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ABSTRACT

The Grenville Front forms the boundary between the Superior and
Grenville provinces, which differ greatly in structural trends and in
grade and age of major metamorphism. The Front has been claimed to be
a metamorphic transition, a regional fault zone, or a combination of
the two. The Lake Timagami area lies athwart the Front and is favored
by good outerop and an unusually complete geological section. Detailed
mapping, petrographic and chemiczl studies pefmit tentative conclusions
which are validated by Rb-Sr isochron analyses.

Farly Precambrian Keewatin-type metagreywacke and metavolcanic
rocks form a steeply dipping, easterly trending belt inbruded succes-;
sively by quartz diorite and granite. To the north, these rocks are
overlain with marked unconformity by flat lying virtually uvnmetamor-
phogsed Huronian stratas diabase inbrudes the Huronian and older rocks.
Pre~Huronian "Buchan® metamorphism of the Keewatin-type rocks predated,
but was probably related to, the emplacement of the granite. Iater
metamorphism affected the granite and older rocks and probably the
Huronian sediments and the disbase, but its macroscopic effects are
only visible - by definition - south of the Grenville Front. Here one
finds a migmatitic terrane in which the probable egquivalents of the
netagreywacke, quartz diorite and granite can be distinguished. In the
west, the transition into this terrane is unfaulted, but to the east it
is largely cut out by a northeasterly trending fault system. Within

this terrane, the late metamorphism produced lithologies, metamorphic
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grade and structures typical of the northwestern part of the Grenville
province, and for this reason the metamorphism was considered to be of
Grenville age,

¥-ray fluorescence analyses were used to establish the range of
chemical composition of the metagreywacke and the apparently equivalent
schist south of the Front. Comparison of these ranges suggests that
the late metamorphism was isochemical and that this correlation is
permissible.

The tentative correlations from the Superior province into the
Grenville province and the Grenville age of the late metamorphism cannot
be proved conclusively by the mapping, or by the petrographic and chem-
ical studies. However, the Hb-Sr analyses provide convincing evidence
that these conclusions are correct.

(a) Whole rock samples of granite from the Superior and Grenville
provinces define an isochron. This substantiates the correlation of
these as comagmatic granites. The age derived from the isochron is
2220 m.y. * 70 n.y. and the corresponding initial (Sr87/8r86)o = 0,703
+ 0.001.

(b) Minersl isochrons indicate virtually complete strontium iso-
topic equilibration south of the Fromt and partial equilibration north
of the Front between 0.9 b.y. and 1.1 b.y. This is considered proof
that the late metamorphism was indeed of Grenville age.

(c) The combined data from the whole rock and mineral isochron
studies prove beyond all reasonable doubt that granite of the Superior

province, with a primary age of approximately 2.2 b.y., was subjected
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to the Grenville orogeny at approximately 1 b.y.

(d) The whole rock analyses place a new maximum limit of 2.3 b.y.
on the time of deposition of the Upper Hurcnian sediments.

The major conclusion from this work is that rocks of the Superior
province were "cannibalized" during the Grenville orogeny and can be
traced into the Grenville province. The CGrenvills Front is a mebamor-
phic trensition of Grenville age locally disrupted by faulting, and
approximately defined by the sountheastward transition from greenschist
to amphibolite facies. |

(Plate 1, the geological map of the Lake Timagami area is essential
o this thesis. It has been published (Map #2048, Vogt-Hobbs area) by
the Ontario Department of lMines, Parliament Buildings, Toronto 2,

Ontario, Canada, from whom it may be obtained,)
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Chapter 1
INTRODUCTION

The Grenville Front is the northwestern boundary of the Grenville
provincé of the Canadian Shield (Fig. 1). For over 800 miles from
Iake Huron to the Iabrador Trough, it forms the boundary between the
Superior and Grenville provinces (Gill, 1948). These and the other
provinces of the Shield have been defined on the bases of differing
structural and lithological characteristics, and more recently on the
bagis of age determinations (M. E. Wilson, 19393 Gill, 1948, 1949;

J. T. Wilson, 19493 Stockwell, 1961, 1962, 1963). The several pro=-
vinces are more or less internally homogeneous, sufficiently so that
their characteristicas mey be specified. However, the relations be-
tween the provinces by comparison are major problems. This is still
true of the boundary between the Superior and Grenville provinces
despite the considerable attention that it has attracted. At this
boundary (Fig. 1) the easterly trending volcanic and sedimentary belts
of the Superior province and the overlying Proterozoic (?) rocks, in
par'biéular the Huronian Series, "disappear", being followed to the
southeast by the northeasterly trending migmatitic terrane of the
northwestern part of the Grem'lJJ.e province.

The subject of this thesis is an imestigation of this boundary,
the Gi!env:i.]le Front, as it is found in an area south of Lake Timagami,
about fifty miles northeast of Sudbury, Ontario.
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Previous Work on the Problem of the Grenville Front.

The contrasting characteristics of the Superior and Grenville
provinces in the vieinity of the Gremville Front are summarized in
Teble 1. The easterly trending structures of the Superior province
are truncated on the southeast by the northeasterly trending structures
of the Grenville province. The former is characterized by widespread
metamorphism to greenschist facles over 2 b.y. ago, the latter by
metamorphism to amphibolite facies appraximately 1 b.y. ago. The pre-
metamorphic superficial rocks in both are known or thought to have
been dominantly greywacke with asssociated volecanic rocks, In particu-
lar it should be noted that carbonate rocks, considered typical of
the so-called Grenville Series, are conspicuous by their absence in
the vicinlty of the Front. Overlying these metamorphic rocks with
marked angular unconformity are the sedimentary rocks of the Huronian
Serdies: these are restricted to the southeastern cormer of the Supe-
rior province (Fig. 1), although Quirke and Collins (1930) considered
that Huronian relics can be discerned within the Grenville, and similar
sediments appear north of the Front in the vicinity of lLake Mistassini.
In the Superior province, granitic plutons are commonly discordant
with contact aurecles and, where the relationships are known, pre-
Huromian in age (Thomson, 1962). In the Grenville the granitic rocks
are camonly gneisslic and concordant, without aureoles and grade into
the general migmatitic terrane.

The Grenville Front has been considered to be fault contact, a
metamorphic transition zone or a combination of the two. The two ex-

treme views of the nature of the Front are illustrated as follows.
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Norman (1936, p. 120) hypothesized that the boundary is a fault zone
.exbending from Lake Mistassini to Lake Huron, stating: "The conclusion
that a fault exists in these two areas (Killarney and Chibougamau) sug-
gesta that the sudden transition from rocks of recognizable age and
origin to a complex of gneisses throughout the intervening region is
also due to faulting." On the other hand, Osborne and Morin (1962) do
not define the northwestern margin of the Grenville province but dis-
tinguish a transitional "Grenville B subprovince® on the order of 100
miles in width. This is said to be transitional between the deminantly
easterly trending structures of the Timiskaming subprovince (Superior
province) and the dominantly northerly trending structures of their
"Grenville A subprovince”. However trus this concept may be, it ob-
scures the problem of the Grenville Front clearly shown by Fig. 1 and
by the work summarized in ilhe next section. The boundary in question
here is that between their "Grenville B subprovince! and the Superior
province. |

& review of the literature leads one to conclude that (a) the
Grenville Front exists as 2 line or narrow zone on the scale of Fig. 1,
and (b) the boundary has a dual nature, in part fault, in part meta-
morphic transition. It is considered that the Grenville Front should
be defined in terms of the Grenville metamorphism, that is, as a meta-
morphic transition, and that the famlting in the vicinity of the

boundary merely disrupts this transition.

Geology.
Hewitt (1957) has reviewed previous geological work on the problem
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of the Grenville Front. His discussion will be amplified here with
regpect to certain critical areas and more recent work. The specific
problems of geochronology will be discussed in the subsequent section.
Throughout much of its length, the Front is obscured by lack of
cuterop, marker units and detailed mapping, or disrupted by faulbting.
These disadvantages are perhaps least evident in the area southeast of
Sudbury, discussed by Phemister (1961) and Grant, Pearson, Phemister
and Thomson (1962). Here, a metamorphic transition can be seen from
low grade pre-mrbnian sedimentary rocks of the Superior province to
schist and gneiss of the Gremville provinee. The rocks to the north-
west of the Front are the pre-Huronian (Thomson, 1961) Sudbury Group,
dominantly qﬁarbzite, with greywacke and conglomerats. These are rel-
atively low grade rocks, but the greywacke contains relie staurolite,
now shimmer aggregates, and probably relic andalusite. The rocks are
intruded by granite and gabbro, and by lete olivine disbase dikes which
trend northwest. The sedimentaxry rocks form the upper part of the
monocline which extends southeastwards from the Sudbury Irruptive, but
towards the Front they are folded on dominantly northeasterly axes into
rough conformity with the structures at, and southeast of, the Front.
Southeagt of the Front one finds psammitic and pelitic schist and
gneiss commonly with garnet and rarely with kyanite or sillimanite,
amphibolite and garnet amphibolite, metagabbro and migmatite. Marble
and calc-silicate rock are found, but are extremely rars. In this
region the structure is characterized by flowage, in contrast to the
style to the north, and a northeasterly trend and dip to the southeast
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are dominant, with a lineation to the southeast. In the north of the
area the boundary is a fault contact, but southwestward the fanlt zone
passes wholly into the low grade rocks of the Sudbury Group, and a
metamorphic transition between the two provinces is exposed, Within
ebout two hundred yards (as can be seen adjacent to Highway 69) quartz-
ite passes into psammitic schist, greywacke imbo biotite and biotite-
hornblende schist, with or without garmet, and the gabbro of the north-
west may be the parent of at least some of the amphibolite. Granitic
permeation and the development of "lits" begin to appear within this
short traverse. Immediately north of the metamorphic boundary is a
zone of feldspathization, up to two miles wide in the south of the
area. While there may be some doubt as to the trus width of the meta-
moyphic transition, due to ths probability of distributed movement in
the rocks close to the boundary, there seems to be no doubt that the
quartzite and greywacke of the province to the northwest appear as
medium-grade metamorphic rock to the southeast. Isotopic age measurs-
ments (e.g. Feirbairn, Hurley and Pinson, 1961) demonstrate metamorphism
of Grenville age southeast of the FPront in this area.

The rocks northwest of the Front in the Sudbury area are, however,
not typical of the Superior province; they form part of the so-called
Penokean subprovince of Stockwell (1961, 1962). More typical is the
area east of Lake Timiskaming, at the eastern extremity of known Huron~
ian sedimentary rocks, described by Henderson (1936). A belt of
Keewatin-type volcanic rocks and arkose and greywacke which -overlie

them conformably, is intruded by diorite and by granitiec rocks. To the
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west, these rocks are overlain unconformably by Upper Huronian sedi-
mentary rocks. To the south and southeast, the pre-Huronian superficial
rocks are altered to mica schist and biotite hormblende gneiss, which
contain many small bodies of granite. At some distance from the gran-
ite masses the rocks show little granité, and are schists, but as the
granite mass is approached the granite injection increases, the grain
coarsens and the rock becomes a gneiss." (Henderson, 1936, p. 12), In
the less altered northern part of the belt the structure trends easterly
with dip to the south, turning northeast into an anticlinal nose whose
plunge is southeast. There is some evidence (Henderson, 1936, p. 1k)

of an easterly trending monocline with steep dip to the south prior to
the formation of the anticline. The rocks to the south and southeast
are tightly folded and in places overturned to the north and northwest.
Henderson does not memtion the term “Grenville®, but the rocks to the
southeast are typical of the Grenville province in the vicinity of the
Front (see Osborne and Morin, 1962, p. 126-129). Unanswered are the
questions of the age of the metamorphic transition and the relation
between the "granitic rocks® in the north and south of the area.

A metemorphic trensition undisturbed by faulting is described from
the Surprise lake area, 240 miles to the northeast (Fig. 1l). This
transition, first noted by Normen (1936), was studied in detail by
Deland (1956). The area is remarkable in that there appears to be a
westward embayment of Crenville-type rocks into the Superior province.
The rocks to the west are "Keewatin-type" metasedimentary rocks and
metavolcanic rocks of the greenschist facies. Eastwards these pass up-
grade into hornblende gneiss, amphibolite and biotite paragneiss of the
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amphibolite facies, the transition zone being one to two miles wide.
In the south of Deland!s area these rocks are intruded by quartsz
diorite and later (?) albite granite. "A1l the granitic rocks found in
the southern half of the area are the same in structure and composition
on both sides of the boundary.... This observatlion is significant for
such granitic rocks have been considered characteristic of the Timis-
kaming subprovince.” (Deland, 1956, p. 139). Both the Keewatin-type
rocks and the Grenville-type gneisses strike sast-west with one local
exception, which Deland considers to be due to granitic intrusion (and
superimposed on the east-west trend). Apparently the steeply dipping
Keewatin-type rocks have been isoclinally folded, with drag folds whose
axial planes strike east-northeast and are vertical, their axes plung-
ing 40° to 80" north-east. This seems to be a demonstrable transition
and was recognized as such by Norman (1936) despite his hypothesis of
a faulted boundary. The area is unusual compared with most of the
Front in that no transition was found in the plutonic rocks, and in
that the structures are so comtimuous from one province to the other.
Again, there is no definite proof that the observed transition is due
to Grenville metamorphism rather than to same earlier event, the
former being favored due to the presence of so-called “Grenville-type"
gneissos.

Further evidence of a metamorphic transition into the Grenvills
province is forthcoming from work at the soubtherm end of ths ILabrador
Trough. Rocks of the Trough extend into the Grenville province, with
a marked rise in metamorphic grade and superposition of northeasterly
trends of the Grenville province on the northwesterly irends of the
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Trough (Gastil and Knowles, 1960). fThat Grenville metamorphism has
indeed affected this area is shown by isotopic age determinations of
Lepp, Goldich and Kistler (1963) and Leech, Lowdon, Stockwell and Wanless
(1963). -

The most detalled discussion of faulbing at the boundary of the
two provinces is that of Johnston (1954). The area concerned lies
immediately northeast of that discussed in this thesis » that is north-
east of Timagami River. Here, the Superior provinee is underlain
dominantly by quartz diorite or granodiorite overlain unconformably by
Upper Huronian sedimentary rocks. The latter are virtually umetamor-
phosed, but affected by the faulting which Johnston considers to mark
the boundary., To the southeast, the Grenville province is underlain
by gneisses, thought to bs in part the altered equivalents of the quartz
diorite and granodiorite, but characterized by potassic granite which
intrudes the quartz diorite and grancdiorite even north of the boundary,
and is there also overlain by Upper Huronian sedimentary rocks. From
his study of the guartz diorite and granodiorite, Johnston conecludes
that there is an increase in metamorphic grade from northwest to south-
east, from the greenschist to the amphibolite facies. However, this
metamorphism is considered by him to be pre-Cobalt (Johnston, 195l
plate 2). The fault zone appears as a series of northeast-trending,
easterly dipping faults in a rough echelon arrangement due to right
lateral offset on another fault set which trends north northeast. Close
to the fault zons the Cobalt rocks are overturned to the nor.t.hmst.

From this and a detailed analysis of the structures, Johnston concludes
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that movement was east side upwards and to the northwest. In the Gren-
ville region the foliation trends appear as ares concave to the sast-
south-east, with dips in that direction. This is also the direction
of plunge of the most prominent lineation, which is showm by mineral
elongation, boudinage and the axes of minor folds. There is also minor
wrinkling at right angles to this lineation. Both directions of lin-
eation appear in the Cobalt rocks where they have been intensely
deformed., Fabric diagrams for cumartz show girdles with the major lin-
cations as axis. Unfortunately Johnston does not state his bases for
distinguishing the two subprovinces, nor does he comment on his cone-
clusion that the metamorphism which passes upgrade into the Grenville
subprovince is pre-Cobalt in age.

The conclusions from a review of previous work, illustrated by the
foregoing discussion of the more critical areas, are as follows. The
boundary between the Superior and Grenville subprovinces is not a
through-going fault zone, nor is it an unfaulted transition on the
order of 100 miles in width. Apparently there is 2 narrow trsnsition
from the low grade rocks with easterly trending structure to the higher
grade migmatitic and northeasterly trending complex. This metamorphic
transition between the Superior and Grenville provinces, the Grenville
Front, may be on the order of less than ten miles in width., Further,
along much of the boundary, the transition is complicated by faulting
which may appear north or south of the transition or cut it out
completely. |

The most imporitant question left umanswered in all but two areas

{the Sudbury area and the area immediately south of the Labrador Trough,
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both of which lie outside the limits of the Superior province as de-
fined by Stockwell (1963) but not as used hers) is: are the reported
metamorphic transitions in fact due to metamorphism of Grenville age.
Johnston (195l) considers his transition to be pre-Cobalt in age,
Henderson (1936) does not express an opinion as to the age of the tran-
sition in his area, and Deland (1956) considers that his transition is
of Grenville age. It is apparent that geochronological work pertaining
to the Front must now be discussed: this is done in the following

section.

Geochronology.

The time of the UGrenville" metamorphism is well defined at approx-
imately 1 b.y., whereas the last widespread metemorphism in the Superior
province occurred at about 2.5 b.y. ago. These figures have been ob-
fained using several different methods, and one may cite the surmaries
of Shillibeer and Cumming (1956) and of the Geological Survey of
Canada {Leech, Lowdon, Stockwell and Wanless, 1963) to substantiate the
conclusions. The figure of 1 b.y. may be considered defined within
#150 m.y., the 2.5 b.y. date is less well defined, but within +300 n.y.

The only systematic geochronologlcal study of the particular
problem of the Grenville Front is that of Snelling (1962). Snelling
discusses K-Ar age determinations on micas from the Val d'Or region in
Quebec (Fig. 1). From the Grenville province southeast of Val d10r,
he reﬁorts biotite ages renging from 850 to 1000 m.y. To the noifth,
however, there is "an abrupt change in age across the Grenville Front

(which} corresponds to a sharply defined change in degree of
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metamorphism® {Snelling, 1962, p. 15). One sample gave an age of 950
m.y., and is within the equivalent of five miles measured normal to the
Front of another whose age is 2,205 m.y. The only intervening outcrop
yielded an intermediate age of 1,695 m.y. In the interior of the Supe-
rior province, he obtained evidence of possibly two metamorphisms
between 2. b.y. and 2.7 b.y. As he observes, two possible interpre-
tations of these data are that (a) there was indeed an event in the
vicinity of the Front at approximately 1.7 b.y., or (b) the intermedi-
ate age reflects incomplete resetting of the M"clock” during the
Grenville metamorphism.

Intermediate ages in the vicinibty of the Front are also reported
from the south end of the Labrador Trough (Hurley, et al., 1958; Lepp,
Goldich and Kistler, 1963; Leech, et al., 1963), from the Mistassini
area (Quirke, Goldich and Krenger, 1960), from the Chibougamesu area and
from east of the present area (Leech, et al., 1963) and from the Sud-
bury district (Fairbairn, Hurley and Pinson, 1961). These intermediate
ages range from sbout 1.2 b.y. to 1.8 b.y. Only Quirke, et al. (1960)
and Fairbairn, et al. (1961) favor the possibility of a 1.6 b.y. event
here, and Fairbairn, et al. (1961) also infer an event at approxinately
1.2 b.y. in the Sudbury area. The possibility of an intermediate event
is real and speculation on this is invited by the data of Goldich, Nier,
Baadsgaard, Hoffman and Xrueger (1961) from Minnesota, by the work of
the Geological Survey of Canada from the Churchill province including
the eastern Labrador Trough (Leech, et al., 1963), as well as by the

papers cited above. However, it may be very difficult to resolve an
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intermediate metamorphism in the wvicinity of the Grenville Front, for
in general one can measure only the time since the last closure of the
system being analysed with respect to the elements being used in the
analysis.

Keeping this possibility in mind, one can at least say that ages
intermediate between those commonly found within the twe provinces are
found in the immediate vieinity of the Grenville Front. This is in
agreement with the hypothesis that the Front represents a metamorphic
transition of the Grenville age.

Pertinent to the area to be discussed is the age of the Upper
Huronien. Schms, et al. (1963) report Rb/Sr determinations on grano-
phyre from Miipissing®™ disbase which intrudes the Huronian of the Blind
River area, west of Sudbury. They find a minimum age of 1,755 m.y. and
a probable age of 2,170 m.y. for the granophyre. In agreement with this
is a E-Ar age of 2,095 m.y. on biotite (G.5.C. 61-157, Lowdon, et al.,
1962) from olivine diabase, which cuts the Upper Huronian near Cobalt.

The Upper Huronian rests in part upon metavoleanic rocks and
metagreywackes of the greenschist facles., It is itself virtually me
metamorphosed but has been affected by faulbting in the vicinity of the
boundary. Thus, neglecting the possibiliby of major metamorphism of
intermediate age, either the 1 b.y. event was merely an overprint on
a2 pre-Huronian (2.5 b.y.?) orogeny during which the metamorphic tran-
‘sition was established, or there has been superposition of a major
1 b.y. metamorphism on the pre-~-Huronian low grade metamorphism, with
a remarkably abrupt termination southeast of the Huronian sedimentary

rocks in order that the Upper Huronian be left unmetamorphosed.
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Considering the differences in structure and in degree of metamorphism
on opposite sides of the boundary (Table 1) and the narrow metamorphic
transitions reported from the Front, the second alternative seems the
more probable.

Sumary.

(a). The Superior and Grenville provinces may be distinguished
in terms of lithologies, structure, degree and age of metamorphism.

(v). The northwestern boundary of the Grenville province is not
a through-going fault zone, nor is it an unfaulted transition on the
order of 100 miles in width. It is apparently a metamorphic tran-
sition, commonly less than ten miles in width, in part disrupted by
famlting.

(c). Ages intermediate between those characteristic of the regions
north and south of the Front have been obtained in the vicinilty of the
Front. These may represent either actual metamorphism of intermediate
age or incomplete reequilibration during the Grenville metemorphism on
the flank of the orogenic belt.

Outline of the Present Study.

The area chosen for a detailled study of the Grenville Front lies
at the south end of Lake Timegami (Fig. 1). This area is well favored
in having relatively good outcrop, good access and a remarkable come
plete geological section. It is one of the few known areas where it
may be possible to establish a bridge between the geologies ‘of the

Superior and Grenville provinces.
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The two provinces are in wnfaulted contact for a distance of over
three miles, the Front being defined in terms of a metsmorphic tran-
sition in pre-Huronian metagreywacke. Detailed mapping has suggested
that this metagreywacke and pre-Huronian quartz diorite and granite
extend into the Grenville province, modified by the Grenville metamor-
phism. However, the correlations across the Front depend on factors
such as lithology which do not yield unequivocal evidence. Moreover,
it is not axiomatic that a2 rise in metamorphic grade to the south is
due to Grenville metamorphism.

In order to support the tentative correlations and to investigate
the nature of the metamorphic transition, it has been desirable to
augment the field work by both petrologic and chemical means., This
work, especially the chemistry, has been concentrated on the metagrey-
wacke in which the Front is defined.

However, this can only provide supporting evidence for the corre-
lations at best. To attempt completely independent proof of both the
correlations and the "Grenville" age of metamorphism, a Rb-Sr whole
rock and mineral isochron study has been undertaken, concenbrating on
the most favorable unit for such work, the supposedly co-megnetic pre-
Huronian granites in a suite from the Superior province across the

Front into the Grenville province,



Table 1.

Original super-
ficial rocks

Metamorphic grade .

Plutonic rocks

Hypabyssal rocks

Ore deposits

Age of widespread
metamorphism

Structure

SUPERIOR PROVINCE

Froterozoic (?) rocks: Conglomsrate, greywacke, sandstone,

shale, limestone and dolomite (Muronian, Chibougamau,
Mistassini and Otish Mt. Groups),

Archean rocks: Intermediate to basic volcanic rocks, grey-

wacke and shale; local conglomerate, arkose, and quartzite
(Keewatin- and Timiskaming-type rocks and Sudbury Series).

Froterozoic rocks are virtually unmetamorphosed, except
The Archean rocks
are metamorphosed to the greenschist facies, locally to

where intruded by diabase or gabbro.
the amphibolite facies, Staurolite, garnet, andalusite
and cordierite occur locsally, usually retrograded,

Minor ultrabasic bedies, including some smorthosite.
Granitic plutons, predominantly discordant, but concordsnt
Contact aureoles are common.
The intrusion of quartz diorite prior to that of albite
granite is common in the southwestern part of the province,

and gneissic bodiss occur,

Gabbro and disbase sills and dikes are widespread in the

Proterozcic (?) rocks., Later clivine diabase dikes occur.

Extensive deposits: B8u, Ag, Ni, Cu, Fe, Pb, Zn,

2500 m.y. & 300 m.y.

Proterozoic rocks are relatively flat lying, Archean super-

ficial rocks appear in easterly trending tight folds with
steep limbs and generally horizontal axes, slthough locally
steep easterly plunges are reported, Cleavage and. minor

folds are common. Original features are well preserved,

The Characteristics of the Superior and Jrenville Provinces in the Vicinity of the Grenville Front.

GRENVILLE FROVINCE

None of the Proterozoic Groups mentioned opposite extend .
into the Gremville province, except possibly in the E‘.._...w ,
larney area (Fig. 1), In general the age of the original.
superficial rocks is unknown., They were mainly grey- ‘
wacke and shale and probably intermediste to basic vol-
canic rocks. Marble is notably absent near the Front.

gﬁuoﬁ.&a facies, In general this is a migmatitic ter-
rene in which lenses of schist » paragneiss and amphibolite -
and bodies of granite can be resoclved, Garnet is of
widespread occurrence, Nﬂmﬂu...am and sillimanite occur

locally.

Minor deformed ultrabasic bodies, but no known anortho-
site. Dominantly quartz dioritic to Quartz monzonitic

gneissss as concordant masses without contact aureolss,
grading into migmatite.

Unreconstituted disbase or gabbro intrusions are not
commons,

No known ore deposits of significance,

1000 m.y. + 150 m.¥y.

Complex, with a dominant northeasterly trending foliation
dipping 30-70° southeagt. Lineation plunging E to SE is

widespread, Flowags phenomena are characteristic, and

. augen gneiss is common, Original festures are largely
. obliterated. ,
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Chapter 2
GENERAL GEQLOGY

During the summers of 1959 and 1960, an arsa of sbout 110 sguare
miles, centered on the south end of Lake Timagemi and lying athwart
the boundary between the Grenville and Superior provinces, was mapped
by the writer and assistants for the Ontario Department of Mines.

The area may be reached from River Valley, on the Canadian Netional
Railway 22 miles south of Lake Timagami, by a road which passes through
the center of the area and continues eastwards to near Marten River on
Highway 6L. This is largely a private lumber road, and permission to
use it mmst be obtained from Field Inmber Company, Field, Ontario.
Several other lumber roads facilitate travel in the area. Canoce travel
is possible on several of the lakes, on Timagami River and on some
stretches of Sinton Creek. The south arms of Lake Timagami are acces-
sible by boat and there is regular steamer service from the town of
Timagami where float plenes may also be hired.

Although the total relief is only about 250 feet, the area is
rugged in detail. The south arms of lake Timagami cover much of Vogh
township and contain a profusion of islands and shoals. The lake is
drained by Timagami River wvia Cross Izke., Many smaller lakes are pres-
ent and several of these are linked by Sinton Creek, which drains most
of Hoﬁbs township to Timagami River.

Mapping was on a scale of 1320 feet to one inch. Pace and compass

traverses wers run by two men, an assistant keeping the line while the
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writer or his senior assistant mapped the geology, commonly on alter-
nate traverses aboul one quarter of a mile apart. As much outerop as
practicable was thus visited and the mapping done directly on aerial
photographs, the outcrops being generalized where legitimate. This
information was then transferred to a base map drawn up by the Cartog-
raphy Branch of the Ontario Department of Mines, and reduced to the
scale of one~half mile to one inch. This map has been published along
with a synopsis of the field work (Grant, 196L4) and is included here as

Plate 1 (in pocket).

General Geology.

The area lends itself to & rough threefold division. In the center
appear Keewatin-type metagreywacke, iron formation and metavoleanic
rocks, striking east to southeast, dipping steeply and forming the
northern limb of an anticline which plunges steeply to the northeast.
These rocks are inbtruded successively by quartz diofite and granite.
The Keewatin-type rocks have assemblages typical of the greenschist
facies, transitional southwards to the amphibolite facies. However,
knots of white mica + chlorite are found in the argillaceous beds, the
white mica knots representing andalusite of an earlier metamorphisn.

To the north these rocks are overlain unconformably by Huronian
strata, largely of the Gowganda Formation, in gentle folds plunging a
few degrees northwards. Within this area a striated, grooved, and
polished glacial pavement is found at the base of ths Gowganda, con-
firming the postulated Precambrian glaciation in this region. These

rocks are virtually unmetamorphosed: however, sericite, chlorite, and
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clinozoisite are generally present in the fine grained matrix material.
The Huronian rocks are intruded by diabase, the largest body of which
is a sill close to the major unconformity, passing inmto a dike in the
Keewatin-type rocks.

Southward, the metagreywacke makes a transition through phyllite
to become a schist in the migmetitic complex referred to the Grenville
province. Apparently the equivalents of the quartz diorite and grenite
are major components of the complex, modified of course by the Gren-
ville metamorphism. In this sector the rocks have assemblages typical
of the amphibolite facies, and garnet and staurclite are locally de-
veloped in the sgchist. The structure is dominated by evidence of
distributed movement, and may be visualized as overlapping synform
shingles plunging at a low to moderate angle to the southeast. A north-
east trending fault zone brings the two provinces into fault contact
in the eastern half of the area, but to the west the metamorphic bound-
ary lies north of the fault zone.

Keewatin-type rocks.

The rocks referrsed to as "Keewatin-type" are the oldest rocks in
this area and are similar to those found as the oldest mnit throughout
most of the mapped Superior province. However, the name implies no
definite time equivalence to "Keewatin-type® rocks elsewhers. Johnston
(195L) mapped the eastern extremity of these rocks and called them the
Cross Lake Series. Their greatest development is in south-central Vogt
and in northern Hobbs, but the belt reappears on the southeastern side
of the Vogt Granite and extends eastward to the Timagami River. The



-20-

succession consists of at least 10,000 feet of metagreywacke followed
conformably to the north by at least 4,000 feet of metavolcanics and
iron formation. One persistent band of the latter attains a thickness
of 600 to 700 feet and is virtually the only distinctive marker unit
in the Keswatin~type section. From Southwest Arm eastward to Timagaml
River the strike changes from east to southeast, the dip is steep to
the north or northeast. The strata face to the north and thus the
structure is the northern limb of an anticline plunging steeply easte
northeast. The main intrusions in the Keswatin~type belt are the
Pre-ilgoman quartz diorite, the Vogt and Sinton ILaks granites and the
Southwest Arm diabase. To the north the belt is overlsin unconformably
by Huronian strata, and to the south the metagreywacke becomes a
biotite-quartz~plagioclase schist.

Metasedimenbary Rocks

Here "metasedimentary rocks" and ™metagreywacke" are practically
Synonymous. The metagreywacke is typically a grey, fine-grained to
aphanitic, largely recrystallized rock which, although it may be nassive
and monotonous, usually shows bedding marked by alterations of argil-
laceous and arenaceous members. These beds are fram a few millimeters
to a few meters in thickness. Graded bedding is common and provides
abundant evidence of tops, which are to the north. (Cross bedding and
load casts occur locally. The grain size ranges up to about 0,25 mm.,
but loéally a gritty bed may be found and in one outcrop half a mile
east of Baie Jeanne, there are & few granitic pebbles. Rarely amphibo-

litic lenses are found in the metagreywacke, usually less then one
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meter in lengbth. Quartz veins roughly parallel to the bedding are
camon. In the argillaceous beds blue-grey knots are common. These
range in size from 1 mm. in the northern exposures to 6 mm., southwest
of Sinton Lake where they are best developed and there have the form
of andalusite,

The change in the extent of recrystallization from north to south
is ons of the most strilking features of the metagreywacke. This in-
volves the disappearance of relic sedﬁnen_tazy graing, the development
of fewer and larger grains and the development of a phyllitic and then
schistose texture. The metagreywacke in the extreme north is typically
fine grained and laminated, showing reerystallization of micas parallel
to the laminae. The grain gize is less than 0.1 mm. and usuelly less
than 0.05 mm. Rarely is biotite visible in the field. 1In the vieinity
of the Vogi~Hobbs township line, the metagreywacke is more recrystal-
lized, and the average grain size is about 0.1 mm. Apparently the
original grain size in the arenacecus layers was in general greater
then in the similar beds to the north: in these layers relic grains
of quartz and plagioclase 0.25-0.5 mm. are found. Biotite flecks are
more obvious than to the north. Immediately north of the Front, the
metagreywacke 1s well recrystallized and the average grain sizs is 0.1
0.3 mm. The rock is phyllitic and biotite and, less commonly, white
mica can be readily detected in the field.

The schistosity is in general parallel to the bedding, but locally
one can detect transverse "cleavage" emphasized by recrystallization of

the micaceous minerals. This is approximately parallel to the axial
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plane of the anticline. Minor folds, which appear as wrinkling of
micaceous laminae, are appraximately concordant with the major anti-
clinal axis.

Throughout the metagreywacke section north of the Front, there is
little change in the mineralogy of the rock. It typically consists of
20-35% quartz, 30-L0F plagioclase, 15-30% biotite, 0-8% white mica,
0-15% 'chlori'be with or without minor amounts of elinozoisite, actino-
litic hornblende, sphene, apatite, tourmaline, zircon, megnetite and
pyrite.

The plagioclase in the central and southern metagreywacke ranges
in composition from An19 to An32, without any consistent trend. In
the northern metagreywacke the very small grain size makes accurate
determination of the plagioclase composition most difficult, however,
one determination indicated a composition of An <313+ Commonly the
plagioclagse grains, where they can be distinguished, have a sieve-like
texture suggesting pertial recrystallization. The biotite is pale
brown, with ¥ = 1.628-1.633, which suggests a ratioc of Mg/Fe+Mg+Mn+Ti
~ 0.5 (S. D. McDowell, perscnal commmnication, based on a compilation
of analysed metamorphic biotites). Chlorite is present, in part inter-
grown with the biotite, in part as discrete flakes, and in part in the
knots which are discussed below. No optical differences have been
found between the chlorites of different hebits. The chlorite is pale
green, length fast, with a dark grey to buff birefringence, and is an
¥Mg-Fe chlorite in the terminology of Albee (1962, p. 868). The signif-

icance of the different habits of chlorite will be discussed in the
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chapter on metemorphism. The epidote commonly present is clinozoisite:
in only two thin sections was true epidote found. Sphene usually occurs
cored by an opaque mineral, probably titaniferous magnetite or ilmenite,
but may appear as dusty gramules in chlorite intergrowm with biotite.
The amphibole is pleochroic from oL -straw, /3 -green to Y -blue-green,
with ¥ ¢ >17°, 2V (-) 75", ¥ = 1.66lL. These properties are inter-
mediate between those of actinolite and hornblende, and the amphibole
is therefore called actinolitic hornblende. The index ¥ = 1,66l sug-
gests that the ratio Mg/Mg+Fe+Mn is 0.5-0.7, end in conjunction with
the extinction angle, suggests that the tetrahedral substitution of Al
for 5i is not great. {(Deer, Howie and Zussman, 1962, IT, p. 257-296.)
The knots mentioned above are important in that they provide evi-
dence of the character of pre-Grenville metamorphism. These knots,
which appear in the argillaceous layers, consist of White mica with or
without appreciable chlorite or quartz. Opagque inclusions are common
but no plagioclase has been detected in the knots. In the south and
east of the metagreywacke, the knots are dominantly of white mica, and
the bedding-plane schistosity tends to swirl round the knots. Between
Sinton Lake and Bass Lake these are up to 6 mm. in diameter and have the
form of andalusite, although no relic andalusite is now present (Plate
2). In the north, the knots are dominantly of chlorite and white mica,
and the two varieties have not been found in the same rock, These
chlorite-white mica knots (Plate 3) are ovoid in shape and contain no
trace of any former parent mineral. The bedding plane schistosity con-

tinues through these knots. It is possible that they are retrograde
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Plate 2, Keewatin-type metagreywacke, showing bedding
with knots in the argillaceous layers, 0.75 miles
NE of Sinton Laks,

Plate 3. Phyllitic metagreywacke, with knots of white mica after
andalusite. 0.25 miles north of the Bass Lake-Sinton
Lake portags.
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after cordierite, according toc some reaction such as:

Cordiexrite
16KA12§185.3010(0H)2 + 6}QSA131813010(0H) g + 95i0,.
Muscovite Chlorite

However, it is at least equally possible that these ovoid knots do not
represent some pre-existing porphyroblast. This is supported by the
continuity of the bedding-plane schistosity through the chlorite-
sericite knots, in contrest to the augen-like pseudomorphs after
andalusite,

The critical assemblages now found in the metagreywacke are:
quartz-plagioclase~-bictite-clinozoisite-vhite mica~chlorite, quartz-
plagioclase~biotite-epidote-actinolitic hornblende. TFurther discussion
of the assemblages will be deferrsd to the chapter on metamorphism. Tt
is sufficient to observe here that except for the composition of the
plagioclase, which may be relic from previous metamorphism, the first
agsemblage is characteristic of the greenschist facies » while the
second may occur in either greenschist or amphibolite faciss.

The other metasedimentary rock consists of one outerop of lime;
stone, on the west shore of the narrows on Timagami River north of Lone
Arm. It is a grey, aphanitic, thinly-bedded rock with the assemblage
calcite~tremolite~quartz-clinozoisite~tale (?) - plagioclase.

Metavoleanic Rocks
Worth of the metagreywacke and stratigraphically above it lie at
least 4,000 feet of metavolcanic rocks and iron formation, which extend
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under the Huronian cover to the north and west. The metavolcanic belt
extending from Southwest Arm to Lone Arm on Timagemi River is split
into four segments by Huronian cover in the west, the Southwest Arm
Diabase in central Vogt, and the Vogt Granite in the east.

The metavolcanic rocks include metamorphosed lava, tuff and
tuffaceous sedimentary rocks, and agglomerate, Differentiation of
mappable units in these rocks is hampered by the small range in com-
position, the overprint of metamorphism and the small scale of inter-
banding of, or transition between, the several rock types compared with
the scals of mapping. On the map, "buffaceous metasedimentary rocks",
"intermediate metavolcanic rocks¥, and "acid metavolcanic rocks"™ have
been separated as far as possible. The distinetion betwsen "acid! and
"intermediate® rocks is based largely on color index, the former having
less than about 25¢ mafic minerals and usually less than 10%.

The Macid" metavolcanic rocks are dominant in the western segment,
tuffaceous metasedimentary rocks in the eastern; in the central segment
Mintermediate’ metavoleanic rocks predominate but all three units ars
well represented.

The "intermediate! metavolcanic rocks are commonly referred to as
napdesites®, They are greenish-black, aphanitic to fine-grained,
fairly massive rocks 3 locally micaceous clobts are apparent on the
weathered surface, Pillow lavas occur in a number of outerops, but
none exhibit clear ewvidence of tops.

The texture typically consists of anhedral plagioclase grains in
a poorly- to well-developed felt of amphibole and biotite or chlorite

with aggregates or discrete graina of clinozoisite. Relic ophitic
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texture is rare. & slight foliation is commonly developed. The rock
consists typically of L40-50% plagioclase (albite), 10% biotite, 303
actinolitic hormblende, 0-10% chlorite, 5-10% clinozolsite, with up to
2% each of sphene, apatite and opagues. A trace of quartz was found
in one specimen, and quartz veinlets with or without carbonate may be
found.

The mineralogy of the tuffaceous "intermediate! metavolecanic rocks
is similar to that of the flow rocks, but these rocks are laminated,
with a highly variable tenor of the varicus minerals in the different
bands,

The typical Macid" lava ls a grey, porphyritic, somewhat foliated
rock with megacrysts of albite in a felted groundmass dominantly of
albite, with minor mafic minerals. Reerystallization has not oblit-
erated the original igneous (trachytic) texture. The rock consists of
15-25% phenocrysts of albite in a groundmass composed of 60-70% albite,
about 5% clinozoisite, 0-5% biotite, 0-15% chlorite, and less than 3%
each of sphene and opaques. Occasionally a trace of Quartz or car-
bonate is present, bubt both of these are usually only in veinlets where
they may be accompanied by chlorite and epidote. Chalcopyrite and
pyrrhotite are of possible economic importance in the “acid" metavol-
canic rocks southeast of Austin Bay. Three quarters of a mile south
of Northwoods Camp, pillows can be seen in the Magid! lava, These are
sufficiently well preserved on a small island to allow the determination
of tops. Top is to the north, as is the case throughout the metagrey-
wacke section.

The tuffaceous metagreywackes are laminated, greenish-grey rocks
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with quartz, epidots or biotite dominant in different layers. They
are well developed south and east of Austin Bay and east of the Vogh
Granite. The rock has recrystallized, and contains the assemblage
quartz-albite~biotite-clinozoisgite-actinolitic hornblende with sphene
and opaques, and occasionally chlorite, carbonate and tourmeline., The
proportions of the various minerals vary drastically from band to band,
but a mode recalculated from a chemical analysis (G135, see Table 3)
yields 30% quartz, 9% plagioclase, 2L% biotite, 8% actinolite, 25%
epidote, 3% magnetite, 1% sphene |

The mineralogy of the various metavolecanic rocks is similar, the
main difference being in the relative abundances of the various min-~
erals, The biotite is pale brown, with a tendency to aggregation in
the flow rocks. It shows slight alteration to chlorite. Chlorite,
however, is oﬁ'.an‘present as discrete grains, and ranges from rock bo
rock from length fast with grey-buff birefringence to length slow with
anomalous blus birefringence. This indicates slight variation in the
Mg/Fe ratio about a value of unity (Albee, 1962). As in the metagrey-
wacke (see p. 23), the amphibole is intermediate in its properties be-
tween actinolite and hornblende. The epidote is clinozoisite (except
in veinlets where it is strictly epidote), and the sphene may contain
cores of an opaque mineral.

The general assemblage found in the metavolcanic rocks is quartz;
albite-biotite-chlorita—clﬂnozoisi'be-.actinolitic hormblende, Carbonate
is a possible additional phase, but is thought to be secondary and

associated with the common veining noted above. The major assemblage
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is typical of the greenschist facies.

There is no definite evidence here of two metamorphisms: no
pseudomorphs comparable to those after andalusite (and possibly cor-
dierite) in the metagreywackes are found, nor would such be expected
ccnsidei‘ing the composition of these rocks and the postulated grade of
the early event. However, in stating this one must not overlook the
fact that these rocks, and the immediately underlying metagreywackes
metamorphosed to the greenschist facies, are overlain unconformably by
virtually unmetamorphosed Huronian strata. Thus there is no doubt that
there was pre-Huronian metamorphism in the area., The inference is that

no new phases were formed as a result of the later metamorphism.

Iron Formation

Banded siliceous iron formation 1s interbedded with the metavol-
canic rocks. In the area south of Austin Bay, a band 600-700 feet
thick, with some interbedded metavolcanic focks, extends westwards
from the Southwest Arm Diabase, and disappsars below the Huronian cover,
reappearing south of Northweods Camp. Further, an asromagnetic map
(Dept. Mines Tech. Surv, #5053) shows a large positive anomaly west of
lake Timagami, on strike with this band of iron formation, suggesting
the probable continuity of the band under ths Huronian rocks and under
the diabase sill., Northwest of the Vogt Granite iron formation recurs,
~and with allowance for dilation related to the diabase ‘in'bmsion, this
may be correlated with the thick band to the west. Several thin bands
of iron formation are present near the base of the metavolecanic section

in Vogt township.



-30-

The iron formation is a black and grey, aphanitic to fine-grained,
banded rock with quartz, magnetite and actinolite as the main constit-
uents. The last two are dominant in some bands, quartz in others. The
bands are about 1-10 mm. in width. Jasper was only found at the eastern
extremity of the main band south of Austin Bay, but quartz veins are
cormon. The rock was highly susceptible to minor deformation, and
minor folds are appraximately concordant with the major anticlinal

stracture.

Pre-Algoman Quartz Diorite and Gabbro

Quartz diorite and associzted gabbro oceur north and east of the
Vogt Granite and are overlain by sediments of the Gowganda Formation.
These rocks are considered "pre-Algomen' because they are intruded by
the "Algoman" Vogt Granite (see p. 33), as seen about one mile south
of the outlet of Lake Timagami, where the easterly trending contact
truncates the foliation of the quartz diorite. That the quartz diorite
and gabbro intrude the Keewatin-type rocks is implied by the ocuterop
pattern and the site of the body high in the anticlinal structure, but
the actual contact was not found.

The quartz diorite is similar in age and general petrology to
fGranite 1% of Johnston (195L) in the adjacent area to the northwest.
This "Granite 1" he considered to extend into the CGrenville province
and to show an increase in grade of metamcrphism from the Superior to
the Grénville province.

The quartz diorite is a grey, fine- to medium-grained rock, com-

nonly with a faint vertical foliation striking N60'W. The plagioclase
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often forms stumpy greenigh-grey phenocrysts, the biotite and amphibole
tend to be aggregated and the quartz appears as interstitial grains and
aggregates of grains which are megascopically bluish in color. The rock
typically consists of 15-30% quartz, L0-55% plagioclase, trace to 8%
microcline microperthite, 3-10% greenish-brown biotite, 2-20% actino-
litic hornblende and minor amounts of chlorite, sericite, epidote,
sphene, zircon, apatite and opaques. The plagioclase (oligoclase to
low andesine) is saussuritized, locally very considerably so; embayment
by microcline is common, especially near Lone Arm. The amphibole is
closer to true hornblende than that found in the Keewatin-type rocks,
having ¥”C >19°, but is still termed actinolitic hornmblende. It shows
marked variation in color within one grain, and a spindle~like inter-
growth is common due to twimnning on (100). The amphibole is intergrown
with biotite flakes Iin a manner suggesting replacement by the latter.
The biotite itself may be intergrown with chlorite, and this may also
be due to alteration. The "epidote" here is epidote except probably in
the saussurite. Sphene occurs as rims on titaniferous magnetite or
ilmenite and also as tiny gramiles in biotite and chlorite.

Irmmediately south of Outlet Bay and to a lesser extent north of
Ione Arm, a gabbroic phase is found. This is a grey-black, fine- to
coarse-grained, inequigranular rock with even more markedly ssussuritized
plagicclase than has the quartz diorite. It has a2 mineralogy similar
to that of the quartz diorite, typically consisting of about 55% oligo-
clase, 20% actinolitic hornblende, 15% epidote and 5% quartz, with

sericite, biotite, sphenes, apatite and magnetite. One quarter of a
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mile south of the outlet of Lake Timagami the gabbro grades into a
massive rock consisting of megnetite, epidote, chlorite, sericite and
pyrite, which is responsible for a high magnetic anomaly there. (Dept.
Mines Tech. Surv. Map #505G.)

In the vicinity of Contact Cliff (1/8 of a mile north of the north-
eastern corner of the Vogt Granite) a pale pink, fine- to medium-grained,
faintly foliated, allotriomorphic and leucocratic phase of the quartz
diorite occurs. Due to its leucocratic nature it superficially resem-
bles a phase of the Vogt Granite, however, it has the foliation, texture
and dioritic composition of the pre-Algoman rock. Moreover, it is cut
by a granophyre dike at Contact Cliff, the dike being probably one of
the many apophyses of the Vogt Granite. This phase of the quarts
diorite generally consists of sbout L0% quartz, L5% albite, 5% micro-
cline and less than 5% each of white mica and biotite with minor
chlorite, epidote, sphene, zircon, apatite and opaques.

Evidence of metamorphism of these pre-Algoman rocks is limited to
saussuritization of plagioclase, the alteration of amphibole to biotite
and of biotite to chlorite, and the development of sphene rimming
opaques. Any recrystallization was insufficient to obliterate the ig-
neous texture and, in particular, the spindle texture of the amphibole
has not been annealed.

Algoman Granitic Rocks
Leucocratic albite granite forms a stock, here called the Vogt
Granite, centered in southeastern Vogt township. Similar granites

appear in the vicinity of the Grenville Front, notably the Sinton Lake
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Granite, and in the terrane to the south: +these are correlated on the
basis of lithology with the Vogt Granite. However, this is not 2n un-
equivocal criterion and more than one age of “granite" may be involved.
The term "Algoman® was coined by Lawson (1913) in the Rainy Lake area
of western Ontario To dencte granitic intrusives similar to the post-
Keewatin, pre-Seine "Laurentian®, but of post-Seine (and therefore,
according to Lawson, post-Huronian) age (1913, p. 82). However, the
term has come to be used in eastern Onbario for pre-Huronian, poste
Keewatin (or post-Timiskeming if present) granitic intrusives (e.g.
Todd, 1928, p. lL-15; Moorhouse, 1946, p. 5). Tt is in keeping with
thig usage that the term is used here. These Algoman granites are
similar in age and lithology to "Granite 2% of Johnston (195L4) in the
adjacent area to the northeast. In this section only the Vogt Granite
and the Sinton Ieke Granite will be considered. Both the granites
wholly within the Grenville subprovince and the problem of correlation
will be considered later.

The Vogt Granite is a stock roughly three miles by two, elongate
in a northeasterly direction, and intruding the Keewatin-type rocks and
the quartz diorite. The main body was not found in contact with the
Huronian rocks, but is considered older than these on the bases of (a)
the truncation of a granophyre dike, considered to be one of the
apophyses of the Vogt OGranite, by the unconformity at the base of the
Gowganda Formation at Contact Cliff, (b) the similarity to the Vogt
Granite of meny clasts found in the Gowganda Formation, and (¢) corrob-

oration from Johnston's work to the northeast where (195h4, p. 105L) the
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Gowganda Formation overlies his "Granite 20,

The stock is fairly homogeneous: typically it is a pink, massive,
medium~ to coarse-grained, leucocratic albite granite to quartz mone
zonite. The texture is allotriamorphic granular, and the potassiwm
feldspar may form phenocrysts. Cataclasis is commonly evident in the
wndulatory extinction of quartz and fracture of feldspar. Quartz may
£ill these fractures and diffuse veinlets of white mica with epidote
may be present.

The rock consists of 20-30% quartsz, L0-55% microcline microper-
thite, 15-35% albite, less than 5% (combined) biotite, white mica and
chlorite, with minor epidote, sphene, zircon, apatite and opegues. The
plagioclase shows minor sericitization and very slight spidotization.
Mierocline has embayed the plagioclase, but no myrmekite is found. The
biotite is brownish green and commonly intergrown with chlorite. The
biotite, chlorite, white mica and the minor minerals tend to cluster
together.

In the northernmost part of the stock is a grey, fine- to medium-
grained, massive quartz monzonite with phenocrysts (3-4 mm.) of quartz
albite, and microcline microperﬁhite in a fine-grained allotriomorphic
groundmass of the same minerals. Minor amounts of bictite, white miea,
chlorite, sphene, apatite and opaques are present, and anhedral grains
of fluorite occur locally.

In the central part of the stock, oval xenoliths 2-8 em. in length
are to be found. The rock is a hornfels with the assemblage quartz-
microcline~albite-biotite-epidote~c