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CAWATOSE MAP-AREA 

PONTIAC COUNTY 

by 

William G. Wahl and F. Fitz Osborne 

INTRODUCTION 

General Statement  

The Cawatose map-area, described in this report, was examin-
ed by the writers during the field season of 1946. 

The map-area lies within the Grenville sub-province of the 
Precambrian shield, but is only about twenty miles south of the limit 
of the Temiscamian sub-province. In the latter, which includes the 
Abitibi mining district, the non-intrusive rocks are, characteristic-
ally, schistose volcanic and sedimentary rocks of Keewatin and Temis-
camian types, the original natures of which are, for the most part, 
relatively easy to establish. On the other hand, the non-intrusive 
rocks of the Grenville sub-province are generally more highly meta-
morphosed and are, in great part, paragneisses. 

It is with the object of beginning a study of the relation-
ship of the formations within these two sub-provinces, and of the 
apparent differences in their types of mineral deposits, that the 
investigation here described has been undertaken. 

A reason for selecting this particular area for the com-
mencement of this study arises from the fact that a dam is being 
constructed by the Quebec Streams Commission on Ottawa river at the 
outlet of Dozois lake. This will raise the water level in parts of 
the area and, consequently, many exposures will become covered so 
that information from them will no longer be available. Figure 1 out-
lines the area that will become flooded. 

It was realized at the commencement of the work that the 
mapping of one sheet would not solve the problems of correlation and, 
indeed, might not determine the group to which the dominant formation 
of the Cawatose area is to be assigned. Many of the data in this re-
port must be regarded only as a contribution toward the solution of 
the problems involved. Accordingly, more data on the characteristics 
of the formations are given than is customary in a report such -as 
this. It is hoped that the information on details of the structural 
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geology such as the trend of the lineation, on the optical properties 
of the minerals of the rocks, and the numerous 1Eosiwal' analyses, 
may prove helpful to workers in nearby regions. 

Location and Access 

The Cawatose map-area comprises about 335 square miles and 
is bounded by latitudes 47015' and 47030' North and longitudes 76°55' 
and 77°20' West. It lies in the northern part of Pontiac county, 
about 100 miles northwest of Mont Laurier, 70 miles south of Senne-

terre, and 100 miles southeast of Noranda. 

The region is easy of access. The Mont Laurier-Senneterre 
highway, route 58, cuts diagonally across the eastern part of the 
map-area. Camp Dorval, at the southern end of Soulier lake, is 117 
miles from Mont Laurier and 71 miles from Val d'Or, and is a conveni-
ent base for operations in this area. During the summer, two north-
bound and two southbound buses passed Camp Dorval daily. 

At Camp Dorval, canoes may be placed in Soulier lake, which 
'is part of Ottawa river, and from which water-routes make all parts 
of the area accessible. The elevation of the Ottawa at Soulier lake 
is 1,105 feet, and very few of the larger lakes are as much as 30 
feet above this level, so that rapids and falls are not numerous. 
Those that are encountered are relatively short and almost all por-
tages on the main streams are less than a mile long. Fire prevention 
posters, placed at portages, on the tips-of islands, and on headlands, 
are helpful in following the canoe-routes on the waterways. 

The route to Birch lake calls for comment because part of it 
is beyond the limits of the map. From Camp Dorval, the route is north-
ward on Soulier lake to the section of fast water on Ottawa river, then 
downstream beneath the highway bridge to the east end of Dozois lake,and 
finally southward and up Camitogama river to Birch lake. The distance 
from Camp Dorval to the middle of Birch lake is approximately 30 miles, 
but about seven miles of this distance may be saved by putting canoes 
in Ottawa river at the highway bridge. 

Previous Work 

M.E. Wilson'sl reconnaissance survey of what was then Témis-
camingue county included the northwestern part of the Cawatose sheet. 
However, he shows all the rocks as one formation. Retty2, in 1933, 

1WTTSON, M.E., Timiskaming County, Quebec; Geol. Surv. Can., Mem. 103, 
Map No. 145A, 1918. 

2RE1TY, J.A., Upper Gatineau Region and Vicinity; Que. Bur. Mines, 
Ann. Rept., 1933, Part D, pp. 129-148, Map No. 301, 1934. 



LEGEND• 

LÉGENDE 

Canoe routes followed by geological 
party in 1946 

Rouies de canal suivies pot lexpédition 
géologique en /946 

'Area to be flooded by lake Dozois 
( Elevation 1135' app. ) 

Région à submerger par /e lac Dozois 
Élévation 1/35' oppr.J 

RÉGION DE 

CAWATOSE 
AREA 

( PONTIAC ) 

ti 

ROU 

-48 

46 

0 	60 

0 10 0 	1 	2 	3 

Department of Mines, Quebec, 1949 
Ministère des Mines, Quebec, /949 

No- 785  
FigNa/ 



- 3 - 
made a reconnaissance survey of a large area lying east of that des-
cribed in this report. In 1940, Aubert de la Rile' spent three days 
in a rapid geological examination of the exposures along the highway 
between Mont Laurier and Senneterre. Owing to the short time avail-
able for his study, only a few observations were made in the section 
of the highway lying within the present map-area. 

Acknowledgments 

Wahl mapped that part of the area west of highway 58 and 
Osborne mapped the part to the east and supervised all the field and 
office work. R.D. Hutchinson, P. Duguay, and H.B. Lyall acted as 
field assistants, A. Turenne and A. Allen as canoemen, and Z. Brodeur 
as cook. All performed their duties in a satisfactory manner. 

The base-map was furnished by the Topographical Survey, 
Ottawa, and aerial photographs used in the work were taken by the 
Royal Canadian Air Force. The Quebec Department of Lands and Forests 
and the Quebec Streams Commission provided many maps and plans, which 
greatly assisted in the preparation of this report and its accompany-
ing map. 

It is a pleasure to record the assistance received from 
officers of the Quebec Streams Commission, especially Mr. J.C. Chagnon 
and Mr. Cousineau. 

DESCRIPTION OF THE AREA 

Inhabitants ' 

The area is but sparsely inhabited. The workers associated 
with the enterprise at Camp Dorval and those at Dent's sawmill, fire 
rangers, and a few Indians make up the total population. 

Resources 

The resources of this district have, so far, been but slight-
ly developed. Parts of the area within reasonable distance of water 
were logged about half a century ago. Only white and red pine were 
removed at that time. Little cutting has been done since, and in many 
places forest fires have exacted a greater toll than the lumber-jacks. 
White and red pine, jack-pine, balsam, and black spruce are the prin- 

lAUBERP DE LA RUE, E., Notes on the Geology Along the New Mont Laurier- 
Senneterre Highway; Que. Dept. Mines, P.R. No. 163, Map 
No. 526, 1941. 
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cipal conifers. Small tamarack trees are found here and there in the 
black spruce swamps. Cedar occurs in swampy areas and along the 
margins of lakes. White and yellow birch, soft maple, and poplar are 
the common deciduous trees. Alder and Saskatoon berry commonly grow 
densely but not to large size. The distribution of trees is deter-
mined partly by their preference in soils, partly by the exposure to 
the sun, and in great measure by the vagaries of man's cutting and 
forest fires. 

The lakes contain abundant game-fish, such as grey trout,, 
pike, and doré, as well as some of the coarser species. Moose are 
moderately numerous, and some deer and bear may be seen, the latter 
particularly near camps. Fur-bearing animals are not commonly seen, 
but there are indications of their presence. 

With the foregoing list of resources, the economic rôle of 
the district is clear. Lumbering and trapping must provide a sub-
stantial part of the development, but the utilization of the area as 
a playground appears to be inevitable. The pleasant summer tempera-
ture, the lakes with abundant fish, and the unspoiled scenic beauty 
of the region, make it an attractive resort country. The Provincial 
Government, anticipating this, established the Mont Laurier-Senneterre 
Hunting and Fishing Reserve, which stretches in a northwest-southeast 
direction for about 100 miles and extends some 25 miles northeast and 
10 miles southwest of highway 58. 

Physiography 

Topography 

The topography of the region is similar to that pertaining 
to many parts of the Canadian shield. Hills rise with smooth and com-
monly gentle slopes about 200 feet, and rarely as much as 300, above 
the water-plane. The hill summits tend to define a level plane and 
may be considered the remnants of a somewhat-dissected peneplain. In 
the region to the south of the map-area, the surface defined by the 
summits is commonly at an elevation greater than 1,300 feet, and, 
inasmuch as the principal river and lake valleys are lower than the 
Birch Lake system, the relief in the region toward the St-Lawrence is 
much greater than that within the map-area. This variation in relief 
is probably the most conspicuous difference between the topography of 
this area and that south of Mont Laurier. 

The shapes of the hills are, to a considerable extent, a re-
flection of the bed-rock structures. Both the layered structure of 
the gneisses, and joints and faults, have determined taie position of 

valleys and ridges. Conspicuously elongated ridges are not common and 
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no general trends are predominant, although the tendency for the 
topography to follow the 'grain' of the region is easily seen by 
reference to the geological map accompanying this report. 

Takes  

About one-quarter of map-area is occupied by lakes which, 
because of their use as a means of travel, tend to have a greater 
importance than is their right. The drainage pattern of the region 
has obviously been changed by the Pleistocene glaciers and their 
deposits. The disturbance was so drastic that it is doubtful if the 
sites of the pre-glacial drainage channels can be determined without 
very detailed work. The lakes occupy valleys similar to, if they are 
not actually, old stream channels, which accounts for the elongated 
shape of most of them. The channels were not deeply incised either 
by stream or by ice, for the lakes are shallow. Islands of rock, 
promontories composed of angular blocks, and many submerged rocks in 
the lakes, all attest the shallowness. The water of the lakes is, in 
summer, warm for this latitude, and is yellow, apparently from organic 
material. The shores of the lakes rise only gently from the water-
line. A part of the shore-line is sand and gravel from the eroded 
edges of terraces, less of it is bed-rock, and elsewhere low peaty 
ground comes to the water-edge. 

Deposits of arkosic sand are found at bay-heads aruï as spits 
(Plate I), and, in some places, as tombolos. The sand, which grades 
laterally into deposits of pebbles or of cobbles or of both, is com-
posed of angular particles of which 60 per cent are quartz and most 
of the rest are feldspar. Grains of hornblende are not common and 
biotite grains are rare. A somewhat unusual feature is the occurrence 
of 'pink beaches'. Many of the gneisses contain garnet, and detrital 
garnet may coat a beach so that it appears pink. Less common are 
deposits of black sand. 

Streams 

The character of the streams is in keeping with that of the 
lakes. The valleys occupied by the rivers are wide, and most of the 
streams are sluggish. The rapids and falls are the result of either 
an accumulation of boulders or the presence of rock ridges encountered 
by down-cutting streams. In some places, newly-built beaver-dams have 
resulted in the formation of widely-flooded areas. 
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PLEISTOCENE 

The Pleistocene ice-sheets passed across this area on their 
southward advance. Their destructive effects, however, are much less 

apparent in this than in some other regions of the Canadian shield. 
Their rôle appears to have been to smooth the hills, and little pluck-
ing is evident on the southern ends of ridges trending in the direc-
tion of movement. Scratches on the summits of ridges, along with 
chatter marks and crescentric gouges, are the best evidence of the 
direction of movement, which was from S.10°E. to S.10°W. It is per-
haps noteworthy that at one place both directions of movement were 
observed on the same exposure, and that the direction of motion at 
most localities approaches either S.10°E. or S.10°W. Although such 
observations are normally untrustworthy, the directions of striae 
observed near the water-plane are in accord with those at the summits. 

The constructive effects of the ice-sheets are more conspi-
cuous than the destructive. Hill-side slopes are mantled by angular 
blocks, pebbles, and sand. 

Till, that is, boulder-clay, is not commonly seen in the 
area, but this does not mean that it does not occur in some force. 
Vegetation is prone to grow densely on till because of the water-
retaining properties of the clay component, and this causes the till 
to be overlooked. 

Erratics, many of which are large, are numerous, but prac-
tically all of them are locally derived. Rocks characteristic of the 
Abitibi zone are rare, although pebbles of greenstone may be found. 

Because of the heavy forest cover, outwash and stream de-
posits can be identified only with difficulty, even under the best of 
circumstances, but well-developed eskers, kame terraces, and stream 
deposits were observed. Eskers occur in all parts of the map-area. They 
exhibit several features worthy of comment. For example, east of Birch 
lake, two eskers, one trending northeast and the other northwest, 

coalesce and thence trend south (Plate. I). This feature was observed, 
also, in the esker south of Cawatose lake (Plate II). Parasitic 
deposits of sand and gravel were seen on the east side of the esker 
between Carrière lake and Canimina lake. The origin of these para-
sitic features is not clear, but they may be immature outwash aprons. 

South of Birch lake, numerous small boulder trains were 
found in north-south trending valleys. These boulder trains are not 
traceable for great distances and commonly terminate on the south in 
small outwash fans. These valleys may have served as outlets for 
Birch lake when its surface was higher, and when its present outlet 
to the north was blocked by ice. Terraces, now 60 feet above Birch 
lake, may have been formed at the same time as the boulder trains, 
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and can possibly be correlated with two terraces that lie twenty feet 
above water level on the north shore of Carrière lake. These latter 
are at approximately the same elevation as those at Birch lake and 
consist of gravel and  fine, arkosic sand. The position of a spillway 
that would determine a lake with a surface at approximately 1,160 
feet is not known, but parts of the region to the south remain to be 
mapped. 

Highway 58 crosses the map-area near the crest of what may 
be considered a broad ridge of sand and gravel, about two miles wide. 
The position of the ridge is indicated approximately on the map accom-
panying this report. The way in which the sand and gravel are shown 
on the map may tend to give a false impression of the continuity of 
the formation. The highway, in crossing the map-area, climbs steep 
hills and descends into broad valleys, some of which contain swampy 
lakes, but along it sand and gravel are more abundant, and exposures 
of bed-rock sparser, than elsewhere in the map-area. 

At its southern end, the sand  and gravel ridge merges with 
the broad area of sand and gravel that lies beyond the southern limit 
of the map-area. On the north, the ridge extends th Ottawa river 
where it appears to be replaced by a relatively thin, but persistent, 
cover of sand and gravel. The sand plains at both the north and 
south ends of the ridge stand  at a lower elevation than the ridge 
summit. On both its east and west sides, the ridge merges with drift 
deposits of normal type, at an elevation not much above the water-
plane. 

The sand and  gravel are well exposed along Trompeuse river 
and in gravel-pits along the road. Cross-bedding is ubiquitous, but 
there is, apparently, no consistent direction in which the top faces. 

At two places, eskers appear to join the ridge. One of 
these, which has been partly destroyed by removal of the gravel, is 
west of Camp Dorval; the other is three miles north of Dent's sawmill, 
on the west side of Canica lake. Tne presence of forms such as eskers 
suggests that the edges of the ridge are not the result of post-
glacial erosion, and that the ridge itself is not a relic of a more 
extensive plain. The material of the ridge, which is much less 
coarse than that in the eskers, and the width of the feature, viz., 
two miles, make the use of the term esker  inappropriate. 

It is suggested that, at a late stage in the glaciation, 
lobes of ice extended down the sites of Soulier lake on the east and 
of Birch lake on the west. Sand and gravel were deposited between 
these lobes at about the same time as eskers were forming. There is, 
in the area, no obvious topographic feature that would explain the 
formation of two ice lobes at this place, but the explanation herein 
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advanced, although weak to that extent, is the only one that appears 

to fit the observations. 

A series of small, irregular terraces are found fronting 
the Birch Lake basin, at a greater elevation than the lake-terraces 
previously mentioned. These terraces do not appear to be directly 
related to the broad. band of sand and gravel east of Birch lake, but 
they are similar, in texture, composition, and structure, to the sand 
and gravel along highway 58. Perhaps these are kame-terraces that 
mark the position of irregular re-entrants in the ice-front. 

GFNFRA?, GEOLOGY 

The table of formations for this region may be given in a 
very simple form if inferences are avoided, or it may be complex if 
an attempt be made to correlate the formations with those existing 
elsewhere. The geology of the region may be described in the most 
general terms as follows: paragneisses of uncertain but complex origin, 
and orthogneisses, are the dominant formations of the area; the 
gneisses are intruded by masses of syenite and are cut by dykes and 
stringers of pegmatite and by basic dykes. 

Table 1  

Table of Formations 

       

Cenozoic Recent 

  

Sands and gravels 

Till, morainic deposits, outwash 
sands and gravels 

 

 

Pleistocene 

   

 

Proterozoic(?) 

 

Basic dykes 
Quartz syenite, pegmatite 

 

Precambrian 
Archaean 

  

Orthogneisses 

Pink granite gneiss 
Grey granite gneiss 

Hornblende granite gneiss 
Biotite granite gneiss 

Paragneisses 
Grey paragneiss 

Hornblende gneiss 
Biotite gneiss 
Biotite-garnet gneiss 

Limestone and quartzite of 'Grenville' 

    

type 

  

       



- 9 - 
This table would be very similar to that given in early 

reports of the Geological Survey of Canada, if 'fundamental gneiss' 
were substituted for ortho- and paragneisses. On his map of Timis-
kaming county, M.E. Wilsonl  did not separate the varieties of gneiss 
but described all of them as part of a single group which he termed 
"pre-Huronian batholithic intrusives". Gneisses underlie approxima-
tely nine-tenths of the area mapped. They are grey to pink in colour 
and most of them are layered, with differences in texture and composi-
tion from layer to layer. Three varieties of paragneiss were iden-
tified: biotite-garnet gneiss, biotite gneiss, and hornblende gneiss. 
A hornblende granite orthogneiss and a biotite granite orthogneiss 
are shown on the map as separate units. 

Limestone and quartzite of typical Grenville aspect were 
seen at only one locality (indicated by an arrow on the map) about 
midway along the eastern side of Canica lake. Their relationship to 
the dominant paragneisses is not clear. 

SIBUCTURAL GEOLOGY 

Inasmuch as distinct formations, such as the Keewatin and 
Temiscamian of the region to the north of the map-area, are not found, 
the structure of this area must be ascertained from the structures 
found in the rocks themselves. If the quartz syenite massif and the 
dykes of basic rocks be excluded from consideration, all of the rocks 
may be considered gneisses. 

It is possible to divide the gneisses into two main groups, 
viz., those of igneous origin, and those derived from sedimentary or 
volcanic rocks. A third. group, composite gneisses, results by much 
injection of igneous material into gneisses of the second group. The 
original rocks were folded and rendered schistose; solutions, partly 
magmatic and partly pneumatolytic, invaded them, and sills of granit-
ic material then injected the complex. Throughout the period of 
formation of the gneisses, stress was active. In the absence of 
small, distinctive, lithologic units, the structure of the area can 
be determined only by a study of three elements of the gneisses, viz., 
foliation, schistosity, and lineation. 

Unfortunately there are different usages of the term 
'foliation'. The implication of the term as used in Great Britain is 
indicated by the following quotation from Harkera: "Darwin, who first 
used the term foliation, clearly distinguished this type of structure 
from schistosity (cleavage), while recognizing the close relation 

:WILSON, M.E., Timiskaming County, Quebec; Geol. Surv. Can., Mem. 
103, Map No. 145A, 1918. 

2HARKER, Alfred, Metamorphism; Methuen, 1932, p.203. 
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between the two ... Foliation consists in a more or less pronounced 
aggregation of particular constituent minerals of the metamorphosed 
rock into lenticles or streaks or inconstant bands, often very rich 
in some one mineral and contrasting with-contiguous lenticles or 
streaks rich in other minerals". The usage in the United States is 
illustrated by the following quotation from Pirsson and Knopf': "This 
parallel structure expresses itself in a more or less well-defined 
foliation, by virtue of which the rock tends to split along parallel 

planes or surfaces determined by the foliation ... Gneisses have a 
rude or rough foliation; schists have a more closely-spaced, well-
defined foliation". Knopf uses 'foliation' to cover both foliation 
and schistosity, although the above definition places greater emphasis 
on schistosity than on banding foliation. 

It seems desirable to use 'foliation' in the sense intended 
by Darwin, as indicated in Harker's quotation. The layering of a 
rock that leads to a banded appearance of the exposure is, then, one 
type of foliation. The less perfect structure may be referred to as 
'parallel-streaked' or by some similar term. The inclusion of both 
schistosity, and foliation in the Darwin sense, under foliation means 
that a common structure of metamorphic rocks is without a simple, 
comprehensive, descriptive term. The fact that in most metamorphic 
rocks the foliation and the schistosity are parallel to one another 

has contributed to the confusion. 

Foliation in gneisses may be the result (1) of original 
inhomogeneity from bed to bed, (2) of injection, lit-par-lit, of 
material into a pre-existing schist, or (3) of simple clotting of 
some constituents of a deformed, igneous rock. The foliation is the 
most conspicuous structure of the gneisses of the Cawatose area. In 
places, an alternation of light and dark bands, one inch wide, gives 
a conspicuous 'layer-cake' arrangement. In other places, where the 
successive layers are more similar to one another in composition, the 
banding is less noticeable than in the layer-cake gneisses, but foli-
ation is, nevertheless, visible in most exposures. 

'Schistosity' is a descriptive term applied to an arrange-
ment of the two greater dimensions of crystals of inequant minerals 
in a common plane, the plane of schistosity. It is less easily ob-
served than the layering in the gneissic rocks because, in the field, 
only rocks with abundant dark minerals show it plainly. In rocks 
without dark minerals, schistosity, although present, is not easily 
seen. Furthermore, because of the crystal habit of hornblende, rich-
ly hornblendic rocks may show schistosity only obscurely. The dif-
ficulty in determining schistosity is of no particular concern in the 

1PIRSSON, Louis V., and KNOPF, Adolph; Rocks and Rock Minerals, Wiley 

1947, p.291. 
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map-area, however, for the foliation is parallel to the schistosity, 
and the determination of the attitude of one serves for both. 

Lineation is less evident than either schistosity or foli-
ation, but it is nevertheless present. If a schistosity plane is 
examined, it is seen that certain linear features lying in it tend 
to be parallel. These linear elements may be the axes of minor 
crenulations, 'flutes' in quartz veins, or the long dimensions of 
crystals of metamorphic minerals. 

Although the presence of a linear element in schistosity 
surfaces has been recognized for a long time, there is, as yet, no 
agreement among structural petrologists on how the features are to be 
interpreted in relation to the forces that produced the deformation 
of the rock. In general, it has been found that a study of the 
attitude of the linear elements is helpful in determining the con-
tinuity of a structure. The position of fold axes may thus be found. 
In any case, it is felt that a mere presentation of the data observed 
in the Cawatose area may be helpful to others in working out the 
significance of the lineation. The map accordingly has two symbols, 
one for the attitude of the lineation, the other for that of the 
foliation or the schistosity. It is from these two, in conjunction 
with the distribution of rock types, that structure may be worked 
out. 

Within the map-area, the general structure of the para-
gneisses is relatively simple and consists of north-south striking 
folds, with foliation dipping east at a low angle. 

The mapping of structure in the district surrounding the 
map-sheet is incomplete, except in part of the Keewatin-Temiscamian 
sub-province, but a map was compiled to show the trends of the foli-
ation in an area of about 6,000 square miles around the Cawatose 
sheet (Figure 2). 

Retty's map of the region to the east shows an open fold, 
the axis of which trends S.700E., with its western apex in the Cawa-
tose sheet. Northward from, and also crossing, the Cawatose sheet, 
a belt, which has been considered predominantly granite gneiss, 
shows foliation striking N.45°E. and dipping generally southeast. 
Still farther north and within the Keewatin-Temisçamian sub-province, 
the foliation generally strikes east-west and dips north. A region 
of structural irregularity is seen in Villebon and Denain townships. 

The Cawatose area is, therefore, a region where two struc-
tural trends appear to merge, and, in addition to the irregularities 
mentioned in the ensuing paragraphs as interrupting the apparently 
general structure, there are probably other complications that will 
become apparent only as further detailed mapping is done in the re-
gion adjacent to the present map-area. 
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Three structural units that trend N.60°E. occur in the 
area. They are: the Cawatose 'basin' in the southern part of the 
map-area; the quartz syenite massif in the north; and an ill-defined 
zone of cross-schistosity midway between the basin and the massif. 
It is interesting to note that some of the basic dykes parallel the 
trend of these units. 

The Cawatose basin is roughly indicated by the shape of 
Cawatose lake, the elliptical outline of which is a reflection of 
the structure of the underlying gneisses. The basin is about nine 
miles long and seven miles wide,with its long axis trending N.60°E. 
It was mapped in detail, which established the arcuate arrangement 
of the gneisses and the concentric trends and inward dips of the 
schistosity and foliation. The lineation shows a tendency to con-
verge inward to form a line of focus three miles long, trending 
N.60°E. 

Although domical structures are fairly common in many parts 
of the Canadian Shield, and such domes may be accompanied by basins, 
a single basin, such as that at Cawatose lake, is rare. The exact 
significance to be attached to the structure, and its origin, are 
problems of too great complexity to be treated in this report. 

The quartz syenite massif, which interrupts the normal fold 
structure of the region, will be discussed in the section of this 
report on igneous rocks. 

The zone of cross-schistosity previously mentioned is 
approximately a mile wide, and strikes N.600E., with dips from 700N. 
to 700S. The exact significance of such zones of cross-schistosity 
is not clear, but they are not incompatible with the stress that pro-
duced the folds. Osborne has determined and described one such zone 
near Shawinigan Fallsl and another near St. Jérôme2. 

In addition to the structures involving rock flowage, 
joints and faults have played a part in determining the outlines of 
lakes and, particularly, the directions of stream channels. In the 
Ward Lake sheet, southwest of Birch lake, a rectangular drainage 
pattern is particularly marked; furthermore, the way in which a stream 
maintains one trend for twenty miles suggests that the streams follow 
one joint, joint zone, or fault, rather than parallel members of a set 
of joints. Within the area mapped, etched joints may be seen, as 
shown in Plate III, but the foliation of the gneisses appears to have 
been dominant in controlling the pattern of the drainage. 

lOSBORNE, F.F., and I OTHER, G.K., Petrotectonics at Shawinigan Falls, 
Quebec; Geol. Soc. Amer., Bull., Vol. 47, No.9, Sept. 
1936, pp.1343-1370. 

2OSBORNE, F.F., Lachute Map-area; Que. Bur. Mines, Ann. Rept., Part C, 
Part I, 1936, pp. 1-40. 
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PETROLOGY 

Paragneisses 

It is commonly recognized that gneisses may originate in 
two principal fashions: that is, either by the deformation of a 
plutonic igneous rock during or after its consolidation, or by the 
metamorphism of a sedimentary or a volcanic rock after its consolid-
ation. Gneisses derived from plutonic igneous rocks are termed 
'orthogneisses', and they are abundant in the Cawatose area. Gneisses 
of the second type are termed 'paragneisses'; these also occur in 
force in the Cawatose area and their ultimate origin is one of the 
perplexing problems of the geology of the area. 

As might be expected from their origin, the orthogneisses 
tend to be relatively uniform in composition and  much more massive in 
appearance than the paragneisses, which tend to be thin-layered, with 
the layers commonly much crumpled. Relatively rapid changes in com-
position are common and varieties occur together in a complex fashion. 
The thin layers of the paragneisses have made it possible for igneous 
material to inject them. The injections may be relatively closely 
spaced giving the lit-zE-lit injection gneiss, or they may take the 
form of thicker, and irregularly distributed, sills. 

For purposes of description and  mapping, the paragneisses 
of the Cawatose area have been divided into three varieties, viz., 
biotite, biotite-garnet, and hornblende paragneisses. The three 
varieties grade into one another and all three may be seen in one 
exposure. In mapping, therefore, exposures of the paragneisses have 
been assigned to one variety or another according to the type which 
predominates, as estimated by visual inspection. The use of mineral 
names for the several varieties may suggest that these minerals are 
extremely abundant in the paragneisses, but reference to the Rosiwal 
analyses that accompany the descriptions will show that this is not 
the case. 

Biotite Paragneiss 

The biotite paragneiss is the dominant gneiss in the area. 
The composition, texture, and colour are far from uniform, even in a 
small area, and no single specimen may be taken as a type. Hand  
specimens from two localities, however, will serve to give an idea of 
thg megascOpic features of this rock type. In a road-cut, half a mile 
east of Camp Dorval and near the bridge over Beaver creek, a dark 
grey, media-grained yellow-brown-weathering gneiss is exposed. It 
contains biotite, quartz, and feldspar, in approximately equal amounts. 
The schistosity is not pronounced, but the foliation is accentuated 
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by lit-22E-lit injections of a grey pegmatite. The second specimen 
is from the southwest shore of Birch lake, and is grey-black, medium-
grained, and gneissic. Biotite is the predominant mineral, with some 
quartz, feldspar, and hornblende. On a weathered surface, the rock 
is rusty-brown and extremely friable. The schistosity is marked, and 
the foliation is shown by the alternation of biotite-rich layers and 
ones with abundant quartz and feldspar. 

Lit-par-lit injection of pink or grey pegmatite, such as 
is shown in Plate IV-A, serres to make the foliation more apparent. 
Some varieties of this gneiss consist of alternating light and dark 
layers, about two inches thick, and are commonly termed 'layer-cake' 
gneiss. 

Examination of thin sections of the biotite paragneisses 
shows that they are characterized by a high content of biotite and a 
low tenor of hornblende and potassic feldspars. The rock has a grano-
blastic texture, with grains up to four millimeters long oriented with 
their longer axes in the plane of the schistosity and foliation. In 
the slides examined, the plagioclase ranges from An22 to An54, and 
saussuritization of this mineral is universal. Quartz, in oval-shaped 
grains and strained, and BBhm's lamellae, are common. Biotite, which 
may make up 50 per cent of the rock, is pleochroic in brown and straw-
yellow. Chlorite forms thin rims on the biotite. Diopside is rare 
but is present with green hornblende. Other minerals occurring in 
minor amount are apatite, zircon, magnetite, and pyrite. Alteration 
to scapolite, epidote, and zoisite is not common, although these 
minerals occur in force in some specimens. Microcline is found only 
in the rocks that have been injected by pink pegmatite. Albitization 
of plagioclase feldspars and the formation of myrmekite are common in 
the injection gneisses. 

The results of Rosiwal analysesl  of biotite gneisses 
without conspicuous lit--lit injections are listed below in volume 
percentage. 

'Made with a Dollar integrating micrometer. 
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Table 2 

Rosiwal Analyses of Biotite Paragneiss 

Specimen No. 	 3 15 27 64 H-3 H-9 

Plagioclase 	 68% 26% 44% 54% 45% 64% 

Quartz 	 18 8 31 19 19 27 
Biotite 	 11 49 18 26 36 9 
Hornblende 	 -- 11 6 1 -- -- 
Scapolite 	 -- 5 
Microcline 	 2 -- 

Plagioclase 
composition, An%. 22 54 25 32 28 33 

Biotite-garnet Paragneiss 

The biotite-garnet paragneiss is si.ilar.in  texture and 
in colour to the biotite paragneiss, and is found within it as small 
lenticules or as long, narrow bands. The contact between these two 
gneisses is gradational. A specimen considered as typical of the 
biotite-garnet paragneiss was obtained from a road-cut two miles east 
of Camp Dorval. The rock is brown-weathering, with an uneven surface 
caused by the differential weathering of the garnets and the ground-
mass. Lit-par-lit injections of grey pegmatite accentuate the uneven-
ness of the surface. This rock is holocrystalline, dark grey, medium-
grained, and slightly schistose. Red garnets, four millimeters in 
diameter, are contained in a groundmass of quartz, biotite, and feld-
spar. In some exposures of this gneiss, the garnets attain a diameter 
of half an inch, and are pink to red. 

In thin sections, the rock is seen to be characterized by 
garnets contained in a groundmass similar to that of the biotite para-
gneiss. Fractured, pink, isotropic garnets commonly form porphyro-
blasts which enclose quartz and biotite. The plagioclase of the para-
gneiss is from An14 to An33, and little sericitization was observed. 
Microcline and albitic plagioclase are found only in association with 
the pink pegmatite of the lit-par-lit injections. .The biotite is pleo-
chroic in brown and straw, in the form of curved crystals with little 
alteration to chlorite. The amphibole, associated with the pink 
pegmatite, is pleochroic in blue-green and green, with low bire-
fringence and a small optic axial angle; it is the variety hasting-
site. Other minerals identified are quartz, apatite, epidote, zircon, 
and magnetite. In a single specimen from the east shore of Cawatose 
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lake, sillimanite was found to form approximately 30 per cent of the 
rock, but in general this rock contains no mineral of the Al2Si05  
group. 

The results of Rosiwal analyses of four slides are listed 
below. 

Table 3 

Rosiwal Analyses of Biotite-Garnet Paragneiss 

Specimen No. 	  40 48 54 75 

Plagioclase 	  32% 47% 41% 48% 
Microcline 	  32 3 
Hornblende 	  5 -- 
Quartz 	  22 30 17 32 
Biotite 	  1 8 31 12 
Opaque 	  -- -- 2 1 
Garnet 	  9 12 4 5 

Plagioclase 
composition, An% 	 14 28 32 33 

The presence of garnet in the biotite-garnet paragneiss 
suggests that the rock may have been derived from an aluninous rock' 
such as a shale, although the tenor of garnet is not adequate enough 
for such a statement to be made with assurance. 

Hornblende Paragneiss 

In some localities, the paragneiss contains a larger 
amount of amphibole than is present in the ordinary biotite or 
biotite-garnet type and the rock may be appropriately termed horn-
blende paragneiss. Few exposures of such rocks are to be seen except 
in the eastern part of the map-area, where they occur on the flanks of 
ridges. It is logical to suppose that the intervening valleys are 
underlain by this paragneiss because it is more easily eroded than 
the granite gneiss which forms the ridges. 

1ADAMS, F.D., Laurentian Area in the Northwest Corner of the Montreal 
Sheet; Geol. Surv. Can., Ann. Rept., Vol. VII, Pt. J, 
pp. 93-112, 1894, p. 101. 
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Plate I 

Plate T 

Aerial photograph with superimposed tracing, showing arkosic sand 
beaches and spit, and the coalescing of two eskers to the south; east 

shore of Birch lake. A.P., R.C.A.F. 
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Aerial photograph mosaic of Cawatose Lake basin, with super-
imposed tracing showing structural elements. A.P., R.C.A.F. 
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Plate III 

Plate III 
Aerial photograph with superimposed tracing showing structural 

elements. Note conspicuous jointing of the Paragneiss, and the 
control of lakes and streams by foliation and jointing; southeast 
of Cavratose lake, same location as southeast corner of Plate II. 
A.P., R.C.A.F. 



Plate IV 

A—Lit-par-lit injection of grey pegmatite in the biotite paragneiss; west 
shore of Birch lake. 

B—The foliation of biotite paragneiss passes around the irregularly shaped, 
mafic-rich rock; south shore of Birch lake. 
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A pyroxene-rich roch, 15 feet thick and 200 feet long, parallel to the 
schistosity of the enclosing biutite purogneiss, on an island in south-cen-
tral Birch lake. 
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The hornblende paragneiss is a dark green, medium-grained 

(4 mm.), granoblastic rock with a typical salt-and-pepper appearance. 
It consists of amphibole in a groundmass of feldspar, quartz, bio-
tite, and several accessory and secondary minerals. The amphibole, 
which commonly forms more than 50 per cent of the rock, is, in some 
specimens, common hornblende, which is pleochroic in green and 
yellow, with large 2V and ZAC 250-30°, and in others actinolite, 
pleochroic in blue-green and green, with large 2V and ZAc 15°. pink 
garnets enclose grains of quartz. The accessory minerals are apa-
tite, magnetite, epidote, and sphone. In some exposures with a low 
tenor of quartz, the rock approaches an amphibolite in composition. 

The results of Rosiwal analyses are given below. 

Table 4 

Bosiwal Analyses of Hornblende Paragneiss 

Specimen No. 	  7 8 33 H-8 

Plagioclase 	  19% 33% 14% 22% 
Hornblende 	  55 49 58 54 
Quartz 	  9 15 14 15 
Biotite 	  2 2 3 3 
Opaque 	  4 2 6 8 
Garnet 	  3 Tr. 5 Tr. 
Calcite 	  8 -- -- 

Plagioclase 
composition, An% 	 30 25 26 31 

These determinations do not clearly indicate the origin 
of this paragneiss. Rocks having the mineral compositions shown in 
the analyses might be derived from basaltic or andesitic flows, 
tuffs, greywackes, or even, under appropriate conditions, from impure 
dolomitic limestones. 

Amphibole Rocks 

Irregularly-shaped, elongated bodies of merle-rich rock 
are found lying parallel to the schistosity and foliation of the bio-
tite and hornblende paragneisses. These mafic-rich rocks may take 
the form eT narrow stratifoxm masses, aligned blocks or lenticles, or 
isolated ellipsoids. Hornblende is commonly the dominant mineral, 
but in some exposures monoclinic and orthorhombic yyxoxenes are found 
in amounts approximately equal to the hornblende. 
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The hornblende-rich masses are found in all parts of 

the map-area but are particularly abundant within the gneisses on 
the east shore of Camion lake. These bodies are of various shapes 
and sizes and are, in general, conformable to the foliation of the 
enclosing gneiss, although transgression of the foliation was ob-
served. The foliation of the containing gneiss curves or bends 
around large ellipsoidal masses (Plate IV-B), and neither schist-
osity nor foliation was observed within the amphibolites. The rock 
is dark green to black, coarse-grained (6 to 8 mm.), and massive, 
and weathers to a light green. In addition to hornblende, which 
comprises up to 80 per cent of the rock, feldspar, biotite, and an 
occasional grain of quartz, may be seen in a hand specimen. 

As seen under the microscope, the rock is characterized 
by a preponderance of hornblende, which is pleochroic in green and 
yellow-green, with ZAc 22°  and large 2V. Biotite is pleochroic in 
brown and straw. Augite is present in small amount. The light-
coloured minerals are plagioclase (An18) and quartz. 

The origin of these rocks is not clear. Adams and 
Barlow described, in the Haliburton area, numerous amphibole-rich 
rocks similar to these. The occurrence of these amphibole rocks in 
considerable force with a limestone in the eastern part of the map-
area suggests that they may have been derived from an impure 
dolomite, but other possible origins, viz., basaltic flows or tuffs, 
basic intrusives, or even concentration of constituents by meta-
somatism, cannot be eliminated. 

Pyroxene-rich Rock 

A pyroxene-rich rock was found as a stratiform mass, 
15 feet wide and 200 feet long parallel to the schistosity of the 
enclosing biotite paragneiss, on an island in south-central Birch 
lake (Plate V). This rock is dark green to black, medium-grained, 
and massive. In hand specimen, an amphibole, pyroxene, and biotite 
are seen. Quartz and feldspar are the other identifiable minerals 
and are rendered more conspicuous by a mottled, grey and brown 
weathering. 

In several thin sections studied, the rock is grano-
blastic, medium-grained (4 mm.), and has a rude orientation of the 
minerals. Two pyroxenes were identified: a monoclinic pyroxene 
(augite), in fresh, greenish, non-pleochroic crystals with ZAc 
430 to 450, birefringence of 0.025, and large 2V; and an ortho-
rhombic pyroxene (hypersthene),which is pleochroic in pink and green, 
with parallel extinction, birefringence of 0.012, large 2V, and 
negative sign. The amphibole, which is hornblende, is pleochroic 
in blue and yellow-green, with ZAc 20°  and large 2V. Biotite is 
pleochroic in brown and straw. The plagioclase is from An31 to An43 
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and alteration to sericite is common. Quartz is present in small, 
strained crystals. Apatite, magnetite, and sphene are accessory 
minerals. 

Microbreccia 

A rock worthy of comment, found on the west side of 
Canica lake, two miles north of the locality for 'Grenville', and 
on an island half a mile south of where the Ottawa leaves Canica 
lake, may be considered a microbreccia or mylonite. It forms half-
inch thick layers parallel to the schistosity of the pink granite 
gneiss or biotite paragneiss with which it is associated. It was not 
observed to cut the foliation. Fragments of quartz and feldspar, 
set in a very finely-comminuted green matrix, suggest that the rock 
is a microbreccia or mylonite, but no other effects of local movement 
in the surrounding gneisses can be seen. 

Orthogneisses 

Orthogneisses may be divided into two varieties, viz., 
those formed from igneous rocks that were emplaced before deform-
ation, and those that were injected during a period in which stresses 
were still active. The orthogneisses in the Cawatose area may have 
originated in either manner, but the latter appears to be the prin-
cipal mode of origin. During the late stages of deformation, 
igneous material was injected as lenticular or stratiform masses 
parallel to the schistosity of the paragneiss. 

In some localities these orthogneisses were seen to 
transgress slightly the older formations, but most of the injections 
are parallel to the foliation. Schlieren of paragneiss in the 
orthogneiss are common. Contacts between orthogneiss and paragneiss 
are commonly marked by a transitional zone, the thickness of which 
is roughly proportional to the sizes of the bodies of gneisses 
involved. Orthogneisses of three types are shown as formations on 
the map accompanying this report, viz., biotite granite, gneiss, 
hornblende granite, gneiss, and pink granite gneiss. These are des-
cribed below. 

Biotite Granite Gneiss 

Biotite granite gneiss, which is the most abundant ortho-
gneiss, is found scattered throughout the map-area. It is fairly 
abundant as stratiform masses as much as seven miles long and one 
mile wide in the vicinity of Cawatose lake, and as lenticular bodies, 
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up to six miles long and two miles wide, both east and west of 
Soulier lake. It is grey-white, medium-grained, and leucocratic. 
Feldspar, quartz, and biotite are identifiable in hand specimens. 

Under the microscope, this orthogneiss is characterized 
by a low tenor of biotite and the absence of hornblende. It is 
holocrystalline, medium-grained (4 mm.), and slightly gneissic. 
Plagioclase is from An22 to An31 and is commonly twinned. Micro-
cline is gridded and can readily be distinguished from the plagio-
clase by its negative relief. Muscovite and biotite occur in minor 
amount, but they are present in sufficient quantity to emphasize 
the schistosity of the rock. Quartz is strained and BBhm's lamellae 
are common. Accessory minerals are apatite, magnetite, sphene, and 
zircon. The sections show some alteration of feldspar to sericite 
and of biotite to chlorite, but is is not prevalent. 

Bosiwal analyses of these rocks are as follows: 

Table 5  

Bosiwal Analyses of Biotite Granite Gneiss  

Specimen No. 	  44 72 80 82 

Plagioclase 	  5% 71% 63% 53% 
Microcline 	  Tr 1 7 3 
Quartz 	  23 22 24 39 
Biotite 	  17 6 3 5 
Muscovite 	  1 -- 2 -- 

Plagioclase 
composition, An % 	 31 22 23 24 

Most specimens of this rock can appropriately be termed 
oligoclase-biotite granite, but specimen 44 is rather a quartz 
diorite. 

Hornblende Granite Gneiss 

Granite gneisses in which hornblende is dominant over 
biotite are found intruding the paragneisses in all parts of the map-
area, but the only outcrop of this gneiss large enough to form a 
mappable unit is in the central part of the area at its eastern 
margin. This gneiss is a coarse-grained, dark green, pepper-and-
salt rock. In many places, dark green amphiboles are found in 
feather-like crystals, an inch long, in a groundmass of feldspar, 
quartz, and biotite. 
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The rock is holocrystalline, coarse-grained, and granit-

ic. The plagioclase is from An24 to An30. Most of the thin sec-
tions examined contain hornblende, but some have actinolite. The 
amphibole, which is in crystals three-quarters of an inch long, 
encloses quartz and diopside. The actinolite is pleochroic in blue-
green and yellow-green, with ZAc 14°  and large 2V, and the horn-
blende pleochroic in dark green and yellow-green, with ZAQ 25°  and 
large 2V. Biotite is pleochroic in brown and straw. The quartz is 
strained and Btlhm's lamellae are common. Microcline occurs in con-
siderable force only where conspicuous lit-par-lit injections of 
pink pegmatite are found. In these rocks, albitization of the pla-
gioclase and the formation of myrmekite are common. 

The results of Rosiwal determinations on these rocks 
are given below. 

Table 6  

Rosiwal Analyses of Hornblende Granite Gneiss 

Specimen No. 	  29 80-A 81 83 

Plagioclase 	  54% 53% 34% 51% 
Microcline 	  -- 5 28 -- 
Hornblende 	  21 12 17 29 
Quartz 	  19 21 15 18 
Biotite 	  6 9 7 2 

Plagioclase 
composition, An % 	 30 26 24 25 

Pink Granite Gneiss 

The name 'pink granite gneiss' is used for rocks of two 
textures but with a similar pink or rose colour. One variety assign-
ed to this formation is found as sills intruding the paragneisses in 
all parts of the area. It is a medium to coasse-grained rock with a 
distinctive, white, rough, weathered surface. Pink feldspars and 
quartz, with minor amounts of biotite and muscovite, are the prin-
cipal constituents. 

Examined in thin section, this orthogneiss is seen to be 
characterized by a relatively high tenor of microcline, a low content 
of biotite, and the absence of hornblende. It is holocrystalline, 
medium to coarse-grained (4 to 7 mm.), and faintly gneissic. The 
plagioclase is from An12 to An15, with little alteration to sericite 
observed. A red stain, possibly hematite, is found on the feldspar 
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cleavage surfaces. The quartz is unstrained and clear, and the bio- 
tite is pleochroic in brown. and straw-yellow. 

The other rock type assigned to this formation is found 
as irregular masses of medium-grained, composite gneisses. In the 
rocks of this type all degrees of absorption of, and intercalation 
with, other gneisses may be seen, so that the composition, texture, 
and colour are variable. In general, the injection gneiss is pink to 
rose, medium-grained, and gneissic. The foliation is apparent and is 
accentuated either by lit-gar-lit injection of pink granite into less 
assimilated varieties of paragneiss or by layers of schist within the 
granite. 

A composite gneiss in which extensive metasomatism is 
evident is chosen for description, inasmuch as it represents the end 
stage of the reaction which many of these rocks have undergone. As 
seen under the microscope, it is medium-grained (3 mm.), holocrystal-
line, and gneissic. This gneiss is similar in composition to pink 
granite gneiss, in that there is a relatively high tenor of microcline 
and a low content of biotite. It is perhaps worthy of comment that 
only in the composite gneiss are zoned feldspars, perthite, and myr-
mekite common. The tenor of biotite, and the anorthite content of 
the plagioclase, are higher than in the variety described in a preced-
ing paragraph. 

The results of Rosiwal analyses of two pink granite 
gneisses and of one composite gneiss, specimen 28, are given in 
Table 7. 

Table 7  

Rosiwal Analyses of Pink Granite Gneiss 

Specimen No. 	  28 36 37 

Plagioclase 	  53% 39% 30% 
Microcline 	  14 32 36 
Quartz 	  27 24 28 

Biotite 	  6 4 4 

Opaque 	  -- 1 -- 

Muscovite 	  -- 

Plagioclase 
composition, An% 	  23 12 15 
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Limestone and  quartzite of 'Grenville' Type 

An exposure with 'Grenville' type limestone and quartzite 
was found within the pink granite orthogneiss on the east shore of 
Canica lake at a locality marked on the map by an arrow. The expo-
sure is approximately 20 feet wide and 30 feet long, and is bounded 
on the north by the water of a small bay of Canica lake and on the 
south by glacial drift. To the east and to the west, the rocks are 
in intrusive contact with pink granite gneiss, and the attitude of 
the foliation, bedding, and schistosity of the metasedimentary rocks 
is similar to that of the containing orthogneiss. 

A table describing the rocks of this exposure is given 
below. 

Thickness 

Pink granite _Weiss  

Intrusive contact 

'Iron formation'  	3 feet 
Limestone  	3 feet 
Garnetiferous schist  	3 feet 

quartzite 	 6 feet 

Intrusive contact  

Pink granite gneiss 

The contact between the pink granite gneiss and the 
quartzite is irregular and is marked by a 'mixed' zone six inches 
thick. 

The quartzite layer, which is approximately six feet 
thick, is light grey, coarse-grained, and massive. The dominant 
mineral is quartz, with which are some small grains of garnet, some 
feldspar, and biotite and muscovite. The thin section examined con-
sists almost entirely of large (7 to 8 mm.) quartz anhedra, which are 
strained and show Bhhm's lamellae. It is interesting to note that 
all the quartz anhedra have the e crystal axis in a common direction. 
The orientation of a few flakes of biotite and muscovite is sufficient 
to mark the schistosity. This quartzite passes abruptly upward., 
through a.zone less than an Inch wide of fine-grained quartz, bio-
tite, and garnet, into a garnetiferous biotite schist. 

The garnetiferous schist is three feet thick and is red-
brown, coarse-grained, and slightly schistose. Garnet forms 75 per 

East 

West 
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cent of the rock, and is so fractured as to impart a sugary texture 
to the rock. Biotite occurs as small flakes molded around the 
garnet. 

The limestone is about three feet thick and is a coarse-
grained, chalk-white rock. On weathered surfaces, however, it is 
dark grey to black. It is composed of interlocking grains, three-
quarters of an inch long, of white calcite, most of which, under the 
microscope, show gliding lamellae. The limestone is in sharp con-
tact, on its east side, with magnetite-garnet gneiss. 

The magnetite-garnet gneiss is a three-foot layer of 
massive, rusty-brown-weathering paragneiss. The rock consists of 
alternating bands, up to half an inch thick, of clear, glassy quartz, 
and fine-grained, red-brown layers of magnetite and garnet. In a 
thin section, small pink garnets, and irregular grains of magnetite 
and quartz, are found in approximately equal amounts. This rock may 
be either metamorphosed iron formation, or a contact metamorphic 
product of the pink granite gneiss and an impure quartzose sediment-
ary rock. Iron formation has not yet been described from rocks 
certainly belonging to the Grenville series. 

Quartz Syenite 

Quartz syenite crops out in the north-central part of 
the map-area, and is exposed in road-cuts and along the shore of 
Soulier lake. Most of the area believed to be underlain by quartz 
syenite is so covered by glacial and related deposits that, despite 
careful search for contacts, the limits of the mass could not be 
accurately determined. In all exposures examined, the quartz syenite 
is fresh appearing, and it lacks the conspicuous gneissic structure 
common in the granite gneisses that have been involved in the folding 
within the area. Near the highway and along the shore of Soulier 
lake, it was observed that elongated clots of minerals, and the long 
axes of prismatic minerals, trend northeast and plunge easterly. 
Flow layers, although not readily apparent in the field, strike north-
east and dip steeply south. The size and shape of this massif were 
deduced on the basis of only a few observations. It is considered to 
be a stock, i.e., a cylindrical body with its long axis plunging 
northeast. 

The quartz syenite is pink to grey-green and is coarse-
grained, with phenocrysts of feldspar and clots of mafic minerals. 
In a hand specimen, plagioclase, microcline, quartz, and minor amounts 
of hornblende and pyroxene may be identified. In some exposures, 
with an increase in quartz, the rock approaches an alkaline granite 
in composition. 
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Under the microscope, this quartz syenite is seen to be 

a holocrystalline, medium-grained, granitic rock, characterized by a 
low tenor of quartz and the presence of aegirine-augite. The plagio-
clase is from An14 to An16 and is commonly twinned. Microcline is 
gridded, and an intergrowth of the two feldspars is common. Quartz 
is in small irregular grains. The aegirine-augite is pleochroic in 
pale green and brown, with absorption X>Y>Z, XAÇ 260, and large 2P. 
The amphibole is common hornblende and is pleochroic in brown-green 
and yellow-green, with absorption Z>l,X, Z4c 24°, and large 2V. 
Biotite is pleochroic in brown and  straw. Apatite, magnetite, and 
sphene are accessory minerals. 

The results of Rosiwal determinations are given below. 

Table 8  

Rosiwal Analyses of Quartz Syenite  

Specimen No. 	  9 62 

Plagioclase 	  20% 
Microcline 	  44 59 
Aegirine-augite 	  3 9 
Quartz 	  6 7 
Hornblende 	  8 4 
Biotite 	  1 

Plagioclase 
composition, An % 	  14 16 

The possible age of this formation is discussed in the 
section of this report on correlation. 

Basic Dykes 

Unaltered, basic, igneous rocks were found as dyke-like 
intrusives in three parts of the map-area, viz., on an island in the 
southwest part of Birch lake, near the east end of CawatoSe lake, and 
on Ottawa river northeast of Soulier lake. They occur as tabular 
bodies, some 50 feet wide and over 200 feet long, inclined to the 
schistosity of the containing gneisses. The rock is dark brown to 
black, coarse-grained, and massive. The mafic minerals identified in 
hand specimen are amphibole, pyroxene, biotite, and garnet. Quartz 
and feldspar are the salit constituents. The plagioclase is in long 
laths which impart an ophitic texture to the rock. 
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In thin sections, this rock is seen to have a low tenor of 

quartz and a high content of.augite and hornblende, and  is considered 
to be a quartz gabbro. It is a holocrystalline, medium-grained, ophit-
ic, igneous rock. The plagioclase is zoned and is near An34 in composi-
tion. Alteration to sericite is not common, but minute dark rods are 
included in the feldspar, arranged parallel to (001) and (010). The 
pyroxene is a clear, greenish augite, non-pleochroic, with extinction 
ZAc 42° and large 2V. The hornblende is pleochroic in dark green and 
yellow-green, with ZAc 18°  and large 2V. Biotite is pleochroic in 
red-brown and straw. A pink garnet is present as small, irregular 
grains around the mafic minerals. The origin of these 'reaction rims" 
is not clear, but several associations were noted in these rocks. They 
are listed in Table 9. 

Table 9 

Garnet Reaction Rims 

Magnetite 	Magnetite Biotite 	Magnetite Augite 
Biotite 	 Biotite Hornblende Garnet Garnet 
Hornblende 	Hornblende Garnet 
Augite and Quartz Garnet 
Garnet 

Pegmatites 

Pegmatites of diverse composition are found in all parts 
of the area as thin lit-zE-lit injections, as dykelets, as lenticles, 
and as stratiform or dyke-like masses as much as 200 feet long. The 
pegmatites may be divided into three groups based on their composition 
and colour, viz., a grey pegmatite, a pink pegmatite, and a low-quartz 
alkaline pegmatite. 

Grey Pegmatite 

The grey pegmatite is found almost exclusively as lit-124:-
lit injections, but dykes and lenses as much as five feet wide and 
twenty feet long were seen. In the lit-par-lit injections,this pegmatite 
is dark grey and relatively fine-grained (5 mm.), and consists of quartz, 
feldspar, and biotite. The occurrence of dark red garnets within the 
pegmatite suggests that there was some absorption of the host rock 

1GTT,TSON, J.L., CATANAN, W.H., and MILLAR, W.B., Adirondack Stneies: 
The age of certain of the Adirondack gabbros, and the origin 
of the reaction riles and peculiar border phases fotmri in 
them; Jour. Geol., Vol. 36, 1928, pp. 149-163. 
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by the pegmatite. A len»cular body of coarse-grained, grey pegmatite 
outcrops on the southeast shore of Dozois lake. This body is ten feet 
long and three feet wide, and contains several 'books' of muscovite, 
two to three inches thick and approximately two inches in diameter. In 
thin section, potassic feldspar was found to be the dominant mineral. 
It occurs either as microcline or as a microcline perthite. Plagio-
clase is present and much of it is intergrown with quartz. 

Pink Pegmatite 

The pink pegmatite occurs as dykes several hundred feet 
long and fifty feet wide, or, more commonly, as thin lit-12E-lit injec-
tions. It is pink to rose, and the crystals in the larger masses are 
of diverse size, ranging from less than an inch to nearly a foot in 
length. The minerals in this pegmatite are quartz, pink feldspars, 
biotite, and muscovite, and, in a few exposures, hornblende and garnet. 
'Books' of biotite, an inch thick and nine inches in diameter, were 
seen in a pegmatite on the south shore of Birch lake. A muscovite-
bearing pegmatite is exposed half a mile from the head of the bay on 
the northeast arm of Birch lake. Under the microscope, microcline is 
seen to be the dominant mineral, with quartz and plagioclase (An17) in 
equal amounts. Additional information concerning these pegmatites is 
given in the section of this report on economic geology. 

Alkaline Pegmatite 

The low-quartz alkaline pegmatite was seen only in the 
vicinity of the massif of quartz syenite. Pink to dark rose feldspars 
and dark green amphiboles and pyroxenes were identified in hand speci-
mens. In thin section, microcline and microcline-perthite are found 
to make up 75 per cent of the slide. Plagioclase (about An14) is zoned, 
and myimekite is present but not common. The amphibole is hornblende, 
which is pleochroic in dark green and yellow-green with absorption 
Z>Y>X; it has an ZAC extinction of 30°, and a 2V of approximately 60°. 
The pyroxene is aegirine-augite; it is pleochroic in pale green and 
brown, with absorption X>Y>Z, XAc extinction 23°, and large 2V. The 
section contains also biotite and muscovite as small flakes, and some 
grains of rutile, magnetite, apatite, and zircon. 

Amphibole Pegmatite 

There remains for discussion an amphibole-bearing pegmatite, 
exposed in a road-cut three miles northwest of the bridge over Trom-
peuse river. The body is irregular in outcrop but parallels the schist-
osity of the enclosing paragneisses. It is a grey-white, medium-
grained (25 mm.) rock composed of feldspar, quartz, biotite, and an 
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amphibole. The amphibole occurs not only as separate crystals two 
inches long in a groundmass of feldspar and quartz, but also as 
aggregates, some of which are as much as three feet long. The amphi-
bole in the aggregates tends to be coarser than that disseminated in 
the pegmatite. In the hand specimen examined, this amphibole is in 
bladed, dark brown crystals, nine inches long. Under the microscope 
it is colourless, with Z parallel to g, a birefringence of 0.023, 2V 
approximately 85°, and optically positive. It is considered to be 
anthophyllite. 

CORHEIATION 

The position of the Cawatose area would make it probable 
that the paragneisses are derived from rocks normally found in the 
Keewatin-Temiscamian sub-province, or in the Grenville sub-province, 
of the Canadian Shield. The possibility of the presence of rocks of 
a series not found in either of these divisions must also be consider- 
ed. 

The characteristic rocks of the Keewatin-Temiscamian sub-
province, as exposed in Abitibi, are andesite and basalt flows and 
their tuffs, with subordinate rhyolites. These are associated with 
sedimentary rocks such as conglomerates, sandstones, and greywackes. 
It is noteworthy that the finer-grained aluminous rocks are not common. 
It is only in a few localities that rocks containing minerals that 
might indicate that they were of the composition of ordinary shale 
have been found. Limestones have not been reported. The sediments, 
therefore, were formed under a topographic and climatic condition that 
allowed mechanical weathering, with only subordinate chemical weather-
ing. The presence of iron formation may indicate that the basins of 
accumulation were lakes. 

These rocks were subsequently altered, but the alteration 
is not to a high grade. Pillow, agglomeratic, and tuffaceous struc-
tures in the lavas, and conglomeratic and grain-gradation structures 
in the sediments, have not been destroyed. 

The situation in the Grenville sub-province in the region 
between the Ottawa and the Saguenay is different. Decomposition of the 
rocks that gave rise to the Grenville sediments was dominant over 
mechanical weathering. Quartzite, sillimanite-garnet gneiss, and lime-
stone are characteristic members of the series. The sillimanite 
gneisses have the composition of shales, and all the members of the 
series were laid down in marine water. 

After their deposition, the Grenville rocks were metamorphos-
ed to a grade much higher than that of the rocks of Abitibi. All except 
the very coarsest structures were destroyed. Although igneous material 
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from depth invaded the metamorphosed rock in complex fashion, never-
theless, some of the distinctive characteristics can still be discern-
ed. Limestone and quartzite proved to be particularly prone to retain 

their identity during metamorphism. 

The paragneisses of the Cawatose area are unlike the 
Grenville rocks. Limestone and quartzite are found at only one 
locality, and, if the experience in the Grenville sub-province is 
applicable here, these rocks, if they occurred in force, should have 
left more traces than have been found. Furthermore, the paragneisses 
are not exceedingly rich in garnet, and the tenor of this mineral, 
along with that of such minerals as sillimanite, which was found in 
only one thin section, or cyanite, which does not occur at all, shows 
that it is unlikely that shale rocks were present in the Cawatose 
area. Throughout this report, the calcity of the feldspars has been 
emphasized. The anorthite content is relatively high and is a reflec-
tion of a considerable content of lime. Potassic feldspar is not 
abundant in the paragneisses, and is commonly related to the granitic 
material of the lit-par-lit injections. The paragneisses do not have 
the feldspar that would be expected if they were derived.from Grenville-
type sediments. The evidence from petrographic study may be summarized 
by stating that the paragneisses are not of a Grenville type, and that 
the Grenville-type material is only an insignificant part of the 
original bed-rock of the area. 

On the other hand, the petrographic characteristics of the 
paragneisses accord with their derivation from sediments of the type 
occurring in Abitibi. The moderate tenor of garnet and biotite, the 
low content of potassic feldspar, and the calcity of the plagioclase, 
are all evidence on this point. It is perhaps significant that a band 
of sedimentary rocks occurs on the south side of the volcanics of the 
Abitibi zone, about 25 miles northwest of the Cawatose area. It is 
even possible that volcanic rocks have contributed to the formation of 
the paragneisses. A volcanic rock of the composition of andesite or 
basalt could, if rendered schistose, deformed, and injected by igneous 
material during a period of metamorphism, give rise to paragneisses of 
the type encountered. It might be expected that, in some places, 
relics of a formation as robust as a volcanic flow might remain, but 
no such relic was seen. 

Despite the possibility of the derivation of the para-
gneisses from rocks of the Abitibi type, the grade of alteration is 
much higher than in Abitibi. It as least approaches that of the Gren-
ville sub-province. The difference in intensity of metamorphism might 
account for the apparent dissimilarity of the rocks of the Cawatose 
and Abitibi districts. 

The igneous intrusive rocks of Abitibi differ from those 
of the area described here. In Abitibi, the granitic rocks form 
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batholiths and stocks, and the igneous rocks in general are not cons-
picuously gneissic, whereas in the Cawatose area the igneous rocks are 
gneissic, and the masses are conspicuously elongated as if they had 
been introduced while the. region was being deformed. In the Cawatose 
area there is a very intimate mingling of the paragneisses and the 
igneous rocks, in which respect it is like parts of the Grenville 
region. 

The stock of quartz syenite is an exception to the general 
behaviour of the intrusives. In habit, and indeed in mineralogy, it 
is like the syenite and syenite porphyry of Dasserat and Peauchastel 
townships, which Cooker  considers are late pre-Huronian, that is, they 
are post-Temiscamian and pre-Cobalt. Gunning2  determined the age of 
the syenite porphyry as post- 'Older Gabbro' and pre- 'Later Gabbro', 
which is in accord with Cooke's interpretation. Even if this correla-
tion be accepted, it does not help in establishing the age of the 
principal formations of the Cawatose area, although it suggests that 
the stock and the late dykes are of Proterozoic age. 

Inasmuch as the relationship of the Keewatin-  and 

Temiscamian-type rocks to the Grenville series has not yet been 
established, the fact that the paragneisses of the Cawatose area are 
petrologically more similar to the Temiscamian than to the Grenville 
rocks is not significant, for it has been repeatedly suggested that 
the Keewatin and Temiscamian formations may be correlatives of the 
Grenville. The limestones and shales would, under such an interpret-
ation, be an off-shore marine facies of the formations, whereas the 
Temiscamian rocks would be the near-shore facies. The Cawatose para-
gneisses would be part of the transition between the two facies, and 
the limestone would represent a local marine condition. 

The possibility that the paragneisses of the Cawatose area 
are derived from a series that belongs neither to the Keewatin-
Temiscamian nor to the Grenville series cannot be ruled out. 

The problem of the correlation of the paragneisses of this 
area may be solved only by detailed mapping of a large area, possibly 
one that extends from the Grenville region, with abundant typical 
limestone and paragneiss, to Abitibi. 

1COOKE, H.C., Opasatika Map-Area, Timiskaming County, Quebec; Geol. 
Surv. Can., Sum. Rept. 1922, Part D, pp. 19-74, 1923. 
Map No. 1985. 

2GUNNING, H.C., Syenite Porphyry of Boischatel Township, Quebec; 
Geol. Surv. Can., Bull. No. 46, Geol. Series No. 47, July, 

1927, pp. 31-45. 
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ECONOMIC GEOLOGY  

Metallic Minerals 

This area is so close to the Temiscamian sub-province, 
from which much mineral wealth is won, that it must be considered 
worthy of prospecting, despite the fact that lavas and greywackes, 
identifiable as such, do not occur in the Cawatose area. Some of the 
intrusives, which under some systems of nomenclature might be termed 
granodiorite and quartz monzonite, associated with the paragneisses 
could, quite possibly, stem from a larger massif which may have been 
a source for ore minerals, but no economic mineral occurrences have so 
far been found. A pyrite-bearing quartz vein, exposed on the east 
side of a road-cut a mile southeast of Camp Dorval, was sampled, but 
assays made in the laboratories of the Department of Mines show neither 
gold nor silver. These results should not, however, be taken to in-
dicate that all quartz veins in this region are devoid of precious 
metals. 

Within the quartz syenite, some of the dykes•of pegmatite 
contain considerable magnetite. Although the amount of magnetite, 
where seen, is too small for deposits to be workable, nevertheless, 
the prevalence of the mineral suggests the possibility that at some 
locality a deposit of magnetite may be found within the area. Some 
difficulty was experienced in running compass-lines across the west 
end of the quartz syenite massif, so that the possibility of, a conceal-
ed body of magnetite must be considered. 

Non-metallic and Industrial Minerals 

Mica-bearing pegmatites are exposed in several parts of 
the map-area. A pink pegmatite, which outcrops in a Small bay on the 
south side of the northeast arm of Birch lake, a mile and a quarter 
from the head of the bay, contains potassic feldspar and quartz, with 
'books' of muscovite as much as three inches in diameter. The dyke 
is 75 feet wide, and is exposed for 200 feet in a west-southwest 
direction. The mica crystals are broken by parting and it is exceed-
ingly difficult to obtain large plates. 

A small, biotite-bearing pegmatite dyke is exposed on the 
south shore of Birch lake, one mile west of the entrance to the south 
bay. This dyke is five feet wide and twenty feet long, and has 
'books' of biotite as much as nine inches in diameter. 

The projected raising of the water-surface in Ottawa river 
will cause these dykes to be covered by water, but they are significant 
in suggesting that, in some of the dykes of the district, economic 
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deposits of muscovite and biotite, as well as feldspar, quartz, and 
possibly other industrial minerals, may be found. 

The feldspar crystals, both sodic and potassic, in these 
pegmatites commonly attain a length of more than a foot and are well-
developed, without intergrowths of other minerals apparent in the 
hand specimen. The feldspars are suitable for use in ceramics or as 
abrasives. The associated quartz might be used for manufacture of 
abrasives or as fused silica in laboratory equipment. The remoteness 
and inaccessibility of this region prevents the exploitation of these 
minerals at the present time. 

The quartz syenite might serve as a stone for buildings 
or monuments. It is true that the tenor of quartz is so low that the 
'rift'1  is not good, but the stone at some localities has a pleasing 
colour and 'mixture'. 

Sand and gravel are found in deposits of considerable 
extent, especially along highway 58, where numerous borrow-pits attest 
the suitability of this material for road-construction. 

lOSBOPNE, F.F., Rift, Grain, and  Hardway in Some Pre-Cambrian Granites, 
Quebec; Econ. Geol., Vol. 30, No. 5, August, 1935, 
pp. 540-551. 
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