot "f'laser" gneiss cuts garnat gneiss 

transverse to its banding. A fault movement in and along 

the dyke has result ed in a well banded and highly garne

tif'erous rock being plaoed opposite a poorly banded, modera

tely garnetif'erous one. The "fla ser" gneiss along whioh 

the fault movanent has oo ourred is well :pla ted, and shows 

a f'ew sm.all drag f'olds as f'urther evidence of movanent. 

Petrograp hy 

"Augan" Gneiss 

Miorosoopioally these are medium to eoarse grained 

inequigranular ro oks oonsisting of plegi cola se An3o-4o, 
(55%), miorooline (25%), mioro:perthite and orthoolase 

{10%), and quartz {10%). Biotite is the only aooessory, 

but carbonates and serioite were sean in a few sections. 

Tbere is no suggestion of a directive or "augan" structure. 

The plagioclase, orthocla se, am :pertb.ite, are 

round as relatively large anhedra and show a low powdery 

alteration produot, which is prooobly sericite, and/or 

carbonate, and is more plentif'ul on the plagioclase orystals. 
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Twinning is rare and the compositions of the 

plagioclase could only be roughly determined by their 

refracti ve indices, which w ere great er than t .bat ot 

balsom, and by the s izes and signa of their optic axial 

angles. 

The microcline seldom occurs as large crystals 

and those seen contained highly distorted or deteriorated 

cross-hatched twinning, as if consolidation bad arrested 

soma transformation process. There are small se·cond 

generation crystals of microcline which are subhedral to 

anhedral, distinctly twinned, fresh, and interstitiel to 

the other feldspars. 

The quartz is charaoteristical~y anhedral and 

si.milar to that round in the other rocks of the area. 

It appears only in the fine grained interstices, embaying 

and apparently replacing the feldspars. 

A few small interstitiel patches contained myr

mekitic intergrawths of quartz and plagioclase, in whieh 

the quartz shows a eommon crystallographic orientation 

by its simultaneous extinction between crossed nicols. 

One section taken from the exposure on the high

way south of the Choohoeouane River oontained one small 

crystal of anorthoolase. 
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"Fleser" Gneiss 

Only one thin section of these rocks wes seen. 

It wes not oonsidered to be representative since it wes 

teken from the margin of a "fleser" gneiss end was con

teminated by biotite. However, it showed a strong di

rective texture in which most of the minerels, even 

orthocJa se and quartz, participated. 

Origin of the Structures 

The "eugen" structure is undoubtedly the result 

of differentiel moverœnts which caused granulation, and 

the migration of some materiel according to Riecke's 

pr inciple. 

The "flaser" pegme tite dyke northeast of Gabbro 

Lake, occupies a fault. But w hetœ r it s structure was 

imposed during and/or after its consolidation could not 

be determined. A few small drag-folds outlined in its 

foliation only prove that there was movement in the dyke 

after the platy (flaser) structure had been formed. As 

a group these rocks are important since they indicate zones 

of faulting and lasser differentiel mova~ents, in rocks 

which are believed to have been at very high temperatures. 

They are undoubtedly the equivalent of the "shears" found 

in the lower grade metamorphic rocks of otœr areas. 

In the vicinity of Gabbro Lake, pink pegmatites 
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were seen cutting the white pegmatoid and pegmatitic, 

Lit-par-lit injection banding. They are theretore post

quartz diorite pegmatite, a nd pr obably pre-hornblende 

syenite, sinee t.be pegmatites assoQiated with the latter 

intrusives are much rioher in alkaline teldspars. 

Graphie Granite Pegmatite 

Description 

This is a pink medium t o coarse grained rock 

eomposed of quartz and teldspars. The quartz is dispo

sed between the teldsper orystels es streak:s and line s 

whioh resemble semitio eharaoters. 

Distribution 

Only one small exposure was tound and this oocurs 

immedietely to the east of Lee des Montagnes. In this 

vioinity much granitie and pegmetitio materiel has been 

intruded into the biotite gneisses and hes resulted in 

the t orme ti on of many eurious faoi es, most of whioh appear 

to be rich in potash feldspars. 

Petrographt 

In thin section the rock is oœrse grained, rough

ly equigranular, and consista of perthitic microcline 

(60%), orthoelase (15%), quartz {20%), plagioclase of 

undetermined composition (5%), and microcline (5%). Ac

cessories are absent but the plagioclase displays weak 
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though notioeable serioitio alteration. 

The perthitio miorooline shows a ripple-like 

surface between crossed nicols, superimposed on a distor

ted or deteriorated œicrocline twinning. Small but fresh 

microcline crystals also ocour and are apparently repla

cing the larger potash feldspars. 

The quartz is in the customary irregular but 

rounded grains, and embays all the other minerale except 

the small fresh microoline orystals. 

GREENSTONES ? 

Description 

These are fine grained, dark green, massive and 

foliated rocks. The only reoognisable minerale are bio

tite and/or chlorite, and an oocasional garnet. Some 

specimens contain small streaks or inclusions of aoidic 

materiel, while others show many minute aoidio "sill-like" 

lay ers. 

Occurrences 

There are no known bodies of this rock within the 

area, but rive small exposures were fbund outside the 

northwest boundary and their positions are shown on a 

supplementary map whioh accompan.ies this tœ sis. 
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The most important of th ese exposures is 4000 feet 

east of the highway on the southern boum ary of Freville 

township. It is on the si de of a steep west fa ai ng ridge 

tbat rises seme 250 feet above the adjacent valley. The 

e:x:posure is not continuous but comprises a group of small 

ledges which protrude through a talus slope. They were 
0 traced along a strike of N 5 E for about 200 feet, but may 

e:x:tend further. Their layering, when apparent, dips to 
0 0 

the east at 15 to 35 • The width of the zone could not 

be determined because of the abundant talus. Seme of 

these "greenstones" break with a sub-schistose fracture 

which has a chloritic and slickensided appearance. (See 

Plate No. 30) A few are very finely banded by acidic 

lŒl teri al. At one pla ce they are intruded by a coarse 

grained rusty brown hypersthene-bearing pegmatite similar 

to those associated with the hornblende syenite intrusives, 

(See Plate No. 32) though elsewbere no contacts were seen. 

There are no ether e xpos ur es on the hill below 

the "greenstones", but lying above and s eJ;Brated from them 

by seme 30 feet of talus, there are large exposures of 

medium to coarse grained composite gneisses, the layering 

of which is oonformable to that of the "greenstones". An 

e:x:planation is needed for this relationship. Why should 

rocks so intensely inj ected and me tamorphos ed apparently 

overly such rocks as the "greenstones", which are of low 
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metamorphic grade? 

On the far si de of the valley about 800 reet west 

of the above exposure, and against the muskeg that covers 

the valley floor, there is a small exposure of a fine 

grained green rock containing porphyroblasts of acidic 

.materiel. It has a foliation which strikes north and 

dips to the east; but whetb.er i t is a me tam.orphosed igneous 

or sedimentary rock was not ascertained. The position of this 

exposure and its nature, suggests the possibility that 

ftgreenstones" may outcrop under the muskeg in the valley. 

There is another exposure of "greenstone" on the 

west bank of the stream t.I::Bt flows from the southwestern 

end of Composite Lake, soma two hundred yards downstream 

from the lake. It is roughly 25 :f'eet by 15 reet in s ize, 

and is fine grained and massive, with only a weak foliation 

tbat strikes N 15°E and dips east at 45°. Microscopically, 

it is similar in all respects to the rocks previously des

cri bed. It cont aina small porphyroblasts of garnet {10%} 

set in a very fine grained ground maas of plagioclase An29, 

quartz, biotite, muscovite or sericite. In addition to small 

quentitiea o:f' carbonates and chlorite. The texture ia 

strongly directive and flows around the garnat metacrysta. 

{See Plate No. 46) A much smaller exposure occurs only 

100 feet north o:f' .bere. It is a higb.ly plated green rock 

which has been injected by a multitude of narrow sills of 
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aoidio material. The foliation strikes N 10°E and dips 
0 

east at 40 , oonformable to the structural trend of that 

vioinity. On the eastern sida of the stream valley, there 

are steep soarps oomposed of wall banded composite gneisses. 

These oontain many mefie layers having strilœs of from 
0 0 0 

north to N 15 E, and dips to the east of 40 to 55 • 

The aoidio layers in some composite gneisses and 

"greenstones" from this looality, are pink to reddish in 

oolour, suggesting that they are injections related to the 

red quartz diorite stock, whioh lies only a short distance 

to the northeast of Composite Lake. 

Petrography 

In thin seoti on these rocks are all fine grained, 

and have a strongly foliated texture whioh flows around 

metaorysts of garnat. They oonsist of plagioclase An2a, 

garnets, quartz, biotite, muscovite and/or serioite, with 

aooessory amounts of carbonates, ohlarite, magnetite, and 

sulphides. 

The plagioclase are in small anhedra and rarely 

twinned. In soma instances moderate amounts of ohlorite, 

sericite and/or muscovite, and carbonates, are found as 

alteration produots of the biotite and feldspars. 

Brown hornblende was found in a thin section of 

the highly injected and plated "greenstone" and is aooom-
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panied by biotite, but chlorite sericite and carbonates 

are lacking. The crystals are subhedral laths and have 
0 e:x:tincti ons of Z/\c.20 • They were too small for the accu-

rate determina ti on of their ot.ber opti cal properties. 

Those thin sections containing horn blende have 

small fresh-looking, poorly twinned feldspars. 

The quartz is the norml variety and is clear and 

unstressed, but in the more layered types forms long 

narrow lenses which parallel the foliation. It is thought 

to be the result of injection and/or replacement. 

The garnets are the normal subhedral dodecahedrons, 

and usually fractured. Sulphides and/or magne ti te occa-

sionally occur in these fractures. 

Origin 
I 

Tiphane found similar "greenstones" in the 

gneisses to the north of this area, and thinks they are 

metasedimentary or metavolcanic rocks, but at first, he 

was inclined to believe them to be disrupted dykes. 

In the present area no dyke s have be en found which 

compare with t.œ "greenstones" in either composition, gra

de of metamorphism, or structure. {Sub-schistose and 

slig.trtly chloritic in some places). 

The mafic nature of the composite gne isses adjacent 

to the "greenstones" near Composite Lake, may have arisen 

I Personal conversation. 



86. 

by the assimilation of "greenstones". Such a possibility 

cannot be discounted, for ultrametamorphic processes 

bave converted biotite, garnet,and hypersthene granulites 

and gnei sses into coarse composite rocks, only a short 

distance to the east of this locali ty. 

The "greenstone" e:x:posure on the south boundary 

of Freville township which has layering oonformable to 

that of the adjacent composite gneisses, is in places 

sub-sohistose. (See Plate No. 30) This relationship is 

be st e:x:plaine d by faulting. It is gran ted tha t the "green

stone" oould be a fault ed dyke, but again the low and high 

grades of me tamorphism might imply the existence of an 

unconformity, along which faulting had taken pla ce. 

A specimen of "greenstone" was analysed in the 

La bora tories of the Q.uebec Departrnant of Mines, and the 

results are given in Table 5. 

TABLE 5. 

Si02 59.81% 

Al203 l?.Oô 

Fe2o3 4.97 

FeO 1.54 

CaO 3.23 

MgO 4.12 

K20 1.83 
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TABLE 5 (Cont'd) 

Na2o 3.88 
(Specimen No. 106-9.) 

H20 1.78 A1203/ K20-Na20-CaO 
Ratio = 1.90 

flaO 0.09 

Ti02 0.69 (Analyste, H. Boileau 
and ;r. Gagnon.) 

P205 0.18 

MnO 0.08 

co2 0.38 

s 0.30 
99.99 

The oomposi ti on of this rock approaches that of 

an andesite, but the calcium is too low, and the magnesie 

is too high. However, magnesie might have be en added and 

calcium subtracted during metamorp.hism. On the other hand 

the alumina to calcium and alkali ratio is 1.90, w.hich is 

too high for an igneous rock, (andesites 1.55) and more 

compatible vd.t.hthe ot.her paragneisses of thearea (ratios 

1.89-2.23). 

Osborne thinks tm t the se rocks were immaturely 

weat.hered sediments similar to the Timiskaming greywackes 

to the north, w.hich were derived from andesitic and 

basaltio rocks, and that during their transportation, 

I Personal conversation with F.F. Osborne, Professer 
of Geology, Laval University. 
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calcium and some magnesia were removed by solution. 

This appears to be a reasonable conclusion. 

The "greenstones" are intruded by a coarse, 

brown to dark brown hypersthene bearing pegmatite of 

the type associated with the syenites. T.berefore, they 

are undoubtedly pre-syenite, and in view of their low 

grade of metamorphism possibly post-early quartz diorite. 

LATE INTRUSIVES (Post Timiskaming?) 

Hornblende Gabbro (Amphibolite?) 

Description 

These are medium grained massive rocks that are 

mottled in green and grey, and to the eye contain feld-
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spars, hornblende, and less nurœrous garnets. In a few 

places there may be a weak linear arrangerœnt of the 

hornblende crystals. 

Occurrences 

Tbere are s everal exposures of the se rocks ne arly 

all of which are in the vicinity of Gabbro Lake. The two 

best examples are along the highway, one at mileage 53.5, 

(See Plate No. 13) and the other right beside the lake. 

This latter exposur e appears t o be part of a large dyke 

or lens-shaped mass which can be traced. intermi ttently 

southwestwards along the nor th shore of the lake. A 

search of the south shore failed to reveal any extension 

of it in that direction, while northeast of the road at

tempts to find it were equally fruitless. 

Tbe most southerly exposure on the lake shore dis

plays an easterly lineation of its hornblende crystals. 

The longer axes of the crystals parallel ü1e longer axis 

of the lake and suggest the pos s ibility of tl:1 e la tt er 

occupying an easterly striking fault zone. The occurrence 

only a few miles to the northeast of a fault having a si

milar trend lends emphasis to the ides. However i t could 

be that the rock is a sill-like mass controlled by folding, 

in which case it may continue under the lake and follow 

its channel to the northwest. On the other hand, the rock 

may only occur as lenses of small laagth, and erratic dis

tribution. 
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Petrography 

In thin section the rocks are medium grained and 

granoblastic. They consist of plagi. oclase An45_47 (50%), 

brown hornblende (35%), garnets (10%), biotite (5%), with 

only a few small accessory grains of magnetite. 

The feldspar crystals a ré water ole ar and fresh, 

wi th subhedral to anhedral outlines. Albite and pericline 

twinning are modera.tely well developed and give maximum 

extinctions on the section perpendicular to (010} - 27°. 

The hornblende is in subhedral to anhedral laths. 

It is pleo ohroic in greenish browns and browns, and has 

a negative 2V:700, an extinction angle of ZAc:lôo, and 

displays good basal oleavages at 1240 and 550. 

The garne ts are fo und as small euhedra1 to su b

hedral orystals in and around clusters of hornblende, and 

sorne appear to bave a very weak bir efringenoe. 

Under the microscope these rocks are more 1ike 

amphibo1ites than gabbros, and oompare favourably wi th those 

des cri bed by Adams ( 2-pp .104-6} , and shown to .have be en 

formed by the metamorphism of 1irœ stones. 

Hype rsthene Gabbro 

Description 

The se are massive, mot tle d green and grey grani

toid rocks. They contain pyroxenes, fe1dspars and miner 
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Occurrences 
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West or the Canimiti River some four miles above 

its junction with tbe Ohochocouane, there are nwœrous 

massive exposures of these rooks; the largest seen was 

about 400 feet by 200 reet in dimension. Vertical joints 

that strike S 55°E, and an intermittent lineation or the 

hornblende orystals in a direction of N 75°E, were the 

only observed structures. 

An interesting exposure was found 4500 reet due 

south from the southwest corner of Champrodon township; 

here a very fine grained slightly foliated and very gar

netiferous band or gneiss about 2 to 3 feet in width, is 

enclœed in massive gabbro. The band stands vertically 

wi thin the gabbro, and neither rock shows any ohange of 

grain aize at the contact. Whether this is an included 

metamorphosed sediment or a dyke oould not be determined. 

(See analysis of this rock under "Biotite Garnat Gneiss") 

Petrograp.b.,y 

Microscopie ally these are medium grained hypi

diomo!phio granuler rocks, oontaining plagioclase An45_50 

(40%), hypersthene (15%), hornblende (10%), augite (25%) 

and garnets (10%). Biotite, zircon and magnetite or 

ilmenite are the aooessory minerale. 
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The plagioclase is in both large and amall aub

hedral to anhedral crystals and shows good albite peri

cline and oocasionally carlsbad twinning, with a maximum 

extinction on (010) and (001) = 30°, and a positive 2V. 

Zoning is round but the compositions of the se crystals 

were not determined. 

The hypersthene is in anhedral erystals or aggre

gates of small er,rstals and rarely larger than 2mm. in 

length; 1 t has a parallel extinction and a faint pleo

ohroism in pale pinks and yellows. 

Hornblende is seen as an alteration produot of 

augite and is the brown pleochroic variety having a 

maximum extinction of ZAc:l8°. 

The augite is colourless subhedral to anhedral 

and shows the rare basal section wi th two cleavages in

terseoting at 87°; one auch section displayed twinning 

on the (lOO) face. The sign and aize of the optic axis 

could not be determined, but the e:xtincti on of Z"c:44°. 

The garnets are small and have not their custo

mary subhedral to euhedral outlines. They are very irre

gularly distributed suggesting that they are late formed 

minsrals, possibly the resulta of contamination. In 

soma instances, they seem to have replaced the augite and 

plagioclase inasmuch as they embay these minerale, yet 
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in other places t heir fa ces are bounded by both augi te 

and plagioclase cl.eavages. 

Biotite, zircon, and magnetite or ilmenite, are 

the only accessories. The zircon is in varia bly f ound 

as inclusions in the augite, while the biotite is appa

rently the result of the alteration of eit.l:er augite or 

hornblende. 

In all the exposures of these rocks so far observed, 

no contacts were seen withthe surrounding gneisses, nor 

were any rocks seen to intrude them. Structurally they 

are massive, and they appear to have escaped the effects of 

the strong forces which were so active elsewhere. Thus 

the fa ct that the early quartz di ar it es, granites, and 

late pegmatites, have not been found intruding the hypers

thene gabbros, suggests that they are younger intrusives: 

possiblydifferentiates fromthe seme magma that provided 

the syenites. 

Quartz Diorite (Red) 

Description 

This is a medium. grainad pink t o r eddish grani toid 

rock, oomposed of pink to red feldspars, and quartz, with 



only minor amounts of matie minerals, chiefly biotite. 

Occurrences 

East of Lake Numance in the northwest corner of 

the sheet, there is a large north-south trending ridge 

which has a core of pink t o reddish quartz diorite. The 

western flank of the ridge is steep and there are many 

rock scarps which consist of layera of interbanded quartz 

diorite and pyroxene-bearing gneisses; the strike of the 

banding is between north to N 10°E while the dip is 60-

700 towards the east. The scarps are smooth faced, yet 

have trough-like crenulations which plunge N 70°E at 60°. 

Above the scarps t.be rocks beoome massive quartz diorite, 

and ban ding i s r ar ely s een. 

The eastern margin of the intrus ive is a gainst 

foliated pyroxene-bearing gneisses and granulites which 

contain a few small lenses of coarse grained "hypersthene -

augite - hornblende" rock, similar to those previously 

desoribed. As the intrusive is approac.l:ed from the east, 

the marginal granulites become well banded as a result 

of the ooncentration of mefie and acidic materiel into 

alternats layers. Seme of this layering is undoubtedly 

caused by lit-par-lit injections of' quartz diorite, but 

part may be original banding. 

The long straight front of the western side of 
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this ridge; its steepness, tbe plated and slightly 

slickensided appearance of the rocks near the base; in 

addition to the way in which they dip east und er the 

ridge, is considered to be undeniable evidence of fault

ing along this zone. 

Only three exposures were round between the base 

of the ridge and Leke Numance; one contains foliated 

quartz diori te, while the ot.her two are massive medium 

to coarse grained pyro:x:ene - hornblende rocks t.bat have 

some aeidic bands and appear to grade into quartz dio

rite. The strikes and dips of' their foliations are eon

f'ormable to those of' the otœ r rocks in this locality. 

As a matter of' record, it should be mentioned 

that at the base of' the large ridge, anguler fragments 

of' a hard but plated and Slightly injected "greenstone" 

were found; where they came from is not known, but their 

presence in the talus and tbeir plated appearance indi

cetes that they were probably scaled f'rom the base of' the 

ridge. 

Petrography 

W.croscopically the ro ok is hypidiomorphic granu

ler, and consista of plagioclase An30 (80%), and quartz 

(15%). Hypersthene is the only accessor.r mineral, but 

soma hand specimens also contain biotite. 
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The plagioclase is fresh and rarely twinned after 

the albite law, and shows little alteration. One crystal 

displayed a very minute perthitic development of eitber 

a less ce.lcic plagioclase or a pote.sh feldspar. 

The hypersthene is only in very sm.all irregular 

crystals that have the usual parallel extinction, and 

are slightly pleochroic in pale yellow and pink. 

The quartz is in the customary anhedra of varying 

sizes, and shows little fracturing or distortion. 

!&! 
This stock is not known to be intruded by any 

otber rock and so might belong to the early period of 

intrusion or be roughly oontemporaneous with the syenites 

and gre.nodiorites. Its pink to reddish oolour suggests 

that it is possibly related to the latter, for the early 

granitic rocks in the area are grey or white and contain 

no hypersthene; whereas this mineral is common in the 

younger syenitio intrusives. Moore (46-p.l33) conducted 

a survey of the granitic intrusives which occur in the 

Canadien and Scandanavian "Shields", and round that in 

all cases the reddish coloured granites were the youngest. 

It must be admitted that there is insufficient 

evidence as to the age of this intrusive, but until more 

conclusive proof is forecoming, it will be treated as 

contemporaneous in age with tbe syenites and granodiorites. 
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Hornblende Syenites, quartz Syenites, and Granod*frites. 

De§eription 

These are medium. t o ooarse grained grani toid rocks 

mottled in pink and green, and oonsisting of mauve to 

pink feldspars, dark brown hornblende, hypersthene and 

quartz. Some facies have little or no quartz while others 

may have an abundance of marie minerale. (See Plate No. 

31). 

Occurrences 

There are two large stocks and a nwaber of small 

exposures in the southeastern and eastern portions of 

the area. The largest is on the south boundary a nd und er

lies the region between the arms of Soulier Lake; it 

extends southwestwards into the territory mapped by Wahl 

and is described by him in his report. (71} 

In plan this stock is ellipsoidal with a longer 

axis tbat strikes in a northeasterly direction, and in

cluding that part which protrudes into Wahl's area,is 

roughly 4 to 5 miles long and 1 to 2 miles wide. It 

was seen in many places along the southern boundary of 

the sheet, but further to the north no exposures were 

foWld and it was only possible to roughly delimit its 

extent by recording the changes in abundance of syenitic 

erratics and those of gneisses. 
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There are two distinctive facies in this intru

sive; the oommonest is the mottled pink and green variety, 

that contains feldspar hornblende and quartz (5%), the 

other is a rich pink oolour, has no hornblende, and is 

oomposed entirely of feldspars with 10 to 15% of quartz. 

This latter type is inequigranular and oontains some large 

mauve phenooryst of felspar, and is undoubtedly a pegma

toid facies. 

J.l'oliation w ithin the intrusi ve is not notioeable, 

blit there is a tendenoy for the marginal zones to have 

well banded hornblendic gneiss which may be contaminated 

or s.ts ared syenit es, or have result ed from lit-par-lit 

injections of syenite into the adjacent rocks. The stri

kes of these layered zones in part contorm to the long 

axis of the intrusive. Near the west arm of Soulier 

Lake the lineation plunges S45°E at 55°, whereas within 

the main mess it plunges N60°-90°E at between 10°-25°. 

The otber large syenite intrusive is in the east 

central part of the area north of Lake Tombbah. It is 

also elongated, being 2 miles long by 1 mile wide, with 

its longer axis trending in a northeasterly direction. 

In appearanoe it is similar to t.be quartz syenite pre

viously desoribed, but is intruded by a greater number 

of very coarse grained reddish brown pegmatites, and also 
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by a few fine grained aplitic dykes. The latter in 

places form selvages around the coarser pegmatites and 

branch off as small individual dykes. In thin section 

the aplites wera seen to consist of miorooline (50%), 

quartz (40%), and plagioclase An30 (10%). 

At the southern end of this body, and just west 

of Lake Tombbah, there is a small exposure in whioh a 

medium grained reddish pegmatite, bearing quartz and 

magnetite, intrudes a matie facies of the quartz syenite. 

A half mile south of bere, there is an exposure ot matie 

syenite that grades into the normal hornblende-bearing 

variety. This is in places wall foliated and banded and 

resembles the marginal basic gneisses round elsewhere in 

association wi th the other intrus ives of this group. 

The stock just described has in places a mineralo

gioal composition between that of the hornblende syenite 

and the (red) quartz diorite, and sinoe it oontains bet

ween 10 and 15 percent of potash feldspars, it approxima

tes the composition of a granodiorite. 

Petroe:rap hf 

In thin seoti on the .hornblende syenites from the 

southern boudary are hypidiomorphic granuler, medium to 

ooarse grained rocks, and are essentially oomposed of 

mioroperthite (45%), mioroCline (20%), plagioclase An10_15 
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and An25_30 (25%), quartz (5%), and hornblende (5%). The 

aeeessories are anorthoelase, augite, magnetite and sul

phides. In addition seme small relie erystals believed 

to be hypersthene were also seen. This was confirmed by 

the finding in a few hand specimens of small rusty wea

thering erystals of hypersthene similar to that so pre

valent in ot.ber rocks of the area. 

Wahl found some aegirine - augite in this rock, 

but none was observed in the thin sections of the syenite 

from this area. It is possible that some of the relie 

erystals mentioned above are resorbed aegirine - augite. 

The medium grained pegmatitie facies found with 

the hornblende syenites, differa from these latter rocks 

by the absence of mafia minerals, greater amounts of mi

erocline, less mieroperthite, a greater ratio of albite 

to oligoclase, and a .b.igher quartz content. On the other 

hand, the stock north of Lake Tombbah in places contains 

little microperthite, low mierocline and/or orthoclase, 

and is predominantly eomposed of plagioclase An30-35' with 

in addition seme hornblende and 10% of quartz. 

The relationships between the microperthite, al

bite, and oligoelase, are of interest; the microperthite 

is in an.b.edra of medium and large aize, whieh show albite 

developing as lenses and roda within the erystals and also 
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as reaction rima apparently replacing the microperthite. 

(See Plates Nos. 50 and 51) The plagioclase An25-30 

shows little alteration but in places has been albitized 

and occasionally displays partly zoned crystals. 

Anorthoclase is found replacing plagioclase An 

25-30' (See Plate No. 52). This mineral is distinguished 

by its low birefringence, and a 2V:450-55o. The inclu

sions which it oontains are reminiscent of those seen 

elsewhare in the "sanidine - anorthoelase". (See Plate 

No. 53) 

The hornblende is in irregular but at times lath

like erystals, and is t .be yellow brown to brown ple oehroic 

variety, with an absorption of Z)Y)X, and an extinction 

of Z~o=15°, the 2V=ô5°-75° and is negative. 

The augite erystals are small and resorbed and 

defied acourate determination, but are non-pleochroic, 

wi th an extinction of Z/\c-44 °. 

A few small erystals of hypersthene were recog

nized by their pale pink and yellow pleoehroism, and their 

parallel extinction. 

The quartz is clear and unstrained and apparently 

replaces the other minerals. 

Age 

The age of tbese rocks is post-early (grey) quartz 
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diorites, granites and pegmatites, sinoe none of these 

. early intrusi ves are known to eut them. On the ot œ r 

hand, pegmatites of a type oommonly a ssooiated wi th the 

quartz syenites, do out the "greenstones" found on the 

southern boundary of Freville township. The syenit io 

stocks have trends similar to those in the area to the 

north. (42) (67) (68) They intrude the granulites and 

gneisses which are believed to be of Timiskaming age. 

Hence, they are probably post-Timiskaming, and for reasons 

quoted elsewhere, pre-Cobalt, though a Killarney age 

oannot be entirely disoounted. (See Page 204} 

LATE PEGMATITES 

quartz Diorite, Hornblende Syenite, Quartz Syenite and Syenite 

Pegmatites 

Description 

These are coarse to very coarse grained, pink to 

reddish brown rocks. In the ha nd specimen, they consist 

of mauve to reddish feldspars, with the ocoasi onal crystal 

of hypersthene and/or hornblende. Soma types may oontain 

a mauve or opalescent quartz, and magnetite is ocoasionally 

sean in small amounts. 
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Occurrences 

On Iiighway 58, n thin a few hundred yards of the 

western boundary of the sbeet, there is a small exposure 

of pink to reddish pegmatite which is oomposed entirely 

of reddish t o mauve feldspars. (See Pla te No. 33) Small 

sille of this ma teri al may be s een intruding the hypers

thene granulites in the immediate vicinity. Microscopi

oally they consist of microperthitic felspars, with only 

accessory zircon, apatite and plagioclase. 

Reddish to brown hypersthene and/or hornblende

bearing pegmatites intrude the hornblende syenite stock 

which lies on the southeastern boundary, and the grane

diorite north of Lake Tombbah. No thin sections were made 

of these rocks, but their very ooarse mauve feldspars are 

undoubtedly potash rich varieties. In one instance at 

the western end of Lake Tombbah a medium to coarae grained 

reddish pegmatite was seen to oontain muoh disseminated 

magnetite. 

A noteworthy feature is the frequent occurrence 

of these pegmatites in the more matie and banded facies 

of the syenites, but when found wi thin the more massive 

and granitoid exposures of these rocks, they have only 

minor amounts of hypersthene and/or hornblende. 

Intruding the "greenstones" whieh lie on the 
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soutbern boundary of Freville township, tbere is a reddish 

brown to dark brown, eoarse grained pegmatite of unknown 

dimensions. It contains coarse reddish brown feldspars, 

crystals of an unidentified pyroxene, and disseminated 

iron oxides. (See Plate No. 32) 

On the c.r.P. & P. Company road in the northern 

part of the area, three miles east of the Canimiti River 

bridge, the composite gneiss es are intrud ed con:formably 

by reddish, medium to coarse grained sills containing 

red to mauve feldspars, and opalescent quartz. There is 

also the occasional crystal of a light brown weathering 

hypersthene. Miorosoopioally these contain plagioclase 

An2g (55%), antiperthitic plagioclase (10%), and quartz 

{35%), with only aocessory biotite. Hypersthene is un

doubtedly present in small amounts, but was not sean in 

thin section. 

One half mile outside the western boundary of 

the sheet along Highway 58, there is an exposure of a 

medium to ooarse grained dark green rock. This contains 

green feldspars, dark brown pyroxenes and/or hornblende, 

and the ooarser facies bave a pegmatitic appearanoe. 

Short distances to the north and south of here there are 

other exposures of these massive rocks. A thin section 

showed orthoclase and microperthite (15%), antiperthitio 

plagioclase An27 (75%), and quartz (10%). The aooessories 
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are hypersthene and biotite, but in the hand specimen 

the mefie minerals are much more prominent than the thin 

section indicates. 

Petrography 

Under the microscope, the textures of these rocks 

are hypidiomorphic granuler t o inequigranular. Plagt o

clase An2?-33 is the comm.onest mineral except in the alka

line variety, and is moderately well twinned and little 

altered. In the quartz diorite type of pegmatite found as 

lit-par-lit injections in the northern part of the area, 

orthoclase is absent or accessory, except as replacement 

or ex-solution crystals of small size in antiperthite. 

The end product in the d ifferentiati on of the 

pegmatites associated with the la te intrusi ves, is probably 

represented by the syenitic type found on the highway near 

the western bound.ary. All the feldsp:1rs are microperthites 

of large size, and have undergone albitization, while apa

tite so charaoteristic of alkaline pegmatites, is seen in 

aooessory amount s. It is in the oustomary laths, and shows 

good hexagonal basal sections. Quartz which is so abundant 

in the other pegmatites, is absent. 

Age and Or1g1n 

The occurrence of the potash rich varieties within 
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the hornblende syenites, leaves little doubt but that 

they are late differentiates of these intrusives. The,y 

are younger than the "greenstones" since they intrude 

them, but those containing minor quantities of potash 

feldspars may be related to the early quartz diorites 

or the syenit es. 

COMPOSITE OR HYBRID ROCKS 

Description 

There is no adequate description for these rocks; 

they can be grey green to dark green, medium to coarse 

grained and massive, yet wall banded by mafic layers, or 

they can be fine to medium grained and well banded as a 

result of injection or original composition, and contain 

hypersthene or garnets, or hypersthene and garnets. B,y 

transition the,y oan grade into foliated yet ooarse tex

tured rocks, oontaining the occasional large porphyroblast 

of plagioclase, which in a 11 respects appear t o be of 

igneous origin. In short, they appear to represent that 

stage in metamorphism when near surface structures and 

textures are being obliterated,as the rocks are made ready 

for their assimilation into an expanding magma. 

Occurrences 

The northern parts of the area seem to have more 
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of these oomplex rocks than the othar sections, and many 

good exposures can be seen along tbe C.I.P. & P. Company 

road. 

The coarser grained varieties are invariably 

looated near the tops of sm.all hills, and consist of 

reddish to green feldspars, pink to mauve quartz, biotite, 

ooarse dark pyroxene, and various amounts of garnet. (See 

Plate No. 34) In thin section they show m.icroperthite 

(0-10~) and/or orthoclase, plagioclase An27_33 (50-60~), 

biotite (5-15~), quartz (10-20%), garnets (0-10%), 

hypersthene (0-5%); while "sanidine- anorthoolase", 

antiperthite, magnetite, and sulphides are the aocessories. 

~he mauve quartz eommonly ocours as crystals blebs or small 

stringers eontaining in places a few specks of sulphide, 

yet small fractures or joints are found in which there are 

equal concentrations of quartz and sulphide. These ooarse 

grained :rocks are seen to grade into medium grained light 

brown foliated varieties, which contain injection banding, 

and have either or both garnets and hypersthene. 

Three quartera of a mile east of Composite Lake 

along the road, there are well-banded composite hypers

thene rocks of medium grain,in which the banding appears 

to be in part the result of the injection of pegmatitic 

materiel, and partly inherited from the original rock. 



108. 

{See Plates Nos. 10 and 11} Tbere is a variation in grain 

aize and oolour whioh oannot be direotly attributed to the 

intruding pegmatites, but must have resulted from selective 

pneumatolytio or hydrothermal action along preferred ohannels, 

suoh as might have been provided b.f sedimentary bedding. 

Some bands eon tain garnets, while others have both garne ts 

and hypersthene, and in addition there is the oooasional 

dark pyroxene-hornblende inclusion that may oontain sulphi

des (pyrrhotite) in suffioient quantities to defleot a 

oompass needle. In thin section, these gneisses are fine 

to eoarse grained and oontain plagioclase An27 _30 , anti

perthite, hypersthene, biotite, garnets, and quartz. 

South of Composite Lake, the expos'ln"es along the 

road are of a medium to ooarse grained, green to dark green 

rock, in many respects similar to the ooarse textured 

rocks desori bed previously. But here mafia bands (See 

Plate No. 12) are so numerous that in places they oonsti

tute 70 per cent of an exposure. These roeks f orm s teep 

soarps on the east aide of the oreek whioh drains Composite 

Lake at its southwest end, and are intruded in a lit-par-lit 

fashion by medium grained materiel of quartz diorite 

composition. The foliation a nd ban ding stri ke to the 

north and dip e est at 50° to 80°. Two small exposures 

of "greenstone" ooour on tbe west si de of the oreek 
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and have layering oonforœ ble to the aboye. One is much 

injected by a quartz diorite similar to that whioh intru

des tœ composite gneisses. The concentrations af mafic 

oonding in these rocks am the ir pro:x:imity to the "green

stones" suggests t.be possibility that the mafic bands 

are assimila ted or metam.orphos ed "greenstone s". 

The composite rocks from this vicinity contain 

plagioclase An32_35 , biotite, quartz, am accessory augite, 

hornblende, hyperstbene, apatite, magnetite or ilmenite 

and sulphides. 

Petrograph:y 

The se rocks are granoblasti c, consist of plagio

clase An27_35 , quartz, hypersthene, garnets, biotite, end 

orthoclase or microperthite. However, plagioclase and 

quartz are the only two consistently essentiel minerals, 

whereas apatite, "sanidine-anorthoclase", zircon, magnetite, 

and/or ilmenite and sulphides are usually the accessories. 

The mafic bands so common in the rocks around 

Composite Lake are oomposed of fine grained aggregates 

of biotite, hypersthene, augite, hornblende, quartz, pla

gioclase and garnet, in a coarser grained plagioclase 

quartz aggregate. (See Plates Nos. 47 and 48) They are 

identical in many respects tc the wall banded oomposi te 

hypersthene garnat gneisses which are found. along the road 

tc the southeast of Composite Lake. 
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Orthoclase is rarely sean and is only identified 

by its refraotive index {lower than balsom) and its nega

tive optic axial angle. 

Mlcroperthite is in anhedral orystals of medium 

aize and quite common in amounts of up to 10%, though in 

a few of the ooarser rocks there may be more. It is 

rarely as wall developed as tbat sean in the hornblende 

syenites, whioh suggests tbat it and the accompanying meta

morphism are assooiated with the early pariod of intrusion. 

Antiperthite is not present to any extent in the 

finer grained varieties, but is more oommon in the coarser 

but less potassie rocks, though it is not as well developed 

as tbat seen in the quartz diorite sills near the Ottawa 

River. 

The "sanidine - anorthoclase" is Qlear, oolourless, 

/{ and ~e between orossed nicols. It has a negative 

2V·l5°-3oo, and contains inclusions of twinned plagioclase. 

(See Plate No. 53) It embays and appears to replace the 

larger,twinned plagioclase. The latter in one instance 

shows _,rmekitio intergrowths at its contact with the 

"sanidine - anorthoclase", yet these do not extend into 

the potash mineral. 

The plagioclase is in large and s mall orystals 

and moderately twinned after the albite law. The extinc

tion angles on (010) indioate compositions with a range 
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of An27-33• The twinning is sharp but hazy, indicating 

that it has been undergoing resorption. 

The hypersthene is the normal anhedral variety 

with a very faint pink to green pleochroism, and a paral

lel extinction. It oontains in places a dark powdery 

opaque substance in the cleavages and around its borders, 

which is probably oaused by decomposition and the forma

tion of iron oxide. This mineral is much more plentiful 

than the thin sections indicate, for it is crum.bly and 

readily removed by abrasion during the grinding of the 

thin sections. 

The augite is only round as very small anhedra 

in the finer grained and banded types. No proper iden

tification was possible, but its laok of pleochroism and 

an extinction angle of ZAe:44°, served as identification. 

The hornblende is the normal brown pleochroic 

variety with a Z"c:22° and a positive elongation. It 

ooours in small laths and alusters only in the matie rocks 

south of Composite Lake, assooiated with garnets, biotite, 

augi te, and hypersthene, (See Plates Nos. 47 and 48). 

The garnets are anhedral to subhedral dodecahe

drons of all sizes, and are opaque between erossed nicols, 

often fraotured, and con tain inolusi ons of quartz, feld

spar, biotite, and sulphides. 
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The quartz is in the usual anhedrons, generally 

clear and unstressed; but occasionally shows undulatory 

extinction and fractures. In some sections, it appears 

to be in long interstitial lenses and to replace the pla

gioclase. 

The occurrence of mauve to opalescent quartz in 

this vioinity is worthy of mention, sinoe it is similar 

to t.bat found in the albitio intrusives associated with 

the gold deposits of the Bourlamaque area, Que bec. 

Origin 

This will be oonsidered in a later section on 

"The Mode of Em.plaoemen t of The Igneo us Rocks and Their 

Associated Phenomene". 

GRANITE DYKE {PEGMATITIC) 

Description 

This is a coarse grained mottled grey and green 

rock oontaining ooarse light grey feldspars, dark green 

pyro::x:ene, rose quartz, and biotite. The feldspars are 

large, but of consistent size {10-20mm.} and make up 70% 

of the rock. The mafia minerals and t œ quartz are 

smaller and interstitiel. 

Occurrence 

Only one suoh dyke was found wi thin the a rea, and 

this ooours on the O.l.P. & P. Company road, roughly two 
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miles east of Composite Lake. It is 4 to 5 feet wide 

and cuts coarse grained but slight1y folia ted and band ad 

oomposite gneiss es which strike N 15'11, and dip gen tly 

to the northeast, whereas tbe dyke strikes N 10°E and is 

Yertioal. The margina have a finer grain t .ban the oen tre 

of the dyke but are not ohi1led, whi1e in eppearanee it 

is fresh end unsheared, though sme11 strieted plates of 

su1phides were sean on soma crystal faces and these appear 

to have been oeused by slight differentiel movements. An

other simi1ar dyke was sean on t be highway near MeLa ur in 

Lake outside the western boundary, where it intrudes am

phibolites end garnat gneisses. 

Petrography 

In thin s eeti. on this rock is hypidiomorphie 

inequigrenular end oontains mieroperthite {ôO%), quartz 

(30%}, hypersthene and biotite (10%), whi1e plagioclase 

of an unknown composition and microcline are the acces-

sories. Alteration is neg1igib1e or absent. 

The quartz, plagioclase, and biotite, are round 

as small crystals and eggregates of cryste1s, intersti

tiel to the potash feldspars. 

The micro cline 1s 1n sma11 f resh crysta1s and 

shows good cross-.batched twinning. 

The hypersthene is in the occesiona1 anhedral 

crystal and is recognized by its peral1e1 extinction and 

weak pleoehroism. 
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There are a few small interstitiel patches which 

dis play myrmekit ic int ergrowths of quartz and orthoclase 

or albite. 

Age and Origin 

The a ci di ty of this dyke and it s coarse grain; 

along wi th it s a bundant microperthit e suggest that i t is 

related to the syenite pegmatites: while the mannar in 

which it cuts sharply a cross the composite gneisses, as 

well as its freshness, indicate that it is one of the 

youngest acidic intrusives in the area. 

BASIC DYIŒS 

General 

Basic dyke s are not numero us in the a rea, but 

many of the inclusions or l:ands found in the granulites 

and gneisses may be metamorphosed and disrupted dykes or 

sills. A relict structure of what was undoubtedly a basic 

dyke has been des cri œ d wi th the "Microcline - Plagioclase -

Quartz gneiss. 

Meta gabbro 

Description 

This is a dark green, medium graine d, rusty 
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weathering rock, which in the .hand specimen consista of 

pyroxene, hornblende, and- miner amounts of feldspar. 

Occurrences 

:Four miles due east from the Canimiti River 

crossing of the C.I.P. &:. P. Company road, on t.b.e eastern 

side of a little lake at that place, there is a scarp of 

garnat gneisses in which there are some SMall sills of 

this rock. 

On the eastern bank of the Canimiti River w.bere 

it leaves the Elbow Lakes, there are more of these rocks 

whioh appear to be dismpted sills. They are enclosed 

in oontorted hypersthene-bearing gneisses, tbat have a 

northerly strike and an easterly dip of 80°. 

Petrosraph:r 

Microsoopically the rocks are inequigranular and 

of medium t o ooarse grain; and oontain augi te (35%), 

hornblende (30%), hypersthene (25%), and plagl. oclase 

An45-48• (10%). The accessories are apatite, ziroon, 

quartz, and magnetite, in addition to a deep amber oo

loured mineral with a high refraotive index, and low bire

fringence, whiohwas not identified. Biotite and garnets 

are present in one thin section in equal amounts of about 

10%. 
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The composition of the feldspars eould not be 

determined since they are covered by a powdery opaque 

altera ti on product belieyed t o be hematite. 

The pyroxene was probably augite but is now only 

sean as relie crystals. 

Hornblende is tbe most prominent mineral, and is 

pleoehroic in browns, with Z = brown, Y = yellow brown, 

and X • yellow green. The extinction angle ZAc:l8°. This 

mineral has undoubtedly formed at the expanse of the 

pyroxene. 

The garnets are in the form of small an.b.edra and 

occur as clusters associated with the biotite. 

The biotite is the brown pleochroic variety and 

forma peripheral clusters around the magnetite or ilmeni

te and the sulphid es. 

Au.gi te l)fke 

Description 

This is a dark green, fine grained rook in which 

pyroxene and feldspars are the only recognisable minerale. 

Occurrences 

T.b.ere are four or five dylœs of tb.is rock cutting 

the banded hypersthene garnat gneiss es expos ed at the 

long rapids on the Chochooouane River, three quartera of 
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a mile south o~ its junot! on wi th the Canim.i ti. The 

dyk:es are between 2 to 6 feet wide and have strikes whieh 

vary from north to N 708 E, while their dips although more 

ot'ten to the southeast are not eons !sten t. There is a 

slight increase in grain size towards the centres, but no 

strong ehilling along the contacts, and foliation is negli

gible or absent. 

Petrography 

In thin section these are a fine grained aggre

gate of augite (40%), hornblende (20%), plagioclase An37 
(28%), hypersthene (5%), and quartz (10%); garnat is the 

only aoeessory, but small quantities of carbonates and 

epidote are round as alteration produots. 

The augite is non-pleoohroio and pale pink in 

colour, has a Z"c.40°, and shows soma alteration to epi

dote. It is ocoasionally seen as relatively large we11 

t'ormed phenoorysts, a t'ew of which bave twinning on the 

{122) or {011) face. 

Other Basic Dyke s 

A fine to medium grained britt1e dyke of dark 

green eolour was sean on the C.I.P. & P. Company road 

just east of the 77°05' meridien; it appears to strike 
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0 
N 10 E and to have a vertical dip. Near the only obser-

vable oontaot it beoomes finer grained and breaks with a 

suboonooidal fracture. The wi dth oould not be d etermined 

but the exposure is roughly 15 feet wide aoross the strike • 

.Ages of the Basie Dykes 

Sinoe the metadiabase and the augite dykes out 

the gneiss banding and are undeformed, tb.ey must have been 

intruded after or at the alose of the major period of de

formation and metamorphism, and possibly later than the 

syenites and their a ssooiated pegmatites. The metagabbros 

on the otber hand whioh only oocur as sills and are meta

morphosed, probably belong to the earliest period of ig-

neous intrusion. Pre-metamorphic intrusion of basic ma

teriel is clearly indicated by the "relie" dyke whioh cuts 

the miorooline- plagioclase- quartz gneiss north of Lake 

Tombbah. 

PARAGENESIS OF THE MINERALS AND THEIR SIGNIFICANCE 

Biotite 

The associations of this mineral are of the utmost 
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significance, for nowhere save in recognisable igneous 

rocks and in soma composite gneisses is it seen to have 

formed at the expanse of either hornblende or pyroxene. 

The biotite gneisses oontain no hornblende, relie orystals 

of hornblende, nor biotite pseudomorphs of hornblende, as 

might be expected if these rocks had been der.ived by the 

metamorphism of basic intrusives or extrusives. Total 

obliteration of suoh evidence would require low tempera

ture stress oondi t1 ons and a plentiful supply of water. 

(37-p.312) This would have undoubtedly led to the forma

tion of ohlorite in addition to biot1 te, but the former 

mineral is laoking, and the roeks display little evidence 

in their minerals of low temperature stress affects. 

On the ot her band it is generally aooepted that 

an a bundanoe of biotite, su ch as is fou.nd in the bio ti te 

gneisses, must have been formed at the expanse of pre

existing alumino-silicates like ohlorite and sericite, 

minerale which in their turn were deri ved t'rom the region

el metamorphism of muddy sediments. (37-pp.209-218) 

Harker states that biotite is stable into the 

higher grades of metamorphism, and that "it is often very 

evident that es we pass the highest grade of metamorphism, 

biotite dwindles and 4isappears. The potassic part goes 

to make orthoclase wi th some alumino-silioate, while the 
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ferro~egnesian part gives rise to hypersthene or possibly 

garnat". (37-p.57) 

Grubenmann (35-p.60) in his table of the depth 

zones, shows biotite and orthopyro~enes as being stable 

in the "kata-zone". But rea son w ould demand that biotite 

cease to exist in very deep, hot zones, through loss of 

the (OH) radical. 

Biotite occurs in nearly all the rocks except 

some pegmatites, but its ~antities decrease in the more 

m.etamorphos ed types. How ever, even in the biotite gne is ses 

it is rarely found in amounts of over 30%, and nowhere 

in the area have true schistose rocks been seen. This 

is taken to indicate tm t the rocks were far merly at auch 

high temperatures tœ t biotite, a stress mineral, was un

stable, and that such schistose rocks as were present had 

been transformed into garnat or hypersthene bearing gneisses. 

Though it could be that there were no rocks in the area, 

appropria te in composition for the formation of abundant 

biotite. 

Microscopically, the biotite shows a close rela

tionship to the garnets, and it is not uncommon to see 

clusters of biotite and garnets in the same thin section. 

In soma instances, the biotite appears to be penetrating 

the garnets, {See Plate No. 39) and it is quite possible 
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that retrograde metamorphism has caused the development 

of some, while in a few instances, contorted lamellee 

indioate that stresses have not been entirely laeking. 

Zircons with pleochroic halees are frequently 

found as inclusions in the biotite of the garnat and 

biotite gneisses. Henderso~ of Dalhousie University, 

investigated the halees from different localities. He 

conoluded that t·he ziroons and radio active materiel had 

been introdueed into the biotite by solutions. (38} 

Bain (6-p.655) gi.ves an analysis of the biotite 

from the biotite gneiss of Chatham Township, Quebee. 

This shows that the Grenville biotite in that locality, 

carries equal amounts of potash and soda {3.07% and 3.12%}, 

and mueh magnesie and iron (9.22% and 15.53%), in addi

tion to alumina and low calcium (22.32% and 2.73%}. 

A significant amount of soda if present in the 

biotite of the area, might ex:plain the a bundance of mi

croperthite in the more differentiated intrusives, sinoe 

it is believed tta t the igneous rocks advanced by "assimi

lating" the gneisses in their path. In this way, they 

could have obtained large amounts of soda and potash for 

the formation of mioroperthite. 

Garnat 

This mineral is found in most of the gn eisses of 
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the area to a greater or less extent, and varies in oolour 

from pale pink t o deep red. 

Five speoifio gravity determinations on the pink 

garnets in the light ooloured garnat gneiss shCMn in 

Plate No. 22, gave an average of 3.80, and have refraotive 

indices of 1.76 to 1.77. Qualitative tests show that they 

oontain moderate quantities of iron: aooording to Winohell 

(74-p.17ô) these are pyralspite garnets, oonsisting of 

pyrope and almandite, with minor quantities of grossula

rite. A oheok with the more recent work of Fleisoher 

( 31-p. 754) indioates an approxima te oompos it ion of pyrope 

43%, almandite 40%, grossularite 8%, andradite 5%, and 

spessarite 1.50%. This garnat gneiss oomes from the east

ern end of the C.I.P. & P. Company road. 

Four specifia gravity determinations were made on 

the deep red garne ts from the sample shown in Plate No. 21. 

This comas from the western end of the C.I.P. & P. Company 

road. The average specifie gravity for these garnets is 

muoh higher being 4.02. Qualitative tests gave good re

actions for iron, but no refraotive indices tests were 

made. Winobell's ohart (74-p.l7ô) shows that the speoifio 

gravi ty is tba t of a spessari te, almandi te garnet wi th 

lasser amounts of pyropa. 

The aoouraoy of thase determinations is at the 
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beat only an approximation since the garnets usually 

con tain incl usions of quartz, feldspar, and occasi onally 

biotite. (See Pla te No. 39) However, care was taken 

in the choice of the grains lilich were first inspected 

under the microscope in or der t o select those of the great

est purity. 
' 

In thin section the garnets are sub.b.edral to 

anhedral, of all sizes, fractured, and opaque between 

crossed nicols. Inclusions or quartz and fel dspar, pre

su.mably plagioclase, are common and appear to be the 

result of replacement. Biotite hypersthene and garnets 

are seen to be intimately associated in the flner grained 

composite gneisses in the north of the area. It 1s belieTed 

tba t in th ese rocks the garnets and hypersthene ba Te formed 

at the e:x:pense of the biotite. However as previously des

cribed, biotite is seen to embay or penetrate tb.e garnets 

in some instances, {See Plate No. 39) and it is quite pos

sible that some biotite is the result of retrograde meta

m.orphism, or that the garnat has grown around the biotite. 

Bain {ô-p.664) has desori bed auch an ooourenoe in 

the Grenville rocks of Chatham t ownsb.ip, and a seri bea i t 

to late lateral stresses caused by mountain building that 

fractured the garnets, lilich were then changed to chlorite 

and biotite in the presence of late magmatic waters. 
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Harker believes that almandite garnat is a stress 

mineral and characteristic of regional metamorphism, but 

that with a notable proportion of spessarite, it becomes 

stable under high temperature conditions. {37-pp.54-55) 

However, he states that exceptions are known where alman

dite garnets appear in the inner aureole of some intru

s! vas. In connecti on w.i th this 1 t can be point ed out 

th at garnets are -found in the composite rocks of this 

area and the se must have undou btedly had soma mobility. 

Furtber, they are frequently found in the quartz diori te 

dykes and sills, and are very numerous in the more massi-

ve migmatitic inje cti. ons of Lake Tombbah. (See Plate No. 9) 

This would imply t.tat the garnets in the rocks of the 

area are in part, at least, stable under antistress con

ditions, and possibly of a spessarite bearing variety, 

or are an anomolous occurrence similar to that referred 

to by Harker. 

Eskola {27-p.l73) says that the garnets of the 

eclogites are principally almandite and pyrope with only 

minor quantities of grossularite. He makes no mention 

of there being any high spessarite content, and it is of 

interest to note tta t in c hemical components they are 

similar t o tho se in the present a rea. 

T.ba t the garne ts have been dari ved from the 
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alteration of biotite by inorease in grade of metamor

phism cannot be doubt ed, si noe biotite gne issas grade 

imperceptibly into the garnat gneisses: also biotite 

has the appropriate chemioal composition neoessary for 

the formation of the particular garnets of the area. In 

addition, support is found in the estimated mode average 

of biotite in the various ~eisses. T.bese are as follows: 

biotite gneiss, 20%, garnat gneiss, 15%, hyperst.b.ene 

granulites, 9.8%. No average estimate was oaloulated 

for the composite gneisses of ooarse grain, but these 

bave about 5%. Assuming that all these gneisses are 

facies of the s ame original rock, th en biotite must have 

œ en removed or a lt ered, and w.hat oould be more logical 

than the formation of garnets from the liberated magnesie, 

iron and aluminé. 

It is qui te probable that some garnets have re

ault ed from the metamorphism of intermedia te or basic 

igneous extrusives as desoribed by Harker. (37-pp.283-

295) T.bey are usually acoompanied by maf'io m.inerals 

suoh as homblende, a mineral known to oocur with garnets 

only in sorne layered composite gneisses, which because of 

their layered structure are consi dered to be of sedimen

tary origin. 

Bruce (16-pp.27-40) in the western part of the 
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"shield" found exemples of garnetiferous gneisses of 

both igneous and sedimentary origin, while Ambrose bas 

shown the progressive kinetic metamorphism of greywackes 

through biotite gneiss to garnat gneiss (5-p.285). 

The formation of almandite {7ô.75jb), pyrope 

(17.43%), grossularite {5.22%), garnet rock, from the 

Grenville lime stone of Chatham township, Que bec, is 

des cri bad by Bain. (ô-pp. ô50-ôô8) He shows t le. t "pegma

ti tic influences of the Laurentian granite" have metamor

phosed the Grenville limestone, giving skarn, feldsiBr

garnet rock, biotite garne t gneiss, and biotite gneiss. 

It is bard to believe t.bat the biotite, and biotite garnat 

gneisses have resulted from the metamorphism of a lirœsto

ne; it seems more logical that they should have developed 

from a lime rich shale. However, the important point is 

that rocks rich in lime have given not lime richgarnets, 

but iron magnesien ones, with only a low lime content. 

Further it shows t.œt lime rich rocks can lose their lirœ 

and thus their identity, under the influence of strong 

metamorphism accompanied by replacement. This is a most 

important phenomenon to remember, in view of the fact t.bat 

the Canimity River area is situated in the "no man's Land" 

between Grenville and Timiskarning zype rocks, vd.e re lirœ

stones may f ormerly have exi sted. 
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Hrpersthene 

This mineral oecurs in nearly all the rocks of 

the area exeept the biotite gneisses and the quartz 

diorite intrusives. It is best developed in the compo

site gneisses and the late syenitic pegmatites. W.hen 

fresh it is brown to dark brown, but weathers readily to 

a rusty brown oxide. In thin seoti on i t is f aintly pleo

chroic in yellows and pinks, end in some orystels it 

eppe ars t o be nonpleoehroic. The al eavages are rarely 

well developed, while the orystals are anhedral to sub

hedral with in places hig.b.ly serrated outlines. They are 

often ooa ted wi th a dark powdery substance that is pre

sum.ably an iron oxide resul ting from decomposition. The 

2V is between 60°-70° and negative. This was not measured 

acourately and may be larger as is probably the ease, 

ot.herwise there is ambigu! ty between i t a nd the feint 

pleoe.b.roism, whieh is that of bronzite or low iron hypers

thene with a 2V of between 70°-90°. (74-p.218) 

Hypersthene and garnets occur in the seme rock, 

but in those thin sections where they are seen to be inti

mately intermixed (See Plate No. 38) neither are wall 

developed. But "Wh en s eparated or a lone, they tend to 

form larger orystals with more characteristio outlines. 

Large hypersthene crys tels are found more con-
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sistently in the coarse grained oompos i te gneisses, the 

porphyroblastic hypersthene - augite - hornblende layera 

or lenses, and in the eoarse grained pegmatites; whereas 

the coarsest garnets are sean in the more feldspathie 

sille, that intrude the garnat gneisses. Since the hy

persthene occurs in mat are undoubtedly the most highly 

metamorphosed rocks in the area, it is possibly stable 

at higher temperatures than garnat, and probably derives 

its iron magnesie and silice from the decomposition of 

the latter with continued increases in temperature. Soma 

evidence to support this oontention is to be found in 

Plate No. 38 in which hypersthene may be s een forming 

along fractures in a garnat. 

Brauns (14-p.60) believed t.bat the hypersthene 

and cordierite in the rocks of the Leach Lake Region 

obtained their iron and magnesie from the biotite garnat 

and magnetite of biotite garnet gneisses. 

Harker (37-pp.57-58) says that hypersthene 

orthoclase and cordierite are formad in the high grades 

of metamorphism, and that "if biotite is present, it is 

seen to be in the process of destruction". No cordierite 

is :round in the metamorphosed rocks of the area and po

tash feldspars though present are not abundant. It is 

posai ble t .bat Harker' s concept ion of the me tamorphic 
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processes (37-p.250) is at times in error, through his 

refusal to admit that moderate quantities of materiel 

can be added or subtracted by fluids during metamorphism. 

The absence of the minerale which he associates with the 

hypersthene stage can be explained through the removal 

or potash and alumina by s olven ts, since these elements 

were probably not in equilibrium with the quartz diorite 

intrus ives, but only with their pegm.ati tes ne ar the end 

stages of consolidation. In all probability these ela-

ments formed feldspars, leaving no alumina for the forma

tion of cordierite. 

"Sanidine-anorthoolase" 

This name has been given to a oolourless glassy 

anhedral mineral whioh is round in aceessory amounts in 

the potash-rich quartz diorite pegmatoid s1lls, in the 

oœrse composite rocks, occasionally in the garnat gneis

ses, and in some fine to medium grained granites. The 

latter are eontaminated by garnets and biotite absorbed 

from the surrounding gneisses. 

The optic axial angle .bas a range of from 10°-55° 

and varies from crystal to crystal, and in different parts 

of the same crystal. It is negative and the optic axial 

plane appears to be parallel to (010). This mineral 
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frequently oontains inclusions of twinned plagioclase 

which by their extinction angles indicate compositions 

of An32-36• Tbese inclusions show a peouliar relation

ship to the size of the optio axial angle of the "sani

dine-anorthocJa se". W.he re they are numero us the angle 

is at a maximum (45°-55°) but where they are few or ab

sent the optic angle becomes very snell (10°-15°). 

Winohel (74-p.367) gives an optic axial angle for anortho

olase of from 42°-52°, while Iddings (40-p.234) quotas 

angles of up to 13° for sa~dine. Tberefore the optie 

axial angles of sanidine and anorthoola se are respecti

vely similar to the minimum and maximum of those in the 

"sanidine-anorthoclase". This suggests the possibility 

tœ t the la tt er may be an isomorphus mine rel or a solid 

solution oomposed of orthocla se and albite molecules in 

variable proportions. 

The inclusions might be construed as indicating 

a state of supersaturation in those crystals or parts of 

erystals with respect tc the plagioclase molecule; or that 

re-solution of plagioclase by tbe "sanidine-anorthoola se" 

was taking place at tbe time of consolidation, but tbat 

oontinually diminishing temperature, and therefore dimi

nishing diffusion, restricted the enrichmen t of the 

crystals to t.b.ose parts in immediate contact wi t.b. the 
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plagi oola se. The size of t .be optie angle "M>uld th. us be 

expeoted to vary in different crystals, and in different 

parts of a crystal if it were not homogeneous. If this 

explanation holds true, then an optic angle of say 27° 

could mean t .bat the crystal composition was ro ughly or1 
Ab1, since this angle would represent a mean between 

those of sanidine {13°} and of anorthoolase (42°). The 

plagioclase inclusions have random orientations and bear 

no resemblenoe to the roda of albite in the microperthite 

which are believed to have formed by ex-solution, and their 

compositions are more calcic. 

In the same rocks oontaining nsanidine-anortho

clase", albite and potash feldspars were being released 

from solid solution to form mioroperthi te. It would be 

a contradiction to have oligoclase-andesine feldspars 

forming at the same time. 

In the hornblende syenit es whioh con tain abundant 

microperthite, plagioclase An25 has reaction rims of al

bite, and it is also r~laoed by anorthoolase. {See 

Pla tes, 50-52) 

Late replacement of plagioclase by potash feld

spars is qui te oommon and has been desori bed by Reynolds 

(55-p.213-14) and ethers from areas where "granitization" 

has occurred. 
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T.bare ean be little doubt but that the "sanidine

anorthoolase" was replacing the oligoclase-andesine feld

spars in tho se rocks in which it occurs. 

Makinen (43-pp.l21-184) has shown that the high 

temperature rorm of albite is probably misei ble in all 

proportions wi th sanidine, and thinks the high tempera

ture form is monoclinio. Winohell refere to tb.is as the 

"sanidine-barbierite" series and says they are only stable 

at temperatures above 900°0 (74-p.355). Tbe n~e barbie

rit e was given by Schaller to a sanidine from Norway oon

taining 4. 92 percent sode. and 6. 75 percent potash, whioh 

was oonsidered by him t o be monoclinio (59-pp.40-41). 

Vogt believed t.bat there is no suab. thing as 

monoolinio albite and oonsidered barbierit e to be a "mis

take" (70-p.lS). He thought, however, tb.at a high ortho

clase content oaused monoclinic symmetry to be approached. 

He also took exception to Alling proposing the use of the 

nam.e anortb.oolase for all compositions rangl.ng between 

70% orthoolase: 30% albite, to 20% orthoolase: 80% albite, 

and s ta ted t œ t he wo uld like to know if' a miner al in 

this group carrying 35% of' orthoclase existed. He quoted 

Rosenbusoh's limita for anorthools.se as being between 20-

to 30 percent orthoclase (70-p.l4). 

It is not known whether the "sanidine-anorthoclase" 
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in this area is monoolinio, but the range of its optio 

axial angle indicates that it probably representa a con

tinuous orthoclase - albite series hitherto suspected but 

not observed. 

Tridymite and alkaline pyroboles fill oavities 

in the lithoidal rocks associated with the anorthoclase 

bearing pantellerites on the island of Pantelleria, {80-

pp.94-97) and since tridymite is stable between 870°-

147000., this implies t.œ t anorthoolase is al so stable 

somewhere within these temperatm-es. 

Makinen (43-pp.l2ô-7) showed tbat mixtures of mi

crooline and albite do not fuse together un til 1300°0. in 

a dry melt. This suggests the maximum temperature for 

the formation of anorthoclase. However it is generally 

accepted that the presence of volatiles reduoes consi

derably the orystallization temperatures of minerals. 

Brauns (14-p.33) found tbat the voloanic bombs 

of the "Leach Lake Region" contain sanidine in whioh there 

are inolusi ons of oorundum, and that the quartz which 

surrounds the sanidine appears to have malt ed. However, 

he did not believe that the temperatures within a voloano 

ever approximated the fusion temperature of quartz. 

Day and Shepherd measured the temperature of the 
0 

Kilauean basaltic lava, and found it to be about 1000 C. 

(25-p.ôOl). 
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Aeidio lavas are believed to be molten at lower 

temperatures, beeause of a greater volatile content. But 

gaseous transfer of heat from depth might make the lava 

hotter than the magma at depth. HeM ever, if these condi

tions are allowed for by reduoing the figure given by 

Day and Shepherd to 870°C, this can probably be accepted 

as the lawer limit for the consolidation of the "sanidine

anorthoolase". Vogt (70-p.65} was of the opinion t hat 

granites solidify between 850° to 880°C. 

The potash for the forœtion of the "sanidine

anorthoola se" was pro ba bly deri ved from biot it a. Braun 

(14-pp. 57-58) believed t.ba t his sanidinit es, oont aining 

oordierite, biotite, hypersthene, sanidine, anorthoelase, 

spinal, and oorundum, were derived by the pyrometamorphism 

of biotite garnat staurolite sillimantite orthoolase 

plagioola se sohists and gneisses. 

High temperature potash feldspars have been re

ported from two other looalities in the "Canadien Shield". 

Cooke (23-p.l05) desoribes a large intrusive of "purplish 

red feldspar porphyry" in Duparquet township Quebeo, in 

which the phenoorysts are anorthoclase. The description 

of these feldspars is similar to those in the more pegma

titio facies of the hornblende syenite in the present area, 

whioh oontain the ocoasional grain of anorthoolase. (See 
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Plate No. 52) Mawdsley (44-p.23) found srnall amounts 

of "anorthoclase or orthoclase" as perthitic rods in the 

andesine of the St. Urbain anorthosite. 

In the occurrences referred to above, it is pro

bably safe to assume that the anorthoclase in tba "red 

porphyry" was an early formed mineral, whereas that in 

tba rocks of St. Urbain must have crystallized late, as 

did the anorthoclase in the Canimiti River area. This 

is int eresti ng si nee the two lat ter oc curren·ces are both 

in the Grenville province. 

Hope-Simpson ( 64) tes des cri oo d sanidine from 

the middle Devonian rocks of Gaspe, where it oc ours in 

the mesostasis of metamorphosed intercalated siltstones 

and marls ( porcellanit e) as well as in v ei ns. He make s 

an interesting reference to Eskola (2?-p.l62) in which 

the la tt er states t hat no garne ts are stable in the sani

dinite facies. This conflicts with H.ark.er's staterœnt 

( see und er garne ts) tha t certain varieties of .s; arne t are 

stable in the inner aureoles of some intrusives. 7he 

eviden :Je from su c.h a reas co nt a ining san idine and anor tho

ela se as described by Braun (14) and :Srogger (15) supports 

Zskola's oontention. Yet tne instances referred to by 

Harker are pro bably a ssociated vvi th potash-poor intrusi ves, 

or as in the present area only the initial stages of the 
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sanidinite facies were attained before consolidation took 

place. In this respect, it can be stated, tbat in the 

coarse composite rocks "aanidine-anorthoclase" has not 

been observed in the seme thin section with garnets, but 

the aamples from which the thin sections were eut contain 

garneta. One thin section of a fine to medium grained 

garnet gneiss did show a few crystals of anorthoclase. 

The only plausible explanation is t.œt the rocks of this 

area had not fully attained the grade of the sanidinite 

facies. 

In the porcellanites, Hope-Simpson found that 

sanidine and carbonates had replaced diopside and that 

stress minerale are lacking. He considera the associated 

copper deposits to be xenothermal (high temperature low 

pressure). 

The "sanidine-anorthoclase" is most plentiful in 

the quartz diorite to granite sills which inject the more 

garnetiferous rocks and in the ooarse grained composite 

gneisses. It is an interstitiel mineral of variable com

position and has probably arisen through the selective 

replacement and/or solution of the albite molecule from 

the surrounding plagioclase, since it is prominent only 

at the contacts of the lit-par-lit sills, and in the 

coarse composite gneisses. It is possible tbat potash, 

alumina, and soda, were derived from biotite during the • 
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transforma ti on of it s constituants into garn et wit h ri sing 

temperatures. This is s uggested by the absence of "sani

dine-anorthoclase"in the biotite gneisses, even though 

they are intruded by much igneous materiel, and by the 

fa ct t.ba t Bain ( see und er biotite) foun:l a high sad a 

content in the biotite from the. Grenville gneisses in 

Chatham township. 

Mioroperthite (orthoclase or microcline?) 

This mineral occurs to a greater or less extent 

in most of the acidio intrusives and is always present 

in those which co nt ain "sanidine-anorthoclase". 

It is well represented in the quartz diorite 

lit-l!!r-lit sills which inject the more garnetiferous 

gneisses, whereas it seldom occurs in those that intrude 

the bio ti te gneiss. 

The ho-rnblende syenite intrusive in tbe south

east part of the a rea has up to 45% in seme thin sections. 

The granite dyke (pegmatitio) in the north of the ares is 

almost entirely composed of microperthite and quartz, 

wit.h only miner amounts of hyrersthene, biotite, plagio

clase and sulphides. 

The composite gœisses bave miner am.ounts (0-10%} 
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and the f1 ne to medium grained masai ve garn et gnai sses 

oontain only an oocasional crystal. One thin section or 

the latter bas small anhedra of both anorthocla se and 

microperthite. The anorthoolase has a very low bire

fringence and an optic axial angle of between 450-550. 

The surfaces of these crystals have an undulating appear

ance when sean between oro ssed nicols, and i t is only by 

incessant searohing that optic axial figures can be 

obtained. The mioroperthite on the other .band has only 

achieved its charaoteristic rod-like structure in a few 

orystals and these have a birefringence that is relati

vely muoh higher than anorthoclase. There are however, 

orystals that are undoubtedly microperthite, in which 

the rods appear not to have oompleted their seggregation; 

and are broad blurred bands that follow roughly the (001) 

or (010) directions in the host feldspar. It is to be 

noted that the birefringence in these orystals approxi

mates tbat of anorthoolase. They mainta1n a nearly con

stant low birefringence dur1ng a 360 degree rotation of 

the microscope stage, indioating tbat the section must 

be normal to an optio axis, yet no optio figure oould be 

obtained. The only implioation possible from this, is 

tbat homogeneity wi thin the orystals has been disrupted 

by a process or ex-solution whieh was not completed due 
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to a too rapid losa of heat. From this it would appear 

that these partieular mioroperthitio structures have 

arisen through the ex-solution of al bite from anortho-

olase. 

Shand {63-p.l7) quotes Dittler and Kohler to the 

affect that microperthite :when heated t o 1000° centigrade 

reYerts to "soda-orthoolase", (anorthoola se). This he 

states was oonfirmed by Spencer, who has shown that micro

perthite can be dissolved and reprecipitated without dif

fioulty. Most of the solution t akes place between 350° 

and '150° centigrade, am ex-solution is very easy to 

aohieye. 

1!'urther support is given by tœ following quota-

tion from Dana: 

"X-ray studies have shown that orthoelase at 
high temperatures may hold in crystal solution other 
feldspar molecules (chiefly albite), wnich at these 
temperatures seem to possess the same monoolinio lattioe 
as orthoclase. On cooling, however, unstable conditions 
may result, and the dissolved molecules may separate 
and show their normal triolinie lattioes. This aoeounts 
for the intimate intergrowth of different feldspars shown 
in the perthites. (24-p.540) 

Micro pert hi te by i tself is oom.mon in the rocks 

of the area, but "sanidine-anorthoolase" rarely oc ours 

unaccompanied by mieroperthite. This is strong ciroum

stantiaJ_ evidence for the co nelusi on that microperthite 

has been derived from a mineral belonging to the "sani-

dine-anorthoolase" series by soma process of ex-solution. 
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Alling has made an exhaustive study of the .J)3r

thites and oonsiders tmt they are of two types: in the 

first t.be al bi te lamallae are believed t o have separated 

out from the orthoclase by ex-solution at high temperatu

res, in the second, the albite is thought to be the result 

of replacement at moderate to low temperatures. The cri

teria for the identification of the distinctive types is 

gi ven bel ow: 

"Ex-solution. Those blebs with comparatively 
uniform shape, relatively small in size, stringlets, 
strings end rods, wi th a definite orientation, usually 
parallel to 100 or nearly so; plus 6.5o to -6.50 to 010; 
parallel to 001; or parallel to 110, which have no con
nection with the margin of the grain of the host and which 
a void zones near inclusions of quartz, are regarded as 
due t o ex-solution. The distribution of the rods is a 
particularly useful criterion. They avoid the margins 
and zones around quartz inclus ions. Ex-solution blebs 
are more abundant and larger near neighbouring grains of 
feldspar and farther away from the grain boundaries in 
contact with quartz, and at the s ame ti me they are smaller 
in size. The stringlets and strings are less restricted 
in distribution than the rods. 

Replacement. These perthitic guests are larger 
(films, bands, plumes, and patc.bes), more irregular in 
shape, do not maintain the same degree of uniformity in 
orientation, do more obvious cutting of the host, and 
frequently occur in the margins, sending tongues into 
the host. In contrast to the behaviour of the ex-solu
tion blebs around inclusions, replacement perthite films, 
bands, and plumes surround such inclusions." (4-p.l63) 

Accordi ng to the se criteria the microperthit es 

of the syenite are the high to moderate temperature ex-

solution type. e Plate No. 51) Yet in soma instances 

the microperthite is saturated v~itn albite droplets and 
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stringlets. These seem to have been squeezed or seeped 

out to the .rœrgins at which place the albite appears to 

have replaced its host. (See Plate No. 50) 

In one thin secti. on, anorthoclase is seen replacing 

plagioclase An25, (See Plate No. 52) and there is a partly 

zoned plagioclase An25 which bas a rim of al bi te. From 

evidence seen in this thin section and others, it could 

be construed that plagioclase An25 was the last continuous 

member of the plagioclase group to form in the syenites. 

It was apparen tly follCM ed by anorthocla se rather th an 

albite, but with oontinued cooling albite and orthoclase 

were released from the anorthoclase by ex-solution to 

form microperthite. 

The strongest argument for a break in the conti

nuity of the plagioclase series is t o be seen in Plate No. 

52, which shows anorthocla se replacing oligoolase. In 

those sections showing strong al bitization, microperthite 

is a bundant, and both i t and plagioclase An25 have be en 

re pla ced by albite. It is to be noted th at the more aci

dic and coarser facies of the syenites have the most mi

croperthite and quartz hence the most al bite. Possibly 

they represent the root areas of f armer syenitic pegmati

tes, similar to that seen on the highway near the western 

boundary which oontains only microperthite, albite, zircons, 
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and apatite. Acoording to Scballer (85-p.~49) this would 

be a oomplex pegmatite formed as a r esul t of the replace

ment at high temperatures of potash feldspar by al bite. 

Suoh a mineral succession would be in accord with the 

interpretation presented above. 

Pegmatites are of frequent occurrence in the 

syenites indicating that these intrusi vas were plenti

fully supplied wi th volatiles in the closing stages of 

consolidation. Renee in the absence of proof to the oon

trary, any lata process such as that ar albitization must 

be attributed to a deuterio action within the syenites, 

whereby residuel solutions or a rest magma rich in soda 

reacted with the already consolidated portions albitizing 

their feldspars. 

Why microperthite should have been deposited 

before albite is a matter for conjecture. Perhaps at 

the albite stage both albite and orthoclase were present 

in the intrusive in eutectio proportions, (ô3-p.l7) which 

at depth and at high temperatures led to the formation of 

a soda rich anorthoclase, but upon oooling the differences 

in crystal structure between the soda and potash molecules 

in this mineral caused them to separate. On the other 

hand the acidic plagioclase might have been withdrawn to 

a remote part of the magma causing enrichment in orthoclase 
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and the simultaneous crystallization of arthoclase and 

albite. Later the albite rich fraction was intruded 

and replaced the microperthite and more calcic plagioclase. 

The occurrence of antiperthi te in the earl y quartz 

diorite pegmatoid sills and the absence of albitization, 

suggests that for soma resson potash had started to accu

mulate and s eparate out early in the magma underlying the 

area. The absence of potash feldspars in the early quartz 

diorite stocks as opposed to their presence in the asso

ciated pegmatoid sills, might be accounted for by magmatio 

differentiation, or by the sills passing through rocks 

rioher in potash than in soda, from which they deri ved 

potash for the formation of orthoclase. 

While doing field work in the Levack gneisses 

along the oontact of the Sudbury Irruptive, the author 

observed evidence indi ca ting that grani tic sills had been 

modified by the rocks which they bad intruded. In one 

locality consisting of biotite-feldspar-quartz gneisses, 

intrusive sills contain only quartz and feldspar; while 

in an adjacent wide band of amphibolites the sills carry 

an amphibole in addition to quartz and feldspar. 

Miorocline 

Relatively large orystals of mioroOline microper-
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thite are found in a graphie granite pegmatite near Lac 

des Mont agnes. The dlaracteristic twinning is mu ch dete

riorated, presumably as a result of the formation of the 

perthitic struotUI:'e by the ex-solution of albite. In 

marked oontrast to the se, there are small intersti tial 

orystals of miorocline in whioh the oross-hatched twinning 

is rerna rka bly ole ar. Simila r s mall micro cline crystals 

are fo und in the hornblende syen ites where they dis play 

the s ame inters ti ti al re la ti onship t o the large orystals 

of microperthite, but are also accompanied by quartz and 

plagioclase. They make up 15 per cent of the mie rocline

plagi·oclase-quartz gneiss which is found in the section 

to the north of Lake Tombbah. Tbe rock is equigranular 

and the microcline crystals are distributed uniformly 

throughout. The ro ok is believed to be a p:~ragneiss, and 

this contention is afforded some support by the absence 

of the interstitiel relationship whioh the miorooline 

usually d isplays in the igneous rocks. However, in contra

diction to this, one very small split e which intrudes the 

syenites, oontains nothing but microclirre, plagioclase and 

quartz. 

The miorocline in the intrusives of the area is 

undoubt edly a la te formed mineral, and in this respect, 

agrees with the contentions of M.'akinen (43-p.l39) and 

Alling (3-p.59) that it is the stable low temperature form 

of potash feldsp:~r. 
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Quartz 

The granulites and gneisses all contain this 

mineral in abundance {15 to 30~). It is interstitiel 

in soma rocks such as the quartz syenites and pegmatites, 

or interwoven in a granoblastic aggregate with the other 

minerals as in the granulites and gneisses. Optically 

it has in places undulatory extinctions, and shows frac

tures. It is characteristically anhedral and embays all 

the other minerals except biotite. In soma grenitic sills, 

especially those intruding the more garnetiferous gneiss, 

the quartz may contain a multitude of hair-like inalusions 

of unknown composition, these can have random or lineated 

orientations. Wilson has noted that auch inclusions are 

common in the quartz of Grenville paragneisses. {73-p.l22) 

The presence of large irregular grains, blebs, 

and small veinlets of quartz, in the coarse grained com

posite rocks, indicates that silice must have been mobile. 

But whether it was derived from the host rocks by selective 

fusion or introduced by intrusives is not known. 

Antiperthitic Plagioclase 

This mineral occurs in the composite gneisses, 

and in the quartz diorite pegmatoid sills, but it is not 
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found in those rocks which have abundant potash feldspar. 

It is thought to represent ex-solution of potash feldspar 

from plagioclase, similar to the release of albite from 

solution with potash feldspar. Within one of the patches 

of potash :f'eldspar shown in Pla te No. 45, a few tiny 

lamellee can be seen wi th the aid of a hand lens. 'l'he se 

have refractive indices greater tban that of the enclosing 

potash feldspar and are therefore plagioclase, probibly 

albite. 'l'he explanation of -wb. y pe rthi tic inclusions are 

found within antiperthitic inclusions is difficult, but 

must needs be aocounted for by either exsolution or re

placement. Cheng (19-p.l41) think:s antiperthite is 

oaused by "the simultaneous rythmical crystallization" 

o:f' plagioclase and orthoclase "or the replacement o:f' 

plagioclase by orthoclase." Buddington has referred it 

to unmixing during deformation (17-p.l33) 

Myrmekitic and Vermiculer Intergrowths of Quartz and 

Plagioclase or Orthoclase. 

These oocur as small interstitiel grains in the 

garnet gneisses adjacent to pegmatite sills, in the ooarse 

grained composite gneisses, and in intrusives suoh as the 

anorthoolase bearing granite, where the presence of garnat 
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shows t.bat the intrusiye has probably been contamina ted 

by included material. In short they are fo und only in 

rocks which show evidence of having contained, or been 

aoted upon by fluids (60-p.70) and oontain some potash 

feldspars. Authors auch as Cheng (19-p.l40-2) Reynolds 

(55-p.213-4) and Vogt, (70-p.94-5) round that vermicular 

intergrowths similar to these occur interstitially between 

large crystals of potash reldspar and plagioclase, but 

only one such occurrence was noted in the rocks of the 

area. 

Opinions as to the origin of these structures 

range from the replacement of oligoclase by orthoclase, 

thus releasing quartz from the plagL oclase, whioh in turn 

replaced the orthoclase forming the vermicular intergrowths 

or quartz and orthocla se, t o the straight replacement of 

orthoclase by a eutectic solution of plagioclase and quartz. 

Alling bas discussed the evidence as to the origin 

or these textures and sums it up by saying: "that it 

seems to me that the intergrowths of euteetio appearance 

may be the products of various prooesses known as contem

poraneous orystallization, partial assimilation, hydrother

mal replacement, and ex-solution. It is not always possi

ble, and perhaps not even wise, to assign a single expla

nation to a given intergrowth." (3-p.l71) All that oan 
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be said with certainty, is that mymekitic intergrowths 

only ooour in thosa rocks which have been injeoted by 

igneous solutions. 

MET.AMORPHISM 

No simple prooess oan be invoked to aooount for 

the changes in the rocks. There are no wall defined 

boundaries between tbe various metamorphio types, and no 

established special relationships between grade of meta

morphism and the larger intrus! ve masses. 

Most of the gneisses end granulites have been 

injeoted by igneous materiel to a greater or less degree, 

though many of the hypersthene and soma garnat granulites 

are relatively massive, with but few injection bands. 

Chilled margina are seldom s een, wb.ich pro ba bly means 

that the gneisses had been pre-heated prior to their in

trusion by the igneous materiel. 

The la ok of s train in the mine rals, and the 

absence of sohistosity in the rocks, as wall as tbeir 

granoblastio textures, is remarkable, in view of the faot 

that folding and gneissio foliation are so prevalent. 

This suggests tbat during the end stages of the last 
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orogeny, elevated temperatures and/or the presence of 

solutions caused the rocks to sot as a plastic mass, 

prohibiting the transmission of directional stresses, 

and aiding recrystallization. As a result the effects 

of any pre-metamorphic deformation would have been erra

di cet ed. On the othe r hand the freshne s s of the minerals 

in all the rocks save soma intrusives, implies that there 

must have been a poverty of solvants or gases. Perhaps 

the original rocks were dry, or contained fluide later 

removed, when the rocks were depressed into deep seated 

regions of high temperature. It seems logical to assume 

that such oonditions vould cause any fluide or volatiles 

to migra te upwards int o the higb3 r le vals of lower tem

perature. This upward migration of solutions could pass 

like a wave, causing rapid recrystallization of the mine

rais in the rocks in their path, and leaving behind, after 

they had passed, a predominance of anhydrous minerale. 

The plagioclase in the gneisses, granulites, and 

quartz diorite intrusives, is with but few exceptions in the 

oligoclase-andesine range. This apparent equilibrium 

between host rocks a nd intrusi vas can berdly be co nsi-

dered a chance happening. It may have resulted from; 

{1) diffusion in the solid state at high tanperatures, 

or (2) the presence of solvants in the pores of the ori-
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ginal ro ok, which w are la ter augment ed by ot hers co ming 

from intrusives, · (3) the original rocks .teving a similar 

composition, and the magma was generated by the fusion 

of. these rocks, or it achieved a similarity in composition 

by t heir assimila tien. 

The rocks are belie ved t o have been at high 

temperatures and soma diffusion may have oc curred, but 

the likelihood that all the rocks had plagioclase of the 

same composition s eems most improbable. However, conclu

sive proof t hat fluids w are present during soma stage of 

metamorphism is shawn by; (1) the plagt oclase porphyro

blasts in the co:ffi.posite gneisses, (2) the quartz veinlets 

and blobs in the composite gneisses, (3} the altered 

basic dyke in the microcline-plagioclase-quartz gneiss 

dis cuss ed on page 55, a nd ( 4) the replacement of œnding 

by p egmati tic materiel shawn in Pla te No. 11. Tm refere 

it vould appear higb.ly probable that fluids were the medium 

through which equilibrium in plagt cela se composition was 

esta blished. 

Garnets are widely distributed and normally re

present a mad erate grade of me tamorphism wœ n forme d from 

argillaceous rocks. But it is possible that mmy of the 

original rocks were impure sandstones or greywackes, in 

which case, lacking sufficient alumina to form such mine

rals as cyanite, staurolite, and sillimanite, garnet and 
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biotite oould persist into the higbest grades of regional 

metamo:rphism. (37-pp.246-7) 

Hypersthene ooours with garnets in nearly all 

proportions and in some instances appears to bave formed 

from them, presumably as a result of oontinually inoreasing 

temperature. Plate 38 shows hypersthene forming in frao

tured garnets; such evidence suggests tbat alkalies may 

have been added to the rocks or were supplied by the re

sorption of biotite. The se oould combine wit h the alumina 

from the garnets forming feldspars, thereby releasing 

iron and magnesie for the forœ tion of hypersthene. This 

appears to be the most logical explanation, for hypers

thene and garnets are usually considered to be compatible 

minerals in the granulite facies. 

Hypersthene never occurs in the biotite gneisses 

even as an accessory, but is most common in the granulites, 

and in the co ar se graine d composite gœ iss es th at cont ain 

"sanidine-anorthoolase". The latter mineral probably 

formed at temperatures of around 870°0., hence its presence 

is in keeping wi th Harlœrs' contEil ti on tha t hypersthene 

is a mineral belonging to the highest grades of metamor

phism. (37-p.57) 

The hypersthene granulites in the a rea have noti

ceable similarities to the granulite facies of Eskola, 

except for their lack of orthoclase. They were probably 
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derived for tbe most part from sedimentary rocks, and are 

considered to represent "a moderately high temperature of 

formation", and to be the products of deep seated meta

morphism. (24-p.360-3) 

The coarse composite gneisses containing hypers-

thene, garnets, and accessory "sanidine-anorthoclase", 
if._ 

were probably formed by both mignû(tatic intrusion and 

replacement of layered rocks at high temperatures. The 

presence of solutions or gas es is indieat ed by the oc ca

sional large porphyroblast of plagioclase, and by large 

patches or grains of opalescent quartz. Rocks which pro

bably represent an early stage in this process are to be 

seen in Plates Nos. 10 and 11. 

In general the rocks in the Canimiti River area 

are oonsidered to represent a m.oderate to high grade of 

regional metamorphism, in whioh directional stresses at 

first predominated but were later succeeded by hydrosta-

tic pressures. 

Wahl 's area to the south contains large masses 

of biotite and garnat gneiss, which have all the elements 

necessary for the formation of hypersthene and sanidine 

minerals; but from the fact t.bat these were not formed, 

it is necessary to oonclude t.bat the temperatures and 

possibly hydrostatic pressures were lower than those in 

the Canimiti area. 
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STRUCTURAL GEOLOGY 

Introduction 

Metamorphism bas obsoured most of the di stino

tive features whioh formerly may have existed in the ori

ginal rocks, and there is now a uniformity of appe arance 

that in many places is only broken by slight variations 

in oolour, grain size, and mineralogioal composition. 

These differences may .bave been inherited from formerly 

con trast ing ro ok types, but seme oould be the result of 

differences in kind and grade of metamorphism. 

There a ppear t o be transi ti on zones, and these 

could be sharp contacts obliterated by diffusion at high 

temperatures, (69-p.l37) or gradational changes in former 

sedimentary rocks. Suoh distinctive rocks as exist oan 

only be followed, over short distances, and oould not be 

traoed through definite fold or fault structures except 

on a small soale. 

Foliation 

The term foliation is used to denote a parallelism 

of the platy or tabular minerals, such as the micas and 

feldspars, without their segregation into streaks or 

sohlieren. Sohistosity is lacking in the ro oks, but ne arly 

all have to seme extent a gneissose to sub-sohistose 
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foliation, which is invariably parallel to the banding 

of layering. 

Bandins or Larering 

Wall defined sill or sheet-like masses of varying 

widths, whose compositions are in marked contrast to those 

or adjacent bands or the enclosing rocks are referred to 

as bands or layera. They may be isolated individuel layera 

or a succession of layers oonstituting the greater part 

of some rock e:xposures. (See .Plates No. 5,7,9, and 10) 

Tbsre are five distinguishable types: 

{1) Alternating biotite-rich and feldspar-rich 

layera, usually or narrow width, which are 

most common in the biotite gneiss. 

(2) Garnat-rich bands in garnat gneiss, soma of 

which are mere linas of individuel garnets. 

(See Plate No. 22) 

(3) Layers arising from diverse concentrations 

or biotite, hornblende, pyroxene, and feldspar, 

and which have been modified by replacement, 

or injection of various anounts of igneous 

materiel, as sill-like masses between the 

layering. The se are assoc:ia ted with the me

dium grained composite gneisses, and pass 
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gradationally into the coarser facies, 

losing at the seme time their sharp clear 

eut boundaries, but still retaining their 

overall layered aspect. (See Plates Nos. 

10 and 11) 

(4) Lit-par-lit banding caused by numerous para

llel injections of acidic igneous materiel, 

usually in biotite or garnat gneiss; (See 

Plates Nos. 7, a, and 9) though it may also 

occur with the mefie layering des cri red in 

type 3. 

(5) Hypersthene rich mefie layera of medium and 

coarse grain which usually occur as indivi

duel bands in the more massive granulites. 

Directly or indirectly most of the layering is 

consi dered to be rela ted to priœ ry bedding or cle avage 

in former sedimentary rocks, though some of the more mefie 

layera may represent metamorphosed basic sills. The bio

tite and garnat rich bands are probably the metamorphic 

facies of individuel beds, whereas the lit-par-lit bands 

have been forme d by the intrusion of igneous materiel 
(1) 

ei ther along bedding or cleavage planes. In many places 

the perfection of this layering suggests that the injected 

rocks had been slates, (see Plate No. 5) yet the absence 

{1) Refer to Page 187. 
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of high1y aluminous minerals such as sillimanite and cor

derite, implies that rocks of this nature were never 

numero us in this area. Schistosi ty rœy œ ve provided the 

channels for the intrusion af some igneous 1ayers espe

cially those t o the south of the Ottawa River, where the 

mu1 tiple layering pinches and swe11s in a more ir regula r 

mannar as compared to that round in the composite gneisses. 

(See Plates Nos. 7 and 10). 

Read considera the fol:iB ti on of granite gn eisses 

to have been controlled by s edimentary structures, (51-p. 

772-3) and not by processes of dynamic metamorphism. This 

is in accord with the evidence seen in the Timiskaming 

rocks in the adjacent areas to the north, where "schisto

sity is almos t everywhere perfectly :p3.rallel '00 the bad

ding." (23-p.64) Therefore, the contention that much of 

the banding in this area is probably relict bedding, seems 

valid; though schistosity injected by igneous materiel, 

undoubtedly .bas accounted for sorœ. 

Structural Trends in the Area 

The 1ayering and foliation disp1ay an overall 

trend in a northeasterly direction, but this is disrupted 

by discordant strikes and dips which indicate the presence 

of large folds whose inferred axes parallel the major trend, 
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and have axial planes th at are overturne d to the north

west. However marked divergences are found around Lake 

Tombbah, and in the locality to the southeast of the 

Nose Lakes, where small folds outlined by layering and 

ethers in di cated by stri kes and dips, have axes which 

plunge to the east. Other discordances are found in the 

north and northwest sec ti ons of the sh eet; where the 

foliations strike t o the north or northwest, and indi ca te 

the existence of folds ~ose axes also plunge to the east. 

Fol ding 

North or Gabbro Lak: e, a large overturned syncline 

is indicated by the attitude of the strikes ani dips of 

the foliation and banding. 
0 0 

It extends N 50 -60 E up to 

and beyond the Canimiti River, and plunges between 20° to 

50° in the same direction. W.bat appears to be a comple

mentary antieline,occurs between the Canimiti and Chocho

couane Rivera to the southeast of the syncline; it has 

an axis which plunges N 60°E till it crosses the Chocho

oouane, w hen it swings more towards the north. 

A d.rag-fold crosses and recrosses the Chochocouane 

at the falls in the central part of the area; one limb 

comprises the resistant garne tiferous formation t .bat sup

ports the falls. The southeastern portion of the "S" is 
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sean on the small island below the falls and along the 

east shore. The axes strike N 60°E and plunge at around 
0 50 in the same direction, while the axial planes are 

overturned to the northwest. The orientation of this 

folding indicates a movement towards the south or south

west on the northwestern sida of the fold with a slight 

dow.nward component, relative to the southeast sida. Drag

folds are usually integral parts of large folds and their 

attitudes indicate the attitudes and positions of such 

folds. Therefore in this case, the axis of a larger fold 

should lie to the northwest of the above drag-fold, and 

possibly does. Though the strikes and dips recorded give 

only a weak indication of its existence. 

Two miles south of the drag-fold previously des-

cribed, the foliation of two garnetiferous exposures sug

gests the presence of another but larger fold that is 

possibly of the same nature, and might be explained by 

similar differentiel movements. 

East of the El bow Lakes, the a ir photographs show 

a fold-shaped ridge lying to the south of and against an 

east striking "topographie break", which is probably a 

fault. The out lin es of the ridge are s hown on the accom

panying geological map; the eastern half is composed of 

garnat gneisses, but through lack of exposures the compo-
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si tion of the western part was not determine d. How ever 

it may represent a aontinuous formation whiah has been 

drag-folded against the inferred fault, or a drag-fold 

disrupted by the fault. In any a a se t here is insuffiaien t 

evidence "With whiahto deaipher its attitude or the move

meiits responsible for its :formation. The orientation of 

the •s• shape suggests a general movement of narthwest 

sida to the nOl" thea at wi th a mov ement in the opposite 

direction on the sout.teast aide. 

In the central part of Lake Tombbah along the 

north shore, there are several symmetriaal, open, anti

olines and synclines, which form a reet extending south 

into the lake. They are in layered granulites and msasure 

soma 30 reet from crest to crest. They plunge to the east 

at between 30 to 40°. Soma 400 yards further to the east, 

on the shores of the large island in that vicinity, other 

minor folds are inferred from the strikes and dips of the 

layering. Thes a are al os ed :folds, whose axes a lso plunge 

to the east at an undetermined angle. 

Other minor f'olds wi th similar a::xi al trends are 

suggested by the attitudes of the to lia ti on and laye ring 

in tbe r ooks to the north and south o:f the eastern end 

ot Lake Tombbah. The differentiel movements whioh caused 

these :f'olds probably acted at right angles to their axes, 

and theref'ore in a north-south direction. 
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A scarp lies to the south of the little lake in 

the northern part of the area, at latitude 77°10'20" west 
0 and longitude 47 02'54" north. In it at one place, there 

is a small overturned fold whose axis is horizontal and 

strikes N 60°E. The overturning is towards the northwest 

and the fold appears to have formed as the result of a 

dragging movement along a small over-or under-thrust fault. 

The latter strikes N 60°E and dips to the southeast at 

23° (See Diagram No. 1). The stresses which caused this 

fold (and fault) must have acted along a northwest-south

easterly direction. 

Large underlying folds in the gneisses and granu

lites are suggested by the outlines of lakes or groups of 

lake s, su ch as Beak Lake and the No se Lakes in the south-

west corner of the sheet. These lie inside a larger 

fold pattern formed by the Ottawa River and Lake Dozois. 

(The latter is mostly outside the western boundary of the 

area) All have a common axial plane ~ich starts at the 

junction of the Ottawa River and Dozois Lake, passing 

northwards through "Y" lake, and hence to the tip of Beak 

Lake, where it then swings more to the east and is lost. 

The foliation and banding have a tendency t o conform t o 

the general pattern in restricted localities, such as in 

the vicinity of Beak Lake where the strikes and dips are 
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sean to curl around the tip of the lake, while minor 

folds are found whose axes confo:rm to the strike of that 

of the large fold pattern. The presence of plated "flaser 

gneiss" erratics in this general locality, suggests that 

faulting is possibly the reason for the lack of complete 

accordance between the foliation in some places, and the 

overall fold pattern outlined by the ri vers and lake s. 

Yet some of the discordance may be the result of plastic 

flowage. Wahl (71) in the area to the south, round tbat 

the annular arrangement of the lakes in t .be Cawatose Basin 

was a direct reflection of the structural trends of the 

underlying rocks; therefore it seems probable tbat t.he 

fold patterns outlined by the rivera and lalœs in the 

present area are a lso r eflecti ons of the underlying rock 

structures. 

Ptygmatic folding is undoubtedly qui te prevalent 

in the rocks of the area though it is seldom seen, or at 

any rate, is difficult to prove. A good example occurs 

imm.ediately to the east of the Canimi ti River in the north 

central part of the smet. A basic dyke or layer several 

inches in width, has been tightly folded and disrupted by 

flowage. It is in massive granulites which display no 

evidence of having been faulted, and t.here is no indication 

that the basic material was injected into the rocks after 

folding or fracturing had taken place. 
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Complex, tightly closed folds ean be sean in the 

exposures along the C.I.P. & P. Company road, north and 

east of the Elbow Lakes, in wall banded composite gneisses. 

Locally t hay have conforma ble axial trends, but the magni

tude .of the igneous injection banding, and the ir apparent 

tr~nsition into the coarse composite pseudo-igneous rocks, 

suggests that the end stages of folding were governed pri

marily, by plastic flow. Thin sections of these rocks 

show little evidence of strain or fracturing of their mi

nerals. 

Faulting 

"Flaser gneisses" consisting chiefly of quartz 

and pink feldspar are frequently found in the steep west 

faoing scarps, and occasionally in definite faulted zones. 

They are also seen as nwœrous fragments at the bases of 

scarps, along shores and at the outlets of many lalœs. 

Because of their marked associations with linear elements 

su ch as valleys and the ir œ currence in proven fault ed 

zones, their existence in any locality is held to be indi

cative of zones of different ial movement and faulti ng. 

The faulted zone on the Canimiti River near its 

juncti on wi th the Chochocouane, is in acidic gneiss es. 

These in many places have good "flaser" structure and 



154. 

oontain small fragments of basic dykes and pegmatites, 

as well as sparsely dissemina ted sulphides. The zone 

is exposed for roughly 15 feet along its strike, and has 

a minimum width of approximately 20 f'eet, but oould be 

mu oh w id er. The f'olia ti on s tri ke s N 40°E and dips to the 

southeast at about 50°. A left-handed strike-slip is in

dioated by a small pegmatite dyke whioh has been trunoated 

and dragged by the movement in this zone; (See diagram No.3} 

if' it .bad a oounterpart it is not visible in the exposure 

and a strike separation of at leest 15 reet would be indi-
f 

oated. However, i t is posai ble tba t the pegm.ati te was 

injeoted into f'olded structure after the movement had 

oo curred, in w hioh case there W> uld be no oount erpart. 

About one half mile south of' bere the Canimiti 

turns due east, and passes between two northeasterly trend

ing ridges. Both have appro:ximately the same height and 

width, steep west f'acing saarps and gantle back-slopes. 

They are so dispos ed th at the one to the north of' the river 

is 300 to 400 feet to the west of the lina of strike or 

the one to the south. The positions of' these ridges as 

seen in the air p.b.otographs, suggest t.bat they formerly 

constituted a single ridge whio.b. was eut in two by a north

east or east striking f'ault. This would e:xplain the gap 

through which the Canimiti River now f'lows, as wall as its 
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easterly course in tbat looality. The suggestion is 

strengthened by the fact that the previously desori bed 

fault zone is only a short distance to the north and has 

a left-handed strike separation, similar to that implied 

by the positions of the ridges. 

A few miles northeast of Gabbro Lake, a fault 
0 outs garnet gneisses and has a strike of N 65 E, and dips 

0 70 to the southeast. It is noteworthy for its paralle-

lism to the axial plane of the suggested large fold which 

it transects, and i t is in a logioal position t o have pro

vided stress relief when folding oould no longer do so. 

(18) The direction and movement on the fault plane oould 

not be definitely determined, but the attitudes of the 

foliation and injection banding on eitmr sida of the 

fault, and of the "flaser" gneisses, indicate that there 

was probably more than one movement. (See diagram No. 4) 

On the south si de t.t:ere are sparsely l:Bnded and moderately 

garnetiferous gœ is ses, t hese strike S 85°E and dip t o the 

south at 67°. On the north side the ~eisses are highly 

garnetiferous and muoh injected by aoidic igneous materiel. 

This banding as opposed to that on tb. e south side, strikes 

N 15oE and dips to the east at between 30 to 40°. A pink 

pegmatite was intruded along the fault and has been so 

strongly sheared by movement, that it is now a highly 



166. 

plated "fla ser" gnei as oonsisting of al ternati ng layera 

of quartz and .f'eldspar, and oocasional fine films of se

rioite. It has a .f'ew tiny drag-.f'olds t.ba. t appear to plun

ge steeply to the east and which by their attitudes, indi

cate a movement of northwest aide to the northeast. On 

the ether hand there is the suggestion of a slight drag

ging of the w ell banded garne t gneiss against the t'ault 

whioh indicates a relative movement in the opposite direc

tion to t.bat evidenoed by the drag-.f'olds. The direction 

of the movement along this .f'ault is not ole arly indicated, 

but de.f'inite proof of .f'aulting is shown by the contrasting 

rock types on ei t.ber aide of the "flaser" gneiss. T.bere 

is no indication that the grey acidio injection bands in 

the garnat gneiss are related to the intrusion of the pink 

pegmatite "fla a er" gne ias in the raul t, and evidence ha a 

been round elsew.bere in the area to show that they are 

older than the pink pegmatites. (See under "Early Pegma

tites.") 

The position of this t'ault and of the "t'laser" 

gneiss is of exceeding interest. It is on the shore or 
a little lake, at the mouth of a small creek; the latter 

.f'ollows the base of a northwest .f'acing scarp and the t'ault 

has a similar strike. It is only exposed over a length 

of about 10 reet befare it disappears under swampy over· 
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burden, but its course is marked for another 10 to 20 

feet by the presence of "flaser" gneiss erratics. From 

this example and that of the fault zone on the Canimiti 

River, it can be concluded tœt "flaser" gneisses are 

associated with faults, and that those valleys in the area 

containing abundant "flaser" gneiss erratios, are probably 

underlain by faults or fault zones. 

Lowther (42-p.51) has shown that some of the 

ridges in the Villebon-Denain area to the north transect 

the bedding of the Timiskaming sedimentary roeks, and must 

be bounded by f ault s. 

Some two miles north from the junction of the 

Canimiti and Chochocouane Rivera, there is a sub-sohistose 

hypersthene-augite-hornblende rock in the bed of a small 

creek. Mica along certain preferred planes gives the 

rock a Sl b-sohistose appearanoe, and suggests that shearing 

bas occurred along this zone. The zone as exposed, is at 

least 20 to 25 feet wide and may be much wider, the folia

tion strikes west and dips north at between 50 and ô0°, 

but it is possible that the zone itself may strike more 

to the south and oonform to the general trend of the oreek 

in whose bed i t is expos ed. 

The quartz diorite stock in the northwest corner 

of the si:Eet has a steep searp along its western margin; 
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in the air photographe this stands out as a strong, 

straight, north-trending al iff for a distance of from. 

two to three miles, and is undoubtedly the resu.lt of fau.lt

ing. The face of the scarp consista of layers of granu

lite and red to pink quartz diorite. 'fhese strike N 10~ 

parallel t o the trend of the soarp, and dip to the east 

at from. 60° to 80°. In some places slickensided flutings 

are sean whose axes have steep plunges in the general 

direction of N 70°E. They are probably mullion structures, 

though this eould not be verified, since they were too 

hig.b. up on the scarp f ac'e to be clos ely inspe cted. 

At the eastern end of the Elbow Lakes, a strong 

"topographie break" is sean in the air photographe. It 

has an easterly strike and probably representa a :t'ault, 

though conclusive proof is lacking. It is, however, para

llel to the :t'ault north of Gabbro Lake. 

Three quartera of a mile north of the Kanimiti 

Geodetic Station in the west central part of the area, 

there is a small lake in whioh a zone of "!laser" gneisses 

oan be sean on a small island at its northern end. Though 

it was not possible to reach the island, the strongly 

plated aspect of the gneisses stands out, and a general 

trend was noted towards the northeast, while the dip 

appeared to be almost vertical. The southeestern shore 
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is bordered by a steep ridge, and there are fragments 

or "flaser" gneiss lying along tbe shore at its base. 

In view of such evidence the lake is eonsidered to occupy 

a fault zone, and has been shown as such on the aecompa

nying geological map. 

Three and a half miles north of Murdock's camps, 

in the central part of the sheet, there is a north-stri

king rault that dips steeply to the east, and is evidenced 

by a zone of "rlaser" gneisses. Tbese intersect north

west-striking garnat gneisses at an acute angle, and are 

interlayered w:l.th moderate amounts or the seme rock over 

an exposed width of from 10 to 15 feet. No evidence as 

to the direction and amount of movement in this zone was 

seen. Its proximity to the straight north trending chan

nel of the Chochocouane in that locality, suggests t.hat 

the latter's channel has been influenced by similar fault

ing. 

A very small exposure or "flaser" gneiss occurs 

to the east of the quartz diorite stock in the northwest 

corner of the area, at the mouth of the sm.all ereek which 

joins the two srnall lakes seen in that locality. The 

exposure is on the southwest bank of the creek, and the 

"flaser" gneiss strikes N 35~ and dips to the northeast 

at from 50 to 60°. The rocks west of the "flaser" zone 
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are garnat gneisses but to the east are layered granulites. 

The oreek is parallel to and in part in the "shear", 

since "flaser" gneiss erratics are also in evidence on 

its northeastern banks. No direct evidence was round to 

indioate the diraoti on and a:xtant of movement in this zone. 

"P'lasar" gna iss erratics ara round along the 

southaast shore of "Y" Lake, in the sout.b.west corner of 

the map, and :ror this resson an assumed fault is shown on 

the a coompanying gaologieal map, s triking parallel to the 

northeast arm of the lake. 

The ralatively straight eastarly-trending channel 

of th a Ottawa Ri v er, may oc oupy a fa ul t, for du ring the 

excavation for the new highway bridge, the abutment 

section on tbe north side showed quartz diorite, whereas 

that on the south displayed highly biotitic, and wall 

:roliated biotite gneisses, the foliation of which is para-
o 

llel to the course of the river and dips at around 50 to 

the south. 

The C.b.oo.b.ocouane River in this vi oini ty has a 

pronounoed north-striking channel, and the ro oks of the 

quartz diorite stock on i ts east bank which wera axpœed 

during the building of the new road, showed mueh contor

tion, so it may ba that another fault e:xists balow its 

channel. 
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Thrust Faulting 

A small overturned fold oceurs in tbe northwest 

part of the area at lat. 77°10'20" west and long. 47°02'54" 

north. It has formed in layered garnat gneisses as a result 

of an over or undert.brusting action along a plated fault 

plane. This strikes N 50°E and dips to the southeast at 

23°. (See Diagram No. 1) 

A similar structure lies a bout one and a half 

miles east of Murdoek's Camps in t.be southern part of 

the s.beet. This fault strikes N 55°E and dips 50° to the 

southeast; folding of the layered gne issas against t.be 

footwall, and bent tension fractures on the hanging wall 

provide ample proof that the move.ment was of an over or 

underthrusting nature. (See Diagram No. 2) The axis of 

the drag-fold is nearly parallel to the fault strike, with 

a plunge of only a few degrees to the northeast. 

The stresses responsible for the movements on both 

of these faults must have acted toward or from a north

west direction. 

If the se faults are oonsidered. in conjuneti on 

with t .be consistent east to southeasterly dips of the 

banding and foliation, as well as with tbe inferred folds 

which are overtur.ned towards the northwest; thrust fault

ing on a considerable scala is suggested. 
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Age of Faul ts 

The fault north of Gabbro Lake cuts the grey 

pegmatite lit-par-lit sills which intrude the garnat 

gneiss, and is in turn intruded by pink pegmatite. (Now 

"flaser" gneiss) Its pœition indicates that it formed 

after folding could no longer provide stress relief. (18) 

It is thus post grey pegmatite, and pre-pink pegmatite. 

The "flaser" zone on the Canimiti River contains 

fragments of early basic dykes and movement along it ap

pears to have folded and eut a pink pegmatite; however, 

this pegmatite could bave been injected into folded struc

ture, after faulting and deformation a long the zone had 

taken place. It can therefare be either pre or post-pink 

pegmatite. 

In conclusion it seems probable that differentiel 

movements between beds in folds provided the first fault 

zones, but vd th the attainment of close tight folds the 

easterly striking faults occurred and gave further stress 

relief, some of these were post grey pegmatite and pre

pink pegmatite, but ethers were probably post pink pegma

tite. Repeated movement s have und oubtedly occurred down 

through geological time along the "flaser" zones which are 

thought to exist beneath t be f loors of many of the linear 

valleys. ( 72-p. 39), ( 22-p. 51) 
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Joints 

The joints in the area have vertical dips and 

persistent strikes between S 30°E and S 60°E. They are 

elearly younger than all the igneous rocks. 

Lineations 

Preferred orientations are shown by penoil-like 

masses of quartz in soma "flaser" gneisses and quartz 

porphyries; the hornblende erystals in restrieted parts 

of the hornblende syenite stock and granulites; basie 

inclusions in tb. e quartz diorite orthogneiss of Lake Tomb

bah; the axes of minor folds and flexures in the la,ered 

gneisses and granulites; and by the axes of trough-like 

orenulations with at times sliekensided and apparently 

faulted surfaces. 

Long slender masses of quartz whieh have a eommon 

orientation are round in some "flaser" gneisses enelosed 

in a fine to medium grained platy groundmass of quartz 

and feldspar. Unfortunately they were sean in only one 

exposure. This ooours to the east of the quartz diorite 

stock in the northwest corner of the sheet, and is indi

oated by the fault shown there on the aooompanying map. 

The long axes of these quartz masses plunge N 55°E at 

between 40° to 55° and oonform to the dip of the foliation 
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in the gneisses. No evidence was available by which the 

movement along this fault zone could be determined, so 

their relationship t o the stresses responsi ble for the 

faulting, are not definitely k:nONn. However, the fault 

scarp which borders the western œrgin of the quartz dio

rite stock, has flutings whose axes pl~e N 70°E, at 

ô0° to soo. The movement must have been p:irallel t o 

the flutings, and since the quartz masses of the "flaser" 

zone to the east are oriented roughly parallel to the 

flutings, i t se ems r assona ble t o conclude t hat the seme 

stresses were responsible for the forma ti on of both. A 

short distance south of this locality, an e:xposure of 

granulite has hornblende crystals w ith preferred orien

tations. These_ plunge N 50oE at around 5oo, which is 

slightly steeper than the dip of the enclosing layers. 

In the case of the quartz masses, the re is soma 

reason to assume that their orientation was connected 

wi th fore es acting along a northeast-southwesterly direction. 

The long axis, presumably the crystallographic axis, is 

parallel to the direction of these assumed movements and 

therefore lies along the ~ fabric axis direction, in the 

ab plane, mich is prooably represent ed by the pla ting of 

the "flaser" gneiss. A similar relationship is visualized 

for the hornblende crystals, but the processes causing the 
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orientation in both cases were probably different. The 

lineation of the quartz orystals has probably arisen as 

a result of movements at the ti me of the intrusion and 

consolidation of the pink pegmatites: (parateotonio) 

though postorystallizati on gliding ·and orientation along 

the linas visualized by Sander, (58-pp.l73-202) and Schmidt, 

(90-pp.l?ô-69) or fraoturing and orientation as shown in 

the experimenta of Griggs and Bell, (79-pp,l723-9ô) might 

possi bly .bave been ef:f'eotive in oausing suoh s truoture. 

A thin section of a ":t'laser" gneiss from Lake Tombbah 

showed only long fingers of quartz int erlayered 'Wi th smal

ler and more granula r orystals of quartz and feldspar. 

This oould be taken to indioate mylonitization and solu

tion of quartz whi oh was t hen deposi ted along certain pre

ferred ohannels, suoh as might be provided by shear planes, 

or the introduction of late residuel silioeous solutions 

oonoomi ttent wi th the s hearing of the earlier oonsolidated 

materiel. The hornblende on the other hand, is not asso

oiated with a recognizable "flaser" zone, but its orienta

tion was probably acoomplished at the same ttme, under the 

same stress conditions, as a result of reorystallization 

during metamorphism. 

Pencil-like quartz orystals up to 5 mm •. in length 

are s een in the quartz porphyry dyke on the highway, a 
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few thousand feet north of the old Ottawa River bridge. 

These plunge to the east at 40°, and since the rock 

shows no signs of postorystalline deformation, may be 

either the result of primary igneous lineation or of 

differentiel stresses applied during consolidation. The 

tact that the dyke cuts the foliation and banding of the 

enclosing gneisses, shows t.bat the dyke, and therefore 

the lineation of the quartz, occurred later, or at the 

close of the major period of deforma ti on. 

The hornblende gabbro or amphibolite along the 

north shore of Gabbro Lake has in places adjacent to the 

lake, hornblende crystals wi th common orientations. These 

plunge to the east at 10 to 25°, almos t parallel t o the 

strike of the layering of the enclosing gneisses, and to 

the long axis of the lake. Such features suggest that 

the lake, the lineations, and the foliations, have been 

aligned by faulting or differentiel movements, along an 

easterly-striking zone underlying the lake. The re is no 

evidence to show the possible nature of the movement in 

suoh a zone. If i t be assumed tm t the hornblende crystals 

are orientated parallel to the b fabric axis, the move

ment would be in the nature of an over-or underthrust along 

a north-south direction. On the other hand, an orientation 

parallel to ~ is just as possible, and would imply a strike 

slip movement in an east-west direction. 
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The quartz diorite to granitic intrusives which 

border the western group of the Nose Lakes, bave a few 

isolated sections in which preferred orientations are 

shown by quartz and hornblende crystals. However, tbere 

is no consistent trend, and no explanation can be offered 

other tb.an tbat they are primary orientations, consequent 

on currents present in the intrusives just before conso

lidation. 

Trough-like flutings or grooves, seldom measuring 

over an inch from sida to sida, constitute the most numa

rous lineations. They plunge with the dip of the layering 

and at the same angle, or in the plane of the layering and 

obliquely t o the di p. They are usually res tri cted to t.be 

more layered rocks but also occur in poorly banded granu

lites. In a few instances they bave slightly chloritic 

surfaces, suggesting that t.bey œ va been f O!."med in a man

nar similar to t hat of mullion structure, and are t.bere

fore related to differentiel movements. In this case, 

their strike is undoubtedly :r:erallel to the direction of 

movement, the ~ fabric direction. The normal flutings 

bear no resemblance to drag-folds, inasmuch as they are 

more like a series of symmetrical wrinkles with no evi

dence to show that they owe their origin to differentiel 

movement between layers or beds. In soma 
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instances they a re s een on the limbs of' small f olds 

which can be measured in t ens of' f'eet. The f'old is a 

maas of small flutings or crenulations the axes and axial 

planes of which are only sub-parallel to that of the 1er

ger fold, and both the fold and crenula ti ons are of the 

open type. In cross section they are identical in scale 

proportions. The only e:xplanation is that the rock layera 

were so nearly equal in composition or plastici ty as a 

result of prevailing high temperatures and/or the presence 

of solutions, that there was little difference in strength 

between layera. This could presurœ bly a ccount for "S" 

shaped drag-folds not being forrned: since they are usually 

the product of d:ifferential movement s between layera of 

different strengths and plasticities. 

Two lineations shown on the map about a mile north 

of Beek Lake represent flutings with chloritic surfaces, 

and are a lmost di ametrically oppœ ed in direction of plunge. 

Their attitudes are probably related to fault movements 

sinoe the rocks are much contorted in this locality; as 

auch they would be aligned in the direction of the !! 

fa bric axis. The chlori tic surfaces of these troughs must 

of neoessity be interpreted as indioating their f'orrœtion 

at or after the close of the main period of orogeny and 

metamorphism, otherwise tbe chlorite would not have been 

preserved. 
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No plausible explanation can be offered for 

those flutings which contain no chlorite and strike 

obliquely to the dip of the layering, unless they repre

sent mullion structures formed at temperatures too high 

to parmi t the developmant of chlori ta. 

In general, it must be considered t.tat many of the 

flutings have been form.ed by the seme stresses which 

oaused the major folds in the area, and as such lie paral

lel to the b fabric direction of stress. This contention 

is strengthened by the attitudes of the flutings to the 

assumad folds in the aras north and northeast of Gabbro 

Lake. Here they strike and plunge to the east with the 

axes of the suggested folds, or in a few cases, those in 

the axial regions of the folds, strike parallel to the 

axial plane, tbat is to the northeast. South of the Ottawa 

River, the flutings (See Plate No. 8) also display a markad 

easterly strike and plunge. 

The hornblende syenite stock in the southeastern 

part of the sheet, was seen t o hava alignad hornblende 

crystals in only a few exposures. Those observed, plunge 

N ô0°-B0°E at 20° to 30°. Wahl found a similar linea

tion in the southern two thirds of this stock which ex

tends into his ares, and assumed tbat it was a primary 

structure, indicating tba t the syenite had been intruded 
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t'rom the direction of' plunge of the lineation~l) The 

lineations in the gneisses on eitœr aide of this stock, 

are al most at right angles to thœ e of the horn blende 

erystals in the stock itself', suggesting that the syenite 

is a postkinematie intrusive. This interpretation is 

supported by the faet t.tat the syenitie pegmatites eut 

the layering of the gneisses in many loealities. 

M'inor folds in the laye red gœ isses along the 

north shar e of Lake Tombbah have axes whieh pluqg e to 

the east at 30° to 45°; while two mil.B s northeast of the 

lake, t.œre are small folds whose axes strike and plunge 
0 

to the northeast at 35 • Sue.h folds must .bave be en formed 

by stresses acting toward or from southerly and south

easterly direeti ons. 

Basie inclusions showing all degrees of digestion 

are sean in the quartz diorite orthogneiss, on the small 

island in the eastern part of Lake Tombbah; (See Plate 

No. 6) the more digested inClusions bave ellipsoidal sha

pes ani eommon orientations of their longer axes, whieh 

plunge to the east at from 30° to 40°. This attitude is 

eonformable to t.l::et of the folds whieh oeeur furtber to 

the west along the north shore of the lake, and indieates 

thet the quartz diorite orthogneiss was a parakinematie 

intrusive, and therefore older than the hornblende syenites. 

(1) Wahl unpublished Thesis, MeGill University, 1947. 
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The lineations shown by the axes of major and minor 

folds, most flutings, inclusions, and in a few cases of 

homblende and quartz crystals, .bave either easterly or 

northeasterly strikes and plunges. Tbere is little doubt 

but th at they lie appr oximately parallel to the .:g fa brio 

axis, am therefore at right angles to the direction of 

maximum stress responsible for the deformation of the 

rocks in the area. In the soutbern :rert of the a rea tœ 

eastern trend appears to be dominant, suggesting tha t the 

stress was from t .be south or the north, but in the central 

and northern portions the trends are mixed, am no expla

nation oan be offered other than that the stresses being 

applied must have acted along a more northwesterly dir eo

tion. This is confirmed to some extent by the two small 

thrust fault s previously des cri œ d, am shown in dia grams 

1 and 2. The drag-fold on the Ohochocouane in the central 

part of the sheet, indioates a movement of northwest side 

to the southwest or posai bly south, and i ts at ti tude which 

is nearer to that of the northeasterly trending lineations, 

suggests t .t:at the latter, which are mostly represented by 

flutings, have their axes approximately parallel to those 

ot unrecognized drag-folds. In this oase a regional stress 

acting toward or from a southerly to southwesterly direction 

would be compatible with most structures save the small 
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thrust faults. Yet the pronounoed easterly dips of the 

rocks are not satis:f'ied by this explanation, un.less it is 

assumed tœ. t t.o begin wi th, dit:f'erential movements o cour

red at :f'irst in a northeast-southwest to north-south 

direction, and that later an application of stress along 

a more southeast-northwesterly direct! on o eus ed the struc

tures to be overturned. 

It the mullion structure in the fault in the north-

west corner of the sheet, and the quartz crystals in the 

•flaser• gneiss in the same locality, are really alligned 

parallel to the !. :f'abric axis, then they were probably 

:f'ormed by stress adjustments at the close ot or atter the 

period of major deformation; for it was then that the pink 

pegmatite "flaser" gneisses were intruded. Tbese stresses 

must have acted along a northeast-southwesterly direction. 

It was probably during this late stage t.bat the hornblende 

syenites and assoaiated rocks were emplaoed. 

Structural Relati onshiF t o the Surrounding Areas 

Wahl's area to the south has a ooncentrio arrange-

ment ot its lineations tbat plunges inward towards a 

central point or arls. This ooours in the southern and 

eastern parts, and gives topographical expression by the 
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annuler trend of the lakes in t .œ Cawatose Basin. Moving 

northwards the lineations be come aligned wi th the easterly 

and then the northeasterly trends of thos e in t.be present 

ares. Northward in Lowther's area lineations have not 

been recorded, but the strikes of the foliations are to 

the northeast, wi th dips to the southeast as in the Cani

miti area. These continue north to the Timiskaming-Gneiss 

contact zone, but north of be re the structural trends eban

ge, and strike to the east or lose their oontinuity. The 

contact zone extends to the northeast and the gneisses 

along and to the south of i t, have foliations which t:eral

lel its trend and generally dip to the southeast. In Haig 

township, lineations have been reoorded which are rougb.ly 

in accord with those of the Canimiti area. (48) (49} 

Southwestwards along the contact, the Timiskaming sediments 

loop t o the north and continue on t o the west. But a 

strong lineament represented by Grand Lake Victoria, conti

nues the trend to the southwest. (See Regional Map). 

The structural similarity between the regions to 

the north and th ose in the Canimi ti a rea, indicates t.ba t 

the rocks were undoubtedly deformed by the same stresses. 

These must have acted eitber toward or from a north~esterly 

to northerly direction, but most probably at right angles 

to the Tim.iskaming-gneiss contact, am suspected fault zone. 

(50) 
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THE MODE OF EMPLACEMENT OF THE IGNEOUS 

ROCKS AND THEIR .ASSOCIA TED PBENOMENA 

Lit-E!r-lit Sills and Migmatites 

The most striking feature about the ares is the 

great amount of granitic material seen in the rocks as 

narrow, clos ely spaced s ills. These parallel the f olia

tion of the enclosing gneisses and their num.bers vary 

from exposure to exposure; seme rocks are so saturated, 

that they are a maas of green biotite and garnat rich lay

ers,regularly interspersed between otbers of grey granitic 

materiel. The latter show little evidence of having thrust 

aside the host rocks, though they occasionally form long 

narrow lens es with f eeble signs ot marginal contorti on. 

Chilled oontaets are generally la eking, in f act the margine 

are in many places diffieult to delimit, and blend imper

eeptibly 1nto the host rocks. The s ills may con tain lens

es of garnat or biotite, still perfeetly aligned with the 

general foliation, or have ooarse feldspars growing out 

into the darker layera, intersecting them in the mannar 

of re-entrants formed by replacement rather than deforma

tion. Dykes are rarely seen, but one oecurs at mileage 
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58 on the highway where it aots as a "feeder" to the 

sills in the garnat gneiss. The rarity of granitio dykes 

as opposed to sills is taken as an indication that the 

rocks at the time of intrusion were probably in a semi

plastic condition. 

The amount of injeoted and/or replaced materiel 

is so great in rocks suoh as the ooarse composite gneisses 

{migmatites), tbat the layered appearance has been lost; 

not by fraoturing and tbe fonnation of stookwork, as in 

brittle rocks, but by the merging of sills, apparently as 

a result of fluids "seeping through" the separating layera 

of gneiss, and oausing the removal of material by solution. 

Relies of these digested layera are seen as faint "shadow" 

lenses or bands of garnat and biotite, which through 

their lack of distortion indicate an absence of stress 

during intrusion and replacement. Many of the potash-rich 

sills have "sanidine-anorthoolase" and myrmekite in or 

near their margina; the former is taken to indioate high 

temperature conditions, while the latter, Sederholm consi

dera, are secondary produots formed in the presence of 

abundant solvants at high temperatures. (60-p.70,95) The 

composite gneisses have occasional large porphyroblasts 

of plagioclase, whioh are consjdered to be produots of 

replacement eommon to migmatized and granitized rocks. 
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(19-p.llS) (57-pp.389-447) (55-p.221). There are also 

irregular ,P:lto.bes of pink to opalescent quartz, which 

were without doubt deposited by solution~. 

The observation of a "feeder" dyke to the grani

toid s ills in one pla ce, and of a few sills wi th ohilled 

margina, along wi th tb. e intrus! ve nature of the quartz 

diorite stock near the Ottawa River, makes it apparent 

that some of the granitic materiel is of int rusi ve origin. 

On the other hand the abundanoe of quartz in tb.e si lls, 

the large euhedral feldspar orystals whioh appear to have 

grown out into the enclosing gneisses, and the restriction 

of myrmekitic structures to those rocks in immediate con

tact with the sills, indicate that the intrusive material 

was rich in volatiles and/or water, whioh must have pene

trated the intruded rocks oausing replacement in places 

and probably brought about some reorystallization. 

The coarse oompos ite gnei sses are believed to 

represent an extrema pro cess, in which the intrusi ve ma

teriel was abundant and exoeedingly ri oh in fluids. The 

large euhedral feldspars and blobs of opalescent quartz 

indicate tbat volatiles and/or water must .have permeated 

the invaded rocks causing extensive recrystallization, 

and replacement of materiel. 

The abundance of aoidic materiel as sills gives 



187. 

the impression that there is a large magma UDderlying 

the a rea from whioh it must .bave be en d eri ved. This 

is strengthened by the occurrence of the small quartz 

diorite stock near the Ottawa River and of another at 

the eastern end of Lake Tombbah. 

However it is possible that some of the granitic 

ma terial has developed locally from th9 rocks tbemselves; 

by a process of metamorphic differentiation whereby "so

lution, recrystallization and mechanical deformation act 

to variable degrees as select! ve agents" in the develop

ment of laminated structure. (69-p.l47) Perhaps the rocks 

represent a deep zone such as described by Eskola, from 

whieh granitie juices were squeezed out to provide grani

tic materiel for batholiths at higbsr levels. (28-p.455) 

The Ottawa River Quartz Diorite Stock 

'l'he north abutment excavation for the new high

way bridge over the Ottawa River, shCMed well f'oliated 

and injeoted biotite gneiss at the top of tb.e section. 

This frays out downwards into massive white quartz diori

te, which oan be se en und er the microscope to co nt ain 

quartz and plagioclase, with only aocessory biotite. The 

long shoots of biotite gneiss are contorted yet descend 
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nearly vertically into the quartz diorite. They laok 

the appearanoe of having been thrust aside to make room 

for the advance of the intrusive. The frayed ends of the 

biotite gneiss thin out into tiny schlieren of biotite, 

which can frequently be traced far soma distance into 

the quartz diorite before they die out. In this locality 

nu.merous exposur es were found of what seem to be contorted 

and contaminated quartz diorite orthogneiss, but because 

of the evidence seen in t.he bridge abutment section, they 

were a 11 mapped as quartz diorite. 

There is therefore, in this vicinity, a small 

granitic stock which was so fluid, either by virtue of 

heat and/or abundant volatiles, that it was able to intru

de quietly, by digesting t.he rocks in its path. This 

implies that the intrusive was being generated locally 

by heat supplied from an unknown source. The great number 

of sills which were sent out ahea~ and their lack of ohil

led contacts in most places, indioate t.ba t the intruded 

rocks must bave been pre-heated by emanations coming from 

the intrus ive. The sills were pro bably in a fluid state, 

rich in mineralizers, and oould .bave aoted as a .heating 

system. Grout indi oates suoh a belief in the following 

quotation: 

"The lit-par-lit injections probably oonstitute 
an "advance guard" of the magma. Mare dilute 
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and aqueous or at least somewhat different from 
the main magma. They may posai bly be ~asious 
and watery separates from the magma." {34-p.414) 

If the intrusive was generated in place by the 

fusion of pre-existing rocks such as represented by the 

biotite and garnat gneisses, it would be expected to bave 

potash ei ther in the form of biotite or orthoclase, but 

neither occur. The acidic pegmatoid sills in the vicinity 

of the Ottawa River stock approximete closely its composi

tion, end have only plagioclase, quartz, and entiperthite, 

with accessory biotite, yet in other locelities they 

conte~ orthoclese, more entiperthite, end microperthite. 

Whether the sills are in reality differentietes of the 

quartz diorites cennot be definitely shown, but judging 

by their numbers, high quartz content, and narrow widths, 

they must have been rich in fluids, end not viscous melts, 

otherwise it is difficult to see how they could have 

inveded the ir host rocks wi thout showing disruptive affects 

and predominantly chilled contacts. 

The fusion of biotite rich rocks oould have pro

vided weter, forming et the top of the intrus ive a sili-

ce te malt rich in water or e watery s eparate ri ch in 

silicates and alkalies. T.bese oould bave advanced ahead 

of the intrusive along bedding or sohistosity planes and 

upon reaohing oooler zones deposited the potash as ortho-
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clase. In a sim.ilar mannar the magnesie ro.d iron from 

the biotite may bave travelled outwards as "fronts" 

{55-p.236) in the pore spaces of the rocks or in the sill 

solutions, becoming fixed upon rea ching rocks wi th an 

excess of alumina, and forming garnets. In this respect 

it is to be noted tbat the garnetiferous rocks, have for 

the most part, been more intensely injected by acidic 

materiel than the ethers. In soma instances g arne ts are 

se en t o be larger and more numerous in the country rocks 

adjacent to the acidic sills, and to become smaller and 

lesa numerous away from them. 

In opposition t o the foregoing hypothesis, it 

was round th at the si lls in the highly garnetiferous 

rocks have notable amounts of potash f eldspar, whereas 

those in rocks wi th few garne ts but much biotite, have 

only plagioclase and antiperthite. Tbe inference, is that 

the potash for the feldspars in the si lls may have be en 

made available during the transformation of biotite into 

garnets, wh ile little or no potash was t o be had in the 

low garnetiferous or biotite gneisses, since the biotite 

was still stable. This etetement is in general tantamount 

to saying that some of the materiel in the'sills was de

rived by the solution and recrystallization of the origi

nal sediments in pla ce. 
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It seems reasonable to assume tbat both pro-

cesses bave been operative in rocks suoh as ooour in this 

area. Local generation of igneous materiel undoubtedly 

took place in the case of the quartz diorite stocks, and 

these in their turn, must have distributed by permeation 

and injection, fluids and magmatio materiel, whioh assisted 

in the metamorphism of ot .ber rocks. 

Gradational Contact ot the Lao des Montagnes Pegmatites 

A short di stance to the east of Lao des Montagnes, 

there are small irregularly shaped pegmatitio to granitio 

masses intruding the gneisses. One contact zone of parti

culer interest shows a complete and graduel gradation from 

biotite gneiss, through biotite granite, into a white, 

non-biotitio, coarse grained pegmatite. This transition 

zone is only 5 to 8 feet wide, yet it shows olearly that 

the pegmatite has reacted wit.b. the biotite gneiss, and 

digested soma ot it. Thin sections show the pegmatitic 

and pegmatoid masses from this looality have much mioro

perthite and miorooline. These minerals may bave been 

formed wit.b. potash obtained by tba "assimilation" of bio

tite. The absence of mafia minerals in the pegmatite 

shows that magnesie and iron must have been removed, and 
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in view of the rocks involved, fluids must have played 

a prominent part in their removal. 

Lake Tombbah Quartz Diorite Orthogneiss 

The quartz diorite orthogneiss which oonstitutes 

some of the islands in the eastern part of Lake Tombbah 

contains inclusions of basic fragments in all stages of 

digestion. (See Plate No. 6) These show a richness in 

horn blende which is foreign t o the host rock in which 

biotite is the only matie mineral. Sederholm (61-p.l38) 

refera to the occurrence of similar phenomene and accounts 

for it in the follow ing V«>rds: 

"The basie rocks dissolved in the granite seem 
to disappear as if by magie, perhaps esoaping 
together with the volatile or fluid constituants. 
Only in rare cases phenomene are observed tbat 
seem to give an indication of what has happened. 
So the "basic bllos" around fragments in the 
Obbnas granite tell of a diffusion exten.ding to 
a certain limit." 

In mate No. 6, the angular and undigested inclu

sion seen in the background consista of hom blende and 

pyro:xene, whereas the nearly digested patch in the left 

foreground oontains only hornblmde and biotite. Other 

exemples in various stages of digestion leave little 

doubt but that there must .bave been a reaction between 

the inclusions and the intrusive, along the linas visu-
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aliz ad by Baw en: 

"Let us take for e:xample, a magma saturated vd th 
bio ti te, ·say a granit ic magma. 'l'his magma is 
effectively supersaturated with olivine, pyro:xene 
and hornblende and cannot dissolve them in spi te 
ot the marked oontrast of compœ ition, which is 
ott en supposed to be an a id t o the solution of 
inclusions. But the magma can and will react 
with these minerals and convert them into biotite, 
usually by steps. ---The inclusions may tbus be
come oompletely inc orporated though not 1n any 
sense disolved." {l3-pp.l97-l98} 

It 1 s o bvious that the quartz diori te has al tered 

the in al usions by con ver1Hng the pyra bol es in iD biotite. 

The composi t1on and ap pearance of this intru.si va is simi

lar to that of the Ottawa River quartz di ari te as seen 

in th ose e:xposures represent ing the transi ti on zone bet

ween the intrusive proper and the biotite gneisses. The

refore at depth this intrus ive may al so be devo id of' 

b1oti te, and as mggested in tbe f'o rmer case, the potash, 

iron and magnesie may have been removed by fluid phases 

or advanced through the pores of the intruded rocks in 

the " a tache d'huile" mannar of Termier. {65-p.585) In 

this respect 1 t 1s interesting to note th at the :rel dspars 

in the gn eisses and granulites are wt t .b. only f ew exceptions 

plagioclase Anze-35, and thoee in the quartz diorites are 

plagioclase An28_32 • This suggests t.ba t the intrus ives 

..b.ad sucoeeded in es ta blishing an equili brium wit .b. the pa

ragneisses, .and argues far the former presence in these 
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rocks of a:> me :f'l uid or gaseous medium connected 'Wi th the 

magma, through which equilibrium was establishe d. 

The Hornblende Syenites and Associated Intrusives. 

The pink to red quartz diori te in the north west 

corner of the sheet bas injected the gneisses along its 

eastern margin in a lit-par-lit :f'ashion, while elsewhare 

in that locality there are suggestions that materiel pro

bably associa ted wL th it, has "soakad" the pre-existing 

rocks causing the :f'orœ ti on o:f' hybrid or composite gneiss es, 

such as are sean to the south o:f' Compas it e Lake. The 

reddish colour o:f' the quartz diorites is more pronounced 

in those araas adjacent to rusty-weathering grenulit es, 

suggesting that their colour is probably in part, conse

quent on the assimilation af wch rocks, in which thera 

was much iron. 

The hornblende syenites, quartz syenites, and 

granodiorit es whioh constitute the two large intrusiTes 

in the southaastern part of the a rea, ap peer to .bave been 

injeoted conforœ bly into the surrounding gneiss es and 

granulites. However th air contact areas are poorly expo

sed. In the few places sean, syenitio materiel appears 

to bave penetrated the granulit as both as sills, and as 
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"granitizing" solutions, establishing an irregular tran

sition zone of varying w!dth which probably seldom exceeds 

one hundred feet. A typical exposure of the transition 

zone rocks can be sean on the large island at the western 

end of Lake Tombbah. It is a granulite, but on a fresh 

surface the feldspars are pink rather than white or grey, 

and there is only a weak foliation. If the rock were 

coarser grained it could be mistaken for a mefie syenite. 

Pegmatites are quite numerous in and around these 

intrusives, especially to the north of Lake Tombbah. In 

soma instances irregular small patches and pipe-like 

masses of medium to coarse grained quartz syenite materiel, 

ocour in the more hornblendic facies. They appear to 

grade into the latter, and undoubtedly represent late 

fluid-rioh segregations, and pro bably are the roots of 

syenitic pegmatites ~ioh were removed by erosion. 

In general it appears t!Bt the syenites ani their 

associa ted intrus ives .bave injeoted the gneisses and gra

nulites in a oonformable mannar; and that they had fluid 

phases in varying amounts which penetrated the injected 

rocks, forming transition zones by replacement or/and 

injection of material. However these effects were much 

more restricted, than those which accompanied the early 

grey quartz diorite. 
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Granitization 

The composite, hypersthene garnat gneisses in 

t.be north of the area, are in some cases so well œnded 

by layera of light and dark minerale, such as sean in 

Plate No. 10, tm t there is little doubt as to their se

dimentary origin. In some e:xposures these grade imper

ceptibly into medium and coarse grained granitic rocks 

(See Plate No. 34) whioh may contain both hypersthene and 

garnets, but in all other respects they appear to be ig

neous rocks. Lit-par-lit injections are num.erous, yet 

on approaching the granoblastic and coarser facies, the 

banding fades and may even disappear, and the rocks become 

massive. Opalescent quartz may be present in irre~lar 

patches or crystals of all sizes, or as small vains, in 

addition to porphyroblasts of plagioclase. Such minerale 

'in metamorphic rocks indicate tmt fluids must have aided 

in their alteration. (33-pp.l09-lll) The foliation in 

the vicinity of these composite rocks points to the possi

bility of their having a cupola or ellipsoidal dome-like 

shape so c ommon to many intrusives. The re may be an in

trusive immediately beneath t.b.ese zones, yet the banding 

of these rocks and others, is probably as much the result 

of replacement as of intrusion. This is ole arly demonatra

ted by the evidence seen in Plate No. 11. Theae processes 

have so altered the pre-existing rocks tbat they are grani-
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tic in appearance. The banding in most places shows 

no evidence of having been deformed by the forci ble in

jection of viscous igna:>us materiel; thus they are undoubt

edly rocks which for the most part have be en m de over in 

place by solutions or gases. In this respect, they con

form to Read's definition of granitization, whereby "solid 

rocks are converted t o rocks of granit ic character wi thout 

passing through a magmatic stage". (53-p.47) 

The pro cess of palingenesi s as des cri be d by 

jJ Sederholm is exJID.plified in the rocks of tœ area, and 

appears to differ little from t.be present conceptions 

of grani tizati on, if his "ichor" is ta ken t o mean fluids 

or gases capable of carrying silicates; (61-pp.l29-135) 

while the process of migmatization appears to be graniti

zation which has not been carried to completion. 

The broad transition zones between the intrusives 

of the area and the invaded gneisses, as wall as the ubi

quity or acidic lit-par-lit sills, fit into Termier's con

ception or an are a in which t ha intrusi vas have be en gene

rated in place at great depths. (ôô-p.590-3) The most 

conclusive evidence for this is sean in the mode of em-

placement or the "earl y quartz diori te" stocks, which 

apparently advanced by digesting the rocks in their paths. 

In general 1 t must be concluded t.l:B t the rocks 
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of the area have been granitized to varying degrees; 

pro ba bly at a t ime when they lay at soma depth in the 

earth's crust, and that the process appears to .œve been 

more int anse in the nort hern parts where most of the 

composite gne issas occur. 

RELATIONSHIPS OF THE ROCKS 

TO THE TIMISK.AMING AND GRENVILLE 

The gneisses in the northern pert of tb.e area 

are within seven miles of the Porcupine-Malartic belt 

of Keewatin-Timiskaming sedimentary and volcanic rocks; 

while to the south, Grenville tcrpe limestones am quartz

ites lie lesa than six miles away, in the northeastern 

pert of Wahl 's area. (71-p.ô) Therefore the Canimiti 

River rocks occupy as it were, the transition zone bet

ween the recognized Grenville and Timiskaming rocks. But 

beoause or their oomplex metamorphic nature they have been 

usually classified with the Grenville. The justification 

for this action will be considered in the light of what 

b.as already been shown and deduced by ether geologists, 

who have worked in both the Grenville and Timiskaming 

provinces, and in the light of the new evidence presented 

in this thesis. 
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Cooke (23-p.ôô) considera t.œt the large bodies 

of Timiskaming sediments lying to the north of the Cani

miti area, derived t.t:e ir rœ terial from a northerly direc

tion, and were laid down in a shallow sea or lake; wh.ich 

however as deposition continued must have expanded, and 

deepened its basin, possibly to such an extent that it 

finally merged wi th t be s ea. In any case extensive off 

shore deposits must have been laid down, though now only 

near shore sediments such as greywackes are fo und. Bain 

(7) concurs with this idee, but goes further, and suggests 

that the off shore deposits are in reality those which 

are now referred to as Grenville. A glanee at the accom

panying Regional Map shows tm t tbese suggestions have 

soma marit. In the first place the Grenville rocks are 

limestones, quartzites, and aluminous metasediments; 

mœtly derivatives of ma ture weatbering. The se lie to 

the south of the imm.aturely weathered Timiskaming sedi

ments, forming as it were, a normal sedimentary sequence 

from north to south; just as it should be if all the 

rocks were dari ved from the north. Secondly, Bancroft' s 

traverse along the C.N.R. Northern Transcontinental 

Lina, between Hervy June ti on and Doucet, shows t hat 

limestones are lest recorded about 100 miles east of 

Doucet, and as the Timiskaming-Gneiss contact zone is 
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approaehed, sillimanite gneisses become less numerous. 

(8-pp.l28-68) This again suggests a gradation north

wards into less aluminons and less calcic sedimentary 

rooks. Lastly the rocks in the Oanimiti River area, which 

occupy the "no man's land" between the recognizable Gren

ville end Timislœming rock types, bave alumine to lime 

and alkeli ratios varying from 1.89 to 2.20. These are 

tar too high for igneous rocks, (Dalys' anorthosite 1.65) 

but definitely compatible to those of shales end grey

waclœs. (See Table 2) In addition banding suoh es is 

shown in ~lates Nos. 5 and 10, is oharacteristic of the 

la tt er rocks. If all these features are oo nsid ered in 
. 
respect to the proximity ot the large body of Timiskaming 

greywaokes to the north, end to Lowther's statement thet 

"there is a gradation eastwards from normal Temisoamian 

greywaokes to a ooarse grained garnetiferous gneiss"; 

{42-p.49) then it must be oonoluded tbat the gneisses 

and granulites are .ost probebly in part metamorphio ta

oies of Timiskeming sedimentary and voloanio rocks. Suoh 

being the case, the relatively rapid rise in grade of 

metamorphism whioh ocours in tœ short distance aoross 

the Timiskeming-Gneiss contact zone, must indioate tbat 

the se oontrasting ro ok types have been brought into con

tact by faulting, as previously suggested by Norman. {50) 
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The Timiskaming-Gneiss contact can be seen on 

the accompanying regional map to extend northeastwards 

as far as Lake Mistassini, in whioh locality Norman has 

found Huronien type sediments to be separated from the 

gneisses to the southeast by a northeasterly-trending 

fault. By virtue of' the tact t.bat the sediments have been 

preserved, and from ot.bar data, he is of the opinion that 

the gneisses have been elevated relative to the sediments 

and probably thrust over them. This is the only area in 

which the faulted nature of' the Timiskaming-Gneiss contact 

has actually been proved. 

Northwest of the Canimi ti Area the southwesterly 

extension of' the fault zone is pro ba bly r epresented by 

the long axis of Grand Lake Victoria. A projection of 

this line still further to the southwest, would join the 

contact zone between the Huronien rocks and gneisses, 

w.b.ich Collins defined as extending from the north shore 

of Georgien Bay just east of Panache, northeastwards to 

the south end of' Lake Timiskaming. {76-p.l02-3) These 

rocks, as elsewhere, have sharply contrasting grades of' 

metamorp.b.ism, which suggest that the contact is a f'aulted 

zone. 

Tc-date there is little agreement among geologists 

as to the position of' the Grenville. Miller and Knight 
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consider that the Grenville rocks in southeastern Ontario 

lie above the Keewatin, and unconforma bly below sedimen-, 

tary rocks w.b.ich they believe are or Timislœming age. (47) 

Wilson does not agree with this interpretation, for he 

thinks t.t:e t the so called Keewatin volaanics in the Hastings 

area, are conformable with the Hastings sediments, (con

glomerates) which unconformably overlie the Grenville 

rocks. (73), (88} There are many areas in which it is 

doubtful whether a distinction oan be made between the 

Keewatin and the Timiskaming, on the basis at a predomi

nance of ai ther volcanic or s edimentary rocks, separated 

by a persistent uncontarmity. In the Malartic area to 

the north, Ambrose and Gunning round that sedimentary and 

volcanic rocks were everywhere intercalated, and that such 

unconf'ormities as were found, were only of' local extent 

and not restricted to any particular horizon. (36-p.5) 

(23-p.53) 

Adams has described granulites from the type 

Grenville area 200 miles to the southeast, which are in 

many respects similar to thes a found in the Canimiti area. 

{l-p.80j) Perhaps they also are metam.orphic facies of' 

the Timiskaming sediments, deposited in the initial Ti

miskaming geosyncline, whioh may possibly have started 

in the region of the St. Lawrence River. This basin, 
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f'ed by large ri vers, could have expanded rapidly to the 

north, northwest, northeast, and southwest, until its 

progress was checked in the regions now ocoupied by the 

Keewatin-Timiskaming rocks, of the Porcupine-Malartic 

belt. Then later, f'aulting along the present Timiskaming

Gneiss contact elevated t.be Grenville or eastern side re

lative to that on the west. Subsequently, erosion could 

then .bave removed great thicknesses of rock from tl:e ele

vated portions to the e~st. A large basin auch as visua

lized above, wi th access to the sea, would have bean 

sui table for the daposi tion of lime stones, whila local 

fluctuations in depth, wi th oc casional peri ods of emergence, 

could have providad conditions for the reworkirg of' the 

arkosic sands into beds of pure quartz sand, and shales. 

Such a history might axplain the seaming lack of' oonglo

merates amongst the "Grenville" rocks. 

The comparitively high grade of rœtamorphism 

displayed by t be Granville gneiss es. as oppos ed to that 

o:r the Kaewatin-Timiskaming rocks to the north, suggests 

tha t the Grenville province as a whola has been elevated 

and erroded to soma depth. 

Gowganda conglomerates lie unoonformably on the 

gneiss complax along the eastern shore of Lake Timiskaming. 

(39-p.21) (See Regional Map). In the 
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Larder Lake a rea Wilson found that the Pontiac ( Timiska

ming) schists are injected by granitic materiel of the 

gneiss complex (cal led Laurent ian), and that these in 

turn are overlain unconformably by Cobalt (Huronien) con

glomerates. ( 87-p. 31) All the se Huronien sediments are 

flat lying and relatively undeformed, indicating that the 

stresses which deformed the gneisses were pre-Cobalt. 

Yet in other regions rocks of both the Cobalt and Bruce 

series lie unconformably on the gneisses, and are much 

folded; while south of the Huronien - Gneiss contact, 

Huronien remnants have been intruded by the Killarney gra

nites and assimilated by them. (84-pp.753-70) (76-pp.l03-28) 

The fact that the Chibougamau (Huronien?) sediments 

have been truncated by f aulti ng along the Timiskaming

Gneiss contact, argues that the stresses responsi ble for 

the structural trend in the "Grenville" gneisses, were 

still active in Huronien times in northeastern Q.uebec, 

and that as in the Georgien Bay area, folded Huronien 

rocks may bave overlai n the gneiss c ompl~ x to the south, 

pr ior to t heir being removed by erosion. However, this 

argument achieves very little, for Killarney intrusives 

invading the region, could have converted the basal for

mations of the l-Iuronian rocks into eisses and schists, 

indistinguishable from the pre-Huronien complex. Yet i~ 
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the geology in the Larder Lake and Timiskaming areas has 

been interpreted oorrectly, the Grenville complex must 

be post-Timiskaming and pre-Cobalt. 

Gill (77-p. 29) (78-p. 61-69) has discussed the 

age relationships between the various precambrien systems 

of the "Canadien Shield". He ooncludes tbat the dominant 

trend in each geological province is the result of a major 

geological cycle, composed of more than one geosyncline, 

and t .tet the attitudes of the provinces to one another in 

soma cases is indicative of their relative ages. Thus for 

exemple the Keewatin-Timiskaming rocks of the Porcupine

Malartic belt and the ether rocks of the Superior province, 

have an overall structural trend to the east which appears 

to œ ve been out off by the predominant northeasterly 

trend of the Grenville province, along a lina extending 

from the north shore of Lake Huron to Lake Mistassini. 

The implication is tœ t the structural trend of the Gren

ville was accomplisbed by an orogeny which was younger 

than that responsible for the deformation of the "Superior" 

rocks. Hence the rocks of the Grenville province must 

belong to a younger geological cycle. 

Wilson has compared t.ba lead uranium and thorium 

ratios made by Ellsworth of the Geological Survey of 

Canada, w1 th more recent age determinations dona w1 th the 
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mass-speotograph, on the isotopie composition of the lead 

isolated from radioactive minerals. He found that they 

gave comparable figures, whioh in turn check wit h the 

newer speotographic strontium to rubidium ratios. (88-

p.543) The ages given by these methods for the various 

"Grenville" rocks from different looalities range from 

780 to 1150 million years, whereas the early Precambrien 

rocks of Manitoba range from 1780 to 2200 million. 

The wide age range of the Grenville province sug

gests that it is aomposed of ro oks bel onging to more than 

one geosynclinal cycle. By oomparision the lata Precam

brien to Carboniferous rocks of the Appalaohins have age 

ranges of from 580 to 200 million years. Based on these 

figures the Grenville rocks must have been formed during 

the Protarozoio, pr.ior to and possibly oontemporaneously 

with the lower and middle Huronien series. This is in 

agreement with the age of the Grenville province as sug

gested by its overall structural relationship to the 

Superior province, and is also in accord w1 th the evidence 

sean in the Larder Lake and Timiskaming areas. 

Finally a Proterozoic age is suggested for the 

Grenville by the maturely weathered nature of its sedi

mentary rocks, which consisted of aluminous shales, 

clean sand stones, and lime stoney Rocks not known to 

~ occur in any quantity prior to the Proterozoio. {77) 
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The foregoing evidence indicati th at th e rocks 

of the Grenville province are post-Timiskaming end pre

Cobalt, finds no contradiction in the Canimiti area. T.l:::e 

rocks are probably metamorphosed Timiskeming type sediments 

wi th possi bly s ame intercala ted volcan ics, which w ere in

volved in an orogeny you~er than that mich affected the 

recognisable Timiskaming rocks of the Porcupine-Malartic 

belt to the north. Renee if successive orogenies and geo

synclines are related, the rocks in the area must have 

been or are overlain by younger rocks, not now recognisable, 

or since removed by erosion. The high grade of metamor

phism suggests t .ta t the rocks were for merly at seme depth. 

But as a result of faulting along the Timiskaming-Grenville 

contact, the Grenville side was elevated and deeply ero

ded. The decrease in metamorphic grade from the Canimiti 

area southwards into the Cawatose area, implies thst such 

uplift must have been greater in the Canimiti area adja

cent to the fault zone; in which case you..nger sedimentary 

rocks might be expected t o have survived erosion more 

rea::Uly in the Cay,;atos e a rea. Bea ring this in m.ind the 

occurrence of one exposure of Grenville type lirrestone 

and quartzite in the Cavvatose are a may be significant. 

They could be the representatives of rocks which may for

merly have overlain the Canimiti area. On the otber hanO. 
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an undiscovered contact between the Gran ville and Keewatin

Timiskaming rocks may be present in the Canimiti or 

Cawatose areas. 

It might be argued that the hig.h grade of me~a

morphism in the present area is the result of abundant 

igneous intrusion in and along the faulted Timiskaming

Gren ville contact, at the ti me of or after faulti ng took 

place, and that the rocks were never depressed to great 

depths. If auch were the case, the general lack of chilled 

contacts between the acidic igneous rocks and the intruded 

rocks, the absence of acidic dykes as opposed to numerous 

sills, the migmatites, and the presence of ptygmatic folds, 

must all be explained. Since they are features generally 

regarded as the products of deep seated metamorphism. 

The consistent south to southeasterly dips and 

the two small thrust faults previously described, lend 

support to Norman's theory that the movement along the 

Timiskaming-Gren ville faul t zone was in the nature of a 

thrust acting toward or from a northwesterly direction. 

Suoh a movement, it is to be expected, would have elevated 

rocks from deep zones, and these would logically be concen

trated in the vioinity of the fault and become more prominent 

as erosion progressed. Thrust faulting is therefore not in-



209. 

eompatable w1 th the inereased grade of matamorphism 

found in the Canimiti ares as opposed to that prevailing 

in the Cawatose sheet to the south. However, normal bloek 

faulting of the Grenville ro eks and til ting eould just as 

easily have produced a similar result, though no evidence 

was seen to support auch a hypothesis. 

If the granulites and gneisses are of Timiskaming 

age, th en the "greenstones" whieh are bel ieved to be pa

ragneisses must be Timiskaming rocks whieh were preserved 

by faulting, or post-Timiskaming rocks resting unconfor

mably on the gneisses, and possibly Huronien. In the 

latter event the syenites would be of Huronien age or 

you.nger (Killarney?) since a syenitic pegmatite is known 

to intrude "greenstone", but in the former instance they 

would probably be Algoman, as has been suggested by their 

similarity in structural trend to rocks of like composi

tion intruding the Timiskaming series to the north. 

As for the early grey granitio stocks and sills, 

the oldest acidio intrusives in the area, since they in

trude the granulites and gneisses they must be post-Timis

kaming, if the latter rocks are accepted as being of 

Timiskam.ing age. While uneonformities elsewhere in the 

region indi ca te t.bat they are in all probability pre

Cobalt. {39-p.21) Cook describes similar rocks as intru-
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sive in.to t!le soutbern border of the Ti!lliskaming .grey-

wackes to the north, and granites thet are in seme places 

transitional into syenite. (23-pp.l34-8) This relation-

ship may well exist between the granitic rocks and the 

syenites in this area, since nowhere have these rocks been 

seen in contact, though there is a tendency for certain 

younger granitic intrusives to show enrichment in potash 

and soda, as well as more sharply defined contacts. This 

suggests that the s yenit es are younger differen tiates from 

the same magma that gave rise to the granites and quartz 

diorites. Thus if the syenites are Algoman, the granitic 

rocks are probably earlier intrusives of the same or a pre

ceding period. Bell (89-p.?3) in his report on the "Assup 

River Area" dis eusses the r ela ti onships between the Keewatin-

Timiskarning rocks and the Grenville gneisses, and his remarks 

are worth noting at this point: 

"Near the margins of the Keewatin bel t, however, the 
strike of the schists parallels the ir oo ntact wi th 
the granite gneiss. Thus within half a mile of the 
gneiss on the south, the normal east-west strike 
of the schists changes abruptly to a northeast direc
tion to parallel the line of contact between the 
greenstone and gneiss and also the banding in the 
latter. This direction of folding appears to have 
been superimposed on tne earlier east-west folding, 
which in places has been dragged sharply into the 
northeast direction. The granite injections to 
which the gneiss ow es 1 ts or igin f ollc:m ed the deve
lopment of this northeasterly foliation in the s chist. 
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------both directions of folding are found in the 
sedimentary rocks in this area and for some distance 
to the west. That part of them whioh has be en in
folded with the greenstones strikes north of west, 
while the southern extremities of these folds and 
the main body of the sedimentary rocks on the south 
have been folded along easterly or northeasterly 
axes, t .ta t is roughly parallel to the margin of the 
southern granite batholith. From this it seems appa
rent tba t tbare have be en two peri ods of f olding, 
one in whioh the lavas and sediment ary rocks were 
folded together in a general direction 100 to 300 
north of west, and a second disturbance which affected 
the rocks in the vicinity of the granite intrusions, 
and which was oonnected with, and for the most part 
preceded the general peri od of the se intrusions. How
ever, the granites, and consequently the deformations 
tbat accompanied their intrusion, may differ somewhat 
in age. n 

Bells' statement would seem to indicate that the 

granitic intrusions in the gneisses, belong in part to 

an orogeny younger than that which folded the Keewatin

Timiskaming rocks. Tbe refore to suggest t.ba t the grani-

tic rocks in the Canimiti and surrounding areas are of 

Algoman age is an unjustified assumption. Though it is 

conceivable tbet Algoman intrusives resting at great depths, 

could be partly remobilized by the effects of a la ter oro

geny, or plastically derormed and made to contorm with new 

trends. The safest conclusion seems to be that the granitic 

rocks in this part of the Gr en ville province may be in 

part Algoman, but that all were intruded in post-Timiska

ming times prior to the deposition of the Cobalt series, 

and seme must be younger than the Grenville type sedimen-

tary rocks. 
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The contact between the Superi or and Grenville 

provinces is proœ bly a fault zone or zones to whioh 

the faults and suspeoted faults in the Canimiti area are 

related. No exact age oan be gi ven. There is evidence 

only in the Chibougamau area to indioate that there was 

movement after and possi bly prior t o the forma tt on at' 

the Chibougamau sediments. (Cobalt?) (45-pp.51-57) 

While the rugged line ar topography in the Can im.i ti area 

and region is taken as proof that the assooiated faults 

were active in more reoen t times. This i s su bstantiated 

by the investigations of Cooke, {21) {22) and Wilson (72). 

Yet in vi ew of the radioactive age determina ti ons 

previ ously quot ed, and the e videnoe prov:id ed by unoonfor

mities, the inferred faulting between the Timislœming and 

Grenville rocks proœ bly first ooourred during an arogeny 

whioh deform.ed the Grenville type s edima ntary rocks, prior 

to the deposition ar the Cobalt series, and after the folding 

of the Keewatin-Timiskaming ro oks. 

ECONOMIC GEOLOGY 

Mineral Occurrences 

No economie deposi ts are known to oc our in the 
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area. There are quartz vains which are seldom of any 

size, and carry only traces of gold. Disseminations of 

sulphide were found in soma granulites, basic lenses, 

and in one "fla ser" zone, how ever assays show th at they 

contain only traces of gold,silver, lead and nickel. 

A small pegmatitic quartz vain adjacent to the 

metadiabase dyke at the "na rrows", on the mainland north 

of Soulier Island, contains soma pyrite but gave only 

traces of gold upon being assayed. 

A white quartz vein soma 3 to 4 feet wide and of 

unknown extent was uncovered during the construction of 

the new section of the highway several hundred feet north

west of the new bridge over the Chochocouane River. It 

is barran, save for large books of dark biotite that occur 

along its contacts with the enclosing gneisses. The strike 

is N 50°E and the dip is vertical, and it appears to con

form to the strike of the gneisses in tb.at locality. 

On the C.I.P. & P. Company road 1500 feet east of 

the Freville-Champrodon township boundary, there is a 

fine-grained, greenish acidic band of rock 2 to 4 feet 

wide, in coarse composite gneisses. This contains disse

minated sulphides, mostly fine graine d pyrrhoti te wit h a 

little chalcopyrite and graphite, and a representative 

specimen when assayed gave only traces of nickel silver 
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and lead. The zone strikes to the northeast, but its 

extent is not known since it disappears under glacial 

till, nor could the dip be determined. Soma 3500 feet 

east of here along the road, t.bere is a small rusty lens

shaped zone in composite gneisses which carries graphite. 

It is lesa than 2 feet long and only 2 inches wide, and 

presumably centaine d sulphides pri or to bei ng le ache d 

by surface waters. On the same road, but a bout three

quarters of a mile west of the Canimiti River, the com

posite gneisses contain narrow mauve to opalescent quartz 

stringers; these occasionally carry sulphides, but were 

not a ssayed. 

Fine grained s].:erse dissemina ti ons of sulphide 

are round in the granulites and gneisses; in such instances 

the rocks have a fresh sugary appearance, and resemble 

tine-grained granites, suggesting that they have pro bably 

been formed by some process of metasomatism. 

Small basic lenses only a few feet in dimensions, 

seen in the composite gneisses, may eontain suffieient 

pyrrhotite to deflect a eompass. 

The fault zone which traverses the Canimiti River, 

contains in its "flaser" gneisses sparse disseminations 

ot sulphide; but there are ineluded fragtœnts of basie 

materiel whioh have much greater concentrations, {2-3%) 
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and are strongly magnetic, indicating that the sulphide 

is probably pyrrhotite, or that there is magnetite pre

sent. An assay of this basic materiel gave traces of 

nickel and silver, but no platinum. 

The pegmatites in the area carry no minerale of 

economie importance. Though magnetite was sean in an 

alkaline variety assooiated with the syenitic intrusive 

at the western end of Lake Tombbah. 

Origin And Age Of The Mineralization 

The quartz veins in the composite gneisses, and 

those associated wi th pegmatites, must bave been formed 

by hydrothermal processes associated w1 th the granitic 

intrusives, most probably the syenites and associated rocks, 

since they are the youngest and most differentiated. 

The sulp.b.ide disseminations in the gneisses and 

in the .fault zone on the Canimiti River were pro bably 

formed at the same time, as a result of injection and/or 

replacement of the enolosing rocks by pneumatolytio or 

.b.ydrothermal processes along zones of differentiel mare

ment or faulting, and as such must have developed after 

the major part of the folding was comple ted. 
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Economie Possibilities 

The occurrence of such deposits as Sherritt 

Gordon, (75) Calumet Island, (83) and Tetreault,(82) in 

areas of complex Grenville type rooks, emphasizes the need 

tor caution before condemning the mine-making potentialities 

ot similar areas. 

T.bere are tundamental differences between the 

Canimiti and the areas in which these mines ocour. The 

Canimi ti area has no recognisable sedimentary rocks but 

only t heir inferred metamorphic facies; wb.ereas the S.ber

ritt Gordon ore body lies along the margin of a quartzite; 

the Tetreault ore is associa ted with lime stones and their 

alteration products; and the Calumet deposit is in a region 

underlain by much limestone, homblende, gneisses etc. 

It would appear that relatively cool and permeable or brittle 

rocks are needed to localize mineral bearing solutions, 

causing them to deposi t their loads by cooling and/ or re

placement. Perhaps the most significant feature of the 

Oanimiti rocks is their general lack at alteration minerale 

auch as epidote, zoisite, apatite, amphiboles, chlorite, and 

sericite, in whioh there is an (OH) or (F Cl) radical. This 

is in marked contrast to the ather areas, where suoh mine

rale in addition t o car bona tes are common, both in the roci:s 

and -w1 th the ores. From this it is inferred that the rocks 
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in the area were formerly very hot, and probably at such 

great depths in the crust tr..at mineralizing fluids were 

unable to precipitate their contents un til the rocks had 

cooled; by which time most of the fl uids had been forced 

or drained off into higher, cooler, and since eroded 

crustal rocks. 

In view of the conditions which are thought to 

have prevailed, it is considered that mineral deposits of 

value are not likely to oc our in this or any s imilar a rea, 

unless it can be shown that there are underlying intrusives 

which post-date the periods of intense metamorphism, and 

that there are favourable host rocks such as limestones 

present. 

Despite the pessimism with which the area is re

garded there are certain possibilities tbat anould not be 

overlooked. 

The pegmatites seen are small and carry no minerals 

likely t o be of economie importance. However, magne ti te 

was round in a syenitic variety associated with the Lake 

Tombbah syeni tic int rusi ve, hence the la tt er might conta in 

or have marginal deposits of this mineral. 

Some of the valleys in the northwest corner of 

the area could be underlairi. by "greenstones" preserved by 

faulting; and it is not inconceivable that they and seme of the 
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faults might have concentrations of economie minerals. 

However, beoause the valleys oontain lakes or are filled 

wi th moraine, investigation of suoh places oould only be 

oarried out by geophysioal methods and diamond drilling. 

If there are sulphide deposits in the area, they 

probably con tain nickel as suggested by the assays and the 

presence of pyrrhotite. In this respect the fault zone on 

the Canimiti River is deserving of attention, and should 

be searohed for large inoluded masses of basic material 

in whioh sulphides may have been oonoentrated, or for si

milar concentrations at places where the fault zone tran

seots basic dykes or s ill s. 

Insofar as the quartz vains in the area are oon

oerned, they show no promise of oarrying mare than traces 

of gold, but all vains should be sampled, espeoially those 

that are assooiated wi th the finer grained biotite gneiss es 

in the northeastern part of the area. 
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CONCLUSIONS 

The area is underlain by hypersthene garnat and 

biotite granulites and gneisses, rocks believed to have 

been chiefly sediments, most probably Keewatin-Timiska

ming greywackes, with some tuffs, slates, and possibly 

voloanics. These as a result of folding, aocompanied by 

faulting and two periods of igneous intrusion, were highly 

metamorphosed. (In part, "granitized") Original struc

tures were mostly obliterated, but bedding and schistosity 

are thought to be represented in some rocks by layering 

which parallels the foliation, and probably provided the 

channels for lit-par-lit injection. Locally temperatures 

and concentrations of igneous materiel and fluids were 

very great. The rocks were replaced or assimilated, in 

places becoming coarse grained and granitic in appearance. 

During this prooess reactions between the perva

ding solutions or gases and the intruded rocks, resulted 

in the formation of a potash-soda feldspar of variable 

composition, termed in this thesis "sanidine-anorthoclase". 
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The evidence indicates that vermiculer and myrmekitic 

intergrowths of q~rtz.and feldspar were formed at high 

temperatures, as a result of interaction between injected 

igneous materiels or fluids and garnetiferous paragneisses. 

Ultrabasic and basic hypersthene rich sills were 

probably the earliest intrusives: these were followed by 

the "earl y" grey quartz diorites, granit es, and associa ted 

pegmatitic sills and lit-par-lit in je cti ons. None of the 

latter are very large, yet they are widespread, suggesting 

that a magma of their bulk composition may underlie tba 

area. The high quartz content of some and the general 

absence of chilled contacts, indicates t œ t they were 

intruded into rocks already heated to high temP9ratures. 

On the other hand, some "sills" may have been formed by 

selective refusion of the original rocks. Nothing is 

known about their ages, except that they are pre-hornblende 

syenite, and intrude gneisses believed to be metamorphos.ed 

Timiskaming rocks. 

Hy:~;>ersthene gabbro, rad quartz diorite, horn blende 

syenite, granodiorite, quartz syenite, and their associa

ted pegmatites, are the youngest intrusives. They are 

considered to be post-Timiskaming since they intrude the 

gneisses and because some stocks have trends s irnilar to 

those in the areas t o the north, which intrude rocks of 

Timiskaming age. 
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"Greenstones" found outside the northwest boundary 

of the area are only of moderate metamorphio grade; and 

their hlgh alumina ratio suggests that they are of sedi

mentary origin. They resemble the Keewatin-Tim~kaming 

rooks in the areas to the north, and oould be infolded 

or faulted remnants of these rooks. They are lying either· 

unoonformably on or infault oontaot with. the gneisses, 

henoe the pos si bili ty of the ir being young er t han the 

Timiskaming, possibly Huronien, or Grenvill.e, must not be 

disoounted. In the former oase the syenites would probably 

be Killarney; in the la tt er instanoe they would belong to 

a post-Algoman pre-Killarney period of intrusion. 

The deformation of the rooks in the area and re

gion wes aooomplished by f oroes aoting toward or from a 

north or northwesterly d ireoti on. The rooks were folded 

and overturned to the northwest; minor thrust faults indi

oate that there was soma over-or underthrusting toward 

or from the same direction. At first during folding, 

differentiel movements between beds afforded stress relief, 

but when the folding beoame tight and oould no longer 

supply relief, fault ing oo ourred repeatedly, and was 

aooompanied by the intrusion of the pink pegmatites. It 

was about this time, or possiblyat t.œ alose of the period 

of maximum folding that the syenites and assooiated rooks 

were intruded. · 
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Beoause of the high temperatures preveiling in 

the rocks et the close of folding, plated "fleser" 

gneisses were forme d along zones of differentiel movement 

and f aul ting, instead of schists or fracture zones. 

Feult ing along the Timis kaming-Gneiss oont act 

probebly ocourred during the period of maximum folding, 

result ing in the eleva ti on of the so utheastern a ide rela

tive to that on the northwest. Erosion then unroofed the 

elevated rocks, but probably never succeeded in wearing 

them down to base-level beoause of rQPeeted movements 

along the old faulted zones. The high grade of metamor

phism se en in the Cenimi ti rocks su ggests t hat the emount 

of materiel removed must have been considerable. While 

the deorease in metamorphio grade towerds the south 

suggests t .bat the rocks adj a cent t o the Timiska.ming-Gne iss 

contact were raised higher than those to the south. 

No typicel Grenville rocks were seen in the eree, 

though they could be present, or may have overlain the 

area end been removed by erosion. 

The coinoidenoe between topographioal and geolo

gical trends indi oates that in many places the topography 

is a direct reflection of the underlying rock structures, 

only slightly modified by Pleistocene glaciation. 

A review of the literature on Precambrien correla

tion finds some agreement as to the position of the 
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Grenville rocks. Radioactive determinations and geo

logical structures infer that they were deposited and 

associated with en orogeny leter than thet which affected 

the Timiskeming rocks, and probably prier to the deposi

tion of the Cobalt sediments. If such is the case, some 

of the intrusives in the area could be younger then 

Algoman. The re is little rea son to suspect tœ presence 

of Killarney intrusives, though there were probably soma 

structural edjustments in the region during this peri od. 
; 

No mineralizeti on or "showings" of any importance 

are known to occur in theerea. The lack of alteration 

minerals ~nd recognizable volcanic or sedimentary rocks 

is taken to indicate tbat the rocks, during the end 

stages of metamorphism, were very dry and devoid of fluids. 

In view of this, it is thought unlikely tbat mineral 

deposits of importance wi 11 be found in the area. 
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RECOM.MENDATIONS 

Furthar investigation of the "greenstones" in 

tbe locality outside the northwestern boundary, might 

disclose more of th ese rocks, and pro vide addition al 

evidence as to their origin and age. 

Chemical analyses of the more and less altered 

greywackes, and volcanic rocks from the Keewatin-Timiska

ming belt to the north, would be invaluable in comp:1ring 

and assessing the affects of igneous and metamorphic 

action upon the rocks in this and the surrounding areas. 

A detaileâ. ·study of the apparent gradational 

zones between the hypersthene and garnat bearing gneisses 

and granulites, might show whether these rocks are diffe

rent f'aoies of the seme rook, or were different rocks. 

The collection and analysis of garnets from every 

part of the area, might provide further elues as to the 

original compositions of the rocks. 

Any further mapping in the adjacent areas, should 

entail one summer in which a reconnaissance survey would 

be made, to be f ollowed by a more detailed examina ti on 

during the succeeding summer. 
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Plate No . 1 . Profile of an elongated 
rid ge . The s t eep sl ope of the ridge 
faces west . Hi ghway 58, mileage 52 . 

Plate No . 2 . A typical lake of the area . 
Note the st eep rock s carp which consti
tutes the s outheast shore of the lake . 
Hi ghway 58 , mileage 55 . 5 . 
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Plate No . 3 . Looking northeast up the 
valley of the Chochocouane Ri ver. Note 
t he rough accordance of the horizon. 
Taken from the hill west of Paree ' s Camp . 

Plate No . 4 . Looking southwest towards 
the valley of the Canimiti River. Taken 
from the north-south ridg e at long . 
77005 ' 00" W, Lat . 47040 ' 33" N. in Champ
redon t ovv.r:1 shi p . 
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Plate No . 5 . Exposure of green garnet 
gneiss with sorne injection banding . 
Layered appearance is very suggestive of 
impure arenaceous or slaty rocks . Aban
doned part of Highway 58, north of the 
Ottawa River. 

Plate No . 6 . Quartz diorite orthogneiss 
with inclusions of basic rock . Note the 
almost digested inclusion in the fore 
ground . Small island in the eastern part 
of Lake Tombbah . 
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Pla te No. ? • Biotite gneiss wi th lit
par-lit injections of quartz diorite 
pegmatoid and pegmatitic material . Aban
doned part of the hi ghway south of the 
Ottawa Ri ver. 

Plate No . 8. Sheet-like layers of quartz 
diorite pegmatoid s ills in biotite gneiss . 
Hamm. er handl e lies in the direction of the 
lineati on. Abandone d part of highway sou th 
of the Ottawa River. 
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Plate No . 9 . Garnetiferous migmatitic 
in je cti on banding. 3mall island at the 
western end of Lake Tombbah. 

Pla te No . 10 . Layered co mpos it e gneis 
s es . C. I . P . & P . Company road east of 
Composite Lake . 
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Plate No . 11 . Close view of banding shown 
in Plate No . 10 . Cross- cutting dykelet 
demonstrates igneous injection . Whereas 
the large sill it joins , has eaten into 
the undistorted dark layer seen a little 
to the right of centre . This is undoubtedly 
the result of replacement . 

Plate No . 12 . Banded mafic composite gneiss . 
The hammer is against a mafic layer but on the 
right hand side, the rock has broken along 
a lighter coloured layer . Composite Lake . 



Plate No . 13 . 
amphibolite? 

231 . 

Massive hornblende gabbro or 
Highway 58, mileage 53 . 5 . 

Plate No . 14. Brecciated hypersthene layers 
or lenses , intruded by syenitic material 
presumably from adjacent syenitic pegmatite. 
Highway 58, mileage 53 . 5 . 
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Plate No. 15. Porphyroblastic hypersthene
augite-hornblende rock. Large crystal has 
been outlined with chalk. Weathered knob 
lies on top of the specimen. Specimen is 
from the Canimiti River section. 

1( 
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Plate No. 16. Sub-schistose hypersthene
augite-hornblende rock. Micaceous surface 
is deceptive and is only a thin coat 
covering pyroxene. Canimiti River (shear ? ). 



233 . 

- -- ....- ~- - ,.- - - -.._' __ ,_ ~·-

Pla te No . 1? . Medium gr ai ned hype rsthene
augit~-hornblende specimen from band in the 
Nose Lakes section. Hornblende and augite 
usually predomina te over hype rsthene in the 
bands from this locality . 

Plate No. 18. Hypersthene-bearing granulites . 
Note massive app earance . The hypersth ene 
content is low in the specimen on the left , 
but is higher in the otœrs . 
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Plate No . 19 . Maf'ic hyp3rsthene-bearing inclu
sions which occur in g r anulites. Note t he 
ellipsoïda l s hap e o f tbat on the ri ght . This 
is mineralized an d deflects a compass needle . 
The specimen on the left contains no sulphid es 
an d is ro und er . 

-

Plate No . 20. Garne t gneiss; t he s pe cime n on 
the left has 40% of garnet, that on the ri g ht 
is the normal v ariety with only 10-15%. 
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Plate No . 21 . Garnet gneiss . Note the dark 
bands of coarse red garnets in th e left hand 
specimen , and the massive nature of the other . 
The red garnets in the former specimen are be
lieved to bave a spessari te-almandite composition . 

Plate No . 22. Hi g hly garnetiferous light grey 
to green gne isses . Note th e f ine garnet banding 
in the ri ght hand specimen. That on the left is 
soaked wi th quartz diori te pegmatoid materiel, 
and con tains microperthit e and '' sanidine
anorthoclase" . 
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Plate No . 23 . Biotite gneiss from Lac des 
Montagnes . 

Plate No . 24 . "Granitized" looking biotite 
garnet gneiss showing depth of weathering . 
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Plate No . 25 . Quartz diorite orthogneiss 
taken from e:x:posure shown in Plate No . 6 • 

• 
8 

~---------

Plate No . 26 . Quartz diorite with moderate 
content of biotite . Taken from the contact 
zone between massive white quartz diorite and 
biotite gneiss . North abutment section of 
the new highway bridge . over the Ottawa River . 
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Plate No . 27. The two specimens on the left 
are from glassy quartz diorite pegmatoid sills . 
T.ha t on the ri ght is from a c oars e graine d 
olig oclase pe gmatite which cuts them. 

Plate No . 28. Pink pegmatite "augen gneiss'' · 
The "eyes" bave be en outlined wi t h chal k . 
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.. 
Plate No . 29 . "Flaser" gneiss . Contains 
sheared pink pegmatitic material contaminated 
by mafic minerals . Note pseudo-slickensides . 
From fault area northeast of Gabbro Lake . 

8 
4 

..... ., . ~ ,... " ' 

Plate No . 30 . Slightly sheared micaceous and 
chloritic ngreenstone" from the exposure on the 
south boundary of Freville township . 
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Plate No . 31 . Hornblende syenite. 

Plate No . 32 . Coarse dirty brown hypersthene
bearing pe gmatite that intrudes t.œ " greenstone" 
rocks exposed on the south boundary of Frevi lle 
township. (See Plate No . 30 ) 
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Plate No . 33 . Alkaline pegmatite , contains 
only microperthite which is p:Jrtly al bit ized . 
Highway 58, mileage 53 . 5 . 

Plate No . 34 . Goa rse g rained composite gneiss 
from the northern part of the area . Contains 
feldspa r s, quartz, 5- 10% of hypersthene , 2- 5% 
of garnet and small amounts of " san idine
anorthoclase" . ( See Pla te No . 53 ) 
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Plate No. 35. Hypersthene granulite. Note 
sub-parallel orientation of the hypersth ene 
and bio ti te ( dark) , in a le ss orien tat ed 
groundm.ass of quartz and feldspar. 
Nicols uncrossed, X 20. 

Plate No. 36. Same section as No. 35, but 
with crossed nicols. Note absence of twinning 
in fel dspars, and sl i gh tly directi onal, but 
allotrimorphic texture. Nicols crossed, X 20. 
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Plate No. 37. Garne t gneiss wi th w eak 
pr eferred orien t a ti on, sho~Ni ng s ome fracturing 
of the larger feldspar crystals. The smaller 
crystals may be of cataclastic origin. 
Nicols crossed, X 20. 

Plate No. 38. Granulite containing both hy
persthene (dark outlines) and ga rnet intima
tely intermixed. Large crystal of garnet in 
the upper ri ght hand corner contains hypers
thene ~ich seems to be forming along fractures 
in the garnet. Nicols uncrossed, X 20. 
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Plate No . 39. Garnet 
of garne t by biotite. 
rounded inclusions of 
uncrossed, X 20. 

gneiss , showing penetration 
Note the nurœ rous small 

quartz and feldspar. Nicols 

Plate No . 40 . Garnet gneiss occurring as an 
included band in the hypersthene gabbro. Note 
the directive texture. Contains 20% of garnat , 
25% of hypersthene, augite, and hornblende 
combined, plagioclase 35%, iron oxides 15%, quartz 
5%. Nicols uncrossed, X 36 . 
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Plate No . 41. Typical fine to medium grained 
biotite gneiss from south of the Ottawa River . 
Note clarity of feldspars and general lack of 
twinning . Biotite constitutes only 10- 15% of 
the section . Nicols uncrossed , X 20. 

Plate No . 42 . Biotite gneiss from Lac des 
Montagnes . Note the slight reaction rims around 
the biotite in the centre of the section, and 
the ·bent albite twinning . This section shows 
weak albitization . Nicols uncrossed, X 20 . 
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Pl ate 1-Jo . 43 . Bi otite gneiss from north of 
Lac Dozois . Nicols uncrossed, X 20 . 

Plate No . 44 . Biotite gneiss same as for 
Plate No . 43 , but nicols cross ed . Rote 
rounded and embayed anhedra of quartz . 
(light). :- 20 . 
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Plate No . 45 . Antiperthitic plagioclase An32 
from quartz diorite pegmatoid sill , near 
mileage 58 on the highway . The small patches 
are potash feldspar . Some are bounded in part 
by twinning planes, others follow fractures . 
The larger patches are quartz . Note the patch 
indicated by the arrow; this if inspected with 
a hand lens, shows tiny microperthitic lamellee 
which are probably albite . Nicols crossed, X 20 . 
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Pla te No . 46 . "Greenstone", showing an occasi onal 
garnet porphyroblast, and good directive texture 
outlined by biotite and minor amounts of chlorite. 
Nicols uncrossed, X 20. 



• 
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Plate No. 4?. Composite gne i s s, dark variety 
with fine grained mafic clusters of hypersthene, 
biotite, garnat, augite, hornblende, quartz 
and felds pa r, in a coarser matrix of plagio
clase and quartz. Nicols uncrossed, A 20 . 

Plate No. 48 . Medium grained granoblastic matrix 
surrounding clusters shown in Plate No. 47 . Note 
abundant twinning which is normally scarce in the 
rocks of the area . Yicols crossed, X 20 . 
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Plate No . 49 . Large crystal of hypersthene in 
coarse grained porphyroblastic hypersthene
augite- hornblende rock . (See Plate No . 15) 
Showing good 010 cleavage . Nicols crossed , a 20 . 

Plate No . 50 . Microperthite in hornblende 
syenite . Note albite filling fractures and 
apparently s t arting to r epl a ce the ma r g ins of 
the l ar ge crys tal . The small fresh crystal of 
microcline is partly surrounded by a resorbed 
pyrox ene that could be either hypersthene or 
aegirine-augite . 
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Pla te No . 51. Showing mi crope rthit e vâ th good 
rods of albite. A small crystal showing an 
indistinct vermicular texture may be seen 
between the two large crystals . Hornblende 
syenite. Nicols crossed, X 32 . 

Plate No . 52. Anorthoclase (dark) replacing 
plagioclase . Hornblende syenite. Nicols 
crossed, X 20. 
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Plate No. 53. Composite ~neiss containing 
"san idine-anorthocla se", { dark) whi ch fills 
half of the field, and contains nQmerous 
small inclusions that are only faintly visible . 
These are plagioclase, .baving a composition 
of An30-34• Nicols crossed, X 16. 
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DIAGR NO. 1. Small overturned. d forllled 
against thrust fault. Found in northwest 
facing sc south of Elbow Lake. 

/n.:rec t1on _,. 
ha mf in !1 d re.. g-f olthuJ 

DIAGR:\!,;I NO. 2. Faulted and dragfolded structure 
exposed on a vertical scarp one and a half 
miles east of Iv!urdock' s Camps. The section 
shown is parallel to the dip of the fault. 
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DIAGRA.l\.~ NO. 3. "Fla sert' gneiss faul t zone on 
the Canimiti River. 
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northeast of Gabbro Lake. 
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