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THE GEOLOGY OF A, PART OF THE CALIFORNIA 

LAKE AREA; MANITOBA 

Abstract 

vii 

The location, topographic character, and general 

geo logy of the California Lake Area are described. Five 

types of granitic rocks are recognized, petrographic 

details are described, and age relations postulated~ 

The name "Semple Lake seriest! is given to . a belt 

of sedimentary and volcanic rocks found in the 8o~thern 

part of the area. Rock types found in the s,eries include 

acidic and basic lavas, greywacke , tuff, agglomerate, . r 

and conglomerate. Petrographic descriptions are given 

and the rocks are found to be in the epidote-amphibolite 

facies of regional metamorphism. The significance of the 

conglomerates is discussed, and an attempt is made to 

correlate the Semple Lake series with ' similar rocks 

found outside the map area. 

The Baker Lake series lying in the east-central 

part of the area is described. Rock types present are 

altered basic lavas and greywackes, which are in the 

plagioclase-amphibolite facies of regional metamorphism. 

The mineral assemblage "pinite", found to be replacing 
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cordierite indicates that some of the rocks have undergone 

retrograde thermal metamorphism. 
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CHAPTER 1 

INTRODUCTION 

During the field season of 1953, the author studied 
, 

and mapped the ~ecambrian rocks of the California Lake 

Area, Northern Manitoba, while in the employ of the 

Manitoba Mines Branch. The autllor was accompanied by Mr. 

Jackson H. Shepherd, wllo shared equally in the leadership 

of a field party consisting of five men. This survey 

represents the trial of a scheme whereby graduate students 

in geology at the University of Manitoba would conduct 

field mapping as a part of post graduate studies at tile 

Master's level. It is hoped that at some future time, a 

suitable section of the Province of Manitoba will be set 

aside to provide mapping problems for students undertaking 

post graduate work. 

Location ~ Access. 

Tile California Lake Area lies across the boundary 

between the Cross Lake and Oxford Lake mining divisions. 

The area comprises approximately two hundred and thirty 

square miles, and lies between "°00' and 55°20' north 

latitude, and between 95°30' and 95°45' west longitude. 

The most convenient mode of access to tile area is 
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by aircraft from Norio/ay House, at the head of Lake vlinnipeg 

navigation, or from lIford, on the Hudson Bay Railway; the 

distances being one hundred and twenty, and sixty miles, 

respectively. The best canoe route originates at Oxford 

House, Manitoba. From Semple (Sucker) Bay, on Oxford Lake, 

the route follows the Semple River, "lith three short 

portages, to Semple Lake, in the extreme southern part of 

the area. From the north shore of Semple Lake, a stream, 

i'lith t\OlO short portages, gives access to POivstick Lake. 

From the north shore of PO\vstick Lake, a one mile portage 

leads to California Lake, and from the north shore of 

California Lake, a three- quarter mile portage terminates 

on the south shore of Bear Lake. Access to the northern 

part of the area may be gained by following the Higstone 

River, from its point of origin on Bear Lake, over one 

short portage, to Bigstone Lake. Utik Lake, in the north­

west corner of the area, may be reached by a half mile 

portage from the north shore of Bigstone Lake. 

Gener al Char ac ter of ;thl; l!.l:ll.ii.. 

The topography of the California Lake Area, like 

that found every;·,here in this part of Manitoba, is 

characterized by wide areas of swamp and muskeg, separated 

by gently sloping belts of clay and sand. DepOSits of 

clay, sand, gravel, and boulders, resulting from 



3 

Pleistocene glaciation, cover large parts of the area. 

The ice sheets crossed the area in a generally north-east 

to sDuth-\oiest direction, and many of the topographic 

features of the area have their long axes in that direction. 

Bedrock exposures are not widespread, and for the 

most part are limited to the lake shores. Large tracts of 

the area contain fe\v, if any, outcrops. The most 

extensively exposed portion of the area l1es between Bear 

Lake and the Bigstone River. This region has the greatest 

relief in the area, but the highest hills probably have 

elevations less than one hundred and twenty-five reet above 

the surrounding 10\vl ands. 

In the past, fires have s\,ept much of the region. 

Sand and boulder ridges are covered with jack pine, 

intermingled ,·Ii th second gr01;th spruce and deadfall. The 

muske gs and cl ay belts are sparsely dotted with spruce. 

Tamarack grows extensively in some of the swamps. Other 

trees, of minor occurrence, are birch, poplar, and balsam 

fir. The average diameter of living trees is from four 

to six inches. Timber for mining operations, or extensive 

construction could not be obtained in the area. 

Previous ~. 

Merritt (1925), made a track survey of the Bigstone 

and Fox rivers, during which he passed through the 
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California Lake area from south .to north. This survey is the only 

preVious work done within the boundaries of t he area. 

Present Work. 

The California Lake Area is the eas ternmost map area in a 

mapping project begun. in 1951 by the Manito"ta Mines Branch. The 

terri tory mapped extends 'West''''ard from the present map area to 

the Nelson River, and is deseri bed in reports by J .. H. Shephe.rd 

and M. D. Moorhouse (1954). G. C. Milligan (1 952 . 1954). and C. M. 

Allen (1953 . 1954); 

During the field season of 1953, traverses were run, where 

feasible, at intervals of fifteen hundred to two thousand feet. 

outcrops were located by pa~e· and compass, and by vertical aerial 

photogr aphs . Geological data were recorded on a base map compiled 

by the I~nitoba Surveys Eranch from vertical aerial photographs. 

A strictly geographical subdivision of t he map area for the 

purpose of providing two suitable thesis problems would have resulted 

i n some duplication of work; consequently, it was decided that Mr. 

ShePherd would study the northern sedimentary-volcanic complex and 

that the author would study the southern one, herein called the 

Semple Lake series. Later the author expanded this study to include 

a discussion of the granitic rocks, and also a descript ion of the 

Baker Lake series, which is a geographically isolated portion of 

the northern sedimentary-volcanic belt. 
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General Geology. 

All conso11dated rocks 1n the area are of Precambr1an 

age. The ma1n geolog1c features of the area are two belts 

of volcan1c and sed1mentary rocks. One of these belts 

outcrops around Bigstone Lake, and has been described by 

Shepherd (1954). The second belt 11es 1n the southern 

part of the area, and is exposed around Powst1ck and Semple 

lakes. The rocks mak1ng up the second belt have been named 

the Semple Lake ser1es, and are descr1bed 1n th1s thesis. 

The volcan1c and sed1mentary belts have been intruded 

by gran1tic rocks, whose compos1tion ranges from quartz 

monzon1te to quartz diorite. Five different types of 

gran1t1c rocks are recogn1zed, but age relat10ns among 

them are obscure. The northern sed1mentary-volcan1c belt 

has been subjected to medium and high grades of regional 

metamorphism, whereas the Semple Lake series has suffered 

only low grade regional metamorphism. 

Large scale fold1ng is not recogn1zed 1n the area. 

Major faults occur 1n the Semple "Lake ser1es, and late 

faulting has affected diabase dykes within the area. 

The rock types found, and their postulated age 

relations are shown in Table I. 
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TABLE I 

TABLE OF FORMATIONS 

Basic Dykes 
p 

R Intrusive Contact 

E Alaskite 

C 

Northern quartz monzonite and granodiorite; 
A marginal phases 

M P'orphyritic granodiorite 

B 
Pink massive quartz monzonite 

R 

I Grey and buff quartz monzonite, 
granodiorite, and quartz diorite 

A 

Intrusive Contact 
N 

Sedimentary and volcanic rocks: 

Andesites and basalts, and derived schists 

Tuff, agglomerate, greywacke, conglomerate, 
and derived schists 

Cordierite schist 



CHAPTER II 

GRANITIC ROCKS 

Introduction. 

Granitic rocks are of widespread occurrence in the 

California Lake Area. Rock types mapped are. 

(1) Grey and buff quartz monzonites, granodiorites, 

and quartz diorites. 

(2) Pink massive quartz monzonite. 

(3) Porphyritic granodiorite. 

(4) Northern quartz monzonite and granodiorite, 

plus marginal phases. 

(5) Alaskite. 

No true granites occur within the area, although 

the alaskite probably has the composition of a granite. 

All rock names in the discussion and description of 

granitic rocks are based upon the classification used by 

.Grout. (1932) . 

Grey and Buff Quartz MonzOnite, Granodiorite, and Quartz 

Diorite, 

Distribution. Greyish granitic rocks of intermediate 

composition comprise the most extensive igneous intrusives 

in the area. Quartz monzonites, granodiorites, and quartz 

... _----------------
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diorites outcrop chiefly in the area between Bigstone and 

Bear lakes in a belt extending across the map area, and 

are best exposed in the region to the north of Bear Lake o 

Scattered outcrops of the same rock types are also found 

around the southern and eastern portions of Semple Lake .. 

To the west of the California Lake .Area, similar intrusive 

rocks have been mapped by Milligan (1952, 1954), and Allen 

(1953).. The belt extends for an unknown distance east of 

the present map area. 

Lithology. The color of the weathered surfaces of most 

of the rocks in this unit ranges with exceptions, from grey 

to greyish white. The rocks may locally assume a pink 

color, due to the presence of pink feldspar. Where this 

pink feldspar is dominant, the rocks have been mapped as 

pink massive quartz monzonites. Bodies of this pink 

massive quartz monzonite are surrounded by greyer granitic 

rocks which contain moderate amounts of pink feldspar. 

Near Semple Lake, and in the region south of Bigstone 

Lake, west of the Bigstone River, the rocks have a buff 

color. 

The color of the fresh surface is similar to that 

of the weathered surface. On most specimens, a bleached 

zone extends to a depth of about one-eighth of an inch 

below the weathered surface. Below this zone, a brmvnish 
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band, which may attain a maximum thickness of one-half an 

inch, grades imperceptibly into the fresh rock. 

The fresh surface shows grey to greyish-white feldspar 

grains, closely intermingled with darker grey, anhedral 

quartz. Twinning striations can be seen on the cleavage 

surfaces of some plagioclase grains. Ferromagnesian minerals, 

usually biotite, make up five to ten per cent of the rock. , 
Hornblende may accompany, or replace biotite in areas of 

much contamination, and in the vicinity of greenstone 

contacts. 

Rocks of this unit display a primary alignment of 

biotite over most of the area. The most notable exception 

is a greyish-white weathering, massive granodiorite which 

has intruded parts of the Baker Lake series in the eastern 

part of the map area. In addition to the alignment of 

biotite, the greyer rocks commonly have a distinct primary 

foliation, caused by the concentration of biotite into 

sinuous bands, ranging from less than one inch to more than 

one foot in width. Rocks having this foliation are best 

exposed on the extreme western shore of Bigstone Lake. 

Microscopically, this rock unit exhibits a similar 

texture thronghout the area, but has considerable variation 

in composition. A xenomorphic-granular texture was found 

in all specimens examined. The, grain size of the major 

constituents ranges from 1.5' millimetres to 5' millimetres, 

,,'>: , 
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and averages from 2 millimetres to 4 millimetres. 

Quartz grains are always anhedral, am except where 

recrystallized, show strain shadows. Plagioclases are 

anhedral, am are corroded where they come in contact with 

quartz. They are slightly sericitized. This alteration 

has attacked the plagioclase twins diff erentially. Commonly, 

only alterate twin lamellae are affected. Where twinning 

is absent, sericitization sometimes affects certain 

concentric zones within a single grain. This imicates that 

alternate twins have different composition, and also that 

there are concentric zones of composition which do not have 

differing optical extinction angles. Saussuritization of 

plagioclase grains is locally extensive. Potash feldspars 

are interstitial, clear and unaltered, am are mostly 

m1crocline, although 1n some specimens orthoclase is 

dominant. 

The biotite of the granitiC rocks is mostly of a 

greenish-brown color. Partial alteration of biotite to 

chlorite am/ or epidote is extensive. The massive 

granodiorite which intrudes the Baker Lake series contains 

deep brown biotite which has developed inclusions of 

magnetite or rutile. These inclusions form a sagenitic 

type structure in the biotite. The occurrence of this type 

of biotite is believed to be the result of the assimilation 

of sedimentary rocks by the granodiorite • 

.•• __ _ " _ •• __ .• __ A._ •••• __ ••• _ . ~_."--, ... __ ••• ~ _ --



Accessory minerals found in the unit as a whole 
-

show very little variation throughout the area. Common 

accessories include magnetite, apatite, and zircon. 

Muscovite is a less common accessory. 

12 

Most thin sections show a few grains of myrmekitic 

quartz~plagioclase intergrowths. Williams et al. l state 

that myrmekite is the result of solid state reactions, and 

that some of it results from crystallographic development 

of biotite from potash feldspar, with the consequent 

liberation of quartz and plagioclase. 

The mineralogical composition of the unit was 

determined by means of rosiwal analyses of thin sections, 

using specimens obtained from different parts of the area. 

Prior to making a rosiwal analyses, thin sect ions were 

subjected to a special staining technique, which enabled 

the author to distinguish between potash and plagioclase 

feldspars. This technique is described in Appendix A. 

Buff colored rocks are mostly quartz monzonites. 

The results of three rosiwal analyses of specimens from 

the large mass of buff quartz monzonite which outcrops 

extensively south of Bigstone Lake are shown in Table II. 

1 
Howell Williams, Francis J. Turner, and Charles M. 

Gilbert, Pe~~~grfPhY, !n Introduction ~ ~ Study of Rocks 
In Th1n S'ectionSan Francisco, W. H. Freeman and Company, 
19541, pp. 134-5. 

--------<---<-.<~-.-.... _ ......... __ . ..,... .. 



TABLE II 

RANGE OF MINERALOGICAL COMPOSITION OF THE BUFF QUARTZ 
MONZONITE 

Quartz • • • • • 
Plagioclase. • • 
Potash feldspar. 
Biotite. • • • • 

• • 
• • 
• • 
• • 

• • • • 25- 30 
• • • .. 45- 50 
.. .. .. .. 15-20 
.. .. .. .. 4- 9 

weight 
weight 
weight 
weight 

per 
per 
per 
per 

cent 
cent 
cent 
cent 
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The grey phases are quartz diorites and granodiorites, 

the distinction being based upon t he ratio of potash 

feldspar to total fe l dspar. Table III shows the results 

of twe lve analyses of these rock types. 

TABLE III 

RANGE OF MINERALOGICAL COMPOSITION OF THE GREY QUARTZ 
DIORITES AND GRANODIORITES 

Quartz .. .. .. .. .. .. .. .. .. .. .. 
Pl agioc l ase (An27- An37). • • 
Potash feldspar .. .. .. .. .. .. .. 
Biotite ................... .. 

20- 32 weigbt per cent 
50- 65 weight per cent 
0- 8 weight per cent 
2-10 weigbt per cent 

It i s suggested that the buff quartz monzonite 

represents the original intrusi ve , and that the grey 

graniti c rocks have become more bas ic by reaction with the 

greenstone s which they have intruded. This is borne out 

by the presence of many basic xenoliths in the rocks north 

of Bear Lake. Here the rock is predominantly grey. To 

the north, south of Bigstone Lake, the buff quartz monzonite 

contains few xenoliths , and these are mostly of siliceous 



sedimentary material, which could easily be digested by 

the magma, without rendering it more basic. 

Pink Massive Quartz Monzonite. 

lit 

Introduction. An attempt has been made to separate rocks 

of this type on the map as a separate unit. In the field, 

it was difficult to decide where the rock ceased to be a 

grey "grant te" cut by numerous pink stringers, ani became 

a pink "granite". The boundaries shown on the map should 

therefore by regarded as indefinite. As has been mentioned 

before, it was noted that in the outcrop belt of the grey 

granodiorites, the bodies of pink quartz monzonite are 

surrounded by an aureole of greyer granodiorite which is 

cut by numerous pink stringers and dykes. 

Distribution. Pink massive quartz monzonite outcrops in 

the region around Bear Lake, near the western border of 

the area. Minor occurrences are found in the central and 

eastern portions. 

Lithology. Bbth fresh and weathered surfaces are brownish 

pink in color. The rock is generally massive, and on the 

fresh surface, shows a medium grained equigranular aggregate 

of pink potash feldspar, greyer plagioclase· feldspar, and 

quartz. 



In thin section the pink quartz monzonite hes a 

xenomorphic-granular texture. Quartz has corroded the 

earlier formed sericitized am partially saussuritized 

plagioclase. Myrmekitic quartz - oligoclase intergrowths 

are more common then in the grey am buff granadiorites 

am quartz monzonites. Potash feldspar is mostly microcline. 

Greenish yellow biotite is partially altered to chlorite. 

Accessory minerals are magnetite, apatite, am zircon. 

Analysis of three specimens from the west-central 

Bear Lake portion of the map area give the following range 

of composition! 

Quartz • • • • • • • 
Plagioclase. • • • • 
Potash feldspar. • • 
Biotite. • • • • • • 

Par phyr i tic Granadiori teo 

• • • 
• • • 
• • • 
• • • 

• 21-31 weight 
• 35-51 weight 
• 17-33 weight 

4- 5 weight • 

per 
per 
per 
per 

cent 
cent 
cent 
cent 

Distribution. Porphyritic granadiori te outcrops at several 

widely scattered localities between Bear Lake am Paws tick 

Lake. Goad exposures are foum on the portage from Bear 

Lake to California Lake. Strongly sheared porphyry outcrops 

on two islams in Paws tick Lake. Outcrop is very scarce 

in this region. 

Lithology. The porphyry weathers to a light reddish pink. 

On the weathered surface, tabular, subhedral ·phenocrysts 

........ , ..... . ' 
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of pink microcline up to one inch long are clearly visible. 

The phenocrysts rarely show primary alignment. The fresh 

surface sholtis grey plagioclase, clear grey quartz, green 

biotite, and magnetite, in addition to the phenocrysts. 

Microscopically, the groundmass of the porphyrtic 

granodiorite has a hypautomorphic- granular texture, and an 

average grain size of from 1- 5 to 2.5 millimetres. 

Plagioclase grains are subhedral, and are only slightly 

corroded by quartz. Potash feldspar is mostly microcline, 

and, apart from the 9henocrysts, is of int~rstitial 

occurrence. Greenish-yellO\" bioti te commonly occurs in 

non-oriented aggregates, intermingled with epidote. 

~~gnetite is a common accessory mineral , and can easily 

be seen in hand specimens in anhedral grains one or two 

millimetres in diameter. 

Ros it..;ra l analyses of three specimens from different 

locations give the following range of composi tion: 

Quartz • • • • • • • • • • • 19-35 \-leight per cent 
Plagioclase. • • • • • • • • lt8- 59 weight per cent 
Potash feldspar. • • • • • • 11-17 v18ight per cent 
Biotite. • • • • • • • • • • 2- lt ,·,e i ght per cent 
Accessories. • • • • • • • • 1- ~ Height per cent 
Alteration products. • • • 1- weight per cent 

It should be noted that the presence or absence, by 

chance, of microcline phenocrysts in thin sections must 

have its affect on the accuracy of the analyses. I t is 

• 
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felt that the analyses give a true value of the composition 

of the unit as a whole (See Appendix B). However, for those 

rocks wher e lar ge phenocrys ts ar e only an inch or two apar t, 

a rosiwal analysis would probably indicate a lower percentage 

of microcline than is actually present. 

The contact between the porphyritic granodiorite 

and the pink quartz monzonite is exposed for a few feet on 

the shore of a rapids along a creek flowing from Dobbs Lake 

to Bear Lake, at the western edge of the area. The contact 

is sharp, with no apophyses or other criteria to indicate 

any age relationship. 

Northern Quartz Monzonite and Granodiorite. 

Distribution. Rocks of this unit outcrop in a belt 

extending across the extreme northern part of the area. 

Exposures in this region are very scarce; consequently, 

all but a few outcrops occur on the lake shores. Some 

good exposures are located on the shore and on small islands 

in the northeastern part of Bigstone Lake; others occur on 

the south shore of the north arm of Utik Lake, and on the 

shores of the small lake immediately to the south. 

Lithologv. The weathered surface of the quartz monzonite 

and granodiorite ranges in color from brownish grey to 

pink. The average grain size is from one to two millimetres, 



>lhich is definitely less t ha n that of the grey and buff 

granodiorites ani quartz monzonites. Most outcrops are 

fairly massive. This is especially true of the exposures 

along the shores of northeastern Bigstone Lake. 
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The fresh surfaces of the rocks are usually pinkish, 

although a decrease in pink f e l dspar content towards the 

western part of the area resUlts in a darkening of color. 

Locally, the presence of hematite in fractures and along 

grain boundaries adds a reddish tinge. Where exposed on 

Bigstone Lake, the rock has a medium grained saccharoidal 

texture. Here, the ferro-magnesian mineral content 1s 

very 10\..r, am consists mostly of clusters of epidote ani 

biotite, which give the rock a spotted appearance. 

In thin sec tion, rocks of this undt have a granitic 

texture and consist of an equigranular aggregate of 

irregular quar tz, plagioclase (An 27-An 34), and potash 

feldspar. Small flakes of greenish biotite are partially 

altered to chlorite and epi dote. Muscovite is found in 

minor amounts in some specimens o A characteristic of this 

unit is the lar ge variety of accessory minerals, which 

includes magnetite, limonite, hematite, muscovite, apatite, 

sphene, and zircon. 

Mineralogical composition varies considerably vii thin 

the unit. Rosiwal analyses of specimens show that, with a 

fe"1 exception, the pink r ocks, which are found mostly in 
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the central am eastern portions of the outcrop belt are 

quartz monzonites having the following range of composi tionl 

Quartz • • • • • • • • • • • 21-29 weight per cent 
Plagioclase. • • • • • • • • 36-51 weight per cent 
Potash feldspar. • • • • • • 13-20 weight per cent 
Biotite. • • • • • • • • • • 2-10 weight per cent 

The greyer phases, which are foun'! mostly ne.ar the 

western edge of the area, are granodiorites, am locally, 

quartz diorites. A typical quartz diorite has the 

composi tions 

Quartz. • • • • • • • • • • • .16 weight per cent 
Plagioclase. • • • • • • • • • .70 weight per cent 
Potash feldspar. • • • • • • • • 2 weight per cent 
Biotite. • • • • • • • • • • • • 8 weight per cent 
Alteration products 
(epidote, chlorite). • • • • • • 2 weight per cent 
Accessories. • • • • • • • • • • 2 weight per cent 

Gneissic Granodiorite. 

Distribution. A bam of gneissic granodiorite has been 

mapped as a marginal phase of the northern quartz monzonite 

am granodiorite, am has been imicated separately on the 

map. The width am longitudinal extent of this unit are 

not accurately known. The best exposures are located on 

the shores of the narrows on the southern arm of Utik Lake. 

Lithology. This unit, on the outcrops where it is defined, 

is a gneissiC biotite-hornbleme-granodiorite. Both 



weathered and fresh surfaces are dark grey, and show a 

strong alignment of mafic minerals. The granulation of 

some quartz grains indicates that this alignment is 

probably a metamorphic effect. 
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Examination under the microscope reveals a granitic 

texture. Greenish yellow biotite, and green hornblende , 

with associated epidote are scattered throughout an 

interlocking aggregate of sericitized plagioclase, potash 

feldspar, and partially recrystaX\zed quartz. In some 

specimens, hornblende is absent. Well formed sphene 

crystals , up to one millimetre long are common. Other 

accessories are magnetite, apatite, and zircon. A 

typical specimen has the composition: 

Quartz • • • • • • • • • • • 29 weight per cent 
Plagioclase. • • • • • • • • 46 weight per cent 
Potash feldspar. • • • • • • 8 l<eight per cent 
Hornblende and biotite • • • 10 weight per cent 
Alteration products 
Accessories. • • • • • • • • 7 weight per cent 

The rock is probably the product of reaction with 

the basic lavas which lie to the south. 

Alaskite. 

Distribution. Excellent exposures of alaskite are found 

on the height of land between Bigstone Lake and Ut.ik Lake 

at the western edge of the area. Alaskite is also found 

~ •... -............ -~ ---. .........--.--.--~.-- .. 
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on several islands in Bigstone Lake, and again at scattered 

locations near the e~stern boundary of the area. 

w 
Lithology. Alaskite oeathers grey to light grey, and is 

extremely coarse grained. Anhedral crystals of alkali 

feldspar over one foot 1n diameter were founi on several 

outcrops. The rock consists of quartz and alkali feldspar, 

the latter commonly showing graphic intergrowths. 

Muscovite and biotite are present, but rarely exceed five 

per cent of the total composition. It was possible to 

examine finer grained phases under the microscope. These 

specimens contained plagioclase feldspar in amounts ranging 

from five to fity per cent. However it is felt that such 

specimens are not representative of the unit as a whole. 

The origin of the alaskite presents a problem. It · 

is possible that the rock is a late magmatic differentiate, 

and is a kind of huge pegmatite. Another possibility, which 

seems to be in accord with the grade of metamorphism in this 

region, is that the rock forms as the result of the 

remelting of those constituents of previously formed granitic 

rocks which have the lowest melting points. 

Age Relations. 

Age relations among the granitic rocks are obscure. 

Probably, all the granitic rocks belong to the same period 
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of igneous activity. As has been mentioned before, no 

knowledge could be gained from a short exposure of the 

contact between the porphyritic granodiorite and the pink 

quartz monzonite. The latter rock shows intrusive relations 

with the grey and buff granodiorites, etc., am is therefore 

younger. The northern quartz monzonite and granodiorite 

may represent finer grained phases of the grey and buff 

granodiorites, etc., but the former is not seen in contact 

wi th other granitic rocks. Alaskite is considered to be 

the youngest granitic rock in the area, because of its pro­

bable formation as a late magmatic differentiate. The 

postulated age relations are shown in Table I. 



CHAPTER III 

THE SEMPLE LAKE SERIES 

Introduction. 

The Semple Lake ser~es is composed of steeply 

dipping andesites and basalts, with minor interbedded 

sedimentary rocks and intermediate to acidic flows. 

Batholiths of granitic rocks border the series on the 

north-east and south-west. The lavas and sediments are 

cut by minor dykes composed of intermediate rocks, which 

are geologically older than the granitic rocks. Three major 

breaks and numerous small faults have affected the series. 

Distribution. 

Rocks of the Semple Lake series outcrop in a belt 

having an average width of two and _one-half miles. The 

belt crosses the western boundary of the map area between 

Bear Lake and Powstick Lake, and continues in a general 

southeasterly direction across Powstick and Semple lakes, 

passing out of the area at its south-east corner. To the 

south, the series is believed to be continuous with similar 

rocks mapped by Wright (1926,1931) and Morgan (1940) in the 

Oxford House area. Rock equivalents of the Semple Lake 

series continue westward from the California Lake area as 



a volcanic sedimentary belt extending to near the Nelson 

River. 

Lithology. 

General Statement. 
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Andesitic and basaltic flows and their metamorphased 

equivalents comprise the bulk of the series. Interbedded 

with these, at scattered localities, are tuffaceous sediments 

agglomerates, conglomerates, greywackes, dacites and rhyolites. 

The general scarcity, or in some places, total absence, of 

rock exposures away from the lake shores makes the tracing 

of individual beds into the hinterland virtually impossible. 

Basic Flows. 

Distribution. Basi.c lavas composed of andesite and basalt 

are best expos ted on the southern shore of central Semple 

Lake, and on the shores of western Powstick Lake. Sheared 

flows outcrop extensively along the topographic lineament 

thet follows the south shore of the small lake in the 

southeastern corner of the map area. 

Lithology ~ Metamorphism. Andesitic and basaltic flows 

generally present a green to greenish-black, schistose 

outcrop surface. Weathering hes prnduced a surface marked 

by alternating crests and troughs, which heve a width of 
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about 0.25 millimetre. This "ribbed" surface, as it was 

described in field notes, is the result of the differential 

,;eathering of fine compositional bands ;Ii thin the rock. 

I ndividual bands may be traced for t,,,elve inches or more. 

The discontinuity of the banding, and a l so the presence, 

in some outcrops , of "is l ands II of more massive rocks, 

shovling an equidimensional texture , l ed to the conclUs i on 

that the rocks are metamorphased lavas , and are not the 

finely l aminated basic sediments which they appeared to be 

at first glance. The detection of these criteria requires 

a close examination of outcrop surfaces. 

More massive flows have a greenish- black weathered 

surface, showing fine to medium grain size. The outcrops 

have a "pepper and salt" appearance, caused by the uniform 

mixture of medium grained, white-"leathering fe l dspar, and 

bl ack- ,;eather ing hornblende. 

Pillow structures are not common in the bas i c lavas. 

None were seen on the shores of Powstick Lake, and Milligan 

has recorded thei r presence at onl y a very few scattered 

localities around Semple Lake. 

The fresh surfaces of the rocks have a much less 

schistose appearance than do their '"leathered surfaces. The 

grain size is so fine in many pl aces as to permit only 

general conclusions regarding mineralogical content. Those 

r ocks whose grain size is sufficientl y great to allow 
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observation of individual minerals with a hand lens, are 

composed of fibrous to eubedral, greenish-black amphibole, 

mixed with an equal amount of greenish, granular feldspar. 

In some specimens a few black grains of magnetite may be 

seen. 

Seen under the microscope thin sections of basic 

lavas are comprised of about 65 per cent hornblende, 35 per 

cent plagioclase feldspar, and 5 per cent of epidote, 

magnetite, chlorite, biotite, and carbonate. The fine 

compositional banding shown by many of the hand specimens 

can be seen in detail in thin section. In these rocks, bands 

of plagioclase alternate with bands of ferromagnesian minerals. 

Hornblende generally forms elongate, pleochroic, 

bluish-green needles. The degree of development of euhedral 

form varies from place to place. Some sections show bands 

of hornblende forming interlocking masses in which individual 

grains have a shredded outline. The appearance of this 

hornblende suggests that it has replaced chlorite by 

metamorphism on a volume for volume basis. This conclusion 

is borne out by the sporadic presence of chlorite in seeming 

crystallographic continuity with these ragged amphibole 

grains. Slightly higher grades of metamorphism have caused 

the hornblende to assume the form of elongate needles, with 

well developed prism faces. Thin sections of more massive 

greenstones show hornblende in equidimensional poecilitic 
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porphyroblasts, enclosing abundant plagioclase inclusions . 

Plagioclase feldspars commonly occur as uniformly 

sized granules. Some grains may be elongate, and have their 

shape determined by the enclosing hornblende crystals, which 

have a higher form energy. The granular habit of the 

feldspar is the result of metamorphic recrystallization. 

The grains show virtually no twinning. Only one thin section 

showed a few grains of plagioclase have a lath shaped habit. 

These laths, which show some albite twinning, are apparently 

the original unrecrystallized feldspar of the rock. The 

general absence of twinning rendered the identification of 

the feldspars difficult, except by the use of the universal 

stage, and this was not attempted. However, the feldspar 

is assumed to have the composition of albite, or soda­

oligoclase, in accordance with the mineral associations found 

in basic rocks at this grade of regional metamorphism. 

~pidote and calcite are intimately associated with 

the hornblende. Epidote occurs as small granules of high 

relief and is. locally· concentrated in lens shaped aggregates, 

partially enclosing hornblende. Calcite is of interstitial 

occurrence, and may come from eithf.r, or both of two sources, 

namely introduction via cracks and fissures while the lavas 

were submerges, or the breakdown of the original calcic 

plagioclase. Some sections contain a few flakes of brown 

bioti teo 
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The most common accessory mineral· is magnetite, which 

always occur s in anhedral grains which differ in size from 

place to pl ace. Magnetite is estimated to comprise 

approximately 5 per cent of one thin section. In the more 

schistose rocks, magnetite is distributed as abundant tiny 

grains, dispersed along planes of schistOSity. This 

peculiar distribution of the mineral leads to the conclusion 

that part of the magnetite may have been formed from an 

excess of iron, produced during the metamorphiC brealtdown 

of original augite or hypersthene to chlorite. Apatite is 

another frequent accessory mineral. 

The foregoing descr iption has shmm that the basic 

lavas are comprised of the mineral assemblage plagioclase 

(albite or soda-oligoclase)-epi dote- hornblende. This 

mineralogical association is characteristic of the epidote­

amphibolite facies of regional metamorphism. In terms of 

grade, the presence of biotite in some sections indicates 

that regional metamorphism has reached the biotite zone. 

The postulated course of metamorphism is shown in Fig. I. 

"'r-t;,,,---------_, "p..t.'t, __________ • "'p .. l:t" 
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Agglomerate. 

Distribution. Excellent exposures of agglomerate may be 

seen on the south shore of Powstick Lake, about 1,000 feet 

northeast of the large comglomerate outcrop, and again on 

the south shore of the large island in the narrows at 

central Semple Lake. 

Lithology. The Semple Lake agglomerate weathers to a 

brownish grey, and is composed · of lar ge numbers of volcanic 

bombs, which are usually less than t wo inches in diameter, 

se t in a tuffaceous matrix. 

Agglomerate outcrops on Powstick Lake have a much 

more s triking appearance. Exposures on the shore weather 

mostly whitish and consist lar gely of elongated chert 

fragments cemented by a fine grained matrix. A few tens 

of feet south of the shore, the rock weathers a dull 

green. In addition to the chert fragments described above, 

the rock contains large blocks of bas ic material, set in a 

massive chloritic matrix. The largest of these blocks 

that was discovered, 1s an angular fragment, measuring 

three feet by one foot. The rocks making up these 

fragments are andesites or various colors and textures, 

and finely bedded tuffaceous material. 

Tuffaceous Sediments. 
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Distribution. Juffaceous rocks are of widespread occurrence 

in the Semple Lake Series as thi n beds lying between green­

stone flows. Most of these beds are less than 100 feet in 

width, and it has been impossible to show them on the map. 

This is expecially true of the southeastern part of the 

series. Tuffs are well exposed on the south shore of the 

large island in Semple Lake, and on a small island near the 

western end of Powstick Lake. 

Lithology ~ Metamorphism. Outcrops of tuffs range in 

color from black to light grey. All exposures appear well 

sorted and show a fine sedimentary banding . Individual 

bands rarely exceed a few millimetres in width. Fresh 

surfaces are very dense and appear siliceous . Generally, 

the grain size is so fine that individual minerals cannot 

be recognized. 

No distinct criteria were found for the recognition 

of tuffs in thin section. The glassy fragments by which 

these rocks are recognized in an unmetamorphosed state, 

are no longer present . As a consequence, tuffs are 

microscopically defined by their extremely fine grain size 

and excellent sorting, both of which suggest transport by 

wind. ( See plate I) . 

A typical tuff is composed of l~ to 20 per cent of 

fine blue-green hornblende needles intermixed with granular 

- ,__ .0 • _ .• 
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plagioclase and angular quartz fragments, whose average 

size is about 0.02 millimetre. Abundant epidote granules, 

some brown biotite flakes, and scattered sphene crystals 

are concentrated in some beds. The high quartz and feldspar 

content suggests that some of this material became mixed 

with the ash deposits as a result of normal sedimentary 

processes. 

The rock described above is in the epidote-amphibolite 

facies of regional metamorphism. Tuffs wherein the 

metamorphism has not yet reached this facies, and is still 

in the green schist facies contain chlorite instead of 

hornblende, and any biotite present is of a drab greenish 

brown color. The latter is. believed to be a metastable 

mineral, poor in potash, which is replaced by normal brO\;n 

biotite when the biotite zone is attained. (Harker, 1932; 

p. 267) 

Greywacke. 

Distribution. Greywackes are not abundant in the Semple 

Lake Series. The only bed of mappable dimensions lies 

about 800 feet northwest of the small lake in the southeast 

corner of the map area. Elsewhere in this part of the 

area, beds of greywacke occur as thin deposits interbedded 

with lava flows. No greywackes occur in the Powstick 

Lake zone of the series. 



Lithology and Metamorphism_ Greywackes weather to a 

brownish grey, and usually present a well laminated 

outcrop 5utface. Fresh surfaces of specimens are black 

and very dense, and show scattered clear quartz grains. 
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The rock is very tough, and, except along planes of bedding 

or schistosity, is broken only .nth difficulty. 

A microscopic examination of thin sections of 

greywacke shows four to five per cent of angular, mostly 

unrecrystallized quartz and feldspar fragments, lying in 

a fine grained quartz-biotite-chlorite-sericite matrix. 

Regional metamorphism is at a low grade in this part of 

the area, and, as a result, the original sedimentary 

textures of the rock are well preserved. The rock shows 

very poor sorting under the microscope, in spite of its 

~ll laminated outcrop surface. Microscopic bedding 

tends to be discontinuous, and sporadic lenses of almost 

pure quartzite may be seen. Greywackes in the map area 

generally contain some calcareous material. 

The well preserved sedimentary textures, and the 

lack of recrystallization indicate that the greywackes 

have suffered very little metamorphism. This is borne 

out by the presence of the greenish biotite mentioned in 

connection with the metamorphism of tuffaceous sediments. 

In the thin sections examined, it was clear that 

metamorphism had not reached ~he stage where calcite should 



commence reactions with the aluminous minerals to form 

hornblende or epidote. 

Intermediate and Acid Volcanics. 
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Distribution. Intermediate and acid flows are not common 

in the series, and are found mostly in the mideastern and 

southeastern parts of the belt. A 1200 foot band of dacitic 

rocks, with interbedded tuffs lies about 2,000 feet north 

of the small lake in the southeastern corner of the area. 

Rhyolites are best exposed in a 1,000 foot band which 

outcrops along the south shore of Semple Lake, south of 

the large island at the narrows. 

Lithology. Dacites weather to a brownish grey color, and 

have a black, crystalline fresh surface, on which euhedral 

phenocrysts of feldspar are clearly visible. Rhyolites 

weather yellowish to pink and are more coarsely porphyritic 

than the dacites. On their weathered surfaces, rhyolites 

show square feldspar phenocrysts ranging in size from that 

of the groundmass, to about three-eighths of an inch. The 

groundmass has formed flow structuresaaround the phenocrysts. 

In thin section, dacites are composed of about fifty 

per cent phenocrysts, which lie unoriented in a fine grained 

groundmass. Phenocrysts are mostly plagioclase having the 

compOSition of andesine. A few orthoclase, but no quartz 

--------, -- -
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phenocrysts are pre·sent. Phenocrysts are euhedral to 

subhedral in outline and have an average mean diameter of 

about 0.25 millimetre. Exceptional grains have a diameter 

of 1.5 millimetre. The staining of a thin section revealed 

that the groundmass is dominantly feldspathic, with abundant 

greenish brown biotite, plus carbonate and minor quartz. 

Thin sections of rhyolites show that the rocks are 

sheared. This is reflected in the shattering of many of the 

phenocrysts, and by the development of slip planes composed 

mainly of sericite. Phenocrysts are anhedral to subhedral 

in shape, and are composed mainly of acid ·plagioclase, with 

a few composed of orthoclase and quartz. The groundmass 

is almost tree from ferro-magnesian minerals, and is 

composed of a fine grained aggregate of quartz and feldspar, 

plus a few scattered magnetite grains. Calcite forms 

isolated pods and veinlets within the groundmass. 

Conglomerate. 

Introduction. Conglomerates lying within the area will be 

described in some detail, not because of their thickness 

or lateral extent, which are small, but because of their 

fundamental impor tance in the geology of the whole region. 

Within the present map area, conglomerates, more than any 

other rock type give an insight into the petrology of the 

land surfaces that were being eroded during the period of 

.... ---......... -.-----.... ~ .•. -



Archean sedimentation under discussion. ~vo conglomerate 

horizons are mapped and these have been called POvlstick 

Lake conglomerate and the Sempl e Lake conglomerate. 

The Powstick Lake Conglomerate. 

35 

Distribution. The Powstick Lake conglomerate occurs as a 

single l arge outcrop on the south shore of cent ral P010fStick 

Lake . The bed is truncated by a fault which passes thr ough 

the centre of the lake, and consequently does not outcr op 

on the north shore. The conglomerate is bordered on the 

north- east by agglomerate and massive flows, and disappears 

under the muskeg to the south. 

Lithology ~ Metamorphism. The outcrop is compr i sed on 

t he average of about thirty per cent pebbles and cobbles. 

The percentage of pebbl es , etc ., i s greater near the shore 

am decreases tot'lards the south. The aver age mean diame t er 

of the component rock fragments i s about three inches. 

Numerous cobbles have d iameters of s ix or eight inches, 

and scattered boul ders exceed ten inches. The lar gest 

boulder noted measured eighteen by twenty-three inches . 

Practically all of the pebbles are 'Iell r ounded, which 

indicates t ha t they are HaterHorn. Most of the pebbl e s 

composed of relatively soft rocks are elongated. 

Granitic rocks compr ise ei ghty per cent of t he 
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component fragments. Chief among these is a feldspathic 

quartz diorite. Another common component is a porphyritic 

quartz diorite. These t>lO rock types constitute virtually 

all of the large cobbles and boulders. 

Pebbles and cobbles of at least tbree intermediate 

types of porphyritic rocks were noted. These are probably 

derived from either surface flows or dyke rocks. Other 

rock types found are quartz, quartzite, chert, greywacke, 

seriCite schist, and greenstone. 

Thin sections were made of most of the type fragments 

in the conglomerate, both to discover their composition, and 

to discover the effect of a uniform grade of metamorphism 

on a heterogeneous aggregate of different rock types. 

Sections of granitiC rocks were stained in an attempt to 

define their composition more closely for purposes of 

correlation. The results of the staining are disappointing 

as they serve ouly to prove that metamorphic recrystallization 

has impressed such a confused microtexture on the granitic 

rocks as to render the making of rosiwal analyses impossible. 

Grani tic Rocks. 

Visual estimate~ give the following composition for 

the granitic rocks. 
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(a) Porphyritic quartz diorite . 

Quartz • • • • • • • 15- 20 per cent 
Plagioclase. • • • • 70-75 per cent 
Biotite . • • • • • .. 5-10 per cent 
Magnetite 
Chlorite 
Epidote • • • • • 1-2 per cent 
Apatite 

(b) Grey quartz diorite . 

Quartz • • • • • • • 10-15 per cent 
Plagioclase. • • • • 75- 80 per cent 
Biotite. • • • • • • 4-8 per cent 
Magnetite 
Chlorite 
Muscovite 
Epidote • • • 
Zoisite 

• • 2-3 per cent 

Apatite 
Carbonate 

It is interesting to note the total absence of potash 

feldspars in these rocks. 

The or i ginal hypautomorphic- granular textures of the 

granitic rocks have been largely pr eservad, though in a 

form modified by l ow grade regional metamorphism. As has 

been shown above plagioc l ase feldspars are the dominant 

mineral constituent. The once euhadral grain boundaries 

of the fe l dspars are now very irregular, and some of the 

l arger crystal s have been recrystallized to aggregates of 

smaller grains. Twi nning i s generally absent in the 

feldspars ; consequently, the only method of determining 

their composition from thin sections was by the use of 
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the universal stage, and this was not attempted. Chemical 

alteration of the pl agioc la ses has been accomplished, either 

by late deuteric solutions from the magma , or by metamorphism. 

The products of this alteration - white mica, pr esumably 

sericite or muscovite , biotite, chlorite, epidote, and 

carbonate - are scattered throughout the or i ginal crystal s 

as f l akes and granules . Commonly, the centr al parts of 

feldspar crystal s are more altered than the outer par ts. 

Quar t z has two distinct modes of occurrence. Most 

of the quartz occurs as original interstitial grains . Some 

of these have been r ecrystallized to sutured aggregates of 

smaller grains . Fel dspar grai ns in contact wi th thi s 

primary quartz have usually preserved their euhedr al outline. 

Quartz grains locally enclose aggregates of biotite and 

chlori te. The second, and l ess prominent, occurrence of 

quartz i s in the form of very small grains , poecilit ically 

enclosed in the fe l dspars . These grains ar e scatter ed 

uniformly throughout the rock, and Can be distingui shed 

from spots where the yellow preCipita te resulting from 

the staining technique has flaked off the feldspars by 

thei r differing optical orientation. It was first thonght 

that these granules were the soda- pl agiocl ase products 

of a saussuritizatlon process , but their indifference to 

the staining proceduce proved them to be quartz . The 

author does not know of any metamorphic or deuteric process 
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which will produce quartz from the breakdown of plagioclase 

feldspar, and their presence is unexplainable from that 

fiewpoint. Their presence may be explained as a dispersal, 

presumably of primary quartz, throughout the feldspars as 

a result of the increased mobility of quartz at elevated 

temperatures. 

The biotite of the granitic rocks is all of the 

pleochroic yellow-greenish brown type. Like quartz, biotite 

has two more or less distinct modes of occurrence. The 

chief occurrence of the mineral is in the from of aggregates,­

or as single grains, interstitially dispersed throughout 

the rock. Magnetite, and locally chlorite, are closely 

associated with the biotite. This biotite is either primary, 

or in a modified form thereof. The second occurrence of 

biotite is as small flakes, occurring as inclusions in the 

feldspars. This biotite is most probably a metamorphic type, 

pr oduced by regional metamorphism from the chlorite and ser­

iCite alteration products contained in the plagioclase. 

The texture of the biotite in these rocks is important 

in the determination of the metamorphic environment of the 

granitiC components. None of the biotite in the granitiC 

cobbles examined was aligned. In fact, where aggregates 

of the mineral occur, there 1s a definite decussate texture. 

This could only mean that s tr ess was not an important factor 

in the metamorphism of these cobbles. The fact that the 
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micaceous minerals of the matrix of the conglomerate are all 

strongly aligned would suggest that the regional stress 

was absorbed by the matrix and did not affect the larger 

cobbles and boulders, presumably with the exception of 
, 

those places where indiVidual cobbles are in contact. 

Intermediate Volcanic or Dyke Rocks. 

Porphyritic rocks of three different types were 

found. These may be derived from either flows of inter-

mediate compositon, or from dyke rocks. 

One of the porphyries weathers to a light greyish 

hrown. Feldspar phenocrysts do not stand out in relief on 

the weathered surface. The fresh surface has a general 

light grey color, relieved by greenish grey feldspar 

phenocrysts and black biotite clots. The feldspar 

phenocrysts have a maximum diameter of seven millimetres. 

A few quartz phenocrysts are also present. 

In thin section, the rock is composed of subhedral 

plagioclase phenocrysts, and a few scattered anhedral quartz 

phenocrysts set in fine grained quartz-feldspar groundmass. 

Plagioclase phenocrysts are equidimenslonal, and are 

extensively altered, with the production of sericite and 

calCite, plus some biotite and chlorite. Twinning is rare, 

and where present, 1s of a very coarse albite type, not 

suitable for compositional determination. A zone rich in 
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fine muscovite rims the phenocrysts. This muscovite probably 

is derived from the metamorphism of clay minerals produced 

during the Archean weathering of the parent rocks. 

Quartz phenocrysts are subordinate, ani are usually 

rounded. Most of them are not recrystallized. Some 

phenocrysts have a zone of micaceous inclusions, which may 

indicate that the quartz has experienced a porphyroblastic 

development. 

The groundmass is a fine grained aggregate of quartz 

and feldspars, with an average grain size of less than 

0.1 millimetres. Scattered throughout are abundant, small, 

unaligned flakes of muscovite. Biotite, probably of 

metamorphic origin occurs as scattered knots, having a 

decussate texture. Accessory minerals are apatite and 

magnetite. There is no '" flow structure in the groundmass. 

A second type of porphyry is more schistose. The 

weathered surface is a very light grey, with abundant 

feldspar phenocrysts standing out as rounded knobs. The 

fresh surface of the rock is a greyish black, and shows 

elongated grey phenocrysts of feldspar set in a siliceous 

groundmass. Numerous slip planes developed by stress give 

the rock a micaceous appearance ~hen viewed from the 

appropriate angle. 

Under the microscope, thin sections of this~~~ 

have certain similarities to those of the 
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above. The alteration of the phenocrysts is similar, and 

the groundmass is identical , but for a slightiy finer grain 

size, and the development of aligned biotite. Here, however, 

the plagioclase phenocrysts are elongated, and have an 

average size of one millimetre by 0.3 millimetres. A few 

vestiges of a primary lamellar twinning remain, the rest 

having been apparently destroyed by metamorphism. The 

phenocrysts display a tendency towards a preferred orient­

ation at a s light angle to tre micaceous slip planes. The 

phenocrysts contain abundant quartz inclusions similar to 

those described in the feldspars of the granitiC components. 

No quartz or potash feldspar phenocrysts are present. 

The groundmass has an average grain size of 0.05 

millimetres. There are a few flakes of muscovite, but the 

predominant micaceous mineral is biotite, occurring mostly 

as elongated flakes. A few lar ger porphyroblastic biotite 

aggregates are also present. The tendency of the biotite 

flakes to curve around the phenocrysts gives the latter 

an Itaya-like" appearance. 

The third porphyritic rock is black on both weathered 

and fresh surfaces. Plagioclase feldspars stand out strongly 

in relief on the weathered surface. The average diameter 

of these phenocrysts is two millimetres , but a few have 

a mean diameter of four millimetres . The groundmass appears 

fine grained, black, and slightly micaceous on the fresh 
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surface. 

In thin section, this porphry bears some resemblance 

to both of the others already described. The plagioclase 

phenocrysts are 5ubhedral, and the majority have a square 

cross-section. Feldspar twinning has been retained in 

this rock on a larger scale than in the others. Some 

phenocrysts are twinned by the carlsbad law, suggesting 

that they may be orthosclase. Others have a pseudo grid 

twinning, the result of twinning by both albite and 

pericline laws. The latter crystals are probably plagio­

clase. All the plagioclase phenocrysts are strongly 

serici tized. 

The groun:lroass is fine grained, with an aver.age grain 

size of 0.1 millimetres, and consists of a micaceous feld­

spathic aggregate. Pleochroic yellow-brown biotite is 

abundant in the form of elongated laths, and muscovite is 

a minor constituent. 

Sedimentary and Basic Igneous Rocks. 

A number of specimens having the appearance of chert 

were collected. These rocks are very fine grained and 

dense, and weather brownish to black. Their fresh surface 

show sharp edged conchoidal fractures, and have a siliceous 

appearance. 

A microscopic examination of these rocks shows that 
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they are not true cherts, but are very fine grained impure 

quartzites, ~omposed of approximately sixty-five per cent 

angular quartz grains, thirty-five per cent muscovite, and 

a trace of brovln biotite. The quartz grains have a maximum 

diameter of 0.05 millimetres, and an average diameter 'of 

about 0.02 millimetres. The original clastic nature of these 

sediments is 'veIl preserved, but there is no trace of bedding. 

The fine muscovite flakes are all aligned, and occur between 

and around the quartz grains. The muscovite is probably 

developed from clay minerals. Biotite is in its original 

stages of metamorphic development in these rocks, and occurs 

as non-oriented flakes up to 0.1 millimetres in d~ameter. 

Unlike the competent granitic components, these 

sedimentary rocks have not escaped the regional stress. 

Micaceous minerals are all aligned, "ith the exception of 

the newly f ormed biotite. The pebbles and cobbles themselves 

commonly have an elongated shape, indicating that they 

have been squeezed. 

Due to an oversight, no specimens of the basic igneous 

rocks were obtained. Presumably, they would be at the same 

grade of metamorphism as the enclosing lavas, and would 

resemble them closely in thin section. 

Matrix. 

The matrix of the Powstick Lake conglomerate is a 
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mixture of greywacke am grit, of varying grain size, composed 

of the finer elements of the detrital components already 

described. Pebbles having a d i ameter of one inch are common 

in the conglomerate, but the size range one-quarter inch to 

one inch 1s not well represented. The average maximum size 

of the matrix is about one-quarter inches. These particles 

consist of rock fragments am locally of iooividual quartz 

grains. 

The matrix weathers mostly to a brownish grey, but 

may be greenish where hornblende is present. Good bedding 

is not developed, but in most places lenses of differing 

grain size am composition are readily apparent. The fresh 

surface is generally black, as a consequence of the high 

mica content. A siliceous appe~ance is enhanced by 

scattered clear quar tz grains. 

In thin section, the matrix is composed essentially 

of quartz, feldspar, biotite, and muscovite, mixed 1n 

various proportions with scattered rock fragments. Micaceous 

minerals are generally aligned. Where the sediment was 

highly chlori tic, metamorphism has produced hornbleooe in 

the form of poeciloblastic porphyroblasts, am where 

calcareous material was present both epidote or zoisite am 

hornbleooe have been formed. 

Summary of the Metamorphism of the Paws tick Lake Conglomerate. 
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The Powstick Lake conglomerate affords an excellent 

opportunity for the stndy of a heterogeneous assemblage of 

different rock types under the conditions of low grade 

r egional metamorphism. No evidence was found to suggest 

that the grade of metamorphism is any higher than the biotite 

zone. The chief effects of metamorphism are best summarized 

by the following statements: 

(a) Regional metamorphism has rached the biotite zone. 

(b) The greater development of biotite in the matrix 
than in some of the sedimentary pebbles suggests 
that the latter contained insufficient chloritic 
material for the extensive production of biotite. 

(c) Where calcareous matter was present in the 
original sediment, it has taken part in two 
reaction, namely: 

(i) the formation of epidote by reaction with 
the excess alumina left over from the 
formation of biotite from chlorite and 
serici te. 

(ii) the formation of hornblende by reaction with 
chlorite. Hornblende generally forms 
porphyroblastic crystals having a sieve 
texture. 

(d) The granitic cobbles, especially the larger ones, 
have not been subjected to the regional stress 
which the softer sedimentary components have 
experienced. The shearing stress has largely 
been absorbed by the less competent matrix. The 
large granitic cobbles have therefore been 
subjected to low grade thermal metamorphism, with 
high hydrostatic pressure. 

(e) Granitic components have suffered extensive 
recrystallization. 
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The Semple Lake Conglomerate. 

Distribution. The sole occurrence of this rock is as a 

narrow outcrop on the north-west corner of the first smell 

islani south-west of the large islani in central Semple 

Lake. The outcrop is low ani shelving ani would be mostly 

submerged during periods of high water. Near the southern 

.edge of the outcrop, three two foot conglomerate beds are 

separted from the main body by an eighty foot massive 

basic flow. 

Lithology ~Metamorphism. The conglomerate is composed 

of approximately thirty per cent rounied to anglular pebbles' 

and cobbles, ranging in size from one ani one-half inches 

in diameter to four by twelve inches. These fragments are 

embedded in a schistose quartz-biotite matrix. Sorting 

is very poor throughout the outcrop. Rock types noted as 

components of the conglomerate are granitic rocks, porphyritic 

rocks, ani quartzite. 

Grani tic Rocks. 

Two types of granitic pebbles are present. One 

type is a light grey weathering quartz. diorite, similar 

to that described in the Powstick Lake conglomerate. 

Rosiwal analyses were not attempted for these rocks, for 

the same reason as those given in connection with the 
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granitic components of the Powstick Lake conglomerate. A 

visual estimate of the composition of the grey quartz 

diorite, made from a thin section shoWS the following 

composi tion: 

Quartz • • • • • • • • • • • • • • 30-35 per cent 
Plagioclase (An 30). • • • • • • • 60-65 per cent 
Biotite 
Magnetite. • • • • • • • • • • • • 2- 3 per cent 
Epidote 
Apatite. • • • • • • • • • • • • • tr 

A thin section study of this rock at once shows 

that the granitic pebbles of this conglomerate have not 

excaped the effects of regional_stress as have those of . 

the conglomerate to the north. Here, the quartz grains are 

s trongly r ecrystallized to sutured aggregates. A few 

feldspar grains are fractured, and have bands of finely 

cr~shed quartz and feldspar extending throngh them. 

Plagioclases have retained much of their primarly albite 

twinning, and a suggestion of their original euhedral shape. 

Extinction angles measured on the twins indicate a plagio­

clase composition of oligoclase-andesine (An 30). Biotite 

occurs as indefinitely oriented small flakes, associated 

wi th granular epidote ; Both these minerals were probably 

native to the original igneous rock. The average grain 

size of the major components is about one millimetre. 

This rock probably came from the same source area 

'-._--------_. _ .. 



as the grey quartz diorite found in the Powstick Lake 

conglomerate. The differences in bulk composition appear 

less important when one considers the compositional variance 

of the grey granodiorites and quartz diorites which have 

intruded the Semple Lake Series. 

The second granitiC rock type is one which is not 

found in the Powstick Lake conglomerate. Pebbles and 

cobbles of this rock weather to a light creamy white, and 

have a generally light grey fresh surface. The average 

grain size is about 2.5 millimetres, which is more than 

twice that of the grey quartz diorite just described. A 

visual estimate of the bulk composition is as follows. 

Quartz. • • • • • • • . • • • • • 35-40 per cent 
Plagioclase (An20-An25) • • • • • • 50-55 per cent 
Biotite 
Carbonate • • • • • • • 
Epidote 

• • • • • 5-10 per cent 

Thin section examinations show the recrystallized 

&uartz and incipient crUShing already described in the grey 

quartz diorite. Plagioclases are generally anhedral, except 

where in contact with quartz. They are mostly twinned, and 

extinction angles measured on albite twins indicate a 

plagioclase composition approximately of oligoclase (An20-

An25). Moderate sericitization and saussuritization have 

occurred. The epidote is probably the product of a 

deuteric alteration of the biotite but the carbonate was 
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probably introduced during lithification and metamorphism. 

Porphritic Rocks. 

Two different types of porphyritic rocks are present 

in the Semple Lake conglomerate. The most common type of 

porphyry is composed of about fifty per cent feldspar 

phenocrysts. The rock has a rough, light grey weathered 

surface, and a dark grey fresh surface. On the fresh 

surface, greyish, t ranslucent feldspar phenocrysts averaging 

two millimetres in diameter may be seen, set in a fine 

grained siliceous matrix. 

Examination under the microscope reveals that the 

rock is composed of about fifty per cent of euhedra1 to 

subhedra1 plagioclase phenocrysts set in a fine grained 

quar tz-fe1dspar-biotite groundmass. The absence of quartz 

phenocrysts distinguishes this rock from a similar light 

grey weathering porphyry found in the Powstick Lake 

conglomerate. The phenocrysts are concentrically zoned, 

and a few show both zoning and carlsbad twinning. Alter­

ation of the phenocrysts is not extensive. 

Seen under the microscope, the groundmass of the 

Iporphyry has an average grain size of less than 0.1 

millime tr es , and consists of an equigranu1ar aggregate of 

quartz and feldspar, plus ten to fifteen per cent of tiny, 

greenish-brown, aligned biotite flakes. Scattered grains 



of pr imary magnetite , and a few gr ains of metamorphic 

muscovite, chlorite , and epi dote dot the groundmass . 
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I t was noted in the fie l d that the congl omerate band 

i s intruded in a few pl aces by small dykes and sills of a 

por phyritic rock which appeared identical to the porphyry 

j ust described. 

The second type of porphyry weather s to a br owni sh 

bl ack. On the fr esh surface , scattered cl ear quartz grains 

and a f ew translucent fe l dspar phenocrysts Can be seen i n 

a sil iceous l ooking , bl ack , aphanit i c groundmass . 

I n thi n section, phenocrysts make up about for ty 

per cent of the rock , and are composed of quartz and 

pl agioclase fe l dspar i n about equal pr opor tions . Strong 

shearing has partially crushed the pl agioc l ase phenocrysts , 

and has caused the quartz phenocrysts to assume l ens-like 

shapes , composed of r ecr ystal lized aggr egates . Considerable 

saussuriti zation and ser iC i tizati on has accompanied -t he 

crushing of the fe l dspars . 

The dark color of the rock i s the resul t of the 

extensive development of dark br own metamor phi c biot i te , 

which makes up about thirty per cent of the groundmass . 

The remainder is comprised of quar t z and fe l dspar, plus a 

f ew hornblende need l es , and scatter ed grains of chl ori te , 

epi dote , carbonate and magneti te . Some of the quartz and 

fe l dspar of the groundmass have r ecrystal l i zed t o granular 
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aggregates, which together with the lenses of aligned biotite 

give the rock an appearance, under the microscope, resembling 

a coarse graywacke. 

Matrix. 

The matrix of the Semple Lake conglomerate has the 

appearance and composition of a greywacke. The grain size 

is generally finer and mOre uniform than tha·t of the 

Powstick Lake conglomerate. Both the weathered and fresh 

surfaces are brownish black. The matrix has a fairly easy 

micaceous parting and is locally coarsely crenulated. 

Under the microscope, a typical thin section consists 

of about sixty per cent of angUlar quartz and feldspar, 

having an average mean diameter of about 0.05 millimetres. 

The remainder of the bulk composition is made up mostly 

of dark brown biotite in aligned flakes, which rarely 

exceed 0.02 millimetres in length. Some fine granules of 

magnetite, and a very few flakes of green chlorite are 

scattered through the rock. 

Summary of the Metamorphism of the Semple Lake Conglomerate. 

The preceeding lithologic descriptions bring out 

the following pOints regarding metamorphism: 

(a) Regional metamorphism of the conglomerate 
reached biotite zone. 

-.-- .. _._--_.,.. _. .... 
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(b) Local dynamic action, or r ·egional deformational 
stress has been important during metamorphism, 
as is shown by the local crenulation of the 
matrix and the crushing of the phenocrysts of 
some of the porphyritic rocks. 

Structural Geology • . The absence of pillow lavas and other 

criteria commonly used in the determination of the attitude 

of layered rocks has greatly hindered the solution of 

structural features of the Semple Lake series. No major 

folding was recognized within the series, although the 

rocks have obviously been turned on edge. 

Three major faults are r ecognized . One of these 

faults enters the area at its western bounday, north of 

Powstick Lake. This fault i s continuous with a major 

break mapped by Milligan (19~) . A second fault parallels 

a topographic lineament in the southeast corner of the 

area. The third fault extends in a northeasterly direction 

through the centre of Powstick Lake. This fault truncated 

the Powstick Lake conglomerate on the north, and is seen 

cutting porphyritic granite on islands in the lake. 

Associated with these faults are numerous short faults of 

minor displ acement , whose formation is probably related to 

that of the major . breaks. 

The Relation .2!. .tll§. Semole bill Series j;Q Other Rocks JJI 

1D& Region. To the south of the California Lake Area, the 



Semple Lake series continues into the Oxford House area, 

where similar rocks have been mapped by Wright (1925,1931), 

and Morgan (194o). In the Oxford House area, the south­

ward continuation of the Semple Lake series has been mapped 

as part of the Hayes River group. 

The Hayes R1ver group consists almost entirely of 

volcanic rocks, with minor interbedded sediments, and is 

overlain unconformably by the Oxford Series. Morgan 

recognizes "quartz-eyeH granite that is intrusive into 

the Hayes River group, but which 1s older than the Oxford 

series. Substantial differences exist between the maps 
1 2. 

drawn up by Morgan and Wright. Both writers agree that 

extensive conglomerates form the base of the Oxford Series, 

but only Morgan recognizes minor comglomerate in the Hayes 

River group. Springer (1947) found conglomerate in the 

rocks of the Hayes River group in the Knee Lake area. 

Granitic components are not reported in the Hayes 

River conglomerates. The Powstick Lake and Semple Lake 

conglomerates differ from the others in this regard. 

1 
J. H. Morgan, "The Application of Accessory Mineral 

Methods to the Pre-Cambrian Rocks of the Oxford House Area", 
(unpublished Doctor's thesis, The University of Wisconsin, 
1940) • 

2 
See Geological Survey, Canada, Map 305A, Oxford 

House sheet, Provisional Edition. 
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The Oxford conglomerate is comprised, according to Wright, 

of about ninety-five per cent of granite fra@ments. The 

author is doubtful, on a petrographic basis, of the 

existence of any true granites in the Oxford conglomerate, 

but there is a distinct possibility that similarities 

exist between the "granite" pebbl es of the Oxford 

conglomerate, and the quartz diorite pebbles of the Powstick 

Lake and Semple Lake conglomerates. 

Porphyritic dacites and trachytes have been found 

in the Hayes River group in the Oxford House region. 

Bruce (1919) found similar rocks in the Knee Lake area. 

Descriptions of these rocks indicate a distinct resemblance 

between them and the porphyritic rocks found in the 

conglomerates of the Semple Lake series. Rhyolite occurs 

in very minor amounts in the Hayes River group of the 

Oxtord House area, although pebbles of rhyolite are found 

in the Oxford conglomerate. It is possible that some of 

these pebbles may have been derived from rhyolites now 

exposed within the Semple Lake series. 

The relation between the Semple Lake series and 

volcanic and sedimentary rocks of the northern part of 

the area is not clear. Metamorphism has obliterated 

the primary structures and textures of the Baker Lake 

series (to be described in the next chapter), and also 

the Bigstone Lake group described by Shepherd (1954) • 

.......•... -.--.. - ~---- -------------.. -.--~ 
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This in itself does not constitute definite evidence of 

any large discrepancy of age between the Semple Lake 

series and the northern belt of rocks. However, Utik 

Lake and Merritt formations of Shepherd's Bi gstone Lake 

group represent the deposition of considerably more 

sedimentary material than is commonly found in rocks of 

Hayes River age. Milligan (1952) describes a conglomerate 

in the volcanic sedimentary rocks around central Utik Lake. 

The author examined specimens taken from this conglomerate, 

and found at l east a superficial resemblance between some 

of the granitic pebbles contained therein and the quartz 

diorite pebbles of the Powstick Lake conglomerate. 

The following statements may be given in summary: 

(a) The Semple Lake series can be lithologically 
correlated with rocks of the Hayes River groupo 

(b) Boulders in the Powstick Lake and Semple Lake 
conglomerates constitute the first undoubted 
evidence of pre - Hayes River granitic 
intrusions. 

(e) Many of the porphyritic intermediate rocks 
found in the Pm-{stick and Semple Lake 
conglomerates are possibly derived from dacites 
and trachytes, which are widespread in the 
Oxford House area. 

(d) The relation between the northern and southern 
volcanic-sedimentary belts, within the 
California Lake Area, is not clearly understood. 
Granitic boulders found in the Powstick Lake 
conglomerate may possibly be correlative with 
those found in a conglomerate near Utik Lake . 

,. 



CHAPTER IV 

THE BAKER LAKE SERIES 

Int roduction . 

The Baker Lake series consists of basi c flows and 

greywacke type sedimentary rocks, which have been subjected 

to a considerably higher grade of regional metamorphism 

than has the Semple Lake series in the southern part of 

the area o The series is considered to be a s t ructurally 

isolated portion of the Bigstone Lake group described 

by Shepherd (1954). 

The Baker Lake series t akes i ts name from that 

given during the f i el d season to the narrow lake on whose 

shores it outcrops. It should be noted that this body of 

water was given the name Baker Lake pure l y as a convenience 

in the field, and because no application was made to 

federal authorities t o have the name verified, it has 

bee n shown on the accompanying map in quotation marks. 

Distribution. 

The main portion of the Baker Lake s eri es lies in 

the upper ha l f of the California Lake area, near its 

eastern boundary. Owing to extensi ve deposits of Pl eistocene 

and post-Pleistocene material and the consequent scarcity of 
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rock exposure in this region, little is known of the exact 

extent of the series. Rocks of a similar type outcrop on 

the Bigstone River, about one mile south of Bigstone Lake. 

It is possible that these rocks may mark the western 

boundary of the Baker Lake series, but the author has no 

justification for drawing even approximate contacts across 

the intervening three miles of drift covered terrain. 

Exposures of greenstones aro sedimentary rocks fouro during 

a reconnaissance trip iroicate that the Baker Lake series 

continues at least one mile east of the boundary of the 

map area. 

Lithology ~Metamorphism. 

General Statement. 

Basic lavas and metamorphosed sedimentary rocks, 

showing only slight variations in composition, comprise 

the whole of the Baker Lake series. The basic lavas are 

aroesitic or basaltic in composition, aro the sedimentary 

rocks are believed to have been originally feldspathic 

greywackes • . As far as 1s known, pyroclas~ics, quartzites, 

conglomerates or limestones do not occur within the 'series. 

All of the rocks, aro especially the sedimentary types, 

.have been extensively intruded by dykes aro sills of 

granitic type emanating from the surrounding batholith. 
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Basic Flows. 

Lithology .a.m Metamorohi·sm. Basic flows almost invariably 

present a greenish-black weathered surface. Massive flows 

are commonly medium grained an:! have an equigranular 

texture. Schistose varieties are generally finer in grain 

size. On their fresh surfaces, dark green hornb1en:!e is 

the dominant mineral, accompanied by granular plagioclase, 

an:! locally, biotite. 

The mineralogy of the basic flows is simple. Thin 

sections studied show them to be composed of about sixty 

per cent of hornb1en:!e, with the rest of the rock composed 

of plagioclase feldspar, plus one or two per cent of 

magnetite. Apatite an:! biotite are local accessory minerals. 

Hornb1en:!e in the basic rocks has a subhedra1 acicular 

habit, but does not occur in the extremely elongate forms 

seen in similar rocks of lower metamorphic grade, nor does 

it have the deep blue-green color seen in those rocks. 

Hornb1en:!e shows only a slight ten:!ency towards porphyro­

blastic development. Plagioclase feldspars have a granular 

habit, an:! are untwinned. Magnetite occurs as anhedral 

grains. 

Basic rocks in the Baker Lake series are in the 

plagioclase-amphibolite facies of regional metamorphism. 

Any epidote that was present in the lower facies has 

completely reacted with the plagioclase. In a similar 
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manner, chlorite and calcite have been completely replaced 

by hornblende. 

Sedimentary Rocks. 

Lithology AIlIl Metamorphism. Outcrops of sedimentary rocks 

are generally a rusty brown color. Because of their 

lepidoblastic texture, and their relatively high ferriferous 

biotite content, these rocks are susceptible to chemical 

weathering, and exposed - surfaces are often crumbly. Fresh 

surfaces are usually rust stained and have a very sandy 

appearance. 

Fourteen thin sections made from a total of twelve 

specimens were examined under the microscope. Rosiwal 

analyses were conducted for three stained thin sections 

from specimens taken at different parts of the series. 

This study proved that the mineralogy, bulk composition, 

and texture of sedimentary rocks are remarkably constant 

over the entire series. The essential minerals of the 

sedimentary rocks are quartz, plagioclase, and biotite. 

Other minerals present in very minor amounts are garnet, 

cordierite, muscovite, apatite, zircon, magnetite and. 

hematite. A unique mineral assemblage called "pinite", 

found in some of the specimens, will be discussed later. 

The texture found in all sections examined is 

lepidoblastic. This textural name is applicable because of 
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the general alignment of the biotite in the plane of 

schistosity. In a few sections, alignment is very slight, 

and biotite assumes an almost random orientation. 

Structurally, the rocks should be termed schists, although 

.a micaceous cleavage is not well developed. The grain 

size averages from 0.25 millimetres to 0.5 millimetres, 

and is generally uniform. 

Quartz and plagioclase have assumed a granular habit, 

with a local tendency towards elongation in the plane of 

schistosity. Crystal faces are never developed in these 

two minerals, and not trace of their original clastic 

nature remains. Both minerals have probably experienced an 

increase in grain size by recrystallization. Albite twinning 

is well developed in some plagioclase grains. Extinction 

angles measured on albite twins indicate a plagioclase 

compOSition of sodic andesine (An 30). Biotite is of· a 

strongly pleochroic, yellow hrown-deep reddish brown type 

and doubtless has a high iron content. Quartz, plagioclase 

and biotite are uniformly distributed throughout the rock, 

and there is no tendency towards the development of a 

gneissic structure. Garnet occurs as scattered poecilo­

blastic nodules, and has not developed crystal · faces. The 

other mlner'als cectn' as s·cattered grains. The results of 

three rosiwal analyses are shown in Table IV. 



TABLE IV 

BANGE OF BOO, COMPOSITION OF SEDII1ENTAHY BOCKS OF THE 
BAKER LAKE SERIES 

]4435 M465- A M475 
Volume per cent Volume per cent Volume per 

Quartz 48.1 31.3 42.0 
Plagioclase 37. 0 39.6 44.8 
Biotite 14.4 28.4 11.9 
Magneti te 0.5 1.8 
Garnet 0.8 tr 
Apatite tr tr 
Zircon tr tr tr 

62 

cent 

The mineral assemblage known as IIpinite lf is a minor 

constituent of some specimens. "Pinite ll is a micaceous 

aggregate, consisting mostly of "'hite mica, with a local 

chloritic admixttU'e. Quartz is commonly assoc i ated 1·l1th 

these minerals. "Pini te" forms as an alteration of 

cord ierlte, am is seen replacing that mineral in s ev eral 

sections. An X- ray diffraction pm/roer photograph '-las taken 

of one IIpinite ll grain, but no conclus ive results "lere 

obtained. l'he basic pattern "ras that of quartz, with extra 

lines due to the muscovite and chlorite. 

The presence of "pinite" serves to int roduce the 

problem of the metamorphism of these rocks. According to 

Harker (1939, pp 340-46), "pinite" can form in but t,lO 

ways; either through regional metamorphism fo11o>Iing simple 

thermal metamorphism, or during retrograde metamorphism of 

both types. When produced by repeated metamorphism, "pinite H 
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occurs only in low grade regional metamorphism. Certainly, 

in the rocks under di scussion , regional metamorphism bas 

progressed well beyond low grade. This observation, 

considered together with the fact that all specimens 

containing trpinite" were taken from outcrops which are 

either within one hundred feet of granitic intrusive rocks, 

or are extensively injected by granitic dykes, led the 

author to the conclusion that the presence of "pinite" is 

the result of retrograde thermal metamorphism, caused 

by the intrusion of the surrounding granodiorite. 

If the above reasoning is correct , it leads to some 

interesting conclusions. It implies that there have been 

two separate, though not necessarily unrelated, periods of 

metamorphism; moreover, the retrograde metamorphism is the 

second of the two types to occur, as its unique end products 

would quickly be destroyed by a third period of metamorphism. 

It therefore follows that the regional metamorphism 

preceded the intrusion of the granitic rocks, at least to 

the extent that the regional temperatures And pressures 

did not alter the effect of the later thermal metamorphism. 

In short, "regional metamorphism preceded regional intrusion. 

The effects of the thermal metamorphism are probably 

localized to the immediate neighborhood of the igneous 

intrusions and injections. Regional metamorphism has reached 

at least the almandine zone. Almandine garnets occur in at 
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least four.localities in the eastern part of the series. 

The mineral is not abundantly developed where it does occur, 

and it is felt that its presence depends as much upon bulk 

composition as it does upon metamorphic grade. If this is 

true, then the fact that garnets were not found in outcrops 

in the western half of the series need not be regarded as 

specific evidence that the almandine zone was not reached 

in these parts. It is possible that metamorphism attained 

an even higher grade. Harker (1939, p. 248) states that if 

the original sediments were deficient in alumina, then the 

higher index miner~ls staurolite, cyanite, and sillimanite 

may be lacking, even though metamorphism reached the grade 

at which they were capable of forming. 

The original sediment was possibly a feldspathic 

greywacke. The absence of the typical aluminous minerals 

chloritoid, staurolite, and sillimanite indicates that 

alumina was not excessive in the unmetamorphosed rock. 

Similarly, the presence of normal white mica in the present 

rock indicates that sericite was present in greater amounts 

than chlorite. Some of the muscovite is probably derived 

from the breakdown of potash feldspars which are unstable 

at these grades of metamorphism, and which are not found 

in ' any of the rocks. 

At the commencement of metamorphism, the rock 

probably consisted of quartz, feldspars, sericite, clay 



65 

minerals, chlorite, hematite, rutile and magnetite. As 

temperature and pressure began to rise, hematite \1aS reduced 

to magnetite and the clay minerals formed sericite. Thr ough­

out the chlorite zone recrystallization processes continued. 

Any basic plagioclase present Has unstable, am broke down 

to albite, forming epidote and carbonate as by-products. 

A strong schistosity "as probably developed, and the rock 

type might be named an albi te-chlorite-sericite schist. 

When temperatures and pressures reached those 

marking the commencement of the biotite zone, biotite began 

to form f rom reactions involving chlorite, sericite, quartz, 

magnetite and rutile . As metamor phism passed through the 

biotite zone, recrystalli za tion continued and the quartz 

and fe l dspar began to assume rounded forms, thus lOSing 

all trace of their detr ital beginnings. Albite would begin 

reacting '-11th epidote, and the anorthite content of the 

plagioc lases increased. As the sericite and chlorite were 

used up by the formation of biotite, the marked schistOSity 

of the rock began to decrease. 

With sufficient temperature and pressure, the reddish 

garnet almandine was formed, where compositional factors 

allo1tled its production. Almandine probably formed from 

chlorite, dra"ling some of its alumina from biotite, and 

most of its iron from magnetite. Further increases in 

temperature and pressure ",ere not accompanied by the formation 
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of new miner a l s. The mineralogy of the rock became simpler. 

Chlorite Has entirely used up in the formation of biotite and 

garnet. The excess white mica, nm.,r muscovite, remained as 

a mi nor constituent. Epidote has reacted completely with 

the soda fe l dspar , causing the plagioclase to have its 

present composition. The original· magneti te content vTaS 

much reduced by its cont ribution t o the devel opment of 

almandine and the highly ferriferous biotite. Both the 

pl agioclase and quartz assumed a granular habit, and only 

biotite and muscovite remained in an orientation normal to 

the regional compression. 'lith the compl etion of these 

metamorphic processes, the rocks had assumed the mineralogy 

aOO textures \ofhich they have at the present time. 

The intrusion of the surrounding granodiorite served 

only to modify this form. The formation of cordierite 

imicates that regional stress \o'as not an important factor 

i n the accompanying thermal metamorphism. Cordierite was 

probably formed at the expense of biotite, \-lith the excess 

potash forming muscovi te . As the magma cooled, and temp­

eratures 'vaned, cordierite became unstable, and altered 

partially to "pinite". 
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APPENDIX A 

Sel ective Staining Techni aue. The sta i ning technique used 

for thin section examinati ons is a modified form of the 

method developed by Keith (1939 ) . The sta i ning of t hin 

sections pr oved to be an inval uable aid in determining both 

the textures of the rocl-cs, and their bulk composition. 

Us i ng thi s technique, the ,yor ker is abl e to distinguish, 

Hi thout hesi ta tion, between quar tz, pl agioc l ase, and. 

potash feldspars. As a consequence, the time consumed in 

making rosiHal analyses is much reduced. The method 

follovled by the author is shown bel o\\r. 

(1) A preliminary mi croscopic examination of the 
thin section is made, and the minerals identi f i ed 
qualitatively. ( I n some i ns t ances, it was found 
c onvenient to make tvlO thi n sec tions , one of 
i>lhich was stained and the other kept for r efer­
ence, >lithout staining ) . I t i s advisable t o 
make any necessary opti cal determinations befor e 
staining, as the tr eatment parti ally obscures 
t he optica l proper ties of some mi ner al s. 

( 2) Stains are appli ed to thin secti ons which have 
been pr epared "lithout cover gl asses . 

(3) The exposed gl ass of t he slide i s covered "'ith 
a thi n coa ting of cell ul oid. ( A cell uloid 
solution is easil y prepar ed by d i ssol ving shee t 
cell ul oi d in acetone until the sol uti on has the 
consi s t ency of gl ycerine) . The cellul oi d 
s ol ution pro t ect s the gla ss fr om t he effec t s of 
hydrofluor i c ac i d dur ing the subsequent f umi ng 
ani is easily appli ed \oTi th the camel s ' hair 
brush. I t was found that the time devoted to 
the appl ication of this protecti ve coati ng ,.,ras 
well s pent. Any l axity during this par t of the 



technique was rewarded by thin sections whose 
backs were deeply etched. 
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(4) The section is carefully dried, placed in a 
lead tray (see diagram below), and exposed to 
hYdrofluoric acid fumes at 65·C for a period 
of fifty seconds. 

(5) After fuming, the section is immersed for thirty 
to forty seconds in the feldspar staining 
solution. Potash feldspar is stained a deep 
yellow. The feldspar staining solution is 
concentrated sodium cobaltinitrate, prepared 
by adding fifteen ce. of water to 12.5 grams 
of Co(N03)2 and 20 grams of NaN02• Upon stand­
ing, a yellow preCipitate is developed in this 
solution. The solution is a pparently stable in 
contact with this preCipitate, and should not be 
filtered. 

(6) The section is washed by very gently rinsing in 
a beaker of water. No attempt should be made 
to wash the section under a tap, as the stain 
flakes away very easily. 

(7) The cover slip should be applied with care. 

I 
I 
I 
I 
i 

The fuming process tends to lift the edges of 
the section away from the canada balsam and 
rough handling during covering will result in 
a broken up section. 

I 
I 
I 
I 

I . 

.,.. . ... '"'._ "'" 
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APPENDIX ~ 

~preCiSiQn .am Accuracy 2!. RQsiwal Analyses .ilf.. Th1n 

Sections .iW! MQunted Grains. During the course of the 

laboratory studies, an attempt was made to find a quicker 

and more accurate method of determining the bulk composition 

of rocks than that of making rosiwal analyses of thin 

sections. To facilitate this study, a ·hand specimen was 

selected whose texture is essentially massive, .and whose 

average grain size (1.5 millimetres) is representative of 

the granitic rocks found in the area. From this specimen 

five thin sections were taken at various places and cut in 

various directions. These thin sectfons were stained and 

counted. Three of the sections were counted twice, to 

determine the reproducibiii ty of the results. 

Upon the completion of this part of the study, a 

portion of the specimen was crushed in such a way as to 

keep the production of "fines" at a minimum. Crushing 

was continued until it was felt that all the grains 

consisted of discreet particles of one mineral or another. 

This material was then passed through a set of Tyler 

Standard Screens. Samples of the size ranges minus eighty 

to plus one hundred, and minus one hundred to plus one 

hundred and fifty were collected and stained. The stained 

grains were then mounted on glass slides covered with index 
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oil, and counted, using a two-axis integrating stage. Two 

separate mounts were counted for the larger size range, 

and three for the smaller. The results of these studies 

are shown in tables V and VI. 

TABLE V 

MINERALOGICAL COMPOSITION AS . DETERMINED FROM THE COUNTING 
OF SIZED AND STAINED GRAINS 

SIZE RANGE -80 TO +100 

Mineral First count Second count 
Volume per cent Volume per cent 

Quartz 31.1,.3 30.96 
Plagioclase 1,.2.83 51.88 
Feldspar 12.96 6.69 
Biotite 12.77 10.1,.6 

SIZE RANGE -100 TO +150 

Mineral First count Second count Third count 
Volume per cent Volume per cent Volume per cent 

Quartz 26.1,.7 26.81 26.17 
Plagioclase l,.8.67 1,.8.57 1,.7.09 
K Feldspar 10. 26 4. 67 11.20 
Biotite 19.60 1 .91,. 15.53 

TABLE VI 

MINERALOGICAL COMPOSITION AS DETERMINED BY ROSIWAL ANALYSES 
OF THIN SECTIONS 

Mineral 

Quartz 
Plagioclase 
K Reldspar 
Biotite 

THIN SECTION #1 

R1rst count 
Volume per cent 
27.85 
53.36 
11.52 

7.26 

Second count 
Volume per cent 
26.60 
53.80 
10.91,. 
8.65 



Mineral 

Quartz 
Plagioclase 
K Feldspar 
Biotite . 

Mineral 

Quartz 
Plagioclase 
K Feldspar 
Biotite 

Mineral 
Quartz 
Plagioclase 
K R;,ldspar 
Biotite 

Mineral 
Quartz 
Plagioclase 
K Feldspar 
Biotite 

Mineral 
Quartz 
Plagioclase 
K Feldspar 
Biotite 

THIN SECTION #2 

First count 
Volume per cent 
28.88 
54.23 
8.72 
8.15 

Sec om count 
Volume per cent 
27.lJ.o 
56.28 
8.28 
8.03 

THIN SECTION #3 

First count 
Volume per cent 
36.7lJ. 
1j.1j..olJ. 
13.8lJ. 
5.38 

Secom count 
Volume per cent 
37.58 
1+2.26 
13.36 

. 6.80 

THIN SECTION #lJ. 

V olume per cent 
28.63 
50.96 
13.57 
6.88 

THIN SECTION #5 

V olume per cent 
35.57 
lJ.3.12 
IlJ..88 
6.lJ.3 

AVERAGE OF FIVE THIN SECTIONS 

Volume per cent 
31.16 
lJ.9.76 
11.89 

7.20 

The following conclusions may be drawn from these 

results I 

(1) Rosiwal analyses of a single thin section can 

. 
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be reproduced \>lithin one or t\-lO per cent, but 
results are not accurate. Depending on the 
thin section, results differing as much as ten 
per cent are obtained. 

(2) Grain counts of the size range minus eighty to 
plus one hundred cannot be reproduced "i th 
precision. 

(3) Grain counts of the size range minus one hundred 
to plus one hundred and fifty can be reproduced 
with the same precision as can rosiwal analyses 
of thin sections, but the results are not 
accurate. 

(4) The apparent biotite content is increased in 
grain counts, because the perfect cleavage of 
that mineral increases its number of particles 
during crushing. 

In summation, it can be seen that the rosiwal analyses 

of a massive rock, vlhere the average grain si ze is 1.5' 

millimetres, are fairly precise but not accurate. For this 

reason, in the text, percentages are not given vlith decimals 

for rocks of this grain size. Ros1\.,ral analyses of the 

sedimentary rocks of the Baker Lake series are quoted "'i th 

decimals because they are considered to be more accurate 

as a result of the finer grain size of the rocks. Crushed 

grain samples are easily produced and counted., am the 

time taken is shorter than that required for · the manufacture, 

staining, and counting of a thin section. However, because 

a thin section was required of most specimens anyway, and 

also because the grain counting proved to be no more 

accura te than the rosii-ral analysis of thin sections, the 

method was abandoned. 



In fairness to both methods, it should be pOinted 

out that the investigation did not probe the problem 

thoroughly, am that the conclusi ons are coloured by the 

shortcomings of the experimental data. 
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The effect of cleavage upon the determination of the 

biotite content has already been mentioned. A complete 

study of the grain count method ,would require an 

investigation of the influence of cleavage upon the increase 

in grains of different minerals during crushing. For a 

specific method of crushing it is probable that constants 

CQuld be determined to correct for those increases. 

Assuming that it could be perfected, the grain count 

method could be used to advantage in studies where the 

percentage composition of a rock is the only information 

desired. 



Plate I. Photomicrograph of a tuffaceous sediment. 
from the Semple Lake series a The dark minerals are 
hornblende and magnetite. The clear minerals are 
mostly plagioclase feldspar, with a little quartz 
and calcite. Note the developement of very fine 
bedding. (X 25) 
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Plate II. Photomicrograph of a thin section of basi c 
lavas from the Semple Lake series. Minerals present 
incl ude hornblende (Ho), plagiocl ase (PI), and 
magnetite (M). (125) 
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Plate III. Photomicrograph of a gr ain of Q9rnblende 
formed by replacement of chlorite. Note the ragged 
outline of the crystal. Parts of the grain have 
the low birefringence of chlorite, but the entire 
grain has the same optical orientation. See text, 
p. 26. (XSO) 

76 



Plate IV. Photomicrograph of a thin section of a 
porphyritic rock from the Powstick Lake conglomerate. 
The phenocrysts are composed of plagioclase feldspar, 
and are rimmed \n.th a zone of very fine muscovite. 
other minerals in the ground mass are quartz, biotite, 
epidote and magnetite. (125) 
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Plate V. Photomicrogr aph of a specimen of 
granodiorite. The thin section has been stained. 
The effect of the staining on the plagioclase 
and its lack of effect on the quartz can be easily 
seen. (125) 
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Plate VI. Photomicrograph of a thin ~ection of a 
sedimentary rock of the Baker Lake series, 
illustrating the well developed lepidoblastic 
texture of the ro~k. The thin section haa been 
stained. (X25) 
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Plate VII. Photomicrograph of a thin · section of a 
sedimentary rock from the Baker Lake series. The 
central grain in high refief is a porphyroblast of 
almandine garnet7 which has a poeciloblastic texture. 
The enclosed mineral is quartz. Other minerals 
shown are quartz and plagioclase feldspar. (X25) 
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Plate VIII. Photomicrograph of a thin section of 
a sedimentar,y rock from the Baker Lake series, 
showing the mineral assemblage tpinite ' (p) 
replacing cordierite (Co). other minerals are 
quartz (Qu) and biotite (B). (XBD) 
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