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were emphasized; especially in regard to Southern province 
rocks that were strained and recrystallized during the final 
Grenville orogenic episode. 

Critical review of the literature on t he region showed that 
metasedimentary rocks in the rese~rch area belong to the 
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crystallized last. 
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in the direction of maximum elongation. Finally, the Grenville­
Southern province boundary was defined genetically as a 
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ABSTRACT 

South of Sudbury, Hur onian s edimentary r ocks, Sudbur y­
type gabbro and Killarnean gr anit e of the Southern str uctur al 
pr ovince were deform ed and me tamorphos ed du r ing t he orog enic 

episode i~ which Grenville province gneisses attained their 

pre s ent st r uctur al and metamorphic st ate . A graniti c ba t holith 
parallels the boundary between the pr ovinc es, but pre -dates 

the final orog eny in the Grenville provinc e by as much as 
600 million years. A zone of blastomylonitization and green­
schist grade of me tamorphism extends 2 to 5 miles west of 
compl e tely r ecrystallized almandine-amphibolite grade gneisses 

of the Grenville province. 
Mineral lineation and foliation are typical st r ucture s 

formed during the final deformation, but mesoscopic folds 

ar e abs ent from many penetratively deformed rocks. The strain 
recor ded by unfolded, lineated tectonites is considered to 
be homogeneous, and many structural fabri cs ar e shown to 
have orthorhombic symmetry. Miner al lineations, passive fold 
axes and quartz c girdle axes parallel the direction of v 
maximum strain; mineral foliations, and passive surfaces are 
shown to lie in a plane containing the maximum strain direction. 
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CHAPTER I 

I NTRODUCTION 

The Canadian Precambrian Shield contains rocks which 

were formed over a period of more than two billion ye ar s. 

The major int ernal geological featur es of the Canadian 

Shield are large structural provinces each characterized 

by a common period of most recent orogenesis. The Grenville1 

provinc e of Ontario, Qu ebec and Labrador is the youngest 

structural province of the Canadian Shield. The northwest 

border of this provinc e , the Gr enville "front", extends 

fo r more than twelve hundred miles from the coast of 

Labrador southwest to Georgian Bay on Lake Huron where it 

disappears under the cover of Pal eozoic rocks. The 

Gr enville province apparently truncates four older structural 

provinces along its northwest boundary. 

The research area is underlain by rocks which 

previously have been assigned to both the Grenville and South­

ern structural provinces of the Canadian Shield. The 

Southern province is composed largely of metasedimentary 

rocks which were deformed during the Hudsonian orogeny to 

form the Penokean fold belt. The Grenville province in this 

region is composed of gneissic rocks, larg ely of unknown 

primary age and origin, that wer e metamorphosed during the 
Grenville orogeny. The nature of the Grenville province­

Southern province boundary, the origins and primary ages of 
the Grenville province gneisses have been subject to 

speculation and controversy since the region was first 

1The names of structural provinces, orogenies and the 
time-classification of rocks of the Canadian Precambrian Shield 
used here are those adopted by Stockwell (1964-) and used on 
the Tectonic Map of the Canadian Shield (Stockwell, 196 5) 
unless stated in a historical context. 
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investigated in the nine t eenth c entury. 
The particular area was chos en for inv estigation 

because of its location across the Gr enville front in an 

easily accessible region where previous workers had 

described the "front" as a transitional boundary uncom­

plicated by younger tectonic events. The major obj ectives 

of the field work were to define the boundary be tween the 
two structural provinces and to map sufficiently large areas 

within both the Grenville and Southern provinces to provide . . 
an understanding of the regional geology. 

I . LOCAT ION , ACCE SS AND MAP COVERAGE 

2 

The mapped ar e a is t en mil es south of Sudbur y, On t ario 
(Fig. 1), and includes the townships of Eden, Tilton and the 
southern part of Broder--encompassing an area of approximately 

seventy-five square miles. The northern and western parts 

of the area are accessible by gravel roads which branch 

from the terminus of Route 543 (See township index map on 

'Fig. 2, pocket); the southern part of the area is 

accessible by foot and canoe. 

Topographic maps covering the area are the Copp er 

Cliff (4-1I/6 East) and Coniston (4-1I/7 West) 1:50,000 scale 

sheets of the National Topographic System. Areal photographs 

(approximate scale 4- inches to 1 mile) were used to map 

contacts between rock units, and to locate observation stations 

and sample l ocali t ies . 
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II. CRITICAL REVIEW OF PREVIOUS WORK 

Because of its great mineral wealth, the Sudbury 

district has been investigated by more geologists than 

any other area of comparable size in the .Canadian Shield. 

The belt of sedimentary and volcanic rocks extending 

along the north shore of Lake Huron between Bruce Mines 

and Sudbury has been extensively mapped--especially since 
the discovery of uranium-bearing conglomerate at the 

base of the Mis sissagi Formation. The mineral-poor 

r eg ion southeast of Sudbury in the Grenville province, on 

the other hand, has received scant attention, and remains 

practically unmapped excep t for a narrow strip adjacent 

to the Southern province. 

The map ar ea has been investigated by geologists 
working for both the federal (Bell, 1891; Collins, 1925 

and 1938), and provincial (Coleman, 1914; Baker, 1917; 
Phemister, 1960, 1961; Grant, Pearson, Phemister, and 
Thomson, 1962) surveys. With the exc ep tion of Baker 1 s 
work, which lies wholly within the research area, all 

previous workers were concerned mainly with mapping much 
larger areas lying west and north of the research area. 
H. R. Spaven (1966) conducted a detailed geological survey 

of a small portion of the map area. 
Within the past ten years, radiometric age deter­

minations have been obtained from rocks and minerals within 
the research area (Fairbairn, Hurley, and Pinson, 196 0; 

Tilton , Wetherill, Davis, and Bass 1960 ; Krogh, 1966) 
and from surrounding areas (See especially Hart, 1961; 

Fairbairn, Hurley, and Pinson, 1965; Van Schmus, 1965.). 
The determination of absolute times of intrusion and meta·""': · 

morphism in the Sudbury region has contributed greatly to 

the understanding of the regional geologic history. 

4 
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Southern Provinc e 
No generally acc eptable correlation of the s edimentary 

rocks in the Southern province south of Sudbury has ye t 
been published. Recent field work by the Ontario Department 
of Mines in Waters Township (Card, 1964-) and in Broder 
Township (Grant, et al., 1962) sugg ests that, due to structural 
complications, even a local stratigraphic sequence cannot 
be worked out. 

Until 1953, the time-stratigraphic correlation of 
rocks in the Sudbury region that had evolved largely through 
the work of the Geological Survey of Canada under the 
direction of W. H. Collins was accepted as correct. On 
the Copper Cliff Sheet, Collins (1938) placed the sedimentary 
rocks in the thesis area within the Huronian succession, 
and classified the granitic rocks and gneisses as 
Killarnean. 

In 1953, J. E. Thomson published a summary of his 
field work in Baldwin Township (Thomson, 1952 a) southwest 

· of Sudbury. Thomson (1953) . found a conformabl ~ succ ession 
upwards from what Collins (1938) had considered to be 
Keewatin lavas, through the Pre-Huronian Sudbury Series and 
into the Huronian Bruce Series (Ramsay Lake Conglomerate 
and Mississagi Formation). The absence of the great Pre­
Huronian unconformity at the base of the Ramsay Lake 
Conglomerate in this region 5 according to Thomson (1957, 
p. 52), made it impossible to establish a satisfactory 
division of the formations in the area south and west of 

sudbury into an Archean (i.e., Pr e -Huronian) and- Pr ot erozoic 
s equence. Subsequently, working along the south shore of 
Lake Wanapitei, Thomson (1961a) discovered what he 
considered to be the "great unconformity" at the base .of 
the Huronian. According to Thomson, all rocks south of 
the unconformity are Pre-Huronian and belong to the Sudbury . 
Group. These Pre-Huronian rocks had been mapped previously 
as Huronian by Collins and Cooke (1946a). Thus Thomson 



cast serious doubt on both the accuracy of mapping and the 

stratigraphic succ ession established in the Sudbury region 
by the Geological Survey of Canada . 

Rather than attempt to reconcile his findings with 
the results of previous workers, Thomson (1953 and 1957) • •• 

"advocated a moratorium on current time-stratigraphic 
t erminol ogy throughout the Sudbury-Espanola area [which 
incl udes the re s ear ch are~ until detail ed r estudi es have 

be en made over a consider abl e part of the count r y ." In 

6 

1961, Thomson (1961b) published a compil~tion map of the area 
south and west of Sudbury. On this map, 1'homson arbitrarily 
placed al l of the s edimentar y rocks south of the Murray 

Fault into either the Sudbury Group or left them as 

unclassified s edimentary rocks . In a footn6te, Thomson 
stated that "Field relationships favour t he interpretation 

that the unclassified sedimentary rocks are .larg ely Pre ­
Huronian in age." 

Thomson (in Grant et al., 1962) placed the 
sedimentary rocks in Broder, Neelon and Dill townships 

in the Sudbury Group, and Card (1964) call ed the 
sedimentary ro cks overlying a basal metapelite in Waters 
Township the Ramsay Lake Conglomerate and Wanapi tei 
Quartzite. The stratigraphic succession of the form­
ations within Thomson's Sudbury Group has never been 

defined. Thomson (1961~ p. 5), in his table of formations, 
listed the Sudbury Gr oup as: Conglomer ate, quartzite, 
grayw acke and bi otit e paragneiss, limestone. In his 
description of the Sudbury Group, Thomson (1961a pp . 7-9) 
implied that all of the rock types are interbedded with 
no regular stratigraphic succession. Phemister (1961, 

p. 1 7), said that "in Broder, Dill ., N eel on and Dryden 
townships there is no sharp field distinction be tween 
Wanapitei Quartzite, Ramsay Lake Conglomerate and McKim 
Graywacke, because there are many bands of quartzite within 
McKim Graywacke, and because argillaceous phases are common 
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in Wanapitei Quartzit e beds." 
Recent work southwest of Sudbury, .where the rocks 

are less intensely deformed , shows a regular succession of 
lithologic units within the sedimentary s equence. Frarey 

(1966), working southwest of the thesis area in the Lake 
Panache region, stated that "the normal Huronian s edimentary 

succession can be followed in all of the ground covered, 

and that with the exception of minor revision and some 

subdivision the formations previously mapped by Quirke and 
Collins are essentially correct." Similarly, Young and 

Church (1966) , in a review of the stratigraphy in the area 

between Bruce Mines and Cobal t, concluded that the ro cks 
throughout the area are Huronian in age--including the 

rocks formerly known as the Sudbury Series, and the 
underlying volcanic rocks. 

A compilation map of the area east and south of 
Sudbury (Fig. 3, pocket) was made in order to determine 

if the so-called Pre -Huronian Sudbury Group can be divided 

into regional stratigraphic units. The interpretation 
of the regional stratigraphy will be discussed in a later 

section (p.14-), but it should be pointed out here that 

a consistent stratigraphic sequence within the sedimentary 
rocks can be traced around the east end of the Sudbury 
Basin, and, as nearly as can be determined without field 

checking, the succession is similar to that defined by 

Collins (1938) and Young and Church (1966). It is 
concluded, therefore, that the Southern provinc e sedimentary 

rocks in the research area belong to the Huronian System. 

ColLins (1-916) defined two periods of granitic 
intrusion in the area north of Lake Huron: ' an older series 

(Archean) on which the basal Huronian was deposited uncon­

formably, and a younger series intrusive into the Huronian 

sedimentary rocks. This younger granite series Collins 
correlated with the granite in the Grenville province at 

Killarney on Lake Huron (Fig. 1), and proposed the time-



stratigraphic term "Killarney· Graniteu to include all of 

the granitic rocks intrusive into the Huronian succ ession. 

To Collins, the term "Killarnean" had an orogenic s ense 

and apparently was equivalent to the Hudsonian orogeny. 

Radiometric dates of intrusion and metamorphism in the 

Southern Province indicate that the Hudsonian orogeny 

occurred about 1600 million years ago (Stockwell, 1964). 

Grenville Province 
The Grenville front was first noted by Alexander 

Mur ray in 1856 in the vicinity of Ashagami Lake northeast, 

of Sudbury. Bell (1891) considered the gneisses of both 

the Grenville and Superior provinces to be correlative and 

placed them in Logan's "Laurentian System" (Archean). 

The less deformed sediments of the Southern provinc e 
were thought to be younger than the Laurentian gneisses 

and granites and to belong to the Huronian System. In 

his description of . the boundary between the Sout·hern and 
Grenville provinces, Bell noted that the strike of the 

adjacent Huronian rocks did not always parallel the course 

of the dividing line between the two systems, and suggested 

that a "considerable fault" coincided with this common 
boundary from Broder Township to beyond the Wanapitei River. 

ColeiiLail (1914) concurred with Bell's Laurentian 

correlation of the granites in the Grenville province, but, 
in order to explain their intrusive relationship to the 

Huronian System, he reclassified the sedimentary rocks as 

Pre-Laurentian and, therefore, Pre-Huronian. Based on the 

presence of quartzite bands, kyanite schists and, most 

significantly, an exposure of crystalline limestone, Coleman 

(1914) correlated the paragneisses in the Grenville province 

southeast of Sudbury with the Grenville Series in Eastern 
Ontario and Quebec. 

Quirke and Collins (1930) thought that the granitic 
rocks and paragneisses of the Grenville province were the 

8 



me tamorphic and metasomatic equival ents of the Hur onian 

s edimentary rocks to the west. In their mapping f r om Bruc e 

Mine s southeastward to Killarney, they noticed a progr essive 

incr e as e in the int ensity of folding, granitic int r usion, 

and me tamorphism of the Huronian strata. I n the vicinity 

of Killarney and no r thward for a distance of about t wenty 
mil es, they not ed that the contact be tween s edimentar y rocks 

and granit e is fairly abrupt and straight--suggesting a 

fault contact along which Killarney granit e magma had 

intruded. Howev er, north of T. B. 68 (now known as Sal e 

Township) the contact appears to be transitional and is no 

l ong er straight, but becomes extremely dentat e with 

int er fing ering lobe s of granit e and s edimentary rocks. 
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Within the "Killarnean batholithic compl ex 11 , Qui r ke and Col.l·ins 

carefully described what they considered io be r ecognizable 

Hur onian formations in various stages of transformation 

into granite. They believed that these outliers of 

s edimentary rocks show ed on a small scale the process 

of transformation of the Huronian s equence as a whol e . 

The gneisses in the Grenville province ar e now known 
to have been metamorphosed about 1000 million years ago 

(Stockwell, 1964) 0 From Quirke and Collins' description 

of the r e lations be tween 11Killarnean 11 granite and gneiss, 

i t is cl e ar that they had no conception of the 1000 million 

year (Grenvill e ) orogeny that affected these rocks, and 

considered the Grenville province gneisses to b e the deep­

s e ated products of the Hudsonian orogeny. Phemister 
(1960 ) considered the Grenville province rocks in Brode r 

ar1d Dill townships also to be metamorphic and me tasomatic 
equivalents of the Huronian rocks to the northwest. His 
evidence is the same as that of Quirke _and Collins, i. e ., 
11 

••• field evidence of structural continuity and progressive 

transition from unmetamorphosed to metamorphosed material 
is fundamental and is indicative of a corresponding 

stratigraphic and petrogenetic continuity. 11 (op. cit., p. 118). 
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Recent work along the Grenville-Superior and Grenville­

Chu r chill (Labrador Tr ough) provinc e boundar i es suggest s 

that, in part at l east, rocks of older structural provinces 

have been incorporat ed i n to the Grenville provinc e during 

the Grenvill e oro~ eny (See e specially: Davis, Hart, Aldrich, 

Krogh, and Munizaga, 196 7; Stockwell, 1965; Grant, 1964 ; 
Gastil and Knowles, 196 0; Deland, 1956.) 

In the Grenville provinc e south of Lake Tima gami, 

Grant (1964) demonstrat ed. by rubidium-strontium istopic 

studies that granitic rocks of the Superior provinc e with 

a primary ag e of approxim~tely 2400 m.y. wer e metamorphos ed 
by the Gr envill e orog eny at approximat e ly 920 m.y. (See 

location of dat ed sample s n ear the no r theast corner of the 

larger -scal e map on Figure 1 .) In a similar typ e of study, 

Kro gh (in Davis, e t al., 1967 p. 383) determined. a 1750 m.y. 

rubidium-strontium whole.-rock isochron for "Killarne an 

granite" along the Grenville front near Coniston and in 

the northeast corner of the res earch ar ea (See locations 

on Fig. 1). These granites are in contact with gneisses 

containing biotite dated at approximately 900 m.y . (Fig. 1). 

The 1750 m.y. isochron for granitic rocks adjacent 

to the Grenville front suggests that these rocks are 

products of the Hudsonian orogeny metamorphosed during 

the Grenville orogeny, rather than Huronian s edimentary 
rocks transformed. into granite during the Grenville orogeny. 

This conclusion differs fundamentally from that of Quirke 

and Collins (1930) and Phemister (1960). 



CHAPTER II 

STRATIGRAPHY AND PETROGRAPHY 

Huronian s edimentary rocks ar e the oldest rocks found 

within the thesis ar e a . This s edimentary s e qu enc e is intruded 
by sills and dike s of hornbl end e me tagabbro (Nfpissing - t ype 
diabas e or Sudbury gabbro). The s edimentary rocks and me ta­

gabbro are intruded by the Eden Lake complex1 (hornbl end e 

gabbro to hornblende diorit e and trondhj emit e ) and the Chi ef 

Lake batholith1 (quartz diorite to quart~ monzonite) . The 

Eden Lake complex and the Chief Lake batholith ar e s eparat ed 

by a screen of quartzite and cannot be given an age re lative 
one to another on the basis of field relations. Portions of 
both plutonic bodies have undergone post - intrusion d eformation 

which has produced penetrative foliation and lineation that 

are characteristic structural features of the gneiss es in the 

eastern part of the area. The gneisses east of Chief Lake 

batholith attained their present structural and metamorphic 

state during the youngest "orogenic " event in the region, and 
are intruded by several small post-orogenic diabase dikes. 

The relative sequence of geologic events can be 

correlated to a certain ext ent with radiometri c dates from 

minerals and whole-rocks in the Sudbury area. Van Schmus 

(1 965) determined that Hu r onian s ediments were deposi ted 
be tween 2500 and 2100 million years ago ·(bas ed on 2500 m. y . a g_e s 

1The Eden Lake compl ex and the Chief Lake batholith 
ar e the names used in this thesis for two spatially separate 
i gneous bodies classified as "Killarnean " by Collins (1938). 
The part of the Chief Lake batholith in Brod er township was 
mapped as a zone of feldspathization and alt eration of 
Wanapitei Quartzite and Sudbury Gabbro by Phemister (1961; 
map in Grant, et al ., 1962). 

1 1 
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of Archean basement and a 2155 ± 80 m. y . age for the Nipissing 

diabase) . Stockwell (1964-) dated the Hudsonian orogeny in 

the Southern Province at 164-0 million years --which presumably 

was the time of formation of the Penokean fold belt. 

One whole - ro ck and two biotit e s eparat e s from the 

research area have been dated by the rubidium- strontium 

method (Locations shown on Fig . 1 ) . A spe cimen of the Chief 

Lake batholith gave a 1750 m.y. date (Krogh, in Davis et al., 

196 7);biotit e from the migmatitic west ern border of the 
batholith gave a 1070 m.y. date (Tilton , et al., 1960) . The 

other biotit e s eparate is from the northeast border of the Eden 

Lake trondhjemite and it gave a 14-30 m.y. date (Fairbairn, 

et al., 196 0 ). 
The whole-rock determination probably indicates the 

primary age of the batholith, and the biotit e age may indicate 

the final recrystallization during the Grenville orogeny. 
The biotit e date from the Eden Lake trondhjemite, however, may 

not represent a specific ev ent because the specimen was 
collected less than one mile west of the 1070 m.y. old biotite 

from the batholith . If this portion of the Eden Lake complex 

was aff ect ed by the Grenville orogeny, the 14-30 m. y. date 

may be intermediate betwe en the final metamorphic event in 

the area and. the primar y age of the compl ex . 
Table 1 summarize s the major geologic events in the area. 

r 

The Huronian sediments were deformed during the Hudsonian orogeny 
and possibly were intruded at about that time by the Eden Lake 

complex and Chief Lake batholith--although it is cer tain only 

that both of thes e intrusions pre - date the Gr envill e orogeny and 

post-dat e the intrusion of Sudbury- type gabbro. The gneiss 

and amphibolite in the eastern part of the area were met a­

morphosed during the Grenville orog eny . The mi gmatite around 

the borders of the Chief Lake batholith was deformed during 

the Grenville orogenY, and may have been originally- a xenolithic 

border · phase fo-rm·e·d when the batholith ·was intruded. 



Age Range 
1100-900 m.y.* 

Geological Event 
Grenville orogeny 

1700-1400 m.y.* Hudsonian orogeny, 
intrusion of 
plutonic rocks 

2235-2075 m.y. gabbroic intrusion 

2500-2075 m.y. Huronian sedimen­
tation 

Related rocks 
gneiss, amphibolite, 
migmatit e 
Chief Lake batholith, 
Eden Lake compl ex 
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Hornblende metagabbro 
(Nipissing diabase 
or Sudbury gabbro ) 
quartzit e , graywacke, 
conglomeratic graywacke 

*The age ranges 1100-900 m.y. and 1700-1400 m.y. for 
the Grenville and Hudsonian orogenys represent the range in 
metamorphic mineral radiometric dates from the Grenville and 
Southern provinces near Sudbury, and probably mark the last 

phase rather than the entire time-span of the orogenic events. 

HISTORY OF MAJOR GEOLOGICAL EVENTS 

Table 1 
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I. HURONIAN SEDIMENTARY SEQUENCE 

Within the Huronian rocks in the map are~ f e ldspathic 

quartzite and arkose are the dominant lithologies with sub­

ordinate amounts of graywacke and conglomeratic graywacke. 

These sedimentary rocks previously have been correlated with 

the Lower Huronian Bruce Group by Coll ins (1938) and the 

Pre-Huronian Sudbury Group by Thomson (in Grant et al. , 1962). 

Figure 3, a compilation map of the area south and 
east of the Sudbury Basin, shows the regional structure and 

stratigraphy within the sedimentary s equenc e between the 
Sudbury Basin and the Grenville gneisses. I The area is 

structurally compl ex with both northeast and northwest trending 

folds, and numerous transvers e and strike faults. However, 

a consistent stratigraphy can be determined from facing 

directions of beds near unfaulted contacts between quartzite 

and graywacke-conglomerate units. Regionally, the s edimentary 

s equence is a continuous framework of feldspathic quartzite 
within which discontinuous lenses of graywacke and con­
glomerate occur at certain stratigraphic horizons. 

Table 2 compares the stratigraphic succession derived 

from Figure 3 with the successions given by Collins (1938) 

and Thomson (1961a). Grouping conglomerat es, graywackes and 

limestones as single formational units enables the dominantly 

quartzitic s edimentary sequence to be broken into five 

(structure s ection E-G) or six (structure sections A-B and C-D) 

formational units defined by stratigraphic position and 

lithology. Grouping the McKim-Ramsay Lake formations and 
the Bruce-Espanola formations produces a perfect correlation 

on Table 2 with Collins' (1938) succession. Thomson's 

(1961a) definitions of the Sudbury, Bruce and Cobalt groups 

include too rn&~Y lithologies to allow detailed correlations 

with the stratigraphic succession derived from Figure 3. 



H~:onian 

Pre ­
H~roni""" 

Cota lt 
Series 

3r~ce 
Series 

Collins (Cop per Cliff 
Sh~el , 1')38) 

tanded cherty qu ar t zi te 
Lorrain Quar t zit e 

Go wganda Formation 

(unconformity) 

Serpent Quartzite 

E~panola Gr aywacke 
limestone 

Bru ce Conglomera te > 

Structure Sections 
A-B and C- D (Fig . 3) 

(intrusive contact) 

upper vitr eous quartzite 
upp er graywack e and 
quartzite (minor 
conglomerate) 

Structur e Section 
E-G (Fig . 3) 

(erosion) 

up per conglomerate , 
graywacke , quartzite 
an:l limestone 

middle feld~pa thic 
quartz ite 

---------- middle fcldspathic 
quar t zit c 

middle graywacke and 
conglomerate 

------- middle con5lomera te 
sr aywacke and lime ­
stone 

Mis sissagi Quartzite lower feld~pathic lower fels pathic 
quart zite Ram say Lake Con5lomerate q~artzite 

o\ ~lower Lraywacke lower cont.lomer a te 

Thomson ( 1961 ; in 
Grant et al . , 1962) 

Sow~ anda Formation Cotalt 
Group 

f1ie c iec: a.7i 
F;;~atlo~ 

Bru ce 
Gro~p 

(great unconformity) 

c~nconfornity~ and conglomer a te 

Sudtury { McKim Gr aywacke 
Series 

con[lomer a te, 
quartzite, gray ­
wacke and tiotite 
par agneiss, lime ­
stone 

I Sudtury 
\ Group 

volcanic rocks wi th 
inlerteds of ,:r ayw ack~ 
Copper Cliff Rhyolite 

volcanic rocks with volcanic rocks acid ana t asic 
interteds of 5raywacke volcanics 

/ 

CORRELATION OF IIETASEDIJ.lENTARY ROCKS 

Tatle 2 

} 
Volcanic 
Group 

Huronian 

Pr a ­
Huronian 

_, 
\Jl. 



Collins believed that the Ramsay Lake Conglomer at e 

marked the base of the Huronian s equ enc e . However, Young 

and Church (1 966 ) found a conformabl e succession from the 

volcanic rocks upwards through the lower part of the Bruc e 

Group, and,therefore,included the McKim Formation and the 

underlying volcanic rocks in the Huronian s equence. 

16 

In the following sections, the Huronian s edimentary 

rocks within the area (Fig. 2) are described in de tail. 

Wherever possible, the . informal stratigraphic units used in the 

thesis are correlated with the formations established by 

Collins. 

Lower graywacke (McKim-Ramsay Lake formations) 

Chlorite schist exposed in the extreme north-central 

part of the map area appears to underlie the lower f e l dsp~thic 

quartzite and is the only observed occurrence of the lower 

graywacke in the area. The pelitic portions of the unit are 

well foliated, and thin quartzite interbeds commonly are 

transposed parallel to the foliation. Exposures of the 

me tagraywacke are not abundant, and generally occur as low, 

narrow ridges aligned parallel to the foliation. South­

westward the metagraywacke appears to interfinger with 

feldspathic quartzite. Several pebble bands were seen in the 
northeast portion of the metagraywacke. 

In hand specimen, the lower graywacke has the 

appearance of a green schist with rectangular to ovoid, gray 

porphyroblasts . The porphyroblasts, which resemble staurolite 

or andalusite in hand specimen, are fine grained aggregates 

of muscovite, chlorite and quartz. Mineral phases in the 

lower graywacke in order of decreasing abundance are muscovite, 
quartz, chlorite and plagioclase. 

An accurate estimate of the sedimentary thickness of 

t[le lower graywacke c an not be made because of the strongly 

foliated and sheared nature of the unit; however, the maximum 

exposed thickness is about 1700 feet . 



Low er feldspathic quartzit e (Mississagi Formation) 

The quartzit e occurring no r thwest of the she ar zone 
along the ~e st e rn border of the Chi ef Lake batholith is 
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corr elated with the Mississagi Formation. The lower f elds­

pathic quartzite is overlain by the middle conglomer atic 

graywacke along the southeast shor e of Long Lake . The upper 

contaclof the quartzite is sharp, possibly becaus e of she aring 
along the contact between quartzite and the pelitic matrix 

of the overlying conglomer ate. 
The lower feldspathic quartzite is resistant to 

weathering and forms ridges parallel to the strike of bedding. 

The color of the weathered rock sui face vaii e s from dull 

white to red-brown. 

The quartzite contains abundant cross-beds, generally 
of the torrential type (Plate 1A) so that it is difficult 

to determine facing dire.ctions. Top · and bottom-s et beds are 

generally semi-pelitic and are more readily weathered than 

the coarser grained cross-s ets, thus giving outcrops a 

distinctive ribbed appearance .. Some graded beds are present 

(Plate 1 B) . .Bedding thickness is variable, aver aging about 
one foot, but cross-bedded units more than five feet thick 
are present. 

An average of three modal analyses of the lower 
f e ldspathic quartzite is: quartz (60 per cent) ; f e ldspar 

(35 per cent), and mica ( 5 per cent). The range in f eldspar 

content is from 25 to 40 per cent. On the basis of these 

modal determinations, the lower feldspathic quartzite unit 
is identified as an arkose. 

Stratigraphic duplication due to folding withjn the 

lower feldspathic quartzite makes a thickness estimate 

difficult; however, the unit appears to be at least 4500 
feet thick. 
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:Middl e conglomeratic graywacke (Bruc e Conglomerat e ) 

The middle conglomeratic graywacke occurs in the 

cor e of a tight syncline along the southeast shor e of Long 

Lake . The northeast end of the structur e is modifi ed by 

f aulting, but in the southwest t he conglomerate pinches out 

into f eldspathic quartzite. The syncline i s not basin -shaped , 

but op ens to the south indicating that the s outhern term­

ination of t he cong l omerate is prob~bly du e to restric t ed 

deposition. Coll ins (1938) mapp ed the middl e conglomeratic 
graywacke as Bruc e Conglomerate . 

The conglomerat ic graywacke is mo re resistant to 

erosion than the surrounding quar tzit e and forms a ridge with 

a maximum relief of about 150 f ee t. The r ock weathers dark 

gray to black with a gritty, uneven surface. 

Pebbles of granite and quartzit e l e ss than one foot 

in diame t er are dispersed in the gr aywacke matrix . The rock 

is a graywacke micr oconglomerate in thin s ection. The coars er 

gr ained fraction is made up of clastic quartz and feldspar 

grains, whereas the fine grained matrix is muscovite, biotite 

and quartz. 

Provided that a double thickness of the conglomerate 

is exposed in the syncline, and that the averag e dip is sixty 

degrees, the maximum thickness of the unit i s 650 feet. 

Middl e (?) feldspathic quartzit e (Serpent Quar tzit e ? ) 

The middle feldspathic quartzi te occurs south of the 

wes tward extension of the Chief Lake batholith bor der shear 

zone in Ed en Township, and is t entatively corr elat ed with the 

Ser pen t Quartzit e . Collins (1938) mapped this feldspathic 

quar tzit e as Mississagi Formation . Howev er , the middl e 
feldspathic quartzite is ov er lain by an int er bedded mixtur e 

of graywacke and quartzit e with minor conglomerat e . This 
overlying heterogeno us lithologic s equenc e is t ho ught to 

represent the GowgandaFormation; hence the correlation of the 
underlying feldspathic quartzit e with the Serpent Formation. 



On the basis of fie ld appearanc e , the midd l e and low er 

f e ldspathic quar t zit es are i ndistinguishabl e . 
An averag e of t wo mod al ana l ys es of the midd l e 

f e l spathic qu ar tzit e is: qu artz (66 per c ent ), f el dspar 

(26 .5 per c en t), and mic a (7.5 per c ent). The bas e of the 
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middl e qu ar tzit e unit is not pr e s ent in t he area , and a minimum 

t h i ckness is 2000 f eet. 

Upper gr aywacke -q uar tzi t e (Gowg anda Format i on?) 

The middl e f e ldspathic qu ar tzit e grad es upwards into 
a s equ enc e of gr ayw acke and f eldspathic quart zit e which is 

t enta t iv ely corr elat ed with the Gowgand a Form a t ion. Collins 

(1938) included this he t ero gen eous lithologic s equ en c e 

within the Mississagi Formation. The upp er gr ayw acke­

quar tzite can be trac ed as scatter ed outcrops t rending north­

west for about two mil es from the north shore of Wavy Lake in 

Eden Township . A similar lithologic s equenc e also occurs as 

part of the large inclus i on mass in the Chief Lake batholith 

at Chi ef Lake (Se e Fig·. 2 .). 
Minerals pr es ent in the graywacke portion of the unit 

are quartz, microcline and plagioc l as e which may be of 

detrital origin, and chlorite, biotit e , and muscovit e which 

are probably s e condai y ~ . Microscopic garne ts are pre s ent in one 
thin s ection. An argillitic por tion of the unit cont ains 

qu artz, plagioclase, chlor ite, biotite, amphibol e , epidot e 

and minor microcline . 
In the exposur es north of Wavy Lake, gr aywacke is 

more abundant than quartzit e . At least one pebbl e bed is 

pres ent, but could not be trac ed. In the inclusion mass at 

Chief Lake, however, conglomeratic graywacke about 50 f ee t 
thick is pr e s ent. The top of the upper graywacke-quartzite 

is marked by a sharp contact with the vitreous quartzite unit. 

The upper graywacke-quartzite is about 2600 feet thick. 
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Vitreous quartzite (Lorrain Quartzit e ) 
A sequence of vitreous quartzite beds occurs 

stratigraphically above the upper graywacke-quartzite north 

of Wavy Lake·, and is correlated with the Lorrain Quartzite. 

Collins (1938) included these beds in the Mississagi Formation. 

The vitreous quartzite is less feldspathic and cross-bedded than 

the underlying quartzite units, and is easily distinguished 

in the field by its glassy appearance and light orange to 

pale green color. A narrow band of green vitreous quartzite 

on the western side of the inclusion mass at Chief Lake is 

thought to be correlative with the vitreous quartzite unit. 

In the area north of Wavy Lake, the quartzite is a ridge former . 

The vitreous quartzite is divided into three sub­

units on the basis of color and relative bedding thickness. 

The color of the vitreous quartzite varies from orange to 

pale green to white as it cont ains microcline, muscovite or 

is composed of quartz alone. The lower subunit is composed 

of beds varying from one to three feet thick containing micro­
cline and muscovite, with muscovite more _concentrat ed along 

bedding planes. The middle subunit is the most orthoquartziti c , 

and contains a few per · cent of muscovite, but very little 
feldsp ar. Bedding thickness in the middle subunit varies 

from one to three feet, and a few cros s-beds are present. 

The upper subunit contains lamina ted beds one to six inches 

thick and is richer in fe l dspar and muscovite than the under­
lying vitreous quart z ite. 

The top of t he vi t reous quartzi t e ha s been assimilated by 

the Chi ef Lake ba tholith whi ch contain s numer ous inc l usions 
of the refr active quar tzit e . A m'ini mum thickne ss for the 

vi t r eo us quar tzi te is 3300 fe et . 
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Uncorrela t ed Sedimentary Rocks 
I sol a t ed xenoliths of s ediment ary rocks occur within 

the intrusive r ocks in the area, but most cannot be corr elat ed 

with a specific stratigraphic unit . Inclusions of both 
feldspathic and pure vitreous quartzite, metagraywacke , and 

conglomer at e occur within the Eden Lake compl ex and the 

Chief Lake batholith. Generally, the metamorphic grade 

increases from west to east in the area and the protoliths of 
most inclusions within the Chi ef Lake batholith can be 
r ecognized as far as the eastern border migmatit e zone. East 

of the migmatite zone the only rocks of recognizable 
· s ed imentary origin are a few discontinous bands of vitreous­

type quartzit e . 

Summary of Huronian Stratigraphy 
The sedimentary rocks within the research area 

appear to represent the Huronian stratigraphic succ ession 

from the !'-1cKim Graywacke upwards to the Lorrain Quartzite. 
No unconformities occur in the succession, but the bas e 

of the Serp en t Quartzite appear s to hav e be en removed by 

faulting . Correlation of the Serpent Quartzite is the most 

doubtful, and is based on a correlation of the overlying 
graywacke-quartzite unit with the Gowganda Formation. The 

total thickness of Huronian sedimentary rocks exposed in the 
area is more than 14 ,750 feet. 
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II. HORNBLENDE GABBRO (NIPISSING DIABASE OR SUDBURY GABBRO) 

The Huronian s edimentary rocks in the re s earch are a 

and throughout the region be tween Bruce Mines and Sudbury ar e 

intruded by bodies of gabbro and diabas e , which hav e been 
t ermed Nipissing diabas e or Sudbury gabbro. As not ed previously, 

Van Schmus ( 196 5) dete r mined an intrusive ag e of 21 55 ± 80 m .y. 

fo r the Nipissing diabas e . 
In the map ar e~ hornblende gabbro is dark gr een to 

black, massive, and equigranular or shear ed. It is mor e 
r esistant to erosion than f eldspathic quartzit e and forms 
ridges. The general geometry of the larger gabbroic bodi es 

is sill-like , with t h e border s par all el t o r egional bed ding 
t rends. The metagabbros west and east of Lohi Lake in Broder 
Township form the limbs of a south-plunging syncline within 

the lower feldspathic quartzit e ( See Fi g .. 3. ) . Another 
gabbroic body is intruded along the contact of the middl e 

f eldspathic quartzit e and upper graywacke-quartzite northwest 

from Wavy Lake. Numerous gabbroic inclusions occur in the 
Eden Lake complex and the Chief Lake batholith . 

Gabbroic rocks exhibit signs of retrog r ade metamorphism. 
Amphibole rather than pyroxene is the maj~r mafic mineral, 

and plagioclase is alter ed to sericite and epidot e . The 

amphibole commonly is actinolite, as pale green prismatic 

crystals and fibrous mattes. The more felsic portions of 
the gabbroic bodies contain interstitial quartz, and micro­

pegmati tic, intergrowths of quartz and plagioclase. Plagioclase 
is too highly altered for optical determinations. 
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III. EDEN LAKE COMPLEX 

The igneo us rocks that intrude the middl e feldspathic 

quartzite in southwest ern Eden township are collectively t ermed 

the Eden Lake compl ex . This plutonic compl ex rang es in com­

position from hornbl ende gabbro and hornbl ende diorit e to 

trondh j emite. Col lins (1938) corr elat ed the basic port ion 
of the complex with the Nippissing di abas e and the acid 

por tion with Killarnean granit e . Previously, however , Collins 

(1 925) not ed that the basic portion of the comp l ex dif f ered 

appreciably f r om the Nippissing diabas es in the North Shore 
district . 

The Eden Lake compl ex is divided i nto two map units: 
(1) hornbl ende gabbro and hornblende diorite, and (2) biotit e 

trondh j emite. The contact be tween the two field units is 

commonly a nar r ow int erband ed zone of acid and basic layers , 

ra ther than a continuous gradation from acid to basic ro cks 

or a sharp contact. The geometry of the complex is 

imp er f ectly known because onl y the no r theast portion is 

exposed in Eden Township. Collins (1938) showed the compl ex 
to be about six miles long by two mil es wide , tr ending 

northeast parall e l to the regional bedding strike . The 

ra tio of basic to acid portions is about 1:6, with the gabbro­
diorite phase occurring only in the northwest part of the 

complex. 

Basic Rocks 

Hornblende gabbro and hornblende diorit e ar e 

surrounded on thr ee sides by trondhj emit e ; the northern side 

is in contact with the middle f e ldspathic quartzit e . In­
clusions of feldspathic quartzite and metagraywacke occur 

within the basic phase of the complex. Diss eminat ed gold­
bearing arsenopyrite was mined from one large feldspathic 
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quartzit e inclusion (Baker, 1917). 

Gen erally, the gabbro-diorite is a medium grained, 

fr esh-looking rock composed of about two-thirds light gray 

plagioclas e and one-third black hornblende. A few outcrops 

of banded hornbl ende-rich and plagioclas e -rich layer ed 

gabbro were found, which sug gests that gravity settling of 

mine r als occurr ed within the basic portion of the compl ex 
(Pl a t e 1C). The pr es ent attitude of the layers is vertical, 

striking northeast subparallel to the r egional trend of 

bedding in quartzite. If formed by primary gravitational 
s e ttling , the layer s would have been trsedimentedu in a 

n e arly horizontal position and subsequently tilt ed into 

the vertical position. Parallelism of the layering a.l'ld 

the regional trend of bedding suggests that the Huronian 

rocks were in a near horizontal position during the intrusion, 

and, therefore, that the Eden Lake comple·x is pre-Hudsonian 

orogeny. 

Four modal analyses of hornblende diorite and gabbro 

are listed in Table 3. Plagioclase (andesine to labradorite) 

is generally the dominant phase and occurs as subhedral 

laths which commonly exhibit normal zoning. Compositions were 

determined by maximum extinction on albite twins. However, 

the majority of the plagioclase crystals are untwinned, and. 

the determinations may not be representative of the rock as a 

whole. Specimens 908 and K325 v.1ere collected from near the 

trondhjemite contact and specimens 774 and. 775 are from the 
central portion of the basic phase of the complex. The 

central portion appears gabbroic and the borders dioritic. 

Hornblende is dark green pleochroic, and occurs as 

subhedral crystals and as large poikilitic grains enclosing 

plagioclase laths. Biotite appears to be a minor primary 

phase and is commonly altered to chlorite. Hagnetite 

is accessory. One dioritic specimen (specimen 908) from 

near the trondhjemite contains interstitial quartz and biotite. 



.Spec. 

908 

775 

774-

K325 

Qtz. Plag. Hbd. Bio . Ep. Ap. Cht . Mte. 

5.4- 59 20.4- 5.8 2.0 3.0 1 .2 3.2 
(An46 ) 

39 55.6 0.2 2.8 1 • 8 
(Alt.) 

71 23 1 • 8 3.2 1 • 0 
(An63) 

62.6 ' 24-.8 9.8 2.4- 0.4-
(An46 ) 

MODAL ANALYSES OF HORNBLENDE DIORITE AND GABBRO 
FROM THE EDEN LAKE COMPLEX 

Table 3 
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Total 
Counts 
500 

500 

500 

500 



Trondh .j emi t e 

Most of the Ed en Lake Compl ex expos ed in Eden 
Township is medium grained, equi granular, bio t it e qu ar tz 

diorit e or trondhj emit e . The t erm trondhj emit e is be tter 

suited for this rock than quartz diorit e becaus e of the 

vi r tual absenc e of alkali f e ldspar. Potassium f eldspar was 
seen in only four of e l even thin s ections examined, and 

ranged from 1.7 to 2.8 per c ent. The minor amount of 

potassium feldspar is in contrast to that in the Chi ef 
Lake batholith, in which m.icrocline constitut es from one­

quarter to thr ee-quarters of the total feldspar. 

Me tasedimentary and metagabbroic xenoliths are 
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common within the trondhjemite and usually occur in clust ers. 
The shapes of inclusions shown on the geologic map (Fig. 2) 

are generalized because many of the inclusions are too small 

to be depicted accurately at the scale of the mapping. The 
eastern and northern borders of the trondhjemite are sharp 

and non::-mi gmatitic. 

The trondhjemite south and east of Eden Lake is 

lineated and foliated, the result of post-intrusion deformation. 
The c entral part of the Eden Lake complex, however, is 

unfoliated and does not show any evidence of primary or 

s e condary flowage. The trondhjemite west of the basic 

portion of the complex is not foliated near the northern 

contact with the middle feldspathic quartzite, but becomes 

foliat ed and migmatitic to the southwest. The origin and 

local development of this migmatitic area, which is composed 

of about equal proportions of trondhjemite and contorted 

f eldspathic quartzite,is not understood. 

The results of modal analyses of trondhjemite are 
listed in Table 4-. Plagioclase (oligoclase to andesine), 

quartz, biotite and epidote are present in all the specimens 
examined. Mus covite (generally within plagioclase) is 

common, and micros copic garnets are present in four thin 

s ections. Specimen 787, from the contact between hornblende 



Spec. Qtz. ·Ksp. Plag. Bio. Hbd. Muse . Ep. Cte. Cht. 

798 39 41.4 (An27 ) 10.2 4.2 4.6 0.2 -- -
787 11 . 4 ·- 73.0 7.4 4.0 - 0.2 - 2.0 

K347 18.2 60.8 (An31 ) 19.5 1 . 3 - - - - -
2176 20.3 - 51 .7 (An

33
) 22.3 - - 4.0 - -

907 16.6 - 52.4 (An29 ) 23.4 - 2.0 2.6 - 1 . 2 

K275 42.4 - 53.4 (An38) 18.0 - 1 . 0 2.4 - 0.6 

650 49.0 - 39.3 7.0 - 2.3 2.3 - -
933 35.3 2.7 43.0 13.0 4.7 1 . 3 - - -

K286 33.5 1 . 7 53.2 7.7 2.0 0.7 - - -
834 43.8 2.8 39.2 (An43) 6.6 - 4.0 3.4 - -

59 35.5 2.5 44.2 9.5 - 3.3 5.0 

MODAL ANALYSES OF TRONDHJEMITE FROM EDEN LAKE COHPLEX 

Table 4 

Mt e . Gar . 
0.4 . -

- -
0.2 -

- 1 . 7 
1 . 8 -
0.2 - . - -

- -
1 . 2 -

- -

Total 
500 
500 
4oo 

300 
500 
500 
300 

300 
400 
500 
4oo 

[\.) 

""~ 



diorite and trondhjemite, contains hornblende as well as 

biotite, and less quartz than any of the other sp ecimens. 

Chl or ite occurs as an alterat ion product of biotite, and 

epidote commonly is found as inclusions within plagioclas e . 

Petrogenesis of the Eden Lake Complex 
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Field ev idence· suggests that the Eden Lake complex' 

was intruded into the Huronian s edimentary rocks early i n 

their tectonic history, possibly when bedding was horizontal. 

The hornblende gabbro - diorite and trondhj emit e phases s eem 

to have been derived by differentiation of a single magma. 

The preponderance of trondhj emit e over gabbro-diorite, and the 

pres enc e of what app e ar to be primary hornbl ende and biotite 

suggest that the magma was dioritic in composition, with a 
r ather high water content. Barth (1962, p. 222) rel at ed 

the l ack of potassium feldspar in trondhj emite to a high 

water content in the magma; early formed biotit e extr acts 

so much potassium from the melt that none is l eft for the 

formation of potassium feldspar in the later stages. 

The petrology of the Eden Lake compl ex is an in­

teresting research topic t hat has not been thoroughly in­
vestigated . The Eden Lake complex probably was intruded 

before the Chief Lake batholith, although litt le field 
evidence exists to support this conclusion. It is certain 

on.ly that t he complex is younger. than Sudbury gabbro and older 

than the Grenville orogeny. 
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IV. CHIEF LAKE BATHOLITH 

The Chief Lake batholith is the major lithologic unit 

in the area, and occupie s a geographic position be tw een the 
Huronian sedimentary rocks on the west and the Grenville 

gneisses to the east. Within the map ar ea, the batholith 
covers about thirty squammiles, varying in width from five 
mile s in southern Tilton Township to less than two miles in 
southern Broder Township . Batholithic rocks extend at l east 
tHo miles north of the thesis ar ea into Dill Township. (See 

Fig . 3 . ) The southern limit of the batholith is not known, 
but it is believed that the Chief Lake batholith represents 

the northern ext ension of the Killarney batholith mapped 

by Quirke and Collins (1930). A body of massiv e gneiss with 
microcline meg acrysts in southeast ern Tilton Township i s 
thought to be a metamorphos ed outlier of the Chi ef Lake 

batholith . The small plutons occurring west of the batholith 

. also are thought to be genetically related to the main body. 

Contac t Relati on s 

Migmatit e zones occur along the southwestern and 

eastern borders of the batholith (Fig. 2). Both migmatit es 
ar e foliated and lineat ed mixtures of about equal proportions 

of batholithic and count r y rocks. 
The migmatite contac ts ar e transitional. For example, 

the middle f eldspathic quartzite on the southwest ern shore of 

Wavy Lake grades eastward into migmatite by a progressive 
increase in grani tic dikes and lenses. As the granitic 

component increases (e.g., on the southeastern shore of Wavy 
Lake), the feldspathic quartzite beds be come isolated 

inclusions within the granitic matrix. Further eastward from 
Wavy Lake, . the granitic component is dominant, and the 
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migmatite grades into inclusion-free quar tz diorit e . 

The migmatite zone between the batholith and the 

Grenvill e met amorphic rocks is a banded mixture of quar tzo­

feldspathic par agneiss with mino r amphibolite, and gneissic 

quartz diorite. The migmatite east of the batholith is more 

thoroughly recrystallized than that along the southeast shore 

of Wavy Lake ; it is a foliated mixture of banded par agne iss 

and orthogne iss which grade s vJ estward into blastoporphyritic 

quartz diorit e gneiss, and grades eastward into porphyroblastic 

aug en gneiss and massive amphibolite. 

Most of the west ern border of the batholith is not 

migmatitic. From the north shore of Wavy Lake no r thward 

for a distance of about two miles»the contact be tween 
Huronian sedimentary rocks and the Chief Lake Batholith trends 

northwest. The rocks in this area are not as intensely 

deformed as at Wavy Lake or along the eastern border of the 

batholith, and it is possible to map sills and dikes of 

granitic rocks intrusive into the Huronian sequ ence as well 

as inclusions of vitreous quartzite (Plate 2C, Plate 2D) and 

metagabbro within the batholith. 

The geometry of the contacts between rock typ es in 

this ar ea is extremely complex, and was the subject of an 

M. Sc. thesis by H. R. Spaven (1966). Spaven concluded 

that field relationships strongly suggest that the Chi ef Lake 
batholith was intruded into brittle country rocks, and that 

quartzite xenoliths are apparently stoped remnants of what 

was once a continuous quartzite unit. Vitreous quartzit e 

and metagabbro are the most common inclusions found in the 

batholith. The quartzite xenoliths generally show a preferred 

orientation, with their longest dimension parallel to the strike of 
penetrative foliation which transects both the batholith and 

the inclusions. The borders of the inclusions are sharp, 

and embayments of quartz monzonite occur parallel to bedding 
in the inclusions (Plate 2C). 
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North of the area of xenoliths the contact betwe en 
the batholith and the envelope rocks swings abruptly northe ast, 

parallel to a major shear zone . The sheared contact is well 

expos ed east of Clearwater Lake where the ro cks for about tvJo 

hundred feet on either side of the contact po ss ess a vertical 

foliati on and mineral lineation. Batholithic ro cks within 

the sheared zone ar e blastomylonitic with porphyroclasts of 

mi crocline surrounded by a fine gr ained matrix of comminut ed 

feldspar and recrystallized quartz (Plates ]A , JB). The 

she ar zone passes into the batholith east of Clearwat er. Lake 

and joins wi th another shear zone to the north . 
The contac t between the batholith and the lower 

feldspathic quartzite at the northeast cor ner of Clearwater 

Lake is not sheared . In this ar ea, the batholith is composed 

of coars e grained , unfoliat ed, e quigr anular quart z monzonite. 

The contact trends at a large angle to the strike of bedding 

in the quartzite, and on the scal e of an exposure is v ery 

irregular. The quartz monzonit e is free of quartzit e in­
clusions, but embayments of igneous mat er ial parallel to 

bedding in the quartzite are common. Isolated lens e s and 

dikes of coarse grained quartz monzonite are found within 

the feldspathic quar tzite in the vicinity of the batholith 

contact. Contacts are sharp and show no obvious effects 

of metasomatism or contact metamorphism. 

Agmatite 

Along the northern border of the batholith a larg e 

body of hornblende metagabbro is intruded by quartz diorite 

forming an intrusion br eccia. The term "agmatite" is used for 

this blocky mixture of two igneous rocks. Contacts are 

generally sharp, but~locally,me tagabbro contains por phyro­

blasts of orange mi cr ocline, and quart z diorite is hornblende ­
bearing. The agmatit e mapped along the northern edge of the 

batholith is similar in appearance to that shown in Plates 2A 
and 2B, although the agmatite in the photographs is near 

Wavy Lake. 
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Tex t ure and Fabr ic 

The ba t holith cont ai n s fo l iat ed , porphyrit ic and 

equigr anul ar r ocks. The general distr i bution of coarsely 

po r phyr itic rocks is indicated by the s t i ppled pa ttern on the 

geologic map (Fig . 2). Fo l iation is the resul t of post-int rusion 

deformation which has modifi ed the primary t exture s to form, 

most commonly , au gen gn e iss (Plat e 3) . Foliation planes 

gen er ally cont ain a line ar structure due to par all e l 

alignment of e longa t e quartz and f el d s par . 

Textur es of unfoliat ed rocks var y from hypidiomo r phic 
gr anular to porphyritic (Plat e 2D ) . Phenocrysts of per thitic 

microcline are common, and some anti-perthitic plagioc l as e 

phenocrysts are pre s ent, as well as plagioclas e mantl ed by 

microcline . Generall~ the matrix of porphyrit i c rocks is 

compos ed of pl agioclase and quartz with a subordinat e amoun t 

of mic r ocline, wher eas the phenocrys t s ar e dominantly 

microcline . Microcline contains from ze ro to thirty per c ent 

perthite , averaging between f ive and ten per cen t. Myrmekite 
commonly has replaced mic r ocline along contacts wi t h plagioclase . 

Central ar e as of larg e plagioclas e grains gen erally con tain 

epidot e and white mica. Some plagioclase gr ains exhibit 

no r mal zoning. 

Foliation and lineation are produced by planar and 

linear alignment of recrystallized quartz and mica. Feldspar 
generally has undergone brittle deformation, and phenocrysts 

are bent, fractured and surrounded by a rim of fine grained 

f e ldspar (Plate 6). 

Mineral Composition of the Batholith 

The composition of the Chie f Lake batholith vari e s 

f r om quartz diorite to quartz monzonite1 with accessory 

1Quartz diorite has a ratio of Na, Ca f e ldspar to K, 
Na f e ldspar in excess of 5:3; quartz monzonite has a ratio of 
K, Na feldspar to ~a, Ca feldspar between 5:3 and. 3:5 (after 
Wahlstrom, 1955, p. 307). 



biotite and. epidote . Minor phases not pr es ent in all 

sp ecimens ar e : muscovi te, hornbl ende, chlorit e , sphen e , 

calci te , magnetite and. zircon. 

Table 5 contains modal analys es of 51 thin s ections 

from the main body of the batholith, the small plutons west 

of the main body, and. the outlier of massiv e orthogneiss 

in the southeastern par t of the map area. The distribution 
· of the rocks examined. is pr esented. on Fi gur e 8 . The mor e 

basic varieties contain up to 25 per cent ho r nblende , 20 
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per c en t biotit e , and. l e ss than 20 per cent quartz. Hornblende ­

bearing batholithic rocks generally ar e associat ed. with 

x enoliths of metagabbro, and. hornblende- and biotit e - rich 

quartz diorit e and. quartz mon zonit e probably wer e fo r med. by 

assimilation of basic rocks by the magma. Contact meta­

somatism of basic inclusions is shown by the pr es ence of 

microcline meg acrysts and. quartz in met agabbr o (Plate 2B); 

however, many basic inclusions show no metasomatic effects . 

Modal compositions in volume per c en t of 33 specimens 

containing more than 80 per cent quartz, plagioclas e and 

microcline are plotted on Figure 9a . These specimens are 

the least altered and. recrystallized of the batholithic rocks 

examined. · Four specimens plotted. on Figure 9a are from small 

plutons east of the main body of the batholith (numbers 1, 

2, 3, and 4), but they plot with the majority of the rocks 

from the main body. Number 56 is from the orthogneiss in the 

southeastern part of the map area, and. app ear s to be low in 

microcline content; however, the modal analysis may not 

be representative of the bulk composition as the microcline 

in the gneiss is contained. in large megacrysts which are not 

present in the slide examined. . 
No s ystematic relationship between geographic position 

&'1d. modal composition of the rocks appears to exist on the 
scale sampled. Two - thirds of the specimens plotted. on 

Figure 9a are quartz diorite, and. one-third are quartz 

monzonite. Figure 9b is a diagram of the modal analyses from 



%< Qt z.+ Ave . 
Ksp . , + Pl a;: . 

no . Samp l e Quart z K- s par Pl ag . Bio . Epido t e t1u s c . Htd . Cht . Cte . Sphe ne Mte . Tot al Pla;; . ) Comp . Name of Roc k 

1 1081 34.3 14 .4 39 . 9 L-,0 2.4 8 . 2 2 . 0 - - 1250 88 . t qu artz Jioritc. 
2 11 33 29 . 5 5 . t 54 .9 2 . ') j.3 3 . 2 - 1 . J - - 12)0 ') 0 . 0 qt.:artz .:iorit ' 
l 1916 24.3 23 . 1 4).5 j . 4 1 . 1 2 .6 - ·- - 1250 ')2 . 9 q~artz J iorit ·:. 
l: 217§ 31. 2 17 . 8 42.2 cf . 8 2 . 1 1. 7 - 2-:-o - 12)0 91 . 2 qt;ar tz Jior it ·~ 

) 217 24 . 8 2] . .3 j') . O 7 . 8 .3 . 5 ) . 0 - - o-:-5 o-:t 12)0 87 . 1 q~ art z ~:~ritJ porphy.y 
7 2229 24 . 2 22 . 9 45 . 4 3 . 8 2 . 2 1 . 4 - 1--:o - - 12)0 92 . 6 qt..a r l z diorit~ 
3 NEC 19 . 9 28 . 0 44 .1 3 . 0 4 . 2 1 . t - 1--:9 - - 1250 92 . 0 qt..art z monzonit e 

W11 0 19 . 6 2 .1 4c . 3 2 . 7 9 . 0 0 .1 - 18 . t o-:t. 12)0 t 8 . ') An
27 

qLOartz dioriL~ 
11 W1J9 20 . 6 1 5. ) 22 . t 7 . 4 1. 7 0 . ') - 1-:-o O. t 1250 88 .4 quartz .:liorit "J 
12 vl26 22 . - 20 . ') ') . 4 4 . 0 1. 7 0 . ') - o--:4 o--:1 - - 125t 92 . ') An 17 quart z diorite 
13 h20 19 . 0 9 . 2 59 . 0 2 . 2 :J . 4 - 10 . 0 0 . 2 - - 1250 87 . 2 An 18 qt.. a r tz diorite 
14 2131 26 . 4 21. j 48 . 9 o--:9 O. t.:: 1 . 1

·f - 0 . 5 - - - 1250 0t . 7 quar tz diorite 
15 1042 34 . 4 10 . 33 .4 0 .4 11 . 0 8 . 0 - - - - 500 78 . - qt..art z diorite porphyry 
1c 1035 27 . 4 16 . 2 47 . 9 O. t 5 . 7 2 . 2 - - - - 1250 ')1 . 5 quart z diorite 
17 111 2 33 . 0 21 . 0 4:J . q 4 . 0 1. 0 - - o-:-1 - 12t0 94 . 9 q~ art z diorite porphyry 
13 11 07 22 . 8 19 . 3 50 . 5 2 . 4 j . 4 1 ~ ·- - - - - 12t0 94 . 9 quart z diorite 
1') 11 09 24 . 1 21 .1 42 . 4 t . 4 3 -3 2 . 7 - ·- - - 1 500 il 7 . c An13 quartz diorite 
20 22< 1 34 . 9 8 . 7 39 . 4 7 . 4 3 . 0 r 0 o-:..i 1250 il2 . 9 An1c qu art z diorite . • .) - - -21 5.34 9 . 6 12 . c c4 .c 8 . 7 3 . 5 1--:o - - - 1250 ilL . 9 quart z diorite porphyry 
22 H1 ~5 21 . 8 27 . 8 45 . 8 3 . 2 O. c o--:1 - - o--:7 1 2~0 95 . 5 quart z diori t e 
23 H1 4 2 . 0 14 . 7 5c . 7 7 . 0 5 . 0 - 1 3--:3 - - 1-:-j - 300 73 -3 hornt lende diorit2 
24 K38 10 . 8 5c . 8 19 . 2 5 . 0 8 . 2 - - - 400 77 . 5 ho r nt lende trondh j emite 
25 K1 0 1c . 3 3-:-5 41. 5 10 . 0 4 . 2 24 . ) - - 400 l 1 . 3 horntlende trondhj "m!te 
26 327 18 . 0 7 . 7 4c . 8 13 . 0 5. 5 2--:5 t . 5 - - - - 4oo 74 . 5 htd . quart z diorit e porph . 
27 326 8 . 3 34 . 7 39 . 3 "15 . 3 t . 4 - - - - - 300 82 . 3 mon zonite por phyry 
28 250 25 . 2 1 ~ . 0 47 . 3 8 . 2 4 . 3 2--:o - - - 1250 85 .4 quart z diorit e 
29 210 19 . 8 2 . 7 44 . 6 4 . 3 2 . 2 - - - o-:-2 o--:2 1250 ')3 . 0 qu art z mon zonite 
30 H334 17 . 5 31. 9 42 . 1 5 . 3 2 . 9 - - o--:3 - 1250 91. 5 qu art z monzonite porphyry 
31 95 20 . 7 27 . 5 31. 8 15 . 7 .3 . 5 o-:r; - - o--:3 - - 400 80 . 0 quart z monzonite por phyry 
32 W385 34 . 9 28 .4 25 .4 1. ~ 2 . 8 7 . 2 - - - - - 1250 il8 . t: quart z monzonite 
.33 1)40 25 . 7 18 . 2 35 . 4 9 . ') . 2 1. 5 - - - - 1250 85 . 9 An17 quart z diori t 2 por phy"y 
]4 K407 25 . 3 17 . 7 29 .1 20 . 0 6 . 7 1 . 3 .300 72 . 0 quart z mon zonit e por phyry 
Jc 1695 19 . 6 35 .1 31 - ~ 11.1 0 . 2 2 . 7 

- - ·- - -
1250 85 . 9 An24 qu artz monzonit s porphyry - ·- - -

J 7 1682 29 . 3 21. 0 32 . 13 . 0 1 . 3 1 . 8 - o-:-8 - - - 1250 8,3 . 0 An28 quart z mon zonit e 
38 K395 32 . 5 39 . 5 17 . 2 0 . 8 0 . 3 9 . 7 4oo 89 . 8 gr ani t ·~ 
40 950 30 . 5 21 . 4 39 . 0 5 . 4 1.1 2 . 6 

- - - - -
1250 91 . 0 quart z dio r it2 porphyr y 

41 437 ~4 . 3 29 . 1 24 . 1 2 . 0 2 . 0 8 . 3 
- - ·- ·- ·- 300 87 . 7 qu artz mon zonit e 

42 94 0 8 .1 21 . 3 14 . 3 0 . 3 2 . 3 13 . 7 
- - - - -

300 83 . 7 quart z monzonite - - - -41t K211 31. 5 35 . 5 29 . 7 1 .4 0 . 8 1 . 0 - - - - o--:1 1250 96 . 7 qu ar t z mon zonil2 
45 911 '30 .4 24 . 2 ]6 . ') 6 . 3 0 . 5 1. 7 1250 ')1. 5 qu artz mon zonit e 
4- 173 26 . 2 24 . 4 39 . 7 7 .1 1. 3 1 . 1 - - - - o--:2 1250 ')0 . 3 quart z aio.: •.e - - - -47 1000 31 . 8 19 . 8 38 .1 6 . 1 2 . 2 2 . 0 - - - - - 1250 89 . 7 quart z a io1! ':. ·~ 
48 103 39 -3 22 . 6 21. 7 9 . 7 3 . 0 4 . 7 - - - - )00 83 . 5 quar t z monzon i te 
49 K356 31. 5 24 . 2 31 . 0 4 . 3 4 . 0 5 . 0 - 400 86 . 8 - - - - - qu art z mon zonite 
5J 1013 24 . 2 20 . 0 44 . t 3. 2 3 .4 '+ . 6 - - - - - 500 83 . 8 qt.. art z dior~te porphyry 
51 69 32 . 9 12 .4 40 . 5 8 . 2 1. 3 4 . 2 t"OO 85 .c quart z diorite por phyry 
52 72 31 . 4 22 . 5 .31. 7 2 . 2 12 . 2 - - - - - 1250 85 . 5 - - - - - quart z mon zonite 
52 ~~ 37 .4 17 .4 35 . 3 3 -3 2--:g 5 . 7 - - - - - 300 89 . .3 quar Lz diorite 
54 35 .1 16 . 2 .3t . 2 10 . 2 0 . 1. 5 - - - - - 1250 87 . 5 qu art z diorite 
55 1771 23 . 2 27 . 2 40 . 8 8 . 0 0 . 2 O. t - - - - 500 91 . 2 quart z mon zoni t2 porphyry 
5 1849 36 . 0 1. 5 57 . 7 4 . 7 0 . 1 1250 95 . 2 trondhjemite po r phy~y 
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Figur e 9a contour ed according to the number of analys es within 

a unit area of the triangular diagram. The fr equ ency maximum 

on .Figur e 9b contains thirty per cent of the data (i . ~ ., t en 

of the thirty-three analys es fall within one per c ent of 

the area of the diagram), and represents a modal composition 

of 30 per cent quartz, 45 per cent plagioclase, and 25 per 

cent microcline . 

Plagioclas e Composition 
The anorthite content of plagioclase in the batholith 

was determined by means of the electron probe microanalys er. 

Plagioclas e was analysed in polished thin s ections by com­

parison of the intensity of Ca Ka X-radiation from the spe cimen 
with a calibration line drawn by plotting the intensity of 

Ca Ka X-radiation against anorthite mol per cent for standards 

of known anorthite content. Glasses of known plagioclase 

composition (An0 , An20 , An40 , An60 , An80 , An100 ) were used 

as analyti'cal standards. 

Figure 10 shows the range and average anorthit e 

content of plagioclase in thin sections. The geographic 

locations of the specimens are shown on Figure 8. The numbers 

shown on Figure 10 (e.g., 1, 2, 3, etc.) refer to the number 

of determinations at a particular composition, and may be 

either within a grain or from different grains. 
The range in anorthite mol per cent within each 

sp ecimen is mainly variation between fairly homogeneous grains . 
The largest compositional var iation within a single grain was 

found in number 37, wher ein a plagioclas e pheno cryst varies 

from An40 in the center to An10 at the edge. The maximum 
variation in anorthite cont ent found in a single plagioclase 

grain in the ten other sp ecimens is 5 per cent (number 36). 

The anorthite content of three grains of myrmekite replacement 

of microcline· in number 12 ranged as follows: An
12

_16 , 

An16_17 , An16-1
9 . The composition of 11 non-myrmekitic 
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plagio clas e grains in the same slide ranged from An
9 

t o An21 , 

av er aging An18 . 
The frequency distribution of all microprobe de t er ­

minations of plagioclase is pres ented on Figure 11 as both 

a histogram plot and a cumulative f re qu ency curv e . The 
median composition is An18 , and 50 per cen t of the dete.r­
minations are within the r ange An16 to An23 . The total range 

in composition is A~ to An41 . 

Petrogenesis of the Batholith 

Phemist er (1960, 1961) consider ed the rocks of the 

Chief Lake Batholith to be the product of alkali me tasomatism 

of s edimentary rocks (largely quar tzite ) and gabbro. His 

interpret ation is based entirely on t extural and structural 

obs ervations in the field. Phemist er gave the following 
evidence in favor of a metasomatic or igin for thes e r ocks: 

1. Porphyroblastic growth of alkali feldspar in 

Grenville province gneiss es, metagabbro and 

quartzite in the vicinity of the Grenville­
Southern provinc e boundary. 

2. Paralle lism of planar bedding in 11 unr eact ed 11 

rafts of quartzit e , and foliation in surrounding 

"ps eudogranite". 
]. 

11 
••• it is the 'probl em pre sent ed in mapping where 

one is confront ed with the impossibility of 

isolating cl early igneous material from country 

rocks that is the most convincing proof to a 

geologist of the metasomatic origin of the felspar 

in these rocks~ r r (Phemister, 196 0, p. 117). 

A metasomatic origin of microcline megacrysts in 

gabbroi c rocks associat ed with the batholith seems to be 

unquestionable. However, wholesale transformation by alkali 

metasomatism of vast amounts of rocks varying in composition 

from pure quartzite to gabbro to form a rock unit as restricted 

in composition as the Chief Lake batholith (See Fig. 9.) 
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s e ems improbable . The parallelism of planar st ruc t ur es in 
the batholith and enclos ed metasediments was mor e likely 

c au s ed by homogeneous deformation of both the batholith and 
inclusions rather than pre s ervation of relic bedding in 

pseudogranite . 
Field relations of the batholith presented in previous 

s ections indicative of a magmatic or i gin are summarized as 

follows: 
1. Unfault ed and unshe ared cont acts with the country 

ro cks are shar p and commonly discordan t. 

2 . Dikes and apophyses from the major body of the 

batholith cross the strike of the en closing 

country rocks. 

3. Intrusion br eccias of grani tic material into 

metagabbro. ar e common. 

4. The most common xenoliths in the batholith are 

compos ed of refrac tory material, e . g ., pure 

quartzite and metagabbro. Met as edimentary 

inclusions wi th a lower melting temperature, 

e . g ., arkose and graywacke , are conspicuously 

absent from the batholith. 
The restricted modal composition of the batholith in 

terms of quartz-microcline - plagioclase - ri ch ro cks is 

suggestive of an igneous origin; whereas the large com­

positional variation between plagioclase grains within a 
single thin section implie s chemical disequilibrium, which is 

not proof of either magmatic or metasomatic origin . 

The total range of plagioclase determinations from 
the batholith (An0_41 ) is large; however, 50 per cent of 

the data fall within the much more restricted compositional 
range An16 _

23
. Data shown in a later section suggest ' that 

chemical equilibrum (as shown by constant plagioclase 
composition within a single thin section) has been ac.hieved . 

in the Grenville gneisses . 



V. GRENVILLE PROVINCE ROCKS 

The compl ex of metamorphic rocks east of the Chief 

Lake batholith is assign ed to the Grenville structural 
province (See Fig. 2. ). Although no radiometric ages are 

avail abl e from the east ern part of the research area, the 

ro cks are similar in structure and me tamorphic grade to 

rocks about t en miles northeast which wer e metamorphosed 

during the Gr enville orog eny . Collins (1 938) mapped as far 

east as the southwestern shore of White Oak Lake in Tilton 

Township; the portion of the map ar e a north and east of 
White Oak Lake has not been mapp ed previously . 

The Grenville province r ocks within the re s earch 
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are a are divided into two contrasting lithologi e ~ massive 

amphibolite and dominantly quartzo-feldspathic gneiss . In 

general, the Grenville province rocks are much mor e 

heterogeneous on the scale of an outcrop than Southern 

province rocks. Migmatitic phases are common in the gneisses, 
but pegmatites ar e rare . 

Coarse grained, foliated quartz dioritic gnei ss in 

southeastern Tilton Township (Fig . 2 ) i s probably a meta­

mo rphos ed portion of the Chief Lake batholith, but which is 

spatially separate from the main body in the map area. 

No stratigraphic succession is implied by the 

s equenc e of Grenville province map units either in the text 
or on Figure 2. 

Massive Amphibolit e 

Massive amphibolite constitutes about 10 per cent 

of the metamorphic rocks mapped, and is the most homogeneous 

of the Grenville province lithologic units. Numerous 

unmapped bodies of amphibolite occur as narrow discontinuous 
bands within quartzo-feldspathic gneiss. The massive 
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amphibolite be tween Whit e Oak and Bluff lakes immediat ely east 

of the migmatit e zone has an unusual t exture consisting of 
ovoid s eg r egations of whit e plagioclas e up to one foot in 
diameter in hornblende-rich matrix (Fig. 2). 

Generally, amphibolit e is a massiv e black rock 
compos ed ess entially of plagioclas e and hornblende . Quartzo­
f eldspathic bands within amphibolite constitu te l ess than 

20 per cent of the total rock unit . Hornblende grains 
commonly possess a preferred ori entation. 

Modal analyses of three amphibolite spe cimens ar e 

list ed in Table 6 . Garne t is absent from the thin s ections 

examined , and is abs en t in amphi bo lit e s een in the field -­
although garnet commonly is pre s ent in surrounding quar tzo ­

feldspathic gneiss~ Optical determinations of plagioclase 

by the method of maxi mum extinc tion angl es of albit e twins 

range from An
33 

to An
53 

. · A specimen of amphibolite (not 

listed on Table 6 ) analysed with the el ec tron microprobe 

contains plagio clase ranging from An61 to An84-, with an 

average value of An
77

. 

Table 6 
MODAL ANALYSES OF AMPHIBOLITE 

Spec. Qt z. Plag. Hbd. Cpx. Bio . Ap . Mte. Total Counts 
2092 3 . 0 4-6.5 4-9.5 1 . 0 600 

(An33) 
31 . 4-1823 9.6 31 . 8 1 . 2 1 5 . 6 3. 4- ' 7 . 0 500 

164-6 
(An4 7 ) 
38 . 8 4-0.2 20. 3 0.7 600 
(An75) 



Qu artzo-f e l ds pathic Gne iss e s 

Quar tzo-f eldspat hic gn eiss es constitut e the bulk 

of the Gr envill e provinc e me tamor phic rocks expos ed withi n 

the research are a. Four typ es of quar tzo-f eldspathic gnei ss 

were r eco gnized in the fi eld and ar e shown on Figure 2. The 

typ e s ar e distinguished on the basis of mineral composition, 

scal e of gne issic banding (i.e., laminat ed or massive ) and 

weathering character istics. 

4-4-

The gneisses generally are he terog eneous and contacts 

be twe en units are mostly approximate. Abundant folds and 

generally poor exposure .contribute to the difficulty of 

tracing contacts between quartzo-feldspafhic gneiss es. 

Biotit e - garne t gn eiss Migmatitic biotit e -garne t 
gneiss occurs in northeast Tilton Township and along the 

east shore of White Oak .Lake. Characteristically, thi.s unit 

is a massive quartz dioritic gneiss with biotit e and small 

r ed garnets dispersed in .a white matrix of plagioclas e , quartz 

and microcline. Small bodies of amphibolite, and discontinuous 

schistose layers rich in biotite and garnet are locally 

abundant. 

Laminated biotite-g arne t-sillimanite gneiss Thr ee 

small bodies of schistose biotite-garnet-sillimanite gneiss 

occur along the eastern shore of White Oak Lake. The unit 

is characterized by abundant red garnet porphyroblasts, up to 

one inch in diameter. The matrix is composed of plagioclase, 

biotite, sillimanite and quartz. Plagioclase was determined 

with the electron microprobe; its composition ranges from 

An5 to An7 for sixteen determinations in one specimen, and 

from An29 to An32 for twelve determinations in a s e cond. 



Ru s ty _.weathering band ed bioti te gneiss Thi s un i t 

occur s e ast of Whi te Oak Lake , and east and north of Bl uff 

Lake ; it has t he appearance of a 11 bedded feldspathic 

quar tzit e 11 • Th e rock cont ain s abundant qu art z and f el ds par , 

with minor biotit e and r are disp ers ed po r phyrobl asts of 
ho r nbl ende and garne t, although one thin s e c t ion con t ains 

sc apolit e , hornbl ende and calcit e . The re as on f or the 
charact er istic rusty weathering is not known . 

Micr ocline - aug en gn eiss with f elsic and maf i c 
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l ami n ae Lamina t ed augen gne i s s is the most abundant quartzo ­

f e ldspathi c gneiss in the map ar e a . This uni t is typifi ed 
by alt ernating hornblende - biotit e rich, and quart z-f el d sp ar 

rich laminae . Hornbl ende and larg e microcline porphyr oblasts 
also ar e typical and abundant . Folded l aminae of the au gen 
gn eiss ar e shown on Pl a t e s 4-A and 4-B. 

Modal analys e s of three thi n s e c tions of laminat ed 

augen gne i ss ar e giv en in Tabl e 7. Plagi oclas e de te r min ations 

were made with the ele c tr on mi cr oprobe . The modal analys e s 

ar e var i able, pr obably due to the charac teris t i c segregation 

of miner als into fe lsic and mafic laminae . 

Tabl e 7 
MODAL ANALYSES OF LAMINATED AUGEN GNEISS 

Sp ec. · Qt z. Pl ag . K-spar Bio . Hbd. Gar . Ap. Mte. Total 

1700 7.4- 3 5. 2 10. 6 4-6 . 8 - ( i n hand - 500 
s pec.) 

2208 21.8 13 .8 4-6 . 9 4- . 6 12.1 0. 6 0.2 1250 
(An17) 

W28 5 60.0 2.5 21.5 1 5. 5 0 .4- 1250 
(An34 ) 
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VI. DIABASE DIKES 

Small dikes of diabase intrude both Southern and 

Grenville province rocks. The largest body of diabase is 

at White Oak L.ake, and is about 100 yards wide and one mile 

long. Another basic dike cuts across the contact of the 

Chief Lake batholith and the vitreous quartzite north of 
Wavy Lake. 

In hand specimen, diabase is dark olive green and 

of medium grain size. The rock commonly weathers reddish­

brown. The red-brown weathering characteris ti c distinguishes 
diabase from hornblende gabbro. However, some of the smaller 

bodies of hornblende gabbro mapped may be diabase dikes 
without the distinctive weathered appearance. 

Two thin sections of diabase from the large dike 

at White Oak Lake contain es s ential plagioclase and clin­

opyroxene, with accessory olivine and magnetite . Red -brown 
biotite surrounds magnetite , and the few olivine grains have 

reaction rims of pyroxene. Textures ar e intergranular with 

clinopyroxene and olivine contained in a felted matte of 

labradorite laths. Plagioclase laths are bent and broken in 

one thin section. 

Diabase dikes are not recrystallized and, therefore, 

appear to post-dat~ the Grenville orogeny. Dikes of similar 

composition in other parts of the Sudbury area commonly have 

been classified as Keewenawan or Late Precambrian. 



CHAPTER III 

METAMORPHIC GEOLOGY 

The area is divided int o two ~ ~ t amorphic zones as 

indicated by the regional development of certain me tamorphic 

minerals : a chlorite-biotite zone and a garnet-sillimanite 

zone. The appearance of garnet porphyroblasts in quartzo­

feldspathic rocks, the garnet isograd (Fig. 2), marks the 

boundary between the two zone s. Mineral assemblages in the 
chlorite-biotite zone are typical of the greenschist facies 

of r eg ional me tamorphism; in the gar net-sillimanit e zone , 

mineral assemblages appear to have been formed und er the 

higher temperature conditions of the almandine-amphibolit e 

facies (Turner and Verhoogen , 1 960) . 

I n the following discussion, the rocks are divided 

into two general cat egories f or conv eni ence of des cription 

of metamorphic mineral paragenesis : (1) semi-p elitic and 

quartzo -f eldspathic rocks, and (2) mafic rocks. Except for 
elect r on microprobe plagioclas e determinations, all data are 

the result of fi eld obs ervation and thin-s ection pe trography. 

The regional dev elop ement of miner als in the chlorite­

bio tite and garnet -sillimanite zones is shown in Table 8 . 
Quartz, plagioclase and biotit e ar e ubiquitous in semi­

pelitic and quartzo-feldspathic rocks. Chlorite, muscovite , 

epidote and actinolite occur only in the chlorit e-biotit e 

zone . Hornblende and potassium feldspar in quartzo-f eldspathic 

me ta-igneous rocks in the chlorite-biotite zone probably are 

rel ic phas es. Garne t is rare in the chlorite-biotit e zone. 

Porphyroblasts of garnet , hornblende and microcline 

ar e common in quartzo-feldspathic gneisses of the garnet­

sillimanite zone. Sillimanite occurs in one map unit . adjacent 
to the garnet isograd in the southeast portion of the area 
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(Figur e 2). 

All mafic rocks contain plagiocla~ e and amphibol e ; 
some contain minor quartz and biotite. Amphibol e is actin­

olit e or hornbl ende in the chlorit e-biotit e zone , but only 

hornblende in the gar net -s illimanite zone . Chlorit e and 

epidote are found only in the chlorite-biotite zone. Several 

amphibolites from the garnet-sillimanite zone contain 

clinopyroxene. Garnet is absent. 

I. CHLORITE-BIOTITE ZONE 

Rocks west of the garnet isograd are placed in the 

chlorite-biotit e zone because of the r egional development 

of these two minerals in quartzo-feldspathic and semi-

pelitic rocks. Protoliths of rocks within the chlorite­

biotite zone west of the Chief Lake batholith are easily 

recognized, and are described in Chapter 2. These rocks 

are feldspathic QUartzite and arkose, with minor graywacke 

and orthoQuartzite of Huronian age. Mafic rocks are meta-­

gabbro. Quartzo -f eldspathic and migmatitic gneiss along the 

east border of the batholith and west of the garnet isograd are 
more intensely deformed and recrystallized than the Huronian 

rocks to the west. 

Semi -pelitic and Quartzo-f eldspathic Rocks 

are: 

Mineral assemblages found in semi-pelitic metagraywacke 

(1) QUartz-plagioclase-muscovite-chlorite 

(2) QUartz-plagioclase-muscovite-biotite 

(3) QUartz-plagioclase-muscovite-biotite-chlorite 
(4) QUartz-plagioclase-muscovite-chlorite-(garnet) 

(5) QUartz-plagioclase-muscovite-biotite-(garnet) 

(6) quartz-plagioclase-mus~ovite-chlorite-epidote 

(7) QUartz-plagioclase-biotite-epidote 
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(8 ) quartz - plagi ocl as e - mus covi te -bioti t e - act inol it e ­
( gar n e t ) 

(9) quar t z - plag i oclas e-chlori t e- a c tinolit e 
(10 ) quart z-pl agiocl as e - muscovit e-biotit e-chl or it e -

ac tinolit e 

The dis tr i but ion of rocks containing the s e mine~al ass embl age s 

ar e shown on Fi gure 4 (pocke t ). Chlo r i te , bio t it e and muscovit e 

ar e wid ely di s tr i buted, but gar n e t, ac tinolit e and epidot e are 

more rest ri c t ed . Garnet was no t obs erv ed in t he fi eld wi t hin 

the ch lor i te -bio t it e zone , but is pr e s ent in mi nor 

amo unt in fo ur t h in s ec tions ".-

Rect ang ul ar glomero porphyr oblasts (See Pl at e 1D. ) of 

mu scovite and quartz, and muscovite and chlorit e , which ar e 

f ound at three local iti es shown on Figur e 4, ar e i n t erpr e t ed 

as ps eudomor phic replac ements of andalusit e or staurolit e . 

Staurolit e -bearing me tap elitic rocks occur about f our mil es 

nor t hwest of the r es ear ch are a in Waters Township (Car d, 1 964) . 
Th e ass emblage s l ist ed for the chlorite-bioti t e zone 

are t ypical of the gr eenschist faci es of regional me tamorphism, 

pr obably the l owest temp eratur e quartz-albit e -muscovit e ­

chlor it e subfaci es, and the quartz-albite-epidote-biotit e 

subf aci es defined by Turner (1958). 

Quart zo-f eldspathic r ocks include f e ldspathic quartzite, 

quar tz monzonit e , quartz dio r it e . and t r ond.hj emit e , as wel l as 

m.i gmatit e and quart zo-f eldspathic gneiss. Mineral ass emblage s 
ar e simi l ar to thos e of the s emi-p elitic rocks, but the 

r e lative proportions of miner als are not. Quartz, plagioclase 
and potassium f eldspar generally constitute 80 to 90 per cent 
of the rock. Accessory minerals are chlorit e , biotit e , 

muscovit e , epidote and hornblende. Micas commonly are 

aligned parall e l to f oli ation, and are be liev ed to b e of 

me tamorphic origin. Epidote occurs both in the groundmass of 

me ta-igneo us ro ck s and as i n cl us ions wi thi n pl agi oclas e 

gr ains. Microcline and plagioclase commonly are fractured 

and rimmed by fine grained feldspar (Plate 5). Quartz is 
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recrystallized, but shows undulos e extinction . 
The anorthite content of plagioclase in the Chief 

Lake batholith and Eden Lake trondhj emit e has been discussed 

previously . For compar ison with analysed plagioclase in 

metamorphic ro cks, the variation in anorthite cont ent of all 

s ample s determined with the electr on microprobe are shown on 

Figure 4 . Some samples indicat e an extremely wide range in 

plagioclase composition which is due partly to singl e deter ­

minations that are five to ten mol per cent anorthit e higher 

or lower than the rest of the det erminations . 
The av erage variability in plagioclase compos it ion 

for the 15 specimens on Figure 
is 18 mol per cent anor thit e . 

c en t (no. 37), and the minimum 

4 west of the garnet isograd 

The maximum range is 32 per 

is 5 per cent (no . 43). A 

comparisonof these data with similar studies of unmetamorpho s ed 

granitic int rusions would be int eresting ·to evaluate whether 

the apparent chemical disequilibrium is due to crystallization 

from a silicate melt or partial re - equilibration of igneous 

plagioclase und er the conditions of the greenschist facies 

of regional metamorphism. 

Mafi c Rocks 

Mineral ass embl ag es found in metagabbroic r ocks and 
amphibolite in the chlorite -bio tite zone are: 

(1) plagioclase- actinolite 

(2 ) plagioclase- actinolit e - epidote 

(3) plagioclase - actinolit e-biotit e 

(lt) plagio clas e - actinolite - epidote-biot ite 

( 5 ) plagioclas e- actinolit e - epidot e-chlorite 

(6) plagioclase - hornbl ende 
(7) : plagioclase - hornblende - biotite 

(8) plagioclas e- hornblende - biotite- epidote 

(9) plagioclas e - hornblende - biotite- chlori te - epidot e 

(10) plagioclase - hornblende - microcline - biotite- epidote 

(11) plagioclas e - hornblende-chlorite-epidote 
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Quar tz is a possibl e a~ci tional phas e in all ass emblages. 

Actinolit e and hornbl ende were n ot obs er v ed in the same t hin 
s ection. Hornbl ende is dark gr een , and actinolit e i s · pal e 

green laths or f i ber s. 

Chlo r it e and actinolite ar e r ar e in me tagabbroic 

x enol iths within the batholith. The common ass emblage in 

basic inclusions is plagioclase- ho r nbl ende-biotit e . Potassium 

fe ldspar phenocrysts and quar tz ar e common in basic inclusions, 

and pr obably wer e form ed dur ing me tasomatism . Hornbl ende in 

metag abbro west of the batholith may be a relic phas e because 

i t was obs erv ed only in r ocks with a gabbroic texture. 

Foliat ed mafic r ocks contain actinolit e . 

Plagioclas e composition in a basic inclusion within 

the Chi ef Lake batholith (number 10 on Fig . 4) varies from 

An
3

4 to An46 and av erag es An42 . The composition of plagioclase 

in a sp ecimen of massiv e amphibolit e locat ed immediat ely west 

of the garne t isograd varies from An61 to An84 (c on Fig. 4) 

and average s An77 . 
Mi neral ass emblag es in mafic r ocks in the chlor it e ­

biotit e zone west of the Chief Lake batholith ar e typical of 

t h e gr eenschist f aci es. Hornbl ende - pl ag ioclas e -biotit e and 

ho r nbl end e-plagioclase assemblag es could have formed under 

the conditions of the upper greenschist faci es or . the almandine­
amphibolite facies (Turner, 1958). 

I I. GARNET- SILLIMANITE ZONE 

The r ocks of the garnet-sillimanite zone are quartzo­

fe ldspathic gneiss and amphibolite. Their protoliths are 

un c ertain, but probably both quartzo-feldspathic paragneiss 
and or thogneiss are pres ent. The massive amphibolite may 

have been derived from gabbroic rocks. 
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Quartzo - f eld spath ic rock s 

Obs e rved mineral ass emblag es in ~uartzo -feld s pa thic 

ro ck s in the garne t - si l l imani t e zone are : 

(1 ) quart z - plagioclas e - po t assium f e l dspar-biotit e 

(2 ) quart z - pl ag ioclas e - potassium f eldspar-bio t it e ­

garnet 

(3 ) qu ar tz - pl ag ioclas e - potassium f e l dspar - biotit e . 
garnet -si llimanite 

(4) quart z - plagioclas e- potassium f e l ds par - bioti te ­

garne t - ho r nbl ende 

( 5) qu ar tz - plagioclase - potassium f e ldspar - biotit e -

horn blende · 

Quar tz, plagioclas e , pot assium f e ldspar and biotit e are 

ubiquitous. Potassium f e ldspar ( commonly mi cr ocline ), garnet 

and ho r nbl ende occur as porphyroblasts . Sillimanit e was 

obs erved only in thin s ections from biot i t e - garne t - r ich laminated 

gne iss ad jac en t to the gar n e t isograd in the southe ast part 

of the area (Fig . 4) . 
Th e mineral as s emblage s ar e typical of the almandine ­

amphibolit e f acies of region al metamorphi s m, probably the 

s i llimanit e - almandine s ubf aci e s (Turner, 1 9 58) . 
Compositions of plagioclase in eight s pecimens of 

qu a r tzo - fel dspathic gnei s s from the gar net - sil l imanit e zone 
were de t ermined with the el ectron mi croprobe . Th e plagioclase 

determinations are plott ed on Figure 12 , and the spe cimen 
l ocations ar e s hown on Figur e 4 . I n contrast to plagio clase 

de t ermination s f r om the ba tholi t h, the range of plagioclas e 
composition i n s pec imens of the higher gr ade ro cks varies fr om 

3 t o 10 mol per c ent anorthi t e - - ex c ep t ing the amphibolite 

sp ecimen ( c on Fig . 4) whi ch i s from we s t of t h e garne t 

isograd in the chlori t e - b i ot i te zone . The v ar i ation in 

anor thit e content determined i n specimens a to i are shown 
on the fi gure . The range in anorthi te con t en t i n the s ample s 

of quar tzo - f e l dspath ic gne i~s i s from An 5 to Ari37 . 
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Mafi c Rocks 
The mafic rocks i n the garnet -sillimani t e zone are 

massiv e amphibolit e . Obs erv ed mineral assemblages ar e : 

(1) plagioclase-hornbl ende -(quart z) 

(2) plagioclase-hornblende-biotit e - (quart z) 
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(3) plagioclas e -hornbl ende-clinopyroxene -biotite 

Clinopyroxene is color l es s and is probably diopside. No 

plagioclas e de t e rmin ations were made with t h e mic r opr obe . 
Pyroxene -bearing amphibolite occur i ng between the garne t 

isograd and sillimanit e - bearing gneiss contains plagioclase 

of composition An75 ( op tical det ermination by method of 

maximum extinction on albite twins). Garnet was not obs er ved 

in amphibolite in the area. 
Pyroxene-bearing amphibolite is typical of the almandine­

amphibolite faci e s (Turner, 1958) . 

III . PETROLOGIC INTERPRETA TION 

Observed miner al assemblages in rocks in the chlorite ­
biotite zone generally are typical of the greenschist facies 

of regional metamorphism . Correlation of the rocks with the 

quartz-epidote-biotite subfacies is more sp eculative because · 

of the lack of chemical analyses of minerals and rocks . 

The rocks east of the garnet isograd contain mineral 

assemblages typical of the almandine-amphibolite faci es. 

The abs enc e of mus covit e and the pr es enc e of microcline 

porphyroblasts and sillimanite suggest that the rocks belong 

to the sillimanite-almandine -orthoclase subfaci es. 

Regional zoning of minerals (Table 8) indicates that 

the garne t isog r ad represents a metamorphic discontinuity. 

For example, within one-half mile on ei the.r side of the isograd 

chlorite, muscovite, epidote and actino lite disapp ear as 

mineral phases in the rocks, and sillimanite, garnet, 
clinopyroxene and microcline (porphyroblastic) appear. 



The microprobe data do not dir ectly r eflect the 
metamorphic grade of the rocks, but the much narrower rang e 
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in plagioclas e composition in the gneisses east of the garnet 

isograd suggests that chemical equilibrium of plagioclase 

was attained during metamorphism. The ranges in plagioclase 

composition for the specimens shown on Figure 4 are plotted 

on Figure 13. The rocks are not on a straight traverse 

across the area, so it is difficult to place the data on a 
linear scale. However, the specimens from east of the isograd 

are so much lower in plagioclase compositional variation 

than those to the west that the data strongly suggest a 

discontinuity of some sort ra ther than a transition near the 

garnet isograd. 

Turner and Verhoogen (1960) suggested possible range s 

in temp er ature and pr essur e for the greenschist facies of 

300-500°C. and 3,000 to 8,000 bars PH2o. For the almandine­

amphibolite faci e s they suggested that the upper limit may be 

n e ar 700° to 750° C. and about 8 ,000 bars pressure. 

Figure 14 is a schematic interpretation of the meta­

morphic profile across the area along A- B on Figure 4. The 

me tamorphic intensity rises gradually across the Huronian 

metas edimentary rocks and the Chief Lake batholith; the 

gradient steepens considerably less than a mile to the west 

of the garnet isograd , and passes through the upper part of 

the greenschist facies and the lower part of the almandine ­

amphibolite facies. The proximity of sillimanit e -clinopyroxene-

bearing rocks to the garnet-isograd indicates that the isograd 
lies on a very st eep metamorphic gradient . The gradient 

probably decreases · east of the garnet isograd, rather than 

continuing to rise into the granulite fac ies, bec ause biotite 

ru1d hornblende are present in the gnei s s at least six miles 
east of the isograd. . 
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CHAPTER IV 

STRUCTURAL ANALYSIS 

The structure of the Huronian me tas edimentary rock s 

is char act erized by lar ge-scale folds in bedding which can 

be obs erved only indirectly by me asurement of facing 

rever sals in cross-bedded quartzit e units. The southern and 

east er n portion of the Chief Lake batholith, and the Grenville 

Province gneisses, however, are characterized by a pene­

tr a tiv e deformation which has produced a tectonite whos e 

dominant structur es are a foliation and lineation. This 

foliated and lineat ed structural fabric has been superimposed 

on the large-scale structures of the Huronian metasedimentary 

rocks southwest of the batholith. 

The major objectives of structural analysis are: 

(1) to describe the form, orientation and. mutual relation­

ships of various structural fabric elements, and. (2) to 

interpret the fabric data in terms of more theoretical 
considerations such as possible principal strain and stress 

directions and deformation mechanisms responsible for the 

development of fabric. The descriptive phase of structural 
analysis is ref erred to as geometric analysis; correlation 

of observed. geometries of fabric elements with inferred stress 
trajectories and deformation mechanisms constitutes kinematic 

and dynamic analysis of structures . 

The total fabric of a deformed rock includes both 

active fabric elements formed in response to a particular 

stress field acting upon the rock (e . g ., preferred crystal­

lographic orientation of quartz in a quartzite), and passive 

fabric elements inherited. from a previous period in the 

history of the rock body (e . g., the line of intetsection of 

normal and cross-beds in a folded sandstone). 
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I . STRUCTURAL GEOMETRY 

Proc eedur e and Terminology 
For conv eni ence, the following three scales are used 

in the description of structural data: 
(1) St r ucture s obs ervabl e in thin s ection ar e 

referred to the microscopic scale. 

(2) Structur e s dir ectly observabl e in hand specimen 

or a single outcrop are referred to the 

mesoscopic scale. 
(3) Structures indirectly observable on a scale 

larger than a single outcrop are referred to 

the macroscopic scale. 

The lower hemisphere equal -area (Schmidt) projection 

is us ed to illustrate the three-dimensional orientation of 

structural fabric elements . The orientation of a plane can 

be represented on the equal -area net as a great circle 

(meridian) trace or as the impingment point of the line 

drawn normal to the plane (i . e ., the pole to the plane). 
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The orientation of a line is plotted as a point on the petro­

fabric diagram. In this study, diagrams containing more than 

fifty points generally are contoured according to the percentage 

of points per unit area of the diagram. 

Or i entations of the following structural fabric 
. . 

elements were recorded in the field: 

(1) Bedding (Sb) was measured in the Huronian meta­
sedimentary rocks . The orientations of cross­

beds were not recorded . 
(2) Gneissic banding (S ) was measured in the 

g 
Grenville Province gneisses east of the 

Chief Lake batholith . In some plac es, Sg 

may represent original sedimentary bedding, 

but in general the origin of S is not clear. 
g 



(3) Foliation (s1 ) was recorded throughout the 

map ar ea as the plane of pr eferred mineral 
ori entation . In gen er al, s1 i s parall e l to 

either Sb (in me tas edi ment ary ro cks) or Sg 
(in gnei ssic rocks) exc ept in fold hing es. 

(4) Axial plane s of meso scopic folds in Sb and 

S were measured, and were found to be meso­
g 

scopically parall el to foliation, s1 . 
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( 5) Miner al lineation (11 ) was me asured in the 
southern and east ern part s of the area (where it 

is developed) . 1 1 is defined by elongate 
aggregates of quart z (roddi ng) and feldspar. 

In ro ck s contai n i ng a foli ation, s1 , mineral 

lineations lie on the f oli~tion plane . Some 

ro cks are lineated, but not foliated . 
(6) Fold axe s (1) were measured in the met as edimentary 

ro cks and gneiss es. 

Several faults and shear zone s were mapp ed. Expo s ed 

fault zones contain brecciat ed rocks, wher eas r ocks within 

shear zone s are myloni ti c. 

On Figure 5 (pocket\ the map are a is divided into nine 

s truc t ur al subar eas based on lithology and int ernal st r uctural 

homogeneity. 
( 1 ) 

The lithologic subdivision are : 

r ocks west of the Chi ef Lake' batholith (areas 1, 

2, 3, 4, 5, 7, ) 
(2) the main body of the batholith (areas 6, 8) 
(3) ro cks east of t h e batholi t h ( ar ea 9) . 
Within the three lithologic divisions, the small er 

ar eas ar e outlined on the basis of apparent st ructur al 

homogeneity. For exampl e, in area 7 the foliation, s1 , 

has a dominant east - west s tr ike, whe r eas s1 in are a 4 
general ly st rike s northwest. In are as 1 and 2, however, s1 
is subpar allel, but the two regions are separat ed by a she ar 
zone . 



~eome try of a reas 1 and 2 

Th e contact between the Chi ef Lake batholith and 

the rocks to the west is sheared along the border with 

ar ea 1 and 2 except for a short s egment east of Cl e arwat e r 

Lake in southwest ern Broder Township (See Fig . 2 . ) . The 

boundary be tween areas 1 and 2 is 3 shear zone which 
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b:r 2.nches from the the she ar zone parall e l to the western bo r der 

of the batholith . The southern boundary of ar ea 2 is marked 

by the extension of the batholith border shear zone westward 

through the Huronian rocks. (The shear zone s and their associated 
structures will b e discuss ed in another section . ) The northern 

and west ern boundaries of ar e a 1, and the western boundary 

of area 2 are marked by the limits of mapping. Within these 

two structural divisions, the rocks appear to be the least 

recrystallized . 

Foliation, 81 , generally is developed in the more 

pelitic beds, and is absent or is present as fracture-type 
cleavage in coars er grained quartzite beds . Rarel y is foliation 

dev eloped in me tagabbro in ar eas 1 and 2, but the best 

developed fracture direction strikes subparall el to the con ­

formable contac t s with the couritry rocks . Mesoscopic folds 

in quartzite are rare, and, therefore, few 1 lineations were 

measured. The observed mesoscopic folds are intrafolial folds 

in thin quartzite beds within more pelitic s equences. Mineral 

lineations, 1 1, are rare in areas 1 and 2, but are common in 

most of the other subareas . . Where observed, 1 1 is formed by 

elongate quartz grains in the plane of foliation . 

Composite equal - area diagrams of foliation and mineral 
lineations, and bedding and fold axes for areas 1 and 2 are 

shown on Figure 5. The contour ed plots of 81 poles for 

both areas indicate a dominant northeast strike and steep 

southeast dip. Mineral lineations plunge southward at more 

than 4-5 degrees . Contoured plots of bedding poles show a 

dominant northeast strike and southeast dip, and fold axes 

generally plunge southward at more than 4-5 degrees . 



Geometry of areas 4 , 5 and 6 

Areas 4 and 5 ar e south of the west extension of the 

she ar zone which parall els the west ern border of the batholith 

(Fig . 5). Area 6 lies within the batholith east of ar eas 

4 and 5. The common boundary of areas 4 and 5 v.Ji th are a 6 
is an irregular, unfaulted contac t between the country rocks 

and the batholith. The boundary be twe en areas 4 and 5 is the 

contact between the upper graywacke-quartzit e and the vitreous 

quartzite. This contact is conformable and the boundary is 

drawn for convenience of structural description. The 
boundaries betwe en areas 3 and 4, and areas 4 and 7 are 

defined by changes in the dominant trend of 31 . 

The rocks in areas 4 and 5 are more recrystallized 

than rocks of similar composition in ar eas 1 and 2 , but 

primary sedimentary structur es are common. Both normal and 

cr oss-beds are abundant and are well defined in feldspathic 

quartzite in area 4. Feldspathic quartzite beds ar e abundant 

in the upper graywacke-quartzit e in area 4 and provide good 
structural control on the trend of S. Bedaing generally is 

poorly defined in the massive vit reous quart zi te in area 5, 
and in the quartzite xenoliths in area 6, but S can be 

defined in places by thin concentrations of pale green 

muscovite flakes. 

Foliation is found in both quartzite and metagraywacke 
in areas 4 and 5, and is defined by planar orient ation of 

lenticular quartz gr ains parallel to which quartzite develops 

finely spaced cracks. Quartzite, especially the vitreous 

quartzite, contains several other more widely spaced fracture 

directions which are mistaken easily for 31 • One direction 

of fracturing is commonly more intensely developed, generally 
normal to 31 . 

Although most of the rocks in areas 4 and 5 are 

foliated, mesoscopic folds are rare, and S and s1 generally are 

planar and nearly parallel within a single exposure. Changes 

in trend of bedding between exposures are followed by similar 

changes in foliation trend. 
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The tr end of both bedding and f oli at ion i n are a 4 
i s pr edominant ly northwest (F i g . 5) , where as f oliat ion in 

ar e a 5 has bo th northwe st and no r the as t t rending maxima . On 

t h e mac r oscopic scal e , two foli a tions ap pe ar to exi st in ar ea 5, 
on e wi t h a dominant no rtheast strike and another with a 

domi nan t n or thwest st r ike . How ev er , only one foliation vJ as 

re co gnized in t h e fi e ld . 

Th e Chi ef Lake ba tho l ith in are a 6 contains abundant 

x enol i t hs of vit reous quartzit e and me tagabbro. Fo l iation 

in the ba t holith is defined by planar ori.entation of 

microcline porphyroclasts and nar row l ens e s of quartz . The 

long er dimensions of small x enoliths and foliation within 

x enoliths parallel s1 in subjac en t batholithic rocks ( Plat e 2C). 

Mineral lineations are more common in areas 4, 5 and 

6 than in areas 1 and 2, and rodding of quartz on the plane 
of foliation is vi s ible in all rock types exc ept me tagabbro. 

1 1 is best developed in vitreous quartzite (Plate 5D) and 

in quartzite xenoliths, but quartz and feldspar lineations are 

found also in the batholithic rocks . However, 1 1 and s1 are 

not ubiquitous. Some ro cks, especially within the batholith, 

contain no visible planar or linear structures. 

On Figure 4, s1 and 1 1 in area 6 are plotted on 

s eparate diagrams for the batholith and the quartzite xenoliths. 

Both diagrams show a dominant east -w est strike and steep south 
dip for s1 . Mineral lineations plunge ste eply southward in 

the batholith and inclusions. Bedding in the xenoliths is 

vertical and generally strikes northwest . Fold axes in the 

xenoliths are too rare to indicate any significant trend, 

although all plunge st eeply. 

Generally, bedding and foliation are more variable 

in orientation in areas 4, 5, and 6 than in areas 1 and 2 . 
The orientation patterns s hown by Sb and s1 poles in these 

three subareas do not define a strong point maximum (as does 

s1 in area 1) or a complete dispersion along a great cir cle 

of the equal-area net. L and 1 1 generally plunge st eeply 

southward in areas 4, 5, and 6 . 
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Geometr y ~f Area 3 
Area 3 includes most of the mapp ed portion of the 

Eden Lake compl ex. The southeastern boundary is the western 

limit of typically well foliated rocks of ar e a 7. The 

boundary between areas 3 and 4 is through a region of poor 

exposure where the dominant northwest strike of Sb and s1 
in area 4 changes to a northeast strike in area 3. 

The structural geometry of area 3 is unlike that 

of any other portion of the map area. The igneous rocks 

of the Eden Lake complex rarely are foliated or lineat ed. 
Abundant xenoliths of metasedimentary rocks in the trondhjemite 

generally lack a preferred strike direction--even within a 

small area. Me soscopic folds are almost non-existent in 
both the xenoliths and in the country rocks north of the 

complex. Northwest striking mineral layering is present 

in the basic portion of the complex. On the macroscopic 

scale (Fig . 5), foliation and bedding are dominantly vertical, 

but no dominant strike direction exists; the poles of s1 and 

S, define complete girdles about the perimeter of the 
0 

petrofabric diagrams. Linear structures in area 3 are 

insignificant. 

Geometry of areas 7, 8 and 9 

Areas 7, 8 and 9 compris e more than 50 per cent 
of the research area and are characterized by tectonites 

containirg a foliation, s1,: and_ a mineral lineation, L1 . 

. The boundary between areas 7 arid 8 parallels the gradational 

contact of migmatitic and non-migmatitic rocks of the Chief 

Lake batholith. Area 8 comprises the foliated and lineated 

portion of the batholith. The large area of the batholith 

northwest of area 8 generally does not contain any penetrative 

structures. Area 9 includes the migmatite along the southwest 

border of the batholith as well as the gneissic rocks assigned 
to the Grenville province. 

1 1 and s1 are the dominant structures in area 7. 
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Mineral line ations and foliation ar e mar k ed by flatt en ed an d 

e longated quaitz and feldspar grains. Both nor ma l and cr oss ­
bedding were obs e rved in the middl e f e l d sp a thic qu artzit e 

and in f eldspathic quartzite x enoliths in the migmatit e . 

Me soscopic folds in bedding are rar e , and 81 and 1 1 ar e 

d eveloped in all components of the migmatit e . 

8b and 81 in area 7 have dominant e ast-west tr ends 
and steep dips to the south (Fig . 5) . 1 1 generally plung es 

south at about 60 degrees . Only 13 fold axes were measur ed, 

and they show considerable dispersion . 

In area 8, the Chief Lake batholith is foliat ed and 

lineated . Generally, steeply dipping foliation and down-dip 

lineation occur together, but 81 and 1 1 may occur s eparately. 

The texture of the batholith in area 8 commonly is blasto­
mylonitic with microcline porphyroclasts surrounded by a 

rim of finer grained plagioclase and microcline; quartz 

and biotite form a foliat ed and lineated matrix (Plates 3C, 3D). 

In the northern part of area 8, numerous foliated and 

lineated xenoliths and dikes of coarse grained quartz diorit e 

occur in the batholith. Whereas the x enoliths generally ar e 

a ligned par all e l to 81 , the dikes commonly strike obliquely to 

the trend of foliation. The relat ionship between 81 and quartz 

diorite dikes in the batholith is sketched on Figure 15. 
Although the dikes and xenoliths predate the formation of 81 , 

their planar form has been maintained. 

The macroscopic geometries of 81 and 1 1 in area 8 
are shown on Fig. 5. 81 has a dominant northeast st rike and 

steep southeast dip; 1 1 generally plunges down the dip of 81 . 

The structures in area 9 differ from thos e in areas 

7 and 8 in that mesoscopic folds are common. The styl e of 
the folds in 8g is similar, and the limbs are symmetrically 

inclined with respect to the axial surface, although one 
limb commonly is the longer (Plate 4). Axial planes parallel 



. Figure 15 

Sketch of an outcrop of the Chief Lake batholith 

along Brodill Lake road east of Linton Lake , Broder 

Township . Unpatt ern~d area is quartz mon zonite, larg e dot s 
ar e foliated pegmatitic dikes, small dots and dashes are 

metasedimentary xenoliths, and black lines are quartz 

veins. Note that folds are preserved in one me tasedimentary 

· xenolith, but the xenoliths and dikes, though foliated 

(lineation is not vJell developed) , are n ot folded. Folds 

in surf aces that pre - date s1 and L1 are r are in the region 

west of structural subarea 9. 
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and fold axes parall e l 1 1 (Plat e s 5A, 5B). Foliation is 

marked by planar ori en tation of micas and preferred orientation 

of micr ocline aug en . Miner al lineation (quartz rods, microcline 

augen and hornbl ende prisms) is common, and is the dominant . 

structur e in some parts of area 9 (Plate 5D). 
The macroscopic geometry of structural fabric el ements 

in ar ea 9 ar e shown on Fi gure 5. Petrofabric diagrams of s1 
and L1 , and Sg and fold axes ar e identical . s1 and Sg pol e s 

ar e distributed parallel to great circles normal to the 

densest concentrations of L1 and L. 

Shear Zones 
Three shear zones are shown on the geologic map (Fig . 

2): (1) along the northern boundar y of the agmatite, (2) along 

the southern boundary of the agmatite and the west ern border 

of the inclusion mass at Chief Lake, and (3) parall e l to the 

west ern border of the Chief Lake batholith. None are well 

exposed, but they generally are marked by linear topographic 

depressions . 

The shear zones are characterized by a zone of 

var iable width containing fine grained, foliated blastomylonites, 

commonly with mineral lineations on the foliation surfaces 

(Plates 3A, JB). The rocks within the shear zones generally 
are foliated much more intensely than surrounding rocks, 

although in the northeast corner of the map area (Fig. 5, area 

8) shear zones merge i nto a wide area of penetrativ e foliation 

and lineation. 

Faults 

Two east -west striking , apparently vertical faults 

displace northwest - trending Huronian ro cks north of Wavy Lake 

(Fig . 2). The apparent displacement on both faults is right ­
lateral . Exposed ro cks along the fault traces are brecciated. 



Regional Trends of s1 and L1 
Fi gure 6 (pocke t) shows the regional variation of 

foliation and mineral lineation tr ends. s1 is drawn as 

continuou s traces through ar eas of subparall el foliation 

surfaces on the fi gure. \V'nere s1 and 1 1 occur tog e ther , the 
horizontal projection of the mineral lineation is connected 

to the s1 trace . Some mapp ed ar eas do not contain any 

penetrative st r uctur es (e . g ., part of the batholith). 

West of the Chief Lake batholith (areas 1 and 2) 

mineral lineations are rare, and foliation strikes northeast 

and dips st eep ly southeast. Foliation in the Huronian 

metasedimentary rocks and the Ed en Lake compl ex south of the 

batholi t h border shear zone ( ar eas 3, 4 , 5, 7) trends in 

var ious directions, but , except for the quartzite in ar ea 5, 
change s in tr end of s1 are progressive and can be accounted 

· for by regional (r ather than local) variabil ity. 

s1 forms an arc in the quartzite around the northern 

border of the Eden Lake complex, and cuts across the eastern 

border , but does not penetrate the entir e body. The foliation 

tr ends within the compl ex show locally variabl e strike 

directions, but dip steeply. 

The Chief Lake batholi~h generally contains northeast 

t rending foliation with a southeast plunging lineation. Both 

foli ation and lineation tend to maintain constant orientation 
ov er large areas, but in the sou thwest portion of the batholith 

s1 progres sively assumes a more westerly trend and 1 1 plunges 

s outhward. Foli ation in the Grenville province gneisses east 

of the migmatite zone is folded on a macroscopic scal e about 

axe s parallel to the regional tr ends of mineral lineations 
and axes of mesoscopic folds in S . g 

Regional Bedding Trends 

Macroscopic folds in bedding were recognized by 
observation of rev er sals in facing direction of subparallel 

bedding surfaces, and because mesoscopic folds are rare 
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bedding t rend s can be proj ect eo parall e l to strike with 

certainty. Figure 7 (pocket) shows bedding trend lines and 

facing directions for the Huronian metasedimentary rocks in the 

vJestern part of the research area and in the southern half of 

Wat er s Township. The trend lines of bedding in Waters Township 

are derived from Card 's (1964) map . 

Figure 7 is drawn in a manner similar to that for 
s1 tr ends (Fig. 6) , but with t he additional information of 

facing directions of beds . Macroscopic fol d axes were 

determined on the st ereographic pr oj ection by the orientation 

of the line of common int er s ec tion of bedding tr ac e s from 

opposite limbs of a particular fold . The horizontal traces of 
axial surfaces ar e lo ci of points of maximum curvatur e between 

bedding traces. It. is assumed that sufficient data exist 

regarding strike, dip and facing direction of beds to trac e a 

folded horizon within t he lithologically homo gen eous sequence . 
The tr end lines may locally transgress bedding, but the tendency 

of a particular fold to appear at several stratigr aphic 

horizons indicates that the bedding geometry shown on the 

figur e is generally corr ect. 

The form of the bedding trend lines on Figure 7 shows 
that the macro scopic folds are larg e-scal e plications in the 

trough of a northeast-tr ending regional synclinorium in the 

Huronian s edimentary s e qu ence. (This synclinorium can be 

traced for more than 30 mil e s to the northeast as indicat ed 

by Fi gure 3 . ) Axial sur fac e s of macro scopic folds are near ly 

vertical throughout, but appear to dip steeply northwest in 

the northwest ern part of Figure 7, and dip st eeply southeast 
l es s than two miles from the batholith border . Fold plung es 

vary from 10 to 35 degrees in the region northwest of the 

batholith . South of the batholith border shear zone , in the 

region between the trondhjemite and the Chief Lake batholith, the 

axial surface of a larg e , partially overturned anticline strike s 

northwest , and the fold axis plunges south at 70 deg re es. Northeast 
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of the axial surfac e trace of this anticline , beds a.re n eat ly 

v ertical and fac e consistently toward the bo rder of the 

batholith . North of the batholith border shear , how ev er , 
bedding trends 11 conc ertina 11 -like northwe stward acros s Water s 

TJwnship , and the s edimentary s equence as a whole fac es 

southwest, normal to the plung e of the macroscopic fold s. 

The stratiform, folded shap e of s ever al of the larg e gabbro ic 

bodies suggests that they were intruded before the folding. 

Discussion of Macro scopi c Geometr y 
Areas 7, 8 , and 9 compri s e the portion of the area in 

whi ch mineral lineat ion with foliation constitut es the 
dominant penetr ativ e structure . Linear structur es ar e marked 

by a variety of minerals in rocks of different me tamorphic grade 
distributed over a wide area. The most intens e dev elopment of 

L1 is east of the ~estern boundaries of structural subar eas 

7 and 8 (Fig . 5). 
Steeply plunging mineral lineations are typical of 

r ocks deformed during the Grenville orog eny; miner al foliati on, 
however,may be of several ages . AlthougH cross-cutting 
fol iations were not obs er v ed in the field, div er s e tr ends of 

s1 on the macroscopic scal e , especially in ar ea 5 (Figs. 5, 6) 
suggest that more than one gener ation of foliation sur f ac es 

is pr es ent . Miner al lineations on foliation surfac es within 
sheared zone s west of the region of penetrative L1 (Fig. 6) 

indicate that shearing was concurrent with the regional 
development of L1 further east. 

Macroscopic folds in the Huronian metas edimentary 

s equence northwest of the Chief Lake batholith probably 

\-J ere formed during the Hudsonian orogeny and modified in 

shape and ori entation during the Grenville orogeny . Evidence 

for this stat ement is largely based on the difference in 

orientation of macroscopic and mesoscopic fold axes. 
Macroscopic folds in the Huronian rocks in Waters Township 

(Fig . 7) have northeast striking, nearly vertical axial 



surface s and shallow, southwest plunging axe s, where as 

mesoscopic folds as s ociat ed with mi neral lineations in the 

research area plunge steeply south or southeast parallel to 

L1 . The manner in which the older folds were modified will 

b2 discussed in a later section on kinematic analysis. 

II . QUARTZ MICROFABRIC GEOMETRY 

Orientations of quartz c-axes were determined with 
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a universal stage for 21 sp e cimens of quartzite and quartzo­

f e ldspathic ro cks to determine the geometr ic relationship 

between mesoscopic structur e s and quartz crystallographic 
fabrics . Lower h emisphere equal - area plots of quar tz c-axis 

orientations are shown on Figure 5. Series A to D ar e petro­

fabric diagrams of quartzitic ro cks; s erie s P shows the 

orientations of quartz c in four plutonic rocks, three from v 
the Chief Lake bathol ith and one (P4) from the Eden Lake 

trondhjemite. Within a particular s eries (e.g., B1 to B7 ) 

the diagrams are arranged in a s equence of increasing preferred 

or i entation of quartz c-axes. 

Diagrams A2, A3, B1, B3, B4 and B5 are oriented with 

respect to geographic coordinates. The primitive circle of 

these diagrams is the horizontal plane, and the small arrow 

at the top of the circl e indicates north. The geog raphic 
orientation of the other diagrams is not known, but the thin 

s ections generally were cut normal to the foliation in the 

hand specimen. The location of each specimen is indicated 

on the structural subarea outline map on Figure 5. 

Mi crofabrics of Quartzitic Rocks 

Quartzitic rocks contain mor e than 70 per cent quartz 

with ac c essor y feldspar and mica. The shape of grains and 

the nature of quartz-quartz boundari es vary systematically. 

Generally , quartz in areas 1 to 7 (Fig. 5) is highly 

strained , showing undulos e ext inction in polarized light, 

and grain boundaries ar e irr egular and sutur ed . Gr ain shape s 



vary from i rr egul ar with no pr ef erred or i entation 
t o flattened and extr emely elongat e parall e l to s1 and 1 1 . 
I n cont ras t , qu ar tz in are a 9 is generally strain-fr ee , and 

s hows mo s aic t ex ture with str aight , unsutur ed boundari es and 

little pref erred shap e orientation. Foliation and lineation 

i n t he gne iss es of are a 9 commonly ar e d efined by planar and 

l i near al ignment of biotit e and feldspar rather than quartz 

mor phol ogy . 
The pe t r of abr ic diagr ams of quartzitic r ocks shown 

on Fi gure 4 are divided into four s eri e s bas ed upon the 

mor phology of qu ar tz gr ains. 
Seri e s A: Quar tz grains show undulos e extinction, 

bu t hav e littl e or no preferred shape orientation. 
Quar tz-quartz boundar i es are irregular and sutur ed. 

( See Plat es 7A, 7B.) . 
Ser i es B: Quartz grains ar e flattened in the plane 
of s1 and e longat e parall el to 1 1 ; all grains show 

undulos e extinction. Quartz-quartz boundari e s ar e 
irregular and su t ured . (See Plat es 7C, 7D.) 

Ser i es C: Quar tz gr ains gen erally ar e strain-free 

(no undulos e extinction), but ar e slightly flattened 
and elongate . · Many grai n s hav e polygonal outlines 
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a ':ld the textur e approaches mosaic. (Se e Plat es SA, 8B.) 

Seri es D: Quartz grains exhibit no preferred 

shap e orientation, and are strain-fr ee. The texture 
is a mosai~ of polygon~l grains. (See Plat e 8C.) 

Series A Sp ecimen 1091 (diagram A1) is the l east deformed 

r ock coll ected; it is from an outcrop of middle feldspathic 

quar tzit e which contains no penetrative foliation or lineation. 

Plat e 7A is a photomicrograph showing the sutured, strained 

quar tz grains in this specimen. .Sp ecimens OS5 and OS3 (diagrams 
A2 and A3) ar e from a vitreous quartzite xenolith in area 6, 
and the vitreous quartzite in area 5, respectively. Foliation 
i n specimen OS5 is poorly defined in the thin section, and 



quart z grains appear t o be al i gned parallel to more than one 

6irection in the slide . In OS3,the easterly tr ending foliation 

is defined by di sper s ed muscovite flakes aligned in the same 

general trend . 

Quartz cv have a pr efer red (i. e . , non-random) ori cr.. ­
tation, but the scatter of points is large . The geometric 

relat ionships between quartz cv' Sb' s1 and the line of int er ­
S'2 Ction of Sb and s1 in diagram A2 are not symmetrical. Quartz 

c - axes on diagram A3 are scatt ered along a northeast trending 

great circle normal to the trend of L1 and normal to the plane 

of s1 . The other specimens in series A contain no penetrative 

structur es to which the quartz cv can be relat ed. 

Specimen 1950 (diagram A4) is from an inclusion of 
vitr eous-typ e quartzite in the gabbroic portion of the agmatite 

along the northern border of the batholith. No mesoscopic 

structures are visible in the hand specimen. Plate 7B shows 
the t ypical sutured bo undaries between quartz grains in this rock . 

Series B In s eries B, quartz cv characteristically lie in the 
plane normal to L1 . This relationship is .shown best by specimen 

104 in diagram B7n (Section cut parallel to L1 ) and diag ram 

B7p (cut normal to L1). Plate 7C, shows the linear form of 
quartz grains in specimen 104. Quartz grains in specimen 104 
have no preferred shap e ori entation in the plane normal to 

the r ods. Mi ca flake s also are oriented randomly in the plane 

normal to L1 , but are 11fold ed 11 about axes parallel to L1 . 

Specimen 104 is from a vitr eous quartzite xenolith in the 
Chief Lake batholith along the north shore of Wavy Lake. 

In series B, all specimens except OS4 and 1736 (diagrams 
B1 and B2) contain mineral lineations . The quartz cv fabri c 
shown in diagram B1 forms a diffuse partial girdle along a 

great circle normal to the line of intersection of Sb and s1 , 

indicating a relationship similar to that of quartz cv and 

L1 in diagram A3. The 10 per cent maximum concentration of 
quartz cv in diagram B1 is inclined obliquely to both s

1 
and S, • 

D 
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Sp ecimen QS4 is an or i en t ed sampl e of vit reous quar tzit e fr om 

are a 5. Specimen 173~ a quar tzo-fe ldspathic gneiss, is the 

on ly rock in s eri es B fr om ar ea 9 . Foliation is defined by 
biotit e and tabular grains of quar tz. The geome try of quartz 

cv i n s pe cimen 1736 is a di ffuse conc en t rat i on obl i qu e ly 
inc l ined to t he plane of f oliati on. 

Specimens 1 003, 1 03 7 and 1 01 2 (diagr ams B3, B4 and 
B5) are or i ent ed sampl es of f eldspathic quart zit e . L1 is 

s ubpar allel in the three spe cimens, but s1 strikes north~ e st 

in diagram B3 and northeast in diagr ams B4 and B5. Quartz 
cv lie along a no r theast t rending great cir cl e no r mal to L1 
in al l thr ee di agr ams, ~here as s1 bears no consis tent 
geome trical re lationship to the preferr ed ori entation of quartz 

c-a:x:es. Spe cimens 1003 and 1012 are ·from structural subar e as 

4 and 7 in ~hich L1 is regionally dev elop ed. Ho~ever, sp ecimen 

1037 (diag r am B4) is from a portion of area 2 ~her e L1 is 

locally dev elop ed in a z~ne parallel to the shear ed contact of 
the Chi ef Lake batholith. 

Specimen 2126 (diagram B6 ) is vitreous-typ e quartzit e 

from a xenolith in the foliated and lineated portion of the 

Chief Lake batholith in area 8. Foliation and lineation are 
defined in the hand specimen by flattened rods of quar tz, and 

in thin section (Plate. 7D)' by lensoid aggregates of quartz 

grains ~ith similar crystallographic orientatio.ns. The t~o 

quartz cv maxima on diagram B6 lie on a great circle normal 

to the trend of L1 , and are symmetrical ~ith respect to s1 • 

Seri es C Quartz crystallographic fabrics of the rocks in 

s eries c, ~ith the exception of specimen 1930 (diagram C1), 

indicate a tendency to~ards a single maximum concentration 
dispersed in a girdle normal to L1 , and slightly oblique to 

s1 • Specimen 1930 is feldspathic quartzite from the shear 

zone ~hich parallels the agmatite border north of the Chi e f Lake 

batholith, the three remaining specimens in series C are 

quartzo-feldspathic gneisses from structural subarea 9. 



76 

Specimen 1930 is unusual because the texture of quartz 

grains in the ro ck is mor e typical of r ocks from subar e a 9 , 
whereas the location of the sp ecimen is structurally similar 

to that of sp ecimen 1 03 7 (diagram B4- ) . Specimen 1 930 was 
chosen for petrofabr ic analysis becaus e the ro ck contains a well 

def i ned foliation , but no line ation . However, the orientation 

of quartz c i n diagram C1 has n o symmetrical re lationship v 
with respect to s1 . 

Specimen 2083 (diagram C2) is a banded gnei ss in 

which s1 and 1 1 are defined in hand specimen by microcline 
augen flattened and elongated in the plane of foliati on . In 

thin s ection, s1 is defined by narrow quartz-rich bands bounded 

by plane -par allel biotit e grains. Quartz c are conc entrated v 
normal to 1 1 and oblique to s1 . 

Specimen 1635 (diagram C3) is foliat ed , but not 
lineated, quartz8-feldspathic gn~iss . The textures of quar tz 

and biotite in this sp ecimen are shown on Plat e SA. Quartz 

grains flattened parallel to s1 contain inclus~ons of biotite 

whi ch parallel s 1 also. Quartz cv on diagram C3 indicat e a 

maximum concentration slighly oblique to the plane of s1 , and 

a dispersion along a great circle normal to s1 . 
Specimen 2180 (diagram C4-) is vitreous-type quartzit e 

with narrow feldspar -rich bands parallel to s1 and Sg. Lineation, 
1 1 , is defined by mullion-like grooves on the foliation 

sur face. Plate 8B shows the slightly flattened polygonal quartz 

grains in sp ecimen 2180. Quartz cv in diagram c4- are conc entr ate~ 
at a point slightly oblique to the plane of s1 and normal to 1 1 • 

Series D Specimen 1961 (diagram D1) is from a quartzite 

x enolith in the northeast portion of the batholith. The thin 
s ection is cut normal to the axial surface and subparalle l to 

the axis of an isoclinal fold (approximately three inches across 

the limbs) in the hand sp ecimen. The specimen does not contain 

a miner al lineation or a foliati on. The preferred orientation 

of quart z cv in diagram D1 appears to consist of a single broad 
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maximum conc ent r a t ion which forms a partial gi rdl e paral l e l to 

a great circl e ori ent ed app r ox i mat ely 45° from the t rend of the 

fold axis, L. A s e condar y girdl e of cv parall e l to a small 

circle cent er ed on L is pr es ent also. 

Sp ecimen 1829 (diagr am D2 ) is quartzo-f e l dspat hic 

gn eiss f r om are a 9 . The hand spe cimen is charac t eri zed by 

r od-like aggregat e s of quar t z and f e ldspar gr ains par all e l t o 

L1 . Foliation is poorly develop ed in the h and spe cimen , and 

t he trace of s1 shown on diagram D2 is the av erage or i entat ion 

defin ed by disp ersed biotite flake s in the thin s ection . The 
polygonal outline s of quartz grains in spe cimen 1829 is 

illustrated in Plate Be. Quartz cv in diagram D2 ar e concen­
trated normal to s1 and L1 , and disp ersed partially. along 

a gr eat circl e normal to L1 and s1 . 

Quar t z Microfabrics of Plutonic Rocks (Ser i e s P) 

Quartz cv were measured in thr ee spe cimens from the 
Chie f Lake batholith and one spe cimen from the Eden Lake 

trondhjemite in order to determine the effect of post-intrusion 
oeform ation on the crystallographic orientation of quartz in 

rocks in which quartz is not the dominant mineral phas e . The 

four rocks in s eries P contain 20 to 30 per cent quartz; the 

bulk of the rocks are composed of feldspar, and mica and 

epidote are minor contituents . 

Specimen NEC (diagram P1) is quartz monzonite f r om 

a portion of the batholith that contains no penetrative 
structures . Undulose extinction of quartz grains in the thin 

s e ction indicates that sample NEC has undergone some post ­

intrusion deformation, but no penetrative structures are 

visible . Diagram P1 indicates a random distribution of quartz 

cv in the rock . 

Specimen 911 (diagram P2) i s quartz monzonite from 

the southwest portion of structural subarea 8 . No penetrative 
structures are visible in the hand specimen or the thin section 



of sp ecimen 911, but the feldspars in the thin section ar e 

fractured, and quartz occurs as irr egularly ori ent ed l ens es 
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· of .strained grains. However, petrofabric diagram P2 does not 

indi'9ate any obvious pattern of preferred quartz cv ori entation 

in the rock. 
Specimen 1118 (diagram P3) is foliated and lineated 

quartz diorite from the sheared northwest border zone of the 

batholith.: s1 and 1 1 are defined by e longat ed and 
flattened feldspar rods in hand specimen. Plate 6C shows the 

t exture and fabric of specimen 1118. Quartz occurs as sub­

parallel lens-shaped ag gregates of strained grains; f eldspars 

are sub-round in the plane of the thin section, and commonly 
are offset along fractures. The petrofabric diagram of quartz 

cv indicates a partial girdl e of c-axes along a great circle 

normal to 1 1 and s1 . The degree of preferred quartz cv orien­

tation in diagram P3 is surprising--considering t hat quar tz 
constitutes less than thirty per c ent of the rock, the bulk 

of which is composed of much larger feldspar grains that 

apparently were deformed in a brittle manner. Intuitively, it 
might be expected that local stress differences adjacent to 

the feldspar porphyroclasts would determine a less regular 

quartz cv pattern than that shown. 
Specimen 650 (diagram P4) is foliated trondhjemite 

from the par tion of the Eden Lake complex. in area 7. The 

texture of specimen 650 is similar to specimen 1118 in that 

quartz is recrystallized into lens-shaped aggregates, whereas 
plagioclase has been deformed in a brittle manner. Quartz in 

specimen 650, however, commonly occurs as large, strained, 
lens-shaped single grains with smaller grains along the borders 

(Plate 8D). Quartz cv form a partial girdle in a plane normal 
to s1 on diagram P4. 

Summary of Quartz ~icrofabrics Petrofabric diagrams 

of quartz dv ar e divided into four s eri e s based u~on morphology 
of quartz 'g rains in thin section . . The shape, natur e of quartz­

quartz boundaries, and amount of internal strain shown by 
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quartz grains appear to vary sys temat ically in the ar ea . 

Hur onian quartzites containing no penetrative structur e s 

(e.g . , specimens 1091 and 1950 illustrated in Plates 7A and 

7B) are composed of quartz grains with no preferred shape 

orientation and sutured quart z-quartz boundaries. Quartzite s 

containing prominant mesoscopic . structures are compos ed of 
quartz grains whose shape reflects the typ e of mesoscopic 

st r uctur e present in the rock (e . g ., specimen 104, Plate 7C). 

The nature of quart z-quart z boundaries vari e s 

independently of the general shape of the grains , as both 

sutured grains and grains with s light ly curved or s traight 

boundaries may have an overal l preferr ed shape ori en tation 

(Compare Plate 7C and ?D.). In general , however, quartz in 

greenschi st facie s r ocks ( s tr uctural subareas 1-7) has sutur ed 

boundar i es, and quart z in higher grade rocks (subareas 8 and 9 ) 

has mosaic t exture with slightly curved or st raight -line ­

s egment boundaries. The amount of int ernal strain in quartz 

(as indicat ed by und.ulos e ext inction) generally is less in 

rocks from the almandine -amphibolit e faci e s than from ro cks of 
the greenschist facie s. 

The common pattern of preferred quartz cv orientation 

in sp ecimens cont aining a lineation, a foliation, or both 
s1 and L1 is a comp l e t e or partial girdle of c-axes in a plane 

normal to the mesoscopic structural fabric el ements. The 

petrofabri c diagrams of s eries A show more random distribution 

patterns of cv than the other diagrams of quartzitic rocks . 
Preferred morphologi cal ori entation of quartz is gr eat est 

in series B, and t ends to be less obvious or absent in s eries 

C and D; vJhereas, quartz cv show a high degree of preferred 

orientation reg ardl ess of the shape of grains in the specimens 

of these series . Quartz cv in rocks from ar ea 9 (diagrams B2 , 

C2, CJ, C4 , D2) indicate a t endency towards a partial girdle 

or point maximum concentrat ed normal to L1 . The position of 
the maximum concentration with r espect of the trace of s

1 
varies from slightly oblique to the plane of foliation (diagrams 
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B2, C2 , C3, c4) to normal to s1 (diagram D2) . Oriented 

diagrams A3 , B3, B4·, and B5 are significant because 1 1 and 

the cv girdles have approximately the same geographic orien­
tation in each of the petrofabric diagrams, but s1 strike s 

i n various directions . 

Discussion of Texture and. Cr ystal lographi c Fabric of Quart z 

Although it has never been demonstrated exp erimentally, 

it is generally assumed that a pattern of pr eferred 

crystallographic orientation of quartz is due to recrystal­
lization under the influenc e of a non- hydrostati c str ess 

syst em . Stres s induced preferred crystallographic ori entation 

of calcite aggregates and met als has been demonstrated in 

the laboratory (See Turner and Weiss, 1963, p. 327-333 and 

p . 345- 355 .) . 
By analogy with deformed metal s, marble has been 

deformed experimentally by both cold-working and hot-working 

pro c ess e s (Turner , Griggs, and Heard , 1 9 54) . The principal 

differenc e be t ween the two processes is that cold-working 

occurs at temperat ur es low enough to permit appreciable work 

hardening and stor age of s train energy within the deformed 

grains, whereas hot -working takes place above a transition 
temperat ur e whe re strain energy is dissip.ated and work 

hardening does not occur. Prolonged heating of cold-worked 

materials in a hydr ostatic str ess field caus es annealing 

re crystallization . Annealing of marble t ends to randomize 

pre - existing patterns of prefe~red crystallogr aphic ori en­

tation devel op ed by cold and hot - wGrking _(Griggs, Paterson, 

Heard and Turner , 1960) . 

Texturally, cold-worked marble resembles the quartz 

of s er ies B, where as hot -worked or annealed marble more closely 

re s embles the mosaic quartz texture of series C and D. The 

high degree of preferred cv ori entation of the majority of 
rocks in s eries C and D is indicative of synt ectonic rather 

than annealing recrystallization if, like calcite, quartz cv 
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patterns are de-ori ent ed by annealing. 

Conclusions Comparison of quartz microfabrics with the fabr ic 

of experimentally deformed marbl e sugg ests that cold-working 

of quartz has occurred in greenschist faci es rocks, and that 

hot-working of quartz has occurred in the almandine -amphibolit e 

faci es. The general absence of randomly orien t ed quart z cv 

patterns in foliated or lineated rocks may indicat e that 

static recrystallization of quartz (annealing recrystallization) 

did not occur after deformation had ceased. Abs ence of strained 
an.d sutur ed quartz in the almandine -amphibolit e facies rocks 

of area 9 sugge s t s also that deformation did not cont inue 
be low the transition temperature between hot-working and 
cold-working of quartz. 

Discussion of recrystallization mechanisms of quartz 

is, at the present time, speculative and 'will not be el aborat ed 

upon. Experimental study of recrystallization mechanisms 

of quartz i,s an active field of research, but none of the 

res ults app e ar to explain the origin of quartz fabrics in 
highly strained rocks. Regardless of the actual deformation 

mechanisms, however, quartz crystallographic fabrics show 

consistent symmetry patterns which can be compared to 

symmetries of larger scale structures. 



III . STRUCTURAL FABRIC STI1METRY 

A pr incipal aim of s truc tural analys is 
of t ectonites is to dedu c e something of 
the n atur e, and especially the symmetry, 
of strain from the tectonite fabri c. 
(Pat er son and Weiss, 196 1 p. 872 . ) 
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The 11 ar gument '' of symme try is us eful to locat e the 

principal dir ections of s tr ain in a ro ck--although the symme t r y 
of the t ectonit e fabric may not define which fabric symme try 

axes parall e l specific principal directions of strain. Gener ally, 
the symmetr y of the rock fabri c eliminat es c er tain typ es of 

st r ain and orientations of principal st r ain axe s from consid er ­

ation, but does not giv e a unique solution to the probl em . 

The symme try class of a structural fabri c element 

is determined by the number of symmetry axes or plane s (mirror 

planes) that can be drawn on a pe trofabric diagram of the 

geome try of the structural e lement . The ~ymmetry of the total 

fabric is given by the symme try elements that are common when 

the symme tries of the subfabrics of the various kinds of fabric 

el ements are superimpos ed (Paterson and Weiss, 1961, p. 868 

and Fig. 9). 
Primary subfabrics (e .g., bedding) provide a record of 

the total strain impos ed on a rock, altho'ugh, if the strain 

results from several superimposed deformations, inherited 
subfabrics may have a lower symme try than the individual strains. 

Impos ed subfabrics (e.g., mineral lineations, foliations, 
crystallographic fabrics), on the other hand, do not indicate 

the t otal st rain, but commonly reflect the symmetry of the 

final deformation more perfectly than inherited subfabri cs. 
With respect to the symmetry of data plotted on 

equ al-ar e a diagrams, Paterson and Weiss (1961, p. 862) stat ed 
that: 

The symmetry of the preferred ori entation 
of the fabric elements is de termined by the 



symmetry el ement s that can be obs er v ed. i n 
such a projection . In this connection, only 
the form of the main f eat ures of the patterns 
(such as well defined. girdles or st r ong maxima) 
shoul d. be consider ed. , sinc e the diagrams usually 
lack all symmetr y if ev er y detail is taken into 
account . The main features ar e reproducibl e 
in diff erent s et s of adequate data from the 
same homog eneous body, where as the detail of 
the contour patterns is not . 

The symmetry of quartz cv subfabrics in foliat ed and. 

line ated. rocks depends upon the significance attached. to the 

orientation of cv maxima within the great circle girdles . 

As only the main features of the patterns are considered. 

important (Paterson and. Weiss, 1 961 , p. 862) , quartz cv girdles 

are interpreted as having an axial symmetry pattern (i .e., an in­

finite number of symmetry planes intersecting parallel to 1 1 ). A 
point concentration of quartz cv is axial also (A single 

mirror plane is normal to the symme try axis.), whereas a 

single concentrati on dispers ed. parallel to a s egment of 

a great circl e is an orthorhombic symmetry pattern. Petrofabri c 

diagrams without mirror planes are triclinic. Orthorhombic 

and axial symmetries ar e indicated by several other geometries 

of st ructural fabric element s, but they wer e not recognized 

in this research. 

In the following sections, the symmetry of tectonite 

fabrics will be discuss ed in an effort to determine principal 

directions of strain. The basic assumptions involved. are that 

structural fabric elements sharing common symmetry elements are 

genetically related, and. that the symmetry of the tectonite 

fabric reflects the symmetry of the strains responsible for the 
evolution of the fabrics. 

Fabric Symmetry of Lineated. Rocks 

Lineated. rocks with, or without, a foliation are the 
typical tectonites in most of the area. These rocks include 

the Grenville provinc e gneisses, a large portion of the Chief 

Lake batholith (and. associated. migmatites), the Huronian meta­

sedimentary rocks in the southwest portion of the map area, 



and the eastern border of t he Eden Lake trondhj emit e . Pene ­

trative 1 1 occurs throughout st r uctural subar e as 7, 8 and 9 , 
and in portions of sub.areas 4, 5 and 6 (Figs. 5 and 6) . 

Foliation occurs as a penetrative structure throughout the 

area, but is develop ed most intensely in ar eas 4 to 9. 
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Fabric Symmetr y of Areas 7 and 8 Mesoscopic folds in bedding 

ar e rare in these subare as, and Sb generally parallels s 1 
in feld.spathic quar tzite and in me tas edimentary x enoliths in 

the batholith. The meso scop i c combination of plane-paralle l 

foliation with. homoaxial mineral lineations on the s 1 surfac e 

defines an orthorhombic symme t ry pattern (Fig. 16a). One 

symmet~y plane (m1 ) is normal to 1 1 ; the other two planes 

intersect parallel to 1 1 , and one Cm2 ) is the foliation surf ace. 

The third plane of symmetry Cm
3

) is normal to s 1 . 

Petrofabric diagr ams of quartz cv in rocks from ar e as 

7 and 8 "Show various symmetry patterns (Fig . 5, diagr ams 
B5, B6 , D1, P2, P4). Rocks containing mesoscopic foliation 

and lineation have orthor hombic fabrics. For exampl e , diagr am 

B5 (Fig. 16b) has three symmetry planes: the plane bis ecting 

the quartz cv girdle Cm1 ), the plane of foliation Cm2 ) , and 
a third plane Cm

3
) containing 1 1 and normal to the o ther two 

symmetry planes. Diagram B6 (Fig . 5) also shows an orthorhombic 

combination of s1 , 1 1 , and cv, and diagram P4 shows an 
orthorhombic combination of s1 and cv. Rocks without penetrative 

lineation or foliation (Fig. 5, diagrams D1 and P2) have 
triclinic quartz cv subfabrics . 

The macroscopic fabric diagram of s 1 and 1 1 in ar e a 7 
shows orthorhombic symmetry (Fig . 16c) . m1 is normal to 1 1 
and bisects the partial girdle of s1 poles; m2 passes through 

the dominant orientation of s 1 ; m
3 

is normal to m1 and m2 . 

The s ymmetry of Sb in area 7 (Fig . 16d) is orthorhombic also, 

and the symmetry planes are coin cident with those of s1 and 1 1 . 

On Figure 16d, m2 represents the dominant attitude of bedding. 

Fold axes are not considered significant because only thirteen 



Figure 16 

a . Orthorhombic mesoscopi c symmetry of s1 and 1 1 in areas 7 and 8. 
The or i entat ions of s1 and 1 1 in pe t rof abric diagram B5 (Fig. 5) 
ar e us ed as a typical example. 

b . Symmetry of quart z cv in diagram B5 (Fig. 5). The symmetry of 

the total micro scopic fabric is ortho rhombic Cm2=s1 , and m2 : m
3

=1 1 in 

t he thin section), but the symme t r y of the quartz cv subfabric is 

axi al with the symmetry axis parallel m2 :m
3

. (200 cv' contours 1, 2, 

4 , 7% per 1% ar ea) 

c. Orthorhombic macroscopic symmetry of s1 and 1 1 in area 7. ( s1 
contours 1, 3, 5, 7, %per 1% ar ea, 251 poles) 

d . Ortho rhombic macroscopic symmetry of Sb in area 7. (Sb contours 1, 3, 
5, 7% per 1% area , 169 poles) 

e . Mono clinic (ne arly orthorhombic) macroscopic symme try of s1 and 1 1 
in area 8 . (81 contours 1, 3, 5, 7% per 1% area, 433 poles) 
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folds in bedding were observed in area 7. 

In area 8, the macro scopi c fabric diagram of s1 and 

1 1 shows nearly orthorhombic symmetr y (Fi g . 16 e) . Perfect 

orthorhombic symme try is not achieved becaus e the maximum 

concentration is not in the cent er of the partial girdle 
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of s1 poles. The macroscopic geometry of area 8 is monoclinic, 

and the symmetry plane Cm1 ) parall e ls the partial girdle of 

s1 poles. Th e reason for the off -c en t er spr ead of s1 pbl e s 

is that in the southern part of the batholith the regional 

trend of s1 progressively chang e s from northeast to east (See 

Fig . 6 . ) . The regional orientation of 1 1 r emains constant 

so that a maximum trend can be designated on Figure 16e . 

Fabr ic Symmetr y of Area 9 Individual mesoscopic fol ds in 
Grenvill e province gneisses exhibit monoclinic symmetr y 

(Fig . 17a). The symmetry plane Cm1 ) is normal to the fold 

axis; no other symmetry planes can be drawn becaus e one 

limb generally is long er than the other, although individual 

fold limbs tend to be symmetr ically ori ented with resp ect 

to the axial surfac e . Mesoscopically planar s1 and homoaxial 

1 1 define an orthorhombic symmetry in the gneisses . The 

total me soscopic fabric defined by Sg' s1 , 1 and 1 1 is 
mono clinic because fold axes parall el mineral lineations and 

axial surfac e s parallel s1 . 

Microfabric studies of quartzitic rocks from area 9 
(Fig. 5, diagrams B2, C2, C3, C4-, D2) indicate that quartz 

cv t end to form a part ial girdle parallel to the great circl e 

normal to s1 and 1 1 (in rocks cont aining mesoscopic foliation 
and mineral l ineation ) , but no consistent symmetrical relation­

sh ip exists between the orientation of s1 and quartz cv maxima . 

The fabrics of quartz cv in the specimen~ examined indicate a 
tendency towards a single maximum conc entration, rather than 

a compl e te great circle spread. Both of these patterns 

(i . e ., point maximum and complete girdle) represent axial 

symme try, whereas a partial girdle of cv is orthorhombic. 



a. 

Figure 17 

Monoclin ic me s oscopi c s ymme try of f olds in 

plane s and 1 1 par all e ls fo l d axes. 

n 
u • 

g 
s1 par all e l s axial 

b. Orthorhombic micr oscopic symme t r y of qu ar tz cv and 1 1 in di a gr am c4 (Fi g . 5). 
(200 cv' contours 1, 3, 10, 20% pe r 1% are a) 

c. Monoclinic microscopic symmetry of quartz cv' 1 1 and s1 in d iagram c4 . 

d. 

e . 

Orthorhombic mac r oscopic symme t r y of s1 and 1 1 in ar e a 9 . Cs1 conto ur s 

1, 3, 5, 7% per 1% ar e a, 307 poles) 

Orthorhombic mac r oscopic symme try of S and 1 in ar e a 9 . (S contour s 
g g 

1, 3, 5, 7% per 1% ar e a, 349 poles) 

f. Symme try planes from Figur e 17d and 1 7e sup er impos ed . 
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Us ing diagram C4- as an example, quartz cv and 11 defin e an 

orthorhombi c symme t r y (Fi g . 17b ) , but s1 is inclined obliquely 

to two of the symme try planes, and the symmetry of the total 

microf abr ic is monoclinic (Fig . 17c). 
The macroscopic fabric symmetry of s1 and 1 1 in 

the Grenvill e pr ovince gneisses is orthorhombic (Fig. 17d ) . 

One s ymmetry plane Cm1 ) is normal to the dominant t rend of 

1 1 and par all els the girdle of s1 poles; the other symmetry 

plane s int ers ec t parall e l to t he maximum conc entration of 
1 1 , and one Cm2 ) i s no r mal to the maximum conc ent ration of s1 
and the o ther Cm

3
) pass e s thr ough t he s1 pol e maximum . The 

symmetr y of Sg and 1 (Fig . 17e) is orthorhombic, and is almost 

ex actly the same as s1 and 1 1 .. The total macroscopic fabric 
s ymmetry is or thorhombic as shown by the coincidence of 

t he symmet r y plane s for s1 and 1 1 , and Sg and 1 (Fig. 17f). 

Fabr ic Symme t r y of Ar e as 4-, 5 and 6 Penetrative mineral 

lineation s occur in the southern parts of areas 4-, 5 and 6, 
and occur locally in the northern parts of these structural 

subare as. On the mesoscopic scale, s1 and 1 1 define an 

or tho r hombic symmetry similar to that described previously in 

are a 7 (Fig . 16a). Mesoscopic folds in bedding are monoclinic 

with t h e symmetry plane normal to the fold axis. Fold axes do 

not always parallel mineral lineations in the same exposure, 
but insufficient folds were observed to deduce any con-

sist ent geometric relationship between the two linear elements. 

Wher e folds are pr esent,the total meso scopic symmetry may be 
t riclinic, but generally folds are absent and the mesoscopic 

fabric is orthorhombic . 

Petrofabric diagrams of quartz cv from areas 4-, 5 and 

6 are triclinic for rocks that do not contain 1 1 (Fig 5, 
diagrams A2, B1 ) . Lineated ro cks show a girdle of quartz cv 
nor mal to 1 1 and exhibit axial symmetry (Fig . 5, diagrams 
A3, B3 , B7). The microscopic combination of s1 , 1 1 and cv 



is ort horhombic, but foli a t ed r ocks without a mineral l ineat ion 
i n which Sb and s 1 ar e no t parall e l (diag·r ams A2, B1) show 

t r iclinic symme try. The symmetry patt erns of microscopic 

fabrics in rocks from ar e a 4, 5 and 6, how ever, ar e not 

as well defined as for ar e as 7, 8 and 9. 
On the macroscopic scale, linear structures (11 and L ) 

t end to plunge southward at more than 45 degr ees in these ar e a.s 

an.d indicate an axial (point maximum) symme try pattern. s 1 and 

sb poles show peripheral girdles or partial girdl es which 

approach axial or orthorhombic symme try . The total macroscopic 

symmetry is difficult to define, however, as the points on the 

pe trofabric diagrams are dispersed more irregularly than in ar eas 

7, 8 and 9. The total fabric is considered to be triclinic, 
but could be interpreted also as monoclinic with m1 parall e l to 

the girdles of 81 and sb poles . 

Fabric Symme t r y of Non-lineat ed Huronian Rocks 
The significant structures in non- lineated meta­

s edimentary rocks are macroscopic folds in bedding (Fig. 7). 
Mesoscopic folds are too rare to be important in determining the 

structural fabric symmetry of these rocks. Quartz c fabric v 
of a mesoscopically undeformed specimen of quartzite (i. e . , no 

pen e trative foliation or lineation) from area 2 has no well 

defined symmetry planes (Fig. 5, diagram A1 ), sugg esting that 

deformation was not penetrative to the microscopic scale. 

The macroscopic symmetry of fabric diagrams for areas 

1 and 2 are shown on Figure 1 8 . The composite diagram for 

area 1 (Fig . 18a) shows the dominant orientation of s 1 , a 

partial girdle of bedding poles, and the distribution of 

mesoscopic fold axes . The macroscopic symmetry of area 1 

is monoclinic Cm1 parallels the partial girdle of Sb poles), 
although the mesoscopic fold axes indicate a variance from 

the pole to the symme try plane, ~ . 
The macroscopic symmetry of area 2 is shown on Figure 

18b, and is less well defined than in area 1 (Fig . 18a). 



Figur e 18 

a . Ar~ a 1 composit e diagram showing 3b (cont our s 1, 

3, 5, 10% pe r .1% ar ea, 75 po les ) , the dominant 
trend of 31 , and me s oscopic fol d axe s (small dots) . 
The symme t r y of the di agr am is monoclinic (ne ar ly 

or tho r hombic), and the pol e to the symmet ry plane, 

~ , i s indi cat ed . 

b . Are a 2 composit e diagr am showing 3b (contour s 1, 

3, 5, 1 O% per 1% are a , 110 pole s ), the domin ant t rend 
of 31 , and mes oscopic fold axe s ( small dot s ). The 

pol e to the s ymme t r y plane , ~ , i s indicat ed . 

c. Mono clin ic (near ly or tho r hombi c ) s ymme try of 3b i n 

Wat er s Towns h i p . The pole to the s ymme try plane 

~ , i s indicat ed as well as the or i enta t ion of 

macr oscopic f old axe s ( small do t s ) from Figure 7. 
(1 13 poles, contour s 1, 3 , 6 , 9% per 1% ar ea ) 
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MACROSCOPIC FABRIC SYMMETRY 

OF NON-LINEATED HURONIAN ROCKS 

Figure 18 
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The dominant tr end of s1 is northeast, parallel to s
1 

in area 

1 . Bedding poles app ear to li e along a great c ir cle Cm
1 

on 

Fig . 18b), but the symmetry may be tri clinic. 

Figure 18c is a petrofabric diagram of Sb from Water s 

Township mapped by Card (1964) . The data are taken from Card rs 

map and cover the area in Water s Township in whi ch the bedding 

trend lines are drawn on Figure 7. Bedding poles on Figure 

18c li e along a grea t circl e Cm1 ) and def i ne a mono clinic 

(nearly orthorhombic) symmetry pattern . The pole t o the 

symmetr y plane ( ~) indicate s the general orien t ation of f old 
axes in the area, and i s consis tent with the orient a t i ons 

obtained for individual macr oscopic f olds f r om Figure 7. 

Summary of Fabric Symmetries 

Orthorhombic fabri cs are common in l i neated and foli at ed 

tectonites . Thes e i nclude Hur onian metas edi mentary r ocks, t he 
Chief Lake batholith and Grenvi l le pr ovinc e gne is ses. Homo ­
tactic orthorhombic f abr ics occu r at al l scal e s inve s tig at ed 

in unfolded lineated r ock s , bu t onl y the macroscopi c s ym-

metry of the Grenville provin ce gne iss es is or t hor hombic . 

Northwe s t of the bathol i t hi pen e t r ativ e line a t i ons 

ar e not common, and t he s tr uc t ur al fabric i s char ac ter ized 

by macroscopi c folds in bedding . I n Wat ers Township, macro­
scopic folds ar e nearly orthor hombic, but the macroscopic 

fabri c becomes monoclin ic or triclinic n ear the western 

border of the batholi t h. 
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IV . PRINCIPAL STRAIN DIRECTIONS I N LI NEATED ROCKS 

The significant aspect of the strain obs er v ed in 

lineated ro cks west of the Grenvill e provinc e gn eiss es is that 

mesos cop ic folds are r ar e . For exampl e , lineat ed and foliat ed 

dike s in the batholith rar ely ar e folded, and, similarly, 
mesoscopic folds generally are absent from lineat ed and 

fol iat ed quartzite beds west of the batholi t h . Th e strain 
in thes e r ocks is finit e as indicated by s trong preferred 

mor phological and crystallographic quartz fabrics, and c ataclastic 

def ormat ion of feldspars. Absence of mesoscopic folds i ndi cat es 

that the strain is irrot at ional. Rotational strain can app ear 

ir r otat ional if: (1) inherited fabric elements are not pre s ent 
to r ecord rotational components of st rain, (2) rotation was 

ex ternal to the fi e ld observed, or (3) all inher it ed planar 

fabric el emen ts had a preferred orientation normal to the 

rotation axis ~rior to deformation. Be caus e the primary array 

of layers in cross - bedded quartzite southwest of the batholith 

(Fig. 5, areas 4 and 7) could not have been parallel originally, 

it is thought that the strain in unfolded lineated rocks is 

irrotational, and that the rocks were structurally isotropic 

during deformation. Absenc e of folds in inher it ed planar 

elements of rocks containing penetrative foliation or lineation 

indicates that within the field considered deformation was 
homogeneous. 1 

Rock deformation has been analysed in terms of finite 

homog eneous strain by Flinn ( 1 962 , 196 5a , 196 5b) , Brace ( 196 1 ) , 
Turne r and Weiss (1963) and Ramsay (196 7 ) . Flinn ' s analys e s 

are general and relate common tectonite fabrics to principal 
directions of homogeneous strain . 

1A stricly homogeneous deformation can be specified 
i n terms of a di splac ement field, such that all points 
i ni tially on any straight line remain on a straight line . 
(Turner and Weiss; 1963 , p . 36 7 ) 
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Flinn (1965a) related morphological and crystal lographic 

fabric symmetries of quart z to the shape of the deformat ion 

ell i psoid . The deformation e llipsoid is the ellipsoid 

res ult ing from the finit e homog eneous strain of an original 

sphere (Flinn , 1962 , p . 386) . The major axe s of the ellipsoid 

are designated Z.::>"Y.::>x, and refer to the maximum, int ermediate 

and least principal strain directions . The e llipsoid vari e s 

in shape from a pr olate axial ellipso id ( Z"/'Y=X), through a 

s erie s of orthorhombic triaxial e llipsoids c z~y..,..x)' to an 

oblate axial ellipsoid (Z ==Y~X) (Flinn, 1965a, p. 4-4-). 

Relationship Between Quartz Mi crofabri c Symmetry and the 

Deformation Ell ips oid 

Quart z grains in s er i e s B and C (Fig~ 5 ) commonly are 

elongated and flattened parallel to L 1 and s1 , showing an 

orthorhombi c symmetry and morphology simi lar to a triaxial 

deformat ion ellipsoid with principal directions Z>Y>X. The 

Z-direction parall el s 1 1 , and the X- dire c tion is normal to 

s1 . Th e tendency of quar tz grains to show a strong morphologi cal 

ori entation de creas es with increasing metamorphic grade, and in 

higher grade rocks 1 1 and s1 commonly are defined by feldspar 
au gen and biotite. 

The symmetry of quartz cv subfabrics also can be 

related to the defor mation e llipsoid (Flinn, 1965a). The 

complete girdle of c - axes parallel to a great c i rcle is an 

axial symme try pattern corr es ponding to the prolate deformation 

ellipsoid with the girdle axis parallel to Z. A sing l e 

conc entration of cv is axial also, but corre s ponds to the 
oblate deformation ellipsoid with the fabric symme try axi s 

parallel to X. Orthorhombic partial girdLes are comp a tible 
with triaxial deformation e llipsoids of the type Z>Y>X. 

In the we stern part of the area , quart z cv in lineated 
ro ck s form complete girdles in the plane normal t o 1 1 and s

1 
. 

Quartz cv in Grenville prov inc e gneiss es, however , f orm 



partial girdl e s in the plane normal to 1 1 and 81 , but 
commonly the maximum c conc entration is inclined obliqu e ly v 
to 81 . As suming t hat quartz crys tallographic fabrics were 

impos ed lat e in the deformational history of the rocks, 

homotactic relationships between 1 1 and quartz c indicate . v 
that 1 1 was an active st r ucture until the final recrystal-

lization of quartz, whereas the heterotac tic relationship 

commonly observed be tween 81 and quartz cv fabri c s indi cate s 

that in some areas foliation was a passive struc ture 

when t h e crystallographic fabric was form ed . 

The general typ e of st rain indicat ed by.rocks cbntain­
ing mineral lineations is e longation parall e l to 1 1 with 
flattening normal to 81 , or essentially equal flattening in 

the plane ·normal to 1 1 (where 81 i s absent). In ro cks 

containing an ac tive lineation and pas sive foliation, the 

maximum principal strai n direc t i on , z, paralle l s 1 1 and is 

normal to the plane contai ning the quart z cv girdle or partial 

girdle . 

In summary, morpho l ogi cal and crystal lographic 

microfabrics of quart z are rel a ted to tr i axial defor mation 

e llipsoids in the manner des cribed by Flinn (1965a) . The 
shapes of quart z grai ns in l ower gr ade r ock s commonly define 

triaxial deformat i on ellipso i ds of the type Z")oY>X, where i n 

the direction of maximum elongation (Z) paral l els 1 1 and the 

direction of maximum shortening (X) is no mal t o 81 . In 
the higher grade ro cks, quartz grains t end towards s ubhedral or 

equant shapes ' and 1 1 and 81 are def i ned y preferred orien­
tations of feldspar and mica. Quart z cv ln lineat ed ro ck s 
consist en tly show strong tendencies t o lie i n the p l ane 

normal to 1 1 and 81 , but, bec au s e s1 i s no t cons i s tently 

oriented normal to qu art z cv maxi ma in parti a l gi rdles, i t is 

thought that fol i ation i n some are as was passiv e at the time 
of final re cr ystal l i z a tion of quar tz. Unfor tunat ely, f ew 

oriented specimens were coll ect ed , and it is not possibl e to 

define principal s t rai n directions bas ed on quarti cr ystal-
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lo graphic fabrics alone . 

Macr oscopic Principal Str ain Directions i n Unfolded 1inea t ed 

Rocks 
Orthorhombic mesoscopic fabrics in are as · 7 and 8 are 

r elat ed to a triaxial or tho r hombic deformation ellipsoid of 

the type Z>Y>X with 1 1· parallel to Z and s1 n ormal to X. 

Th e macroscopic symme t r y of ar e a 7 is orthorhombic as we l l , 

and at this lar ge scal e it is conveni ent to assign geographic 

coordinat es to the ori entations of principal strain di re ct i ons. 
Figure 19a shows the pe trofabric diagram of s1 and 1 1 fo r are a 

7 (Fig . 5) with the principal dir ections Z, Y and X par al le l 
to the appropriat e fabric symme t r y axes. Z in ar e a 7 tr ends 

176 deg re es and plunges 64 degr ees parallel to the int er­

s ection of m2 :~3 and the r eg ional tr end of 1 1 ; X is no r mal to 

the av erage orientation ·Of s1 and par all e ls the line of i n t er­
section of m1 : m3 ; Y is horizontal and strikes at 090 degree s 

par al le l t o the inter s ection of m1 :m2 . 
Principal strain dir ections ar e less well defined in 

ar e a 8 than in area 7 due to to the macroscopic fold aff ecting 

the regional trend of s1 and 1 1 (Fig. 6). This broad fold may 

be the youngest structure of r egional significance in the area, 

or lt may be coeval with the formation of 1 1 . I f the latter 

interpretation is correct, it implies a progr essive regional 

ch ange in t h e orientations of the principal strain directions. 

The pole of the macroscopic symmetry plane fo r area 8 (Fig. 19b) 

parallels the dominant trend of 1 1 , and indicates the orientation 

of Z. The macroscopic ori entations of X and Y are not defined 

because of the monoclinic symmetry . 

Macroscopic Principal Strain Direction s in Grenville Provinc e 
Rocks 

The Grenville province gneisses (area 9) have or tho­

rhombic macroscopic symmetry. The structural geometry, 
however, is markedly diff er en t f r om the rocks i n ar e as 7 and 
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8 because me s os copic fo ld s are abundan t in the gn eiss es. 

Me soscopi c folds i n Sg and macro scopic folds in s1 have axe s 

parallel to 1 1 , indicating the total st r ain is no t homo geneo us. 

It c annot be determined whe ther the mesoscopic folds i n Sg 
are the r e sul t of an initial inhomog eneous strain or whe ther 

they originated prior to the final deformation. Reg ardl ess 

of the i r origin, f ol ds in S were passiv e structur es during 
g 

the final pene t rat iv e deformation. The similar styl e of folds, 

and pene trativ e foliation and lineation indicate that gneissic 

banding exerted little or no control on principal strain 

direction s as reco rded in the final fabric geometry. 

Differential (inhomogeneous) slip on s
1 

is a possible 

me chanism fo r gener ation of passive folds in pr e - existing 
planar surf aces . However, a slip mechanism is two dimensional 

(no deformation parallel to Y), and cannot account for any 

final parall el ism of fold axe s except in the unrealistic cas e 

where the passive layers were parallel prior to slip folding. 

Considering that fold axes are parallel to 1 1 (which is 

parallel to Z in areas 7 and 8, and is not a visible ro tation 

axis), differential slip on s1 does not pr ovide an adequate 

i nter pretation of the symme try of the gneisses or a consist en t 
interpretation of the structure of all lineated rocks. 

The presence of folded layers in the gneisses is not 

i n compatibl e with a homogeneous final strain imposed on previously 

f olded rocks . For exampl e , Flinn (1962) demonstrated that 
homogeneous strain accentuates irregularities in passive surfaces, 

and pre - existing folds may change shape and ori entation during 

homogeneous deformation . In the general cas e of three­

dimensional homog'eneo us st r ain (principal dir ections z.,.y-,.x )' 
inherited line ar structur e s rotate toward z, and inherited 

planar elements r otat e towards the Y-Z plane (Flinn , 1962). 
Fold axes and axial sur faces in rocks with a 

homogeneous component of strain have no symmetrical relation­

ship to principal strain direqtiorts --except in special cases, 

such as extreme flattenings (Z=Y~"'X) or extreme elongations 



Figure 19 

a. Principal strain dir ections in area 7. Symmetry 

data· is the same as Figure 16d . 

b. Maximum principal strain direction in area 8. 
Symmetry data is the same as Figure 16e. 

c. Principal strain dir e ctions in area 9. Symmetry 

data is the same as Figure 17d . 

d. Comparison of macroscopic princ ipal st~ain 

directions in areas 7, 8 and 9 . 
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PRINCIPAL STRAIN DIRECTIONS MACROSCOPIC 

Figure 1 9 

97 



.. 

( Z7~Y=X). In the cas e of extr eme un iaxi a l e longation, all 

passive line ar structur e s (r egardl ess of original or i enta t ion ) 

rotate to positions subparallel to the maximum strain direction, 

an d passiv e_ pl anar e l emen ts hav e -compl e t e freedom- of or i entation 
in the X-Y plane , but inters ect parall e l to Z (Flinn, 196 2, 

Fig . 7). Extreme triaxial strain of the typ e Z77Y~X caus e s 

passive linear elements to rotate parall e l to Z, and passive 

planar el ements to rotate normal to X (Flinn, 1962, Fig . 7). 
The orthorhombic macroscopic symmetry of ar e a 9 can 

be related to a triaxial deformation e llipsoid of the typ e 

Z>7Y>X, if it .is assumed that L1 was an active structure and 

L, Sg and s 1 were passive, and that strain is extreme. On 

Figure 19c, Z is drawn parallel to the dominant trend of L1 
and L (Parallel m2 :m

3
) oriented at 136 degrees and plunging 

4-2 degrees to the southeast. The dominant orientations of 

passive · s 1 and Sg in the cas e of extreme triaxial strain are 
oriented normal to X (parallel m1 :m3

) which trends at 284-

degrees and plunges 32 degrees to the west. Y is normal to 

X and z, and trends parallel to the intersection of m1 :m2 
oriented at 028 degrees and plunging 22 degrees to the northeast. 

Interpretation of the Re gional War p in s 1 
The orientations of principal strain directions 

derived for areas 7, 8 and 9 are superimposed on Figure 19d. 

The Z-directions are closely grouped for the three structural 

subareas, but the Y- and X-directions in ar e as 7 and 9 li e 

approximately parallel to a great circle normal to the Z­

directions. This regional strain geometry can be interpreted 

either as a progressive rotation of X and Y about z, or as a 

subsequent warp in . the foliation about an axis subparallel 

to Z. The first interpretation is more favorable because of 

the subparallelism of the rotation axis with Z . The latter 

interpretation sugg ests that it is only coincidental that 

the regional warp shares a symmetry axis with the dominant strain. 
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Summar y of Macroscopic Symme trie s 
Ifr summary , orthorhombic macro scopic symmetri e s i n 

a::eas 7, 8 and 9 are int er pr e ted as products of f ini t e 
homogeneo us strain . The macroscopic fabric symme try is compared 

with ext reme ly e longat e orthorhombic deformation el lipsoids 

of the type Z»Y>X, wherein Z parall e ls 1 1 and X is nor mal to 

s1 . The dire c tion of maximum e long ation plung e s steeply to 

the south or sou theast, but the direction of maximum 

shortening is variable in the plane normal to z, and depends upon 

the dominant mac r oscopic orientation of s1 • 

V. KINEMATIC AND DYNAMIC ANALYSIS 

Interpre tation of axial and orthorhombic tectonite 

fabrics as products of extr eme homogeneous strain indicat es 
that the dominant penetrative movement occurred parall e l to 

the direct ion of maximum e longation, and rotational components 

of the s train ar e either inherited or subsidiary. On a 

s mall er scal e , salt diapirs provide a geologically significant 
ex ampl e of similar relationships between fabric symmetry and 

movement directions . 

Studies by Balk (1949 ), Muelberger (1960), and Hoy, 
Foo s e and 0 1 Neill (1964) showed that the internal fabric of salt 

domes has axial and orthorhombic symme try. Passiv e layer s 
(bedding) in the s al t ar e fold ed about vertical axes, and halite 

and andydrit e commonly are recrystallized into spindl e -shaped 

aggregate s aligned vertically. · In the horizontal plane , axial 

sur faces of folds are folded irregularly about vertical axe s. 
Ne ar the border of the Winnfield Salt Dome, Hoy et al. (1964) 
show ed that foliation parallels the vertical walls between 

salt and surrounding s ediments, but that no consistent 

foliation strike exists inward from the walls. 

Ver tical linear element s are the dominant structures in 

salt domes, and the symmetry axes of both active (mineral 

lineations) and passive (fold axes) structur e s ar e parallel. 
In the example of salt ' diapirs, it is known that considerabl e 
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v ert ical flowage has occurr ed within the salt, and, therefor e , 

the fabric symme try axis parallels the direction of flow . 

~otational component s of the s train, shown by passiv e folding 

of foliations, are subsidiary to the dominant st r ain whi ch is 

verti cal elong ation . 
The similarity b e tw een the internal fabric symme t r y 

of salt domes and the fabric symme t r y of lineat ed rocks in the 

research area indicates that the dominant flow direction was 

parallel to the regional t rend of 1 1 . Folds are either 

i nher i t ed inhomo genous strains or subsidiary rotational 

components of a dominantly homog en eous strain . Strong paral ­

l e lism of passive fold .axes and mineral line ations in Grenville 

province gneiss indicates that flow parallel to 1 1 was 
"extreme '', and spatial r e lations of high and low grade rocks 

indicate that flow was upw ards to the northwest. 

The macroscopic folds in Huroni an rocks (Fig. 7 ) are 

thought to be Southern pr ovinc e structures that pre-dat e 

the flowage in the Grenvill e province. rhe kinematics of 

formation of Southern province folds is beyond the scop e of 

thi s study, but analysis of the deformation of thes e structures 

shows that the r e lative amount of flow parallel to 1 1 increased 

progressiv ely from Waters Township to the west ern border of 

the Chief Lake batholith. Figure 20 shows the dominant trend 

of fold axes ( ~-directions ) in Waters Township (Fig. 7 ) , ar e a 1 

and area 2 as well as mineral lineations from area 2. Assuming 

that the folds in Wat ers Towns~ip were leas t af fe ct ed by the 

deformation in the Gr enville province, the arrows drawn along 
the great circl e on which t h e three ~-directions lie r epr e s ent 

the r otation path of Southern provinc e folds into parall el ism 
with the flow direction during the final deformation in the 

are a . The macros copic folds are rotated into axial parall e lism 

with the Grenville pr ovince st r uctures in a distance of about 

one mile . 

Very little is known about deformation mechanisms and 
the nature of st resses re sponsible for the evolution of silicate 
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Figure 20 

Open circles ar e ~-dir e ctions in Wat er s Township 

( (3w), area 1 ((3 1 ) and ar ea 2 (~2 ). Dots are mineral 

lineations from ar ea 2. Arrows indicate possible rotation 

path of fold axes from Waters "Township to area 2. 
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t ectonites . Observed textur es of lineat ed rocks in the 
r es earch area show that quartz was the most ductil e common 

mineral, and was deformed by a mechanism of recrystallization 

flow which pr oduc ed fabrics similar to cold-worked metals 

under the conditions of the gre.enschist faci es and hot-worked 

me tals under higher grade conditions . 
Consid er i ng that quartz has not be en r ec rystallized 

exper imen tally--ev-en at extreme pressures and temp er atures-­

time - dependent flow (cr .eep) appears to be a favorable re­

crys tall ization mechanism . Salt creeps under the influence 

of non- hydrostatic body forces, and, in ~iew of the structural 

similarity with salt di~pirs, time-dependent flow of quartz 

may have been the dominant deformation mechanism in the 

research area. 



CHAPTER 5 

TECTONIC SYNTHESIS 

Southern province rock units in the res earch are a 

consist of Huronian s edimentary r ocks intruded by hornbl end e 

me tagabbro, the Eden Lake complex and the Chie f Lake batholith . 

The Grenvill e province consists of he terog en eous quart zo­

f e ldspathic gneisses and massiv e amphibolit e . Accordin g to 
Stockwell (1964-), the Southern structural province was for med 

about 1600 m.y. ago during the Hudsonian orog eny . Macroscopic 

northeast-trending folds in Huronian rocks probably wer e formed 

at this time , and the rocks may have been matamorphosed to 

staurolite grade . The Chief Lake batholith was intruded about 

1750 m.y. ago (Krogh , in Davis, e t al., 1967), and was me ta­

mo r phos ed last about 1000 m.y . ago. The time of last meta­

morphism approximates that of the Grenville orogeny. During 

the final Grenville orogenic episode , deformation and meta­
morphi sm were essentially simultaneous, and extreme rock 

flowage was accompanied by me tamorphism to the middle almandine ­

amphibolite facies. 

The Chie f Lake batholith separates Huronian me ta­

s edimentary rocks f r om Gr enville province gne iss e s and pr even ts 

direc t correlation of paragneisses with Huronian ro cks. 

However , the 1750 m. y. intrusive age of the batholith gives a 
minimum age for the protoliths of the gneiss es, and considering 

that the batholith has intruded Huronian rocks along its west 

border, the gneiss e s east of the batholith also may be primarily 

of Huronian age. 
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J. THE NATURE OF THE GRENVILLE-SOUTHERN 

PROVINCE BOUNDARY 
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The Gr envill e -Souther n pr ovinc e boundar y h as not been 

defined in previous chapt er ~ becaus e a distinctive bre ak 

be tween the provinces is no t obvious. Distinction can be made 

easily be tween Southern provinc e r ocks west of the Chi ef Lake 

batholith and Grenvill e provinc e gneiss es to the east, but 

without radiometric ages batholithic rocks could not be 

assigned with cer tainty to either the Gr envill e or Southern 
pr ovinces. 

Figure 21, a tectonic map, shows the transitional 

nature of the boundary. Lower and middl e greenschist faci es 
rocks (chlorite-biotite zone ) were recrystallized during the 

final Grenville metamorphism, but hornblende me tagabbro and 

staurolite-bearing schist (e .g., in. Waters Township ) indicat e 

that the chlorite-biotit e zone contains higher grade ass emblage s 

(Hudsonian?) partly re- equilibrat ed to low er grade conditions. 

I n the garnet-sillimanite zone , however, the rocks wer e 
compl e tely recrystallized, and '=!ast of the gar net isograd they 

hav e equilibrated to the conditions of the middl e almandine­

amphibolit e faci e s. The me tamorphic grade n e ar the garnet 

isograd changes in less than one mile from middle gr eenschist 

to middle almandine-amphibolite facies . The garne t isogr ad 

occur s i n t h e r eg ion of gr eat es t var iat i dn i n met amo r phi c 

i n t ensity, and pr ovide s a conveni ent me tamo r phic boundary 

between the provinces. ~ 

The area shown on Figure 21, is divided into four zones 

which show th~ progressive regional deformation that occurred 

during the final Grenville orogenic episode. Zone s 1A and 1B 

were least affected by the final deformation . Macroscopic 
folds in Huronian ro cks in zone 1A are upright, open, and 

plunge southwest at less than 40 degrees. Zone 1B contains 
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ver tical foliation which may be r elat ed to the int r usion of 
t he Eden Lake compl ex or the Hudsonian orogeny . In zones 

2A and 2B, axe s of macroscopic folds i n Huronian ro cks ar e 

r otat ed progressively parall e l to the direction of maximum 

elongation and flow during the final deformation. 
Deformation in zone 3 was dominantly homogeneous and 

flowage parall e l to foliation and lineation transposed inher it ed 

planar el ement s into subparallelism with s1 and L1 . The 

great est flowage appears to have occurred in zone 4 because 

the abrupt increase in metamorphic grade in the vicinity of 
the garne t isograd indicates that higher grade rocks to the 

east flow ed upwards from a deeper crustal level than rocks west 
of the isograd. 

On the basis of st r uctural data, the Grenvill e -Southern 

province boundary is defined as the western limit of pene ­

trative mineral lineations ( zone 3). Note that this plac es 

the "structural Grenville front" as much as 6 miles west of 

the metamor phic boundary (the garnet isograd), and inc l udes 

part of the shear zone. a long the west bo rder of the batholith 

with Grenville province structures. 

II. CONCLUSIONS 

The Grenvill e front is a dynamo-thermal me tamorphic 
gradient, east of which Southern province rocks wer e trans­

formed during the Grenville orog eny into gneiss and am­

phibolite with little or no addition of exogenous mat erial, 

but with consider able chemical and mechanical re-working. 
The Chief Lake batholith is the only Southern province rock 

unit tha t was definitely traced across the boundary zone, but 

massiv e amphibolite east of the batholith may be metamorphosed 

Sudbury gabbro. Protoliths of quartzo-feldspathic gneisses 
in the Gr enville province are indeterminate on the basis of 
field work. 

Absence of mesoscopic folds in many penetratively 
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defo r med rocks indicates that deformation during the Grenville 

oTogeny was dominantly homog en eous . Folds obs erved ar e thought 

to be inherited structur es that were def ormed passiv ely by 

homog eneou s strain. Strong axial parallelism of passive 

folds with mineral lineations in Grenvi lle provinc e rocks 

indicates that exteme elongat io~ (probably viscous flow) 

occurred parall e l to the linear structures. The abrupt 

increase in metamorphic grade ac ro ss the garnet isograd 

sugges t s that different ial fl owage was greatest near the 

isograd, and that higher gr ade rocks to the east flowed 

upward from deeper crustal l evels than those to the west . 

Suggestions fo r Fur ther Work 

Rubidium-stronti um isochron studie s of miner al and 

whol e -rocks might differentiate primary and me tamor phic ages, 

and provide more positive correlations of rock units across 

the Grenville - Southern province boundary. Radiometric studi es 

also might indicate more clearly the western extent of mineral 

recrystallization during the Grenville orogenic episode . 

In regards to possible areal ex t ension s of this 

re s earch , the region to the southwest (Bevan Township) is most 

interesting because lineated and foliat ed Huronian me tas edimen­

tary rocks occur there. Also, the Chief Lake batholith should 

be mapped southward in or der to determine its rel a tionship 
to the Killarney batholith . If it is part of the Killarney 

batholith, the question arises. as to why the largest igneous 

body in the Southern provinc e par allels what .is now the 

Grenville front. 

The Grenville front is a major tectonic f eatur e of 

the earth, and the conclusions of this study may be significant 

only locally . Many mor e detailed structural and pe trologic 

. studies (especially in conjunction with detailed radiometric 

studies) should be made across other s egment s of the front 
before any general concl usions are made concerning its nature 
and origin. 



Plate 1 

A. Torren tial cr oss-beddi n g in lower f eldspathic quar t zi t e expos ed e ast of 
Wavy Lake road at Tilton Lake . 

B. Graded semi-p elitic beds in lower f eldsp athi c qu ar tzit e expos ed west of 

Wavy Lake road on shore of Tilton Lake . 

C. Primary i gn eous layering in the dio r itic portion of the Ed en Lake Compl ex . 

Upper layer con tains glomeromeg ac rysts of hornbl ende diss eminat ed i n 

a plagioclas e - r ich mat r ix . Lower layer contain s evenl y dist r ibu ted 

hornblende and plagioclas e . 

D. Metagraywacke portion of larg e xenolith at Chief Lake showing muscovit e ­

quartz pseudomorphs of andalusit e . 
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Plate 2 

A. Agmatit e or intrusion breccia of granitic veins and dikes into hornblende 

metagabbr o. The locality is a small gabbroic mass in upp e r vitreous 

quartzite north of Wavy Lake near the we s t border of the Chie f Lake batholith . 

B. Same locality as Plate 2A . 11 Feldspathization 11 of metagabbro--not e megacrysts 

of microcline in dark colored hornblende metagabbro. 

C. Xenolith of vi treous quartzite in. porphyritic quartz monzonite of the Chief 

Lake batholith north of Wavy Lake . Not e embayments of quartz monzonite 

parallel to bedding in the inclusion. Foliation in the batholith and 

xenolith parallel s the hammer handle. 

D. Small xenolith of feldspathic quartzit e in unfoliated porphyritic quartz 

monzonite north of Chief Lake. 
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Plate 3 

A. Specimen (2132) from mylonitic border of Chief Lake batholith east of 

Clearwat er Lake . Surface is cut normal to foliation and parallel to 

lineation. Dark streaks on photo are r ecrystallized quartz sur rounding 

augen-shaped feldspar (perthit ic mi cro ril irie) porphyroclasts. 

B. S.ame as Plate 3A, but cut normal to both foliation and lineation. 

C. Augen gneiss (specimen 2116) from Chie f Lake batholith northeast of 

Chie f Lake . Dark streaks ar e recrystallized quartz and plagioclas e. 

Augen are per thi tic microcline porphyroclasts. 

D. Augen gneiss (specimen 1540) from Chie f Lake batholith east of Chief Lake . 

Large porphyroclasts of perthitic microcline are in a matr ix of recrystallized 

quartz, biotit e and plagioclase. Foliation is irregular due to coarse­

grained porphyroclas ts. 
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Plate 4 

A. Passive, similar-type folds in laminat ed microcline -aug en gn eiss, west 

shore of Whit e Oake Lake . 

B. Close-up of Plate 4A showing porphyroblastic d ev elopment of microcline­

augen and par all elism of biotite (dark laye r ) with axial sur f ac e in 

hinge zone. 

C. Passive, similar - typ e folds in laminated amphibolit e (dar k ) and quartzo­

feldspathic gneiss (light). Axial plane foliation is not pres ent, but 

fold axes parallel mineral lineation. Location west of 'Brodill Lake 

in migmatite zone. 

D. Same locality, compositional and structural relations as Plat e 4c. 
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Plat e 5 

A. Steeply plunging, similar-type fold in quartzit e band in migmatite zone 

along eastern border of -Chief Lake batholith. 

B. Close-up of hinge zone of fold shown in Plate 5A. Note quartz rods which 

parallel fold axis. 

C. Flutes or mullions on gneissosity surface. Foliation is not developed, 

and the rock is a "lineated tectonite". Location is in the migmatite 

west of Brodill Lake. 

D. Flutes or mullions on bedding surface parallel to mineral lineation of 

vitreous quartzite. Specimen collected near contact of upp er vitreous 

quartzite and Chief Lake batholith north of Wavy Lake. 
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Plate 6 

A. Fractur ed microcline porphyroclasts in mylonitic zone of Chief Lake 

batholith ( sp ecimen 2179) north-east of Crowley Lake along road to 

Brodill Lake . Fine grained matrix is a mix ture of recrystallized 

quartz and comminuted f eldspar . (Pol arized light) 

B. Fractur ed microcline porphyroclast in spec imen ( 21 32) from mylonitic 

western border of Chief Lake batholith eas t of Clearwater Lake. 

c. 

This is same specimen shown on mes oscopic s cale i n Plate 3A and JB . 

(polarized light) 

Recrystallized quartz, and fractured and comminut ed feldspar 

and line at ed quartz diorite (sp e cimen 111 8) from the sheared 

border of the Chief Lake batholith sou the as t of Til ton Lake . 

'light) 

in foliated 

northvJest 

(polarized 

D. Mi crocline porphyro clast surrounded by rim of fine grained feldspar 

and coar s er grained recrystallized quartz (specimen 154-0). This is 

same specimen shown on mesoscopic sc ale in Plate 3D . (polarized light) 
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Plat e 7 

A. Sutur ed quar tz grains showing undulos e extinction i n sp ecimen (1091) 
of lower feldspathic quartzit e fro_m east shore of Long Lake near mou th 
of Wavy Creek. (polarized light) 

B. Sutured quartz grains showing undulose extinction in specimen (1950 ) 

of vitreous quartzite from xenolith in agmatit e al ong northern border 
of Chief Lake batholith. (polarized light) 

C. Quartz rods in lineat ed vitreous quar tzit e specimen (104) f r om x enolith 
in Chief Lake . batholith along north shore of Wavy Lake. Larg e grains 

with undulose extinction bands ar e thought t o be highly st r ained r elic 
detrital grains (smaller grains ar e recrystallized quartz). Section 

is cut parall el to mineral lineation. (polarized light) 

D. Recrystallized quartz grains in quartzo-feldspathic gneiss (specimen 2126). 
Grain boundaries are curved and irregu ~ar , and many grains show undulos e 

extinction. Note linear groups of small grains with similar crystal ­
logtaphic or i entation. (polarized light) 
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Plate 8 

A. Foliated quartz and biotite (horizontal on photo) in quartzo-feldspathic 

gneiss (specimen 1635) from east shore of White Oak Lake. Note rectangular 
shape of quartz parallel foliation; biotite parallel foliation occurs as .· .. 
inclusions in quartz grains. Section is cut normal to foliation (no 
lineation present). (polarized light) 

B. Polygonal quartz grains~ slightly flattened in pl,ane of foliation (horizontal 

on photo) in quartzo-feldspathic gneiss (specimen 2180) from contact of 
batholith and migmatite zone west of Brodill Lake. Section is cut normal 
to foliation, · and· oblique to lineation. (polarized light) 

C. Polygonal (subhedral) quartz grains in quartzo-feldspathic gneiss (specimen 

1829) from north of White Oak Lake. Foliation and lineation in specimen 
. are defined by mica and feldspar, but not by shape of quartz grains. 

(polarized light) 

D. Foliaform, strained relic igneous quartz from eastern border of Eden Lake 
trondhjemite (.specimen 650L (polarized light) 
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