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THE BOUNDARY BETWEEN THE TIMISKAMING AND GRENVILLE SUBPROVINCES 

IN THE TOWNSHIPS OF NEELON, DRYDEN, DILL AND BRODER

DISTRICT OF SUDBURY

by

ABSTRACT

This report deals with the so-called "Grenville Front" in 
the well-exposed ground south of Sudbury and northeast of Quirke 
and Collins' type area of the "Disappearance of the Huronian". 
The rocks to the north consist mainly of the Wanapitei quartzite 
which dips at high angles and forms one member of a formation 
which further east Thomson has shown to underlie the basal 
Huronian a On its northern side, this quartzitic member becomes 
more thinly bedded and contains argillaceous bands and others 
which may represent original marly material or in some cases 
volcanic sediment 0 Intrusive into all of these rocks are 
irregular bodies of gabbro and diabase which, though on the whole 
conformable, sometimes show cross-cutting relations.

In the northeastern section of the map these relatively 
unmetamorphosed sediments are in mechanical contact along a great 
fault, the Wanapitei fault, with the gneisses and schists which 
stretch southwards towards French River and Parry Sound, These 
crystalline rocks consist of banded psammitic and pelitic 
gneisses, amphibolites mostly of sedimentary origin, injection 
and permeation gneisses, recrystallized and feldspathized gabbro, 
and small bodies of pegmatitic granite,, Crystalline limestone 
and allied rocks are present but are very rare 0 The most strik 
ing structural feature of all of these rocks is the plastic type 
of deformation which they exhibit and a constant associate is 
granitic material in all degrees of coherence from definite thin 
sills and continuous veins to scattered growths of feldspar 
developed irregularly along individual beds c

The precise character of the Wanapitei fault is not known, 
but the little evidence there is suggests that the rocks on its 
northern side have moved upwards and westwards relative to those 
on the north. Although in the east the fault lies between 
relatively unmetamorphosed quartzite and crystalline schists 
and gneisses, to the west it passes wholly into the quartzite so 
that here the contact of these two contrasted sets of rocks is

1. Department of Geology and Mineralogy, University of Aberdeen, 
Aberdeen, Scotland,,



- 2 -

no longer a mechanical one 0 There is a passage from the one 
type to the other over a distance of two hundred yards or so 
and within this zone there is a continuous progression from 
the relatively unmetamorphosed southerly facies of the 
Wanapitei quartzite into highly deformed and crystalline rocks. 
In this development the most noticeable mineralogical features 
are the infiltration and penetration of granitic material and 
the growth of coarse biotite and garnet. Southwards from this 
margin there is no further progression in the metamorphic 
grade and here and there lenses of the original quartzite rocks 
can still be recognized.

Within the Wanapitei quartzite and immediately north of 
the metamorphic boundary there is an irregular zone of felds 
pathization in which feldspar porphyroblasts can be seen 
developing within the quartzite and the diabase,, In places 
this zone is very narrow and the feldspar development is on a 
very minor scale, but towards the southwest the belt widens 
until in Broder township it is nearly two miles across. Within 
this zone there are many areas of unfeldspathized rock and the 
process has been a very erratic one, sometimes running with 
the strike, sometimes across it, so that the final pattern is 
complexo

From the evidence in this area all that can be said of the 
age of the "Grenville" metamorphism is that it post-dates the 
diabase and gabbro intrusions in the Wanapitei quartzite* If 
these can be shown to be co-eval with the similar intrusions 
in the Huronian recently identified by Thomson in the Lake 
Wanapitei area, then the metamorphism post-dates this phase of 
the Huronian but this important correlation still remains to 
be verified.
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CHAPTER I 

INTRODUCTION

The area dealt with in this report lies to the east, 
southeast and south of Sudbury and comprises a strip about 
five miles wide and fifteen miles long, stretching from 
Wanapitei station on the Canadian Pacific Railroad to Clear 
water and Chief Lakes in the south part of Broder township. 
The northern part is very easy of access lying as it does 
between highways Nos 0 17 and 69 and any point can be reached 
by walking from suitable points on these roads 0 The southern 
most section in Broder township is less accessible. As much 
of the ground is within the range of smoke both from the 
Copper Cliff and Coniston smelters, vegetation is not extensive 
so that the rocks are well exposed and one has an excellent 
opportunity of studying the structural relations in more 
detail than is normally possible in the well forested areas 
further south.

This report deals only with the field evidence,, A 
petrographic and chemical study is in course of preparation,,

Prospecting and Mining Activity

The only mining that has been done here is in one of the 
larger pegmatite dikes which has been opened up by Tuck Metal 
Mines Limited as a possible source of uranium. Prospecting 
however has been widespread and many smaller pits have been 
put down in gossan-stained parts of the gabbro in lots 10 and 
11, concession I, Dryden township, the interest here being in 
nickel and copper values 0 In Dryden township also the kyanite 
of the schists and gneisses has been the subject of considerable 
investigation 0

Ob.lect of the Present Survey

Apart from the earliest reconnaissance surveys the 
geological studies of the Sudbury district have been concerned 
almost exclusively with the so-called "nickel irruptive" and 
the rocks immediately adjacent to it a This has been due partly 
to the great economic importance of the nickel-copper deposits, 
partly to the increasing facility for more detailed work made 
possible by the ever widening network of roads and other means 
of access to the industrial area. As a result of all this work 
we now have more detailed information of the area about Sudbury 
than we have of any other district in Canada 0 Recent studies
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however have emphasized the fact, recognized in practically 
all the geological reports written to date, that the problems 
of Sudbury geology cannot be solved by a study of Sudbury alone 
and that to deal with these problems in isolation from the 
major questions of the geology of the Canadian Shield is to so 
distort the geological perspective that we can have little hope 
of ever obtaining a properly balanced picture of the geology 
of this classical region.

In the Sudbury district as a whole there converge the lines 
of investigation of some of the most important of the problems 
of the geology of the Shield. In the first place it is on 
what we may call the line of junction of the rocks termed in 
the past Huronian and the terra incognita that stretches north 
of the typical Grenville. Next, it constitutes the phase 
tectonically intermediate between the relatively flat-lying 
Huronian strata stretching south from Cobalt and the folded 
rocks to the southwest. And finally it occupies the region 
wherein lies the great break between folded sediments on the 
south and the wilderness of granite-gneiss and sporadic schists 
and paragneiss to the north.

This focal position of Sudbury will always ensure the 
supreme interest of the detail of its geology but equally 
clearly it makes abundantly evident the fact that this detail 
can only become significant when it is seen in the context of 
these wider problems 0 The object of the present study is to 
commence a systematic attack on the first of these problems, 
namely, the relation of Sudbury geology to the great break that 
appears to lie to the south of it, the abrupt passage from the 
Sudbury sediments to the gneisses that are claimed to continue 
into the typical Grenville.

In approaching this problem an attempt has been made to 
exclude any unwarranted preconceptions as to the age and 
history of these rocks. We know so little that can be sub-,* 
stantiated by unequivocal field and other data about the 
whole geology of this much debated region that it seems wise 
at the outset to have as open a mind as possible to all the 
suggestions that come from the study of the rocks themselves 
and alternative conclusions are therefore stated without choos 
ing between them at this stage.

Topography

The two principal topographic features of the area are 
the chain of small lakes running from the north arm of Alice 
Lake southwest through Baby Lake, Daisy Lake, Richard Lake, 
Macfarlane Lake to Long Lake, and the valley of the Wanapitei
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River which traverses Dryden township and the eastern part 
of Dill township,, The series of lakes clearly defines a 
prominent structure in the rocks and this is expressed also 
in the upper part of the course of the Wanapitei River which 
runs in a continuation of this valley to the northeast. 
North of this feature the low hills and minor valleys show 
no regular arrangement but to the south the ground is cut 
into a great series of parallel ridges and valleys which 
reflect the structure of the underlying rocks. These are 
well shown in the aerial photographs and thus can be 
identified with comparative ease in mapping.

Mapping

All of the mapping was carried out on air photographs 
at a scale of 4 inches equals l mile. The location of 
outcrops and rock boundaries was fixed by reference to the 
topography clearly shown on the photographs and all traverses 
were tied into recognizable landmarks. In general, lot and 
concession lines cannot be identified on the ground and the 
geology therefore is not linked to these boundaries 0

Acknowledgments
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Previous Work

The first specific reference to the rocks of this area 
is by Bell who following Murray speaks of the gneiss of the

R. Bell, Geol. Surv. Can., Ann. Rept., Vol. 5, pt. F, 
1891, p. 11.

southeastern corner of his Sudbury map sheet No. 130, which 
followed his Huronian to the south, as being of character 
istic Laurentian type. Walker a few years later gave some

T. L. Walker, Quart. Journ., Geol. Soc. London, Vol. 53* 
1897, p. 42.

more particulars of the crystalline rocks in Dill and Neelon 
townships in the vicinity of the Wanapitei River and these 
he regarded as Laurentian gneiss. Though thoroughly recrys- 
tallized they are described as well bedded so that folding 
on a large scale can be recognized. Much of the rock is 
garnetiferous biotite gneiss with the garnets in great 
abundance and of large size. Kyanite is an important con 
stituent in certain beds and Walker mentions also the 
development of sillimanite on slickensides and draws 
attention ot its characteristic cross-fracture and elonga 
tion due to "stretching". A somewhat similar account appears 
in Barlow's report on the region in which he describes the

A. E. Barlow, Geol. Surv. Can., Ann. Rept., Vol. 14, pt. H, 
1904, PP. 71-2.

material as Laurentian granite and diorite-gneisses. In them 
the lighter coloured bands of flesh-red tint consist of quartz" 
and orthoclase with microcline, microperthite and biotite. 
The darker bands contain much biotite with oligoclase and in 
them almandine garnet is abundant. The kyanite he describes 
as occurring in the micaceous and feldspathic bands and the 
presence of sillimanite is again noted.

A. P. Coleman, The Nickel Industry, Can. Dept, Mines, Mines 
Branch, 1913, p. 6,

that the first reference of these crystalline rocks to the 
Grenville series appears. There he mentions especially the 
presence of coarse white quartzite interbedded with fine 
grained grey gneiss and schist and also the existence of a
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small band of crystalline limestone with rounded grains of 
green serpentine, all in the vicinity of Wanup. It was the 
occurrence of such bands of clearly sedimentary rock within 
the gneiss that inclined him to the view that this formation 
was the same as the typical Grenville sixty miles to the 
southeast. The granitic rocks which in his opinion were 
later than the paraschists and paragneisses, he classed as 
Laurentian in age,,

In his later account of these rocks he states that the

A. P. Coleman, The Pre-Cambrian Rocks North of Lake Huron 
with special reference to the Sudbury Series, Onto Bur. Mines, 
Vol. XXIII, 1914, pt. l, pp. 204-36.

best section of the Grenville of this district is to be found 
on the Toronto branch of the Canadian Pacific Railway south 
of Romford and he gives a description of the rocks met for a 
distance of about nine and a half miles along this line. 
Here at the northern end of the section two quartzites of his 
Sudbury series are cut off by coarse granite and gneiss which 
continue southwards for about a mile where they give place 
to kyanite-biotite-garnet schist. Still further south, 
crystalline limestone occurs interbedded with amphibolite 
and gneiss. This is succeeded again by quartzite which is 
completely recrystallized and contains needles and brushes of 
sillimanite along with a little muscovite and microcline. All 
of these rocks are penetrated by sills and dikes of pegmatite 
which he takes to be of Laurentian age.

In his account of the Sudbury series he shows how, as 
the Laurentian is approached, the Wanapitei quartzite becomes 
more and more affected until, next to the actual contact, it 
is recrystallized into a schistose rock and, where impure, 
into a gneiss. The actual contact "is distinctly eruptive 
often resulting in the lit-par-lit type of structure,, o . . . o * * . * 
....the whole being more or less completely transformed into 
gneiss". He does not suggest however that the Grenville of 
this region is simply metamorphosed Wanapitei quartzite, etc 0 
but is clearly of the opinion that, as Grenville, it is 
much older than the Sudbury series.

This correlation of these gneisses and allied rocks with 
the Grenville of southeastern Ontario was adopted also by Knight

C. W. Knight, Report of the Ontario Nickel Commission, 1917, 
p. 106.
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in his account of the geology of the Sudbury area for the 
Report of the Ontario Nickel Commission and again he describes 
these rocks as originally sediments though now changed into 
schists and gneisses 0 He did not find them in actual contact 
with the sediments to the north, his Timiskaming series, but 
was of the opinion that, since they were more highly meta 
morphosed, they were probably older than the Timiskamingo

Although concerned with the area to the southwest of the 
present map sheet, Quirke and Collins* memoir on the 
Disappearance of the Huronian makes the next contribution to

T 0 T. Quirke and W 0 H 0 Collins, The Disappearance of the 
Huronian, Geol, Surv 0 Can 0 , Mem 0 160, 1930 0

the geological background of this region. These authors 
reached the conclusion that their Huronian formations, up to 
23,000 feet thick, traced for 140 miles eastwards from Sault 
Ste* Marie and folded along east-west axes, do not finish 
at the line stretching northeastwards from Killarney, on 
Georgian Bay, but occur as metamorphosed remnants in the 
eastern gneisses,, These gneisses are, in their opinion, in 
large part at least, transformed Huronian sediments and it is 
likely that the granite associated with them is simply part 
of this transformed sedimentary material which first became 
liquid and then recrystallized 0 Both the gneisses and the 
granites are characterized mineralogically by a high pro 
portion of potash feldspar to plagioclase which gives them 
usually a pink to deep salmon colour.

The line of junction of the gneisses and the Huronian 
in the Killarney area is thought to be a fault with its 
downward displacement on the western side. It is considered 
as a possibility that this displacement is so great that to 
the east a very deep section of the earth's crust in which 
pluto-metamorphic processes have proceeded, has been brought 
alongside a higher horizon on the west where only low grade 
regional metamorphism has been active., Clearly however this 
explanation is not considered adequate by the authors for 
they emphasize that to the north there is an unbroken passage 
from quartzite into granite and into gneiss and they are of 
the opinion that the dislocation is not the main and indis- 
pensible factor in cutting off so abruptly the Huronian 
sedimentary formations and bringing them against the region 
of gneiss and granite. They describe how by growth of alkali 
feldspar in increasing abundance there is a progressive change 
over about 50 feet from quartzite into a porphyritic granite 
which however still preserves the texture of the quartzite,.
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This "porphyry" in its turn passes gradually into gneiss and 
then from gneiss into massive granite. Hence the authors 
consider that alkali metasomatism along with recrystalliza 
tion has been the major factor operative here in producing 
the juxtaposition of crystalline rocks and Huronian.

Special reference is made to the rocks south of Sudbury 
previously described as Grenville by Coleman, These the 
authors point out are only a few miles from the Huronian- 
gneiss boundary and after studying them in the field they 
came to the conclusion that these rocks are simply fragments 
of Huronian strata metamorphosed by adjacent granite which 
they call Killarnean* They thus make a fundamental change 
in Coleman's classification for they consider that the 
Grenville metamorphism is of post-Huronian instead of pre- 
Huronian age. They go on to suggest that their Bruce series 
is the continental facies of an epoch of sedimentation of 
which the Grenville represents the deeper marine phase and 
that the later orogenesis took place along the continental 
margin.

The next contribution to the geology of the district 
was by Collins in his discussion of the nature and age of

W 0 H 0 Collins, Sudbury Series, Geol. Soc, Arner.^ Vol. 47, 
1936, pp. 1675-89.

his Sudbury series 0 We are not immediately concerned with 
the broader aspects of his reclassification of these rocks 
but the point of greatest interest is his grouping of the 
Ramsey Lake conglomerate along with the Wanapitei quartzite 
and his separation of these rocks from the McKim greywacke 
despite the completely conformable relations observed 
everywhere between them 0 He gives a map of a small belt 
of this Sudbury series south and east of Ramsey Lake, where 
the maximum width is about two miles and the length seven 
mileso This strip he regards as the southern limb of a 
syncline which has as its northern side the main type out 
crop of the Sudbury series near Sudbury and which stretches 
southwestwards to Lake Huron 0 On its southern side this 
narrower strip is described as being cut off by gneiss and 
granite and to this Collins ascribes the absence of the 
underlying formation, his Keewatin, He does consider how 
ever that a small area of rocks south of Coniston and west 
of the hydroelectric power plant (on the Wanapitei River) 
resembles the Keewatin and its transitional facies into the 
Sudbury series,, Unfortunately this occurrence does not appear 
on his map and it has not been possible to locate the precise 
locality* The identification of this strip of rocks as



- 10 -

Sudbury series is based on these four factors: (l) the 
presence of a band of conglomerate thought to be the Ramsey 
Lake conglomerate, (2) the difference from the Mississagi 
quartzite, the beds consisting of impure greenish-white 
quartzite interstratified with greywacke, (3) the fact that, 
if the interpretation of the structure is correct, they lie 
below the Mississagi quartzite and (4) that, if included 
within the Mississagi this formation would be abnormally 
thick. Collins emphasized however that these rocks resemble 
the strata of the main Sudbury series even less than they 
resemble the Mississagi and puts most weight in this matter 
on the identification of the Ramsey Lake conglomerate.

This matter was taken up again by Cooke in the final 
preparation of the map sheets of the Sudbury district.

H. C. Cooke, Problems of Sudbury Geology, Geol. Surv. Can., 
Bull. No. 3, 1946.

He gives a sketch of the relations of the rock formations 
south and southwest of Coniston and in this he outlines a 
new set of rocks to which he gives the name of the Coniston 
Group. These are, in part, but in part only, the beds 
previously described by Collins as a member of the Sudbury 
series and correlated with the McKim greywacke but Cooke 
considers that they resemble neither the McKim nor the 
Wanapitei quartzite even if alterations due to metamorphism 
are allowed for. They form a very narrow band and on their 
southern side they are intruded and granitized by "a great 
mass of Killarney granite." Cooke describes the most 
northerly part of this Coniston group as consisting of thin- 
bedded cherts which are succeeded to the south by laminated 
basic beds interbedded with cherts. All of these strata 
when traced southwards pass rapidly into a phase characterized 
by recrystallization with permeation and injection by granite. 
On structural grounds these beds of the Coniston group are 
considered to face south in which direction they also dip at 
angles between forty-five and sixty degrees.

The contact with the Wanapitei quartzite is interpreted 
as a fault along which beds to the north have moved eastwards 
relative to those to the south. The south is taken to be the 
upthrow side and later movements associated with the intrusion 
of the Killarney granite are thought to have emphasized this 
displacement.

The background of Cooke's discussion of these problems 
is that there exists, immediately to the south, a great 
batholith of what he has termed Killarney granite.
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This granite is in his opinion younger than the fault which 
separates the sediments of the Coniston group from the 
Wanapitei quartzite and his evidence for this conclusion is 
that, at the northeastern corner of the lake in lot 10, con 
cession I of Broder township, he finds granite cutting the 
Wanapitei quartzite in a normal igneous contact. He 
concludes that this later intrusion of the Killarney granite 
has obliterated the fault.

Although the contact of Coniston group and Wanapitei 
quartzite is a faulted one Cooke is in no doubt that the 
former is the older formation and he suggests that it is pre- 
Huronian, being connected with the- type Grenville which he, 
unlike Collins, regards as one of the oldest Precambrian 
formations.

The most recent work in the district is a study by 

W, J. Pearson, Ont. Dept. Mines, (in preparation).

Pearson of the kyanite-bearing gneisses and associated rocks 
east of Wanapitei. Here he finds that a great break defined 
by the valley of the Wanapitei River occurs between the 
Wanapitei quartzite in the north and the coarse-grained 
gneisses to the south. Within the gneisses he has dis 
tinguished a great variety of types comprising pink and grey 
gneisses with various accessory minerals, granitic gneiss, 
kyanite gneiss, garnet amphibolite, hornblende gneiss and 
amphibolites with pyroxene or quartz. All of these are cut by 
granite pegmatites.

Though dealing with a region about fifty miles to the 
northeast, a paper by Johnston on what he terms the Timiskaming-

W. G. Johnston, Temiskaming-Grenville Contact, Geol. Soc. Amer., 
Bull. 65, 1954, pp. 1047-73.

Grenville contact southeast of Lake Timagami should be mentioned 
here as it is concerned with the same problem as confronts us 
in the present map sheet. The rocks of this area are grouped 
into two sub-provinces, the Timiskaming to the northwest and 
the Grenville to the southeast, and are considered to belong 
to different ''types". Thus the Timiskaming type sediments, 
though folded and also intruded by granite, have suffered but 
little metamorphism and still exhibit original structures, 
whereas the Grenville type is characteristically a gneiss, 
completely recrystallized and with no clearly recognizable 
primary features. Within it bands of amphibolite are thought 
to represent intrusive sills. Two ages of acid plutonic rock
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are recognized, the earlier, a granodiorite to quartz diorite, 
is found in unmetamorphosed condition only in the Timiskaming 
sub-province while the later, a potash granite, occurs in both 
sub-provinces.

The two sub-provinces are in contact along a complex 
zone of faulting striking northeast and dipping steeply eastwards. 
Along these faults movement has taken place many times but the 
main tectonic displacement has been a transfer of the Grenville 
sub-province upwards and northwestwards. This displacement has 
resulted in the Timiskaming strata being overturned along the 
faults in a series of folds with horizontal axes striking north 
east and to the same cause is attributed the minor lineation 
in the schists which takes the form of a horizontal wrinkling 
with northeast strike,, The principle lineation, however, is 
parallel to the movement and is expressed in the elongation of 
mineral grains, longer axes of pebbles, boudinage and the axes 
of minor folds. The fabric diagrams of quartz rocks give more 
or less complete girdles with this prominent lineation as axis.

The metamorphism is thought to increase in grade from 
northwest to southeast and a continuous passage from the chlorite 
zone in the Timiskaming, through the biotite zone spanning the 
contact of the sub-provinces, into the almandine zone in the 
Grenville, has been established from a study of the changes in 
the earlier granodiorite,, This progressive regional metamorphism 
is considered to be due to a correspondingly progressive increase 
in temperature and pressure due to depth of burial but probably 
even more to increase in deformation in the earth zones repre 
sented by the rocks to the southeast. Some of the gneisses of 
the Grenville may have resulted from the metamorphism of the 
earlier granodiorite but the later potash granite is thought to 
postdate the culmination of the metamorphism of the Grenville, 
It itself, however, it is suggested, has been formed by 
recrystallization of the earlier granodiorite along wrth the 
introduction of vast quantities of potash and silica which have 
brought about the conversion of the original plagioclase to 
microcline and greatly increased the amount of the quartz present. 
Along with this recrystallization there has been a great develop 
ment of apatite in the new formed granite. Both granites are 
pre-Cobalt and probably post-Timiskaming.

Recently Wilson has examined afresh the evidence in this

M 8 E. Wilson, Early pre-Cambrian Rocks of the Timiskaming Region, 
Quebec and Ontario, Geol, Soc. Amer., Bull., Vol. 6?, 1956, 
pp. 1397-1430o

area and while agreeing with Johnston's conclusion that there has 
been extensive faulting along the horizon of the northwestern
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border of the Grenville sub-province in the Timiskaming area, 
he does not consider that this is part of a great crustal 
uplift extending southwest to Lake Huron. In his opinion the 
movement is in some way associated with a widespread and 
deep invasion of gabbroic magma in late Precambrian time. He 
lays great stress on the extension of the potash granite, 
intruded as an accompaniment of the Ottawa Mountain orogenesis, 
northward into the Timiskaming sub-province,, This granite he 
considers is later than the potassic granite gneisses of the 
Ottawa Mountain belt which in their turn intrude the crystal 
line paraschists and gneisses of the Grenville. Since this 
granite is in his opinion overlain unconformably by the basal 
conglomerate of the Cobalt series the Grenville schists and 
gneisses must be pre-Huronian 0 He goes on to correlate this 
potash granite with the Killarney granite of Collins and 
Quirke and comes to the conclusion therefore that there is an 
outstanding anomaly in their correlation of the Bruce series 
with the Grenville 0 It is in fact the Bruce series that is 
cut by the Killarney granite and this Bruce series he con 
siders is very much older than the Cobalt series from which 
it is separated by a major period of orogeny,,

A paper that deals with the area described in this 
report has been published elsewhere.

T 0 C 0 Phemister, "The nature of the Contact between the 
Grenville and Timiskaming Sub-Province in the Sudbury district 
of Ontario, Canada" 0 XXI Session, International Geological 
Congress, Copenhagen, part XIV, I960, pp. 108-119 0
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CHAPTER II

GENERAL GEOLOGY

As the introduction to this report makes clear, there is 
a great doubt as to the relative ages of the various rock for 
mations of this area and it is questionable whether the use 
of terms which have more than a local reference does other 
than confuse the issue. Two general names however have been 
retained, namely, Huronian and Keweenawan, the former because 
some evidence does exist as to the relations with the type 
rocks and the latter because the rocks to which this name is 
applied, the olivine diabase and allied dikes, appear every 
where to be the latest event in the history of the shield. 
The designation "Killarnean" has been employed to stress the 
continuity of these metamorphic and crystalline types with 
the similar rocks described already by Quirke and Collins in 
the general Killarney district to the southwest. This 
continuity is known from traverses and it is therefore worth 
while expressing it by a common nomenclature.

The rock formations which appear in the district are 
set out in the following table, in which the categories and 
numbers employed coincide with those adopted on the maps.
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TABLE OF FORMATIONS

CENOZOIC

PLEISTOCENE AND RECENT; Sand, gravel, clay.

GREAT UNCONFORMITY 
PRECAMBRIAN

Keweenawan ?
13 Olivine diabase dikes (13a), trap dikes (I3b)

Killarnean 
12 
11

10

9
8

INTRUSIVE CONTACT

Acid Intrusives: Granite, pegmatite,, 
Injection and permeation gneisses consisting

of variable amounts of banded gneiss and
granitic material. 

Intrusion breccia of prophyritic granite
into metagabbro. 

Gabbro and metagabbro. 
Amphibolite and biotite amphibolite, banded

or massive, usually carrying garnet and
passing into biotite-rich types. 

Kyanite gneiss, with abundant kyanite (7a),
with minor amounts of kyanite (7b). 

Psammitic and pelitic gneiss, paragneiss.

METAMORPHIC BOUNDARY 

Older Basic Intrusives:

INTRUSIVE CONTACT

Gabbro and diabase 
(5), acid segrega 
tions

PRE-HURONIAN
Sudbury Group 

4 
3 
2 
l

Limestone. 
Greywacke.
Quartzite (2), laminated quartzite (2a). 
Conglomerate (1), gritty greywacke (la) 

interbedded quartzite and greywacke (Ib).

Note: Numbers l to 13 correspond with the numbers of rock 
units on the uncoloured preliminary geological maps 
of the area.
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The oldest rocks are those of the Sudbury Group and these 
are thought to be pre-Huronian, as J 0 E, Thomson has found 
that their continuation to the northeast is overlain by basal 
Huronian conglomerate at the south end of Lake Wanapitei 0 
These pre-Huronian strata consist of sediments, mainly quartzite, 
sharply folded but on the whole little metamorphosed so that 
most of their primary structures are preserved. Cutting these 
beds is a group of gabbros and diabases, the Older Basic 
Intrusives, and these also show little signs of metamorphism,, 
To the southeast of both of these sets of rocks and sharply 
separated from them, there occurs a great group of highly 
crystalline and plastically deformed strata consisting of 
paraschists, paragneisses with injection and permeation rocks, 
all of which are classed together as Killarnean,

Both the pre-Huronian sediments and the older basic 
intrusives have been affected locally by feldspathization and 
other alteration which has produced a type of rock quite 
distinct in the field from all the others and represented on 
the map by a stippled overlay. They reach their greatest 
development in the southern part of Broder township and in the 
southwestern part of Dill township. Though quite distinct 
from the Killarnean crystalline rocks they are thought to have 
been formed about the same time.

The youngest group of rocks in the region is thought to 
be the olivine diabase and trap dikes which cut sharply across 
all the other strata with the exception of the Killarnean in 
which they have not so far been recognized 0

These groups of formations will now be described in some 
detail o

SUDBURY GROUP 

(Units 1-4)

These rocks constitute part of the type section of the 
Sudbury district described by earliest writers and thus do not 
require much elaboration here. They have been named in earlier 
publications,

Wanapitei quartzite 
Ramsey Lake conglomerate 
McKim greywacke,

Of these, the type Wanapitei quartzite occurs in the map sheet 
in Dryden and Neelon townships and the Ramsey Lake conglomerate 
appears in the northwestern part of Neelon, extending from the
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north shore of Ramsey Lake where it was first named 0 The 
McKim greywacke takes its name from the beds exposed around 
Sudbury in McKim township, and the edge of this typical 
horizon appears just west of the northwestern corner of 
Broder township,,

All the evidence that we have, namely, current bedding 
and graded bedding,, indicates that around the city of Sudbury 
the McKim greywacke is the oldest stratum and the Wanapitei 
quartzite the youngest 0 There the beds dip steeply southwards 
and the succession is a normal one 0

As has been emphasized elsewhere, however, these formations 

To Co Phemister, Onto Dept 0 Mines, Vol 0 LXV, 1956, pt 0 3, p 0 103,

are not as contrasted as their names imply,, Thus, on the one 
hand, within the McKim greywacke there are abundant beds of 
quartzite and, on the other, the Wanapitei quartzite itself 
shows many argillaceous partings and even thin beds of greywacke* 
The Ramsey Lake conglomerate also is of the nature of a passage 
bed having in places a matrix similar to the McKim greywacke 
and is really more a horizon marked by pebbles than a single, 
sharply bounded bed of conglomerate,, No sign of any uncon 
formity has been discovered amongst these strata so that the 
three members must be regarded as parts of a continuous 
sedimentary sequence 0

Though the type McKim greywacke and Ramsey Lake conglomerate 
appear on the northwestern edge of the map sheet, another horizon 
of greywacke with minor conglomerate also occurs along Daisy 
and Richard Lakes and north of MacFarlane and Long Lakes 8 There 
is no satisfactory evidence that tliese are the same beds, 
repeated by folding, as occur around Sudbury, and it seems more 
probable that they are simply similar strata at another horizon 
in the Wanapitei quartzite now near its southern edge 0 On this 
side the quartzite shows a definite change in character, contain 
ing more thin layers of argillaceous material and also becoming 
much more thinly bedded 0 In places the beds become so fine that 
the quartzite takes on a laminated character.

In the type development of the McKim greywacke, north of 
this map sheet,, staurolite is a characteristic mineral in some 
beds, where the crystals may be several inches long, though the 
matrix of the greywacke is still extremely fine-grained,, Similar 
occurrences are found in some of the greywacke bands in the 
south part of Broder township. Thus staurolite appears as 
euhedral brown crystals set in a fine-grained phyllite band 
south of Long Lake in lot 6, concession III, and small occur 
rences are found elsewhere.
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OLDER BASIC INTRUSIVES 

(Unit 5)

These are found throughout the Wanapitei quartzite and 
are certainly intrusive as they are chilled at their contacts 
with the latter and also cut across them in many cases. They 
have generally been spoken of as sills, but as has been 
pointed out previously the ratio of their true thickness to

T. C. Phemister, op. cit., p. 107.

their diameter is hardly compatible with the value that we 
find in the normal sill. Furthermore, though certainly 
conformable in places, they frequently crosscut the strata, 
and this is a primary relation, not one to be explained by 
later movements. The structural question which arises 
regarding them is whether or not they antedate the folding 
of the quartzite. In this connection it has to be emphasized 
that the present dip of the quartzite is high, varying from 
about 50O to vertical, so that the folding to which it has 
been subjected is sharp and highly distortional. It cannot 
be said that the diabases repeat this close-folded structure 
even though some individual contacts are conformable. It 
does not necessarily follow of course they are later than 
the folding for, being massive and rigid rocks, they may well 
have moved simply as hard unyielding blocks against the less 
competent strata which took the folding and deformation. One 
might hope to find evidence supporting this sequence of 
events in sheared contact phases of the diabase with the 
quartzite and examination in the field does show that many 
of the contacts have in fact been surfaces of movement. The 
same history would account for the petrographic fact, more 
obvious in thin section than in the field, that locally the 
primary igneous texture has been broken down in part by 
recrystallization. There is also the point that in the 
structural breccias, which are interpreted as a consequence 
of the folding, blocks of diabase occur, thus making it clear 
that some of the diabases at any rate were emplaced before 
the deformation ended. One has always to keep in mind 
however the possibility that, like some of the basic bodies 
associated with the Caledonian folding in northern Norway,

S. Foslie, "The Raana Norite Field", Jour. Geol., Vol. 29, 
1921, pp. 701-19.

the period of intrusion may have coincided with some phase 
of the folding. Indeed this view has much to recommend 
it here as it would suggest an explanation of the abnormal 
shapes of some of these diabase masses and their marked 
departure from true sill-like form.
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Texturally these rocks vary between diabase and gabbro 
and their primary mineralogy is simple, consisting as they do 
usually of augite and plagioclase. Hornblende is invariably 
present and is always a reaction product from augite appearing 
especially where the rock has been subject to shearing. 
Orthorhombic pyroxene was not observed in any of the sections 
studied o

KILLARNEAN GROUP 

(Units 6 - 12)

Within this group occurs a great variety of rocks, the 
only character they have in common being that they are all 
crystalline,, As many of them show continuous graduations 
from the one variety to another, the main problem in mapping 
is to find types sufficiently well defined to separate as 
mappable units having regard to the scale employed in the 
fieldo This can be achieved only by a trial and error method 
and the grouping which has been found most practicable is 
given below,

(i) Units 6 and 7o Banded psamitic and pelitic gneisses; 
these are dominantly paragneisses but always contain some 
granitic material as fine film-like injections or feldspathic 
impregnations 0 They vary from quartzitic rocks, usually 
flaggy but occasionally massive and interbedded with garnet- 
mica schists, to dark banded gneisses with layers consisting 
in great part of biotite, amphibole and feldspar, 
(ii) Unit 8 0 Amphibolites; these vary from massive varieties 
consisting almost wholly of amphibole to delicately banded 
types with layers rich in biotite, feldspar and quartz. 
Garnet occurs in all of them and in some forms almost half of 
the rock appearing as large well formed crystals up to about 
two inches across 0 By far the great majority of these 
amphibolites are derived from sediments, probably of the 
nature of marls though the possibility cannot be excluded 
that in some cases the original material may have been 
tuffaceous,, They are interbedded, sometimes in a most 
intimate manner, with paragneisses and schists and all inter 
mediate types between them and typical metasediments occur.

Impregnation with feldspar and fine injection by granitic 
material is usually present.

(iii) Unit 9* Gabbro; this is variable in granularity, some 
parts being very coarse. It appears to have been a normal 
igneous intrusion into the psammitic and pelitic rocks of 
the gneisses prior to the regional metamorphism.
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(iv) Unit 10 0 Intrusion-breccia of porphyritic granite into
recrystallized, deformed and metasomatized gabbro of (iii);
this is very irregular in distribution and contains many
relics of the coarse unaltered gabbro 0
(v) Unit 11 o Injection and permeation-gneisses consisting of
about equal amounts of (i) and granite; these are very variable
and pass into (i) and (vii) by insensible graduations,,
(vi) Unit 11 o Injection-gneisses of very coarse structure
consisting of basic rock and granite; the basic rocks here
are highly crystalline and consist of hornblende, pyroxene,
garnet and magnetite gneiss,,
(vii) Unit 12 0 Granites frequently pegmatitic but varying
considerably both in mineralogy and texture,,
(viii) Unit 12 0 Crystalline limestone and lime-silicate rocks;
these occur at three points only where they form isolated
lenses only a few yards across 0

A full petrographic description of these rocks will be 
published elsewhere and only their main diagnostic and 
genetic characters are described in this report 0

(i) o Banded psammitic and pelitic gneisses,,

These represent a series of well-bedded sediments con 
sisting originally of flaggy sandstones and shales with more 
massive beds of pure sandstone and layers of variable 
thickness of marl 0 Through recrystallization the argillaceous 
material has been changed to coarse garnet-mica schist 
frequently with kyanite and the marly material to biotite- 
amphibole schist 0 In the quartzite beds the change has been 
mainly a textural one giving a coarse almost glassy rock 
which however still retains traces of bedding,, As is 
mentioned later a feature common to all of these metamorphic 
rocks is the differential movement and intricate small scale 
folding which they exhibit 0 This has destroyed the continuity 
of the individual beds but the original stratified character 
of the material is still abundantly clear especially on the 
northern side where they appear as flaggy layers of schist 
and quartziteo

Nowhere are the rocks entirely free from granitic 
material^ This has been introduced at the same time as the 
recrystallization of the rock and indeed appears to have 
played an important role in promoting this recrystallization. 
Thus we find that where thin films and impregnations of 
granite are insinuated into the flags these coarsen into 
quartz-feldspar rocks in which it is impossible to say how 
much of the feldspar is indigenous, how much metasomatic 0
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Large porphyroblasts of orthoclase are very common and as these 
are not always connected with any visible veins or intrusive 
films of granite one must assume that the strata have been 
permeated by solutions which were able to produce concentra 
tions of feldspathic material at these centres of growth*

As is common in such rocks quartz has been particularly 
mobile, presumably through some form of solution, and with it 
has gone the other minerals of the equilibrium assemblage. 
Thus we frequently find a growth of this mineral locally in 
the schists giving lenses of coarse quartz and feldspar with 
garnet and, in suitable rocks, with kyanite.

The basic member of this set of rocks is rich in biotite 
and usually carries amphibole,, It is intimately interlayered 
with the other schists and gneisses and bands showing all 
variations occur between the two 0 There is a complete passage 
in type into the rocks grouped under unit 1 0

In Dryden township there is an extensive development of 
quartz-garnet-kyanite schist which will be described by 
Pearson,, These large deposits do not continue to the south-

W 0 J 0 Pearson, Onto Dept 0 Mines, (in preparation).

west though kyanite schists frequently occur,, Usually they 
are found on the edges of the ridges as a thin skin on the 
more resistant rocks, and it is possible that some larger 
beds may be obscured by the fillings of the small valleys 
as the kyanite schist weathers readily. The larger 
occurrences have been noted on the map of Dryden township* 
(ii) 0 AmphiboliteSo

As one end member of this set of rocks we have a massive 
amphibolite, wholly metamorphic in character and without 
trace of any original structure e It is sometimes without 
any directed texture being composed of large interlocking 
crystals of hornblende but more commonly however it grades 
into schistose types of variable granularity, when it usually 
contains a considerable amount of biotite,, Garnet is a common 
constituent and a coarse-textoixifid hornblende rock with large 
"eyes" of brownish garnet is one of the most abundant 
varieties, though much coarser-grained ones are common. It 
will be noticed that associated with the garnet are streaks 
of feldspar sometimes with, sometimes without quartz. This 
is the normal association and in places the granitic material 
may only be present at the corners of the "eyes" but more 
commonly it forms large irregular patches or streaks with the 
garnet embedded within them.
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The present form of these bodies is of the nature of 
short and thick lenses but, as extreme movement has taken 
place in the adjacent schists within which these more rigid 
masses have been broken and displaced, it may well be that 
originally these amphibolites formed more extensive and 
continuous units 0 Their massive character at first suggests 
that they may have been derived ultimately from igneous rocks 
such as diabase or gabbro,, As has already been mentioned, 
however, all the rocks of this type preserve abundant evi 
dence of their origin and the complete absence of any trace 
of igneous texture in these amphibolites may be taken as an 
indication that we have to look to some other origin for 
them 0 Since in many cases they pass on their borders into 
well-banded biotite amphibolites and biotite-garnet schists, 
it would appear that they represent thicker beds of marl or 
allied sediment which have been converted by recrystalliza 
tion into amphibolite. On a smaller scale one can see the 
production of such material within the banded biotite 
amphibolites and its partition from adjacent strata by 
differential movements which have caused the more rigid 
amphibolitic portions to travel in the less competent base 
of schist and gneiss 0

Another member of this group is the banded biotite 
amphiboliteo This comprises a very heterogeneous assemblage 
but throughout the prevalent type is an amphibolite with 
biotite abundantly developed along its cleavage surfaces,, 
Though locally and in thin sections the rock may be massive 
the normal rock is gneissose or schistose. Banding is as a 
rule discontinuous and takes the form of lenses rich in 
feldspar and quartz but there is in many cases a continuous 
graduation into banded gneisses of group (i) indicating, 
therefore, that these basic rocks were originally inter 
stratified with these sediments.

The long ridge that runs diagonally through lot 6, 
concession IV of Dill township, gives excellent examples 
of the interbedding of the amphibolites and the paraschists 
and gneisses o The rocks here dip steeply to the east and 
across the hill one gets a complete sequence from quartzite, 
through quartz-muscovite schist, garnet-biotite schist, 
garnet-amphibole-biotite gneiss to garnet-amphibole gneiss 
and garnet amphibolite,, M^any alternating bands of these 
occur in the section and leave no doubt as to their common 
sedimentary origin 0

All of the amphibolites have been affected in some 
measure by the ubiquitous granitic material. This ingredient 
appears as veins and thin lenses conformable to the banding 
of the amphibolite so that the rocks take on a strongly
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streaked appearance 0 A constant accompaniment of the 
granitic infiltration is the development of abundant 
porphyroblasts of pink feldspar within the gneiss. As a 
result of this impregnation there develop within the 
amphibolite pink layers and lenses of almost pure feldspar 
accompanied by little or no quartz. This feldspar develop 
ment appears to be quite distinct from the streaks of white 
feldspar and quartz already mentioned and which seem to be a 
normal result of the straightforward recrystallization of 
the rocko The proportion of granitic material varies 
considerably and rapidly and all variations are found 
between relatively pure biotite amphibolite and a pink well- 
banded rock consisting mostly of pink granitic material with 
thin biotite films representing the original biotite 
amphibolite 0

Garnet is a common mineral especially in the small 
lenses of more massive amphibolite where again they form 
"eyes tf 0 Though less noticeable they are also present in 
variable amount through the rest of the rock and are 
evidently a very stable member of the assemblage 0

(iii) o Gabbro o

With this will be described the intrusion-breccia(iv) 
of porphyritic granite into the recrystallized and meta- 
somatized gabbro 0 By far the largest occurrence of gabbro 
stretches in a northeast-southwest direction from just south 
of Wanapitei village to about the south end of Alice Lake, 
a distance of 4 miles, and with a width of 1-1/2 miles 0 
Probably partly because of its size and partly on account 
of its inherent rigidity it has not been as completely 
transformed as the other rocks of the region and many large 
patches remain showing its primary characters 0 In this 
respect it differs from the other basic rocks of this group 
in which we see only the final result of the metamorphic 
process with little evidence of the intermediate stages, 
and this is one of its features which makes its study of 
special interest 0

Where unchanged the rock is a coarse-grained gabbro 
with crystals up to a centimetre across. Usually only the 
two minerals, feldspar and pyroxene, are present but in 
some phases large crystals of primary biotite also occur*. 
The texture is distinctly poikilitic 0 The pyroxene some 
times forms very large crystals, 5 centimetres in length 
and with prominent diallage structure 0 The plagioclase is 
usually dark in colour though fresh and with glassy cleav 
age faces o In some varieties it forms as much as 80 per 
cent of the rock and such types resemble closely the
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anorthositic facies of the nickel irruptive of the southern 
range at Sudbury* This similarity is carried through also 
in the biotitic varieties though none of them contain the 
blue quartz found in the nickel irruptive.

Two processes appear to have gone hand in hand in 
promoting the recrystallization and transformation of the 
rock,, namely, shearing and granite-veining and permeation 
by feldspar,, This can be well seen in the exposures 
immediately west of the road running south from Wanapitei 
village 0 Here zones of increasing width and intensity of 
shearing accompanied by intrusion of thin granite veins can 
be traced in which one passes from normal gabbro to garnet- 
biotite-hornblende schist within a distance of about 1/4 mile 
This relatively sudden change from a gabbro of typically 
igneous texture to a very coarse garnet schist is a 
remarkable one and is further dealt with in the chapter on 
metamorphismo

Away from these definite and clear shear zones the 
same kind of processes can be distinguished but here the 
whole rock has been broken down,, although the degree of 
alteration varies from point to pointe Some of the rock 
is a breccia of sheared and altered gabbro in a granitic 
matrix while other parts are composed almost wholly of a 
very dark granular hornblende-feldspar-biotite rock 
usually carrying abundant garnet and with granitic material 
disseminated irregularly through it 0 In most cases careful 
examination will usually disclose a few small patches 
showing original gabbro textureo

One of the most convenient places to study the breccia 
type of alteration is the section immediately south of the 
Wanapitei dam and power house 0 Here one can see how the 
gabbro has been converted into hornblende-biotite-garnet 
schist by piecemeal shearing and has been permeated by 
solutions which have first generated crystals of pink feld 
spar within it and then invaded it as distinct veins and 
dikes. Where such addition of granitic material has taken 
place the fragments of the altered gabbro have, it is clear, 
become partly plastic and have moved in the granitized 
matrixo This matrix itself is extremely variable both in 
composition and in texture for while some of it is igneous 
granite the greater part seems to be simply recrystallized 
gabbro so full of porphyroblasts of pink feldspar that it 
looks like a syenite with basic hornblende-rich streaks 
within it a

Some of the primary igneous gabbro shows mineraliza 
tion by pyrrhotite and chalcopyrite where it is crossed by 
shear zones 0 Such occurrences are marked by considerable
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gossan and have been prospected and drilled in some cases. 
So far no large bodies of sulphides have been reported.

As well as this large mass there are a few smaller 
bodies of gabbro and diabase. Two of these are shown in 
lots 10 and 11 of concession li of Dill township. On the 
whole these have been much less affected by shearing and 
recrystallization than the larger body already described. 
Primary textures are easily recognized and only on their 
edges is recrystallization complete. It is clear that 
the original diabase and gabbro have been much more 
resistant to the penetrative movements than have the adjacent 
sediments and this appears to have inhibited the wholesale 
reorganization so prevalent in its neighbours,, The recrystal 
lization on the edges which has produced amphibolite, some 
times with garnet, is associated with differential movement 
that has taken place between the igneous rock and the 
enclosing schists and gneisses. Where the latter consist 
of amphibolite it is often a difficult matter to differ 
entiate the two rock types for the igneous rock has been 
dragged out by the movements into banded material closely 
resembling the amphibolite of the paraschist and paragneiss-

(v) 0 Injection and permeation-gneisses 0

In describing the banded psammitic and pelitic gneisses 
(i), mention was made of the ever-present granitic material 
as veins, thin sills and impregnations,, By increase of this 
added material the rock passes into the typical injection-gneiss 
in which the granite appears mostly as thin sill-like films 
and lenseso No sharp boundary exists between these and the 
banded gneisses and in the field it is often very difficult 
to draw a dividing line between injection-gneiss and banded 
gneiss containing somewhat more granitic material than usual. 
One might say that they are defined negatively as, on the 
one hand, including too much paragneiss and schist to be 
called simply granites and, on the other, as having too much 
granitic material within them to be classed as banded gneiss 
of type (i)o

These injection-gneisses are of course thoroughly and 
often coarsely recrystallizedc In many cases it is impossible 
to say how much of the feldspar in the bands is indigenous, 
how much introduced by some form of granitic impregnation. 
Some of the gneiss is so well-banded that it would seem to 
have formed mainly by fine lit-par-lit infiltration and 
permeation rather than by any form of forceful intrusion. 
In other parts however the granite occurs clearly as veins and 
definite sills or obliquely cross-cutting dikes so that normal 
igneous processes appear to have played their part in the 
evolution of the gneiss.
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A constant accompaniment of the thin sill-like granitic 
layers is a very narrow selvage of biotite which forms a black 
line sharply defining the granitic material.

(vi), Very coarse basic injection-gneisses and breccias.

This differs radically from (v) both in the materials 
that compose it and in its structure. It occurs only in one 
part of the map sheet, in lots 9 5 10 and 11, concession I of 
Dryden Township, where it forms a range of low hills about 
2 miles long and characterized by their light grey colour 
and rounded tops 0 The principal rock is a mixture of white 
syenitic material and amphibolite. The amphibolite forms 
numerous large and irregular bands and lenses and both finely 
banded and coarse-grained massive varieties are common. Less 
frequent are inclusions of eclogite and of magnetite gneiss.

On its edge this gneiss and breccia passes into the 
sheared and recrystallized gabbro but its relations to this 
rock are not clear. It does not repeat any of the character 
istic development of feldspar porphyroblasts and replacement 
phenomena of the altered gabbro and is of much coarser 
structure. At the same time there seems to be no abrupt 
change from the one type to the other as though the basic 
material of the two had been connected.

(vii) Granite.

Though granitic material is widespread throughout the 
terrain, true granite occurs nowhere as a separate large 
intrusive body, but is found typically as small scale 
injections and veins 0 The largest single mass is in lot 6, 
concession V of Dill township where it has the form of a 
lens about 1/2 mile long, curved on its boundaries into 
conformity with the adjacent gneisses. It stands up as a 
prominent hill and forms an easily recognized landmark be 
cause bf its white colour which is especially conspicuous 
owing to the absence of trees or bushes on its summit. The 
rock is a pegmatitic granite of varying granularity contain 
ing many conformable slabs of banded gneiss and less commonly 
of garnet-amphibole-schist all permeated by veins from the 
granite 0 All of its structures dip about 50 degrees to the 
southeast and it has clearly inserted itself into the bands 
of gneiss as a series of sills and forced them apart. On its 
western side it passes into a zone of thin granitic sills 
intimately injected into both amphibole-schist and banded 
gneiss. At the eastern end it graduates into well-banded 
amphibolite much veined by granite.
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Apart from this body, the granites occur as very thin 
sills and veins and are always accompanied by a great growth 
of feldspar crystals in the adjacent rock a Many, though by 
no means all, show pegmatitic facies and it is clear that 
they have been extremely mobile liquids and have had 
associated with them chemically active fluids of great 
penetrating power 0

True pegmatites are common and these occur both as 
conformable and as cross-cutting veins* The largest one is 
in lot 9, concession I., of Dryden tpwtiship, and has been 
opened up by Tuck Metal Mines Limited, Its mineralogy is 
simple with quartz, feldspar and muscovite,, Biotite occurs 
sporadically,, There are many large pegmatite dikes also in 
the quartzite which appears amongst the gneisses at the 
southeastern corner of Dill township. These show very sharp 
contacts with the quartzite which is in marked contrast to 
the more diffuse boundary that they frequently exhibit in 
the gneisses,,

The pegmatites which cut the structures of the schists 
and gneisses must be later than the recrystallization and 
metamorphism which produced these rocks 0 At their contacts 
with the country rock, however, one finds that the pegmatites 
sometimes send off veins that are conformable with the 
schistosity and also appear to be in equilibrium with the 
schists as the minerals interlock on their contacts 0 Further 
more there is no lithological or mineralogical difference 
between the cross-cutting pegmatites and those that form 
conformable lenses and thus one is forced to the conclusion 
that, although the former must post-date the main period 
of recrystallization and metamorphism, they do not represent 
an entirely separate igneous period but have formed in the 
waning phase of the regional metamorphism 0

(viii) Crystalline limestone and lime-silicate rock 0

These were found at three places only and in each case 
the occurrence is a very small one consisting only of a small 
folded lens in the gneisses 0 In the road-cut on highway 
69 in lot 7j concession IV of Dill township the rocks 
consist of a varying assemblage of diopside, garnet, amphibole, 
vesuvianite, quartz and calcite. This material is inter 
bedded with quartzite which contains beds with both biotite 
and amphibole 0 Similar rocks are found in a cut in the same 
highway further south in lot 6, concession III and again 
they are interbedded with the gneisses.
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The third occurrence is on the Canadian Pacific Railway 
track in lot 2 of Dill township where it crosses the line 
between concessions III and IV. Here there is a small lens 
of crystalline limestone and, as well as the minerals found 
at the other localities, brucite also appears 0 This occur 
rence is of historic interest for it was the discovery of 
this rock, along with the large area of quartzite about 
2-1/2 miles to the south, that led Coleman to identify these 
strata originally with the Grenville,,

Though in themselves these bodies of limestone and 
lime-silicate rock are more in the nature of rarities for 
the area, and indeed are too small to be inserted in true 
scale on the map, they are of importance since they indicate 
the presence of a carbonate facies in the original sediments 
of this zone and thus reinforce the view that the amphibolites 
are derived from marly beds interbedded with the shales and 
sandstoneso

FELDSPATHIZED FACIES OF THE SUDBURY GROUP AND THE 

OLDER BASIC INTRUSIVES

The rocks of this group occur geographically in a position 
intermediate between those of the typical Sudbury group to the 
north, and the Killarnean rocks to the south 0 Their eastern 
limit is just south of the Coniston slag dump, but westwards 
they extend to the southern edge of Broder township,, As some 
of these rocks have been claimed (by Cooke) to be a completely 
separate series^ much older than the Sudbury group, their 
relations to the latter are described in some detail 0 The 
problems connected with their feldspathization are dealt with 
in a later section,,

At the extreme eastern end they consist of a series of 
greywackes and thin, fine-grained quartzites, with which are 
instratified finely banded rocks which may have been marls 
of possibly tuffSo Within them also are more massive amphibo- 
litic rocks which probably represent basic intrusive sills 0 
All of these rocks can be well seen just east of the north 
eastern end of Alice Lake,, Here on the northern side of the 
outcrop, immediately south of the fault that marks the contact 
with the Wanapitei quartzite, the rocks, though folded, are 
not recrystallized and their original sedimentary characters 
can be studied 0 As they are followed southwards across the 
outcrop they rapidly change into schists and gneisses ,

Westwards, across Alice Lake the same rocks continue 
along the strike and there constitute the section of the 
strata described by Cooke as his Coniston series 0 They are
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in faulted contact with the gabbro intrusive into the Wanapitei 
quartzite, only a yard or two separating the two rocks. Due 
to its proximity to the fault the quartzite is greatly sheared 
and cleaves along a plane surface dipping 60 degrees to the 
southo So far as can be determined this surface coincides 
with the bedding,, One of the most outstanding features of 
the rock is the excellent lineation that it exhibits 0 This 
is in the form of quartz pencils that are inclined easterly 
at 49 degrees in a vertical plane that strikes 105 degrees 
east of northo

This sheared quartzite is succeeded southwards by 50 
to 100 feet of laminated quartzite and then by a band of 
amphibolite,, South of this the laminated quartzite comes 
in again and then gives place to an interbedded series of 
quartzite and basic beds. A second band of massive amphibo 
lite succeeds these sediments which, however, appear again on 
the other side of the amphibolite and a second bed of 
quartzite is present here 0 About this horizon granitic 
material begins to make its appearance in some abundance 
and further south the rocks pass quickly into schists and 
gneisses 0 The total width of the sediments, with their 
amphibolites, is about 1,500 feet.

Further west, along the Canadian Pacific Railway track 
the width of the unaltered sediments remains about the same 
though the strike swings around to the south. The great 
break is here expressed as a quartz stockwork and the typical 
Wanapitei quartzite is in contact across it with the lamina 
ted quartzite,, The regional strikes of the two rocks are at 
about 45 degrees to one another 0 The laminated quartzite 
passes rapidly across its strike into feldspathic rock which 
forms the low hill here traversed by the railway,, Though 
the bedding can be well seen, this rock is more recrystallized 
than that to the east and this recrystallization is associated 
with intense but irregular feldspathization which is described 
in the next chapter,, Cooke mapped all of this rock as 
granite but though the rock is certainly granitic in appear 
ance the feldspar has been introduced and the original 
material was sedimentary.

This rock is succeeded to the west again by the laminated 
quartzite which, as on the eastern side of Baby Lake, contains 
lenses of amphibolite,, Feldspathic material now becomes 
abundant again and with its presence the rocks become coarsely 
crystalline,,

Proceeding southwest from this area we have an excellent 
section of these rocks provided by the high ground forming the 
south side of Daisy Lake 0 Here the feldspathized quartzite 
with its underlying laminated quartzite forms the bluffs at
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the north end of the Iake 0 This remains the principal rock 
for about 3/4 of a mile down the lake where the bedding and 
dip are clearly shown, the strata striking about N 0 25OE 0 
and dipping 45OSE 0 Southwest from this point there is a 
rapid change in the nature of the beds. The feldspathized 
quartzite becomes finer-grained and with a more pronounced 
development of its bedding planes it passes into laminated 
quartzite,, This well-banded rock can be followed as a belt 
about a thousand feet wide, along the strike, which is now 
about northeast, back into the hill 0 On its northwest side 
it becomes more and more argillaceous and rapidly passes 
into greywacke bands with layers of thinly bedded quartzite,. 
The thickness of the greywacke bands varies considerably,, 
Near the southwest end of Daisy Lake they are as much as 
a hundred feet across but usually they are much thinner and 
contain many thin quartzite beds 0 The greywacke itself 
resembles very closely the McKim greywacke with which it 
was correlated by Collins 0

Wo H 0 Collins, op 0 cit 0

The structural sequence here is thus from normal 
quartzite at the top down through laminated quartzite to 
greywacke. This would also appear to be the stratigraphical 
sequence for at two points current-bedding established that 
the strata were normally disposed a

All the rocks along the side of the lake are strongly 
sheared and it is clear that the trench in which the lake 
itself lies has been weathered out along,a great structural 
breako Passing southwestwards into Richard Lake this shear 
ing appears to subdivide and the zone of disturbance widens 0 
Possibly due to this the main greywacke-quartzite formation 
splits into two bands with a more quartzitic rib in between 
which forms the peninsula at the eastern end of Richard Lake 0 
The greywacke member of the southern band is well exposed 
on the path that goes along the south side of the peninsula 
and there it contains some pebbles giving a rock that is 
reminiscent of the Ramsey Lake conglomerate,,

The second band to the north is narrower and more 
sheared but can be traced along the northern side of the 
Iake 0 Here also occurs a pebbly facies again resembling, 
despite the shearing to which it has been subjected, the 
Ramsey Lake conglomerate,. This rock can be followed in the 
few exposures that occur along the north shore of the lake 
and, although it is not a distinct bed with sharp boundaries, 
but only a variation of the greywacke-quartzite strata, it 
is clearly a persistent bando Both bands disappear south 
westwards under the alluvium of the broad valley in which 
Richard Lake Iies 0
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As will be seen from the map, these strata are succeeded 
to the south by quartzite which is in every respect identical 
with the Wanapitei. A careful examination of the contacts 
failed to show any clear break between the two sets of strata. 
Shearing is present it is true in most of these rocks but is 
not localized along the junctions and in the absence of any 
clear evidence of movement along these boundaries we must 
conclude that the strata are all conformable and that the 
laminated quartzite, greywacke, conglomerate, etc. and the 
Wanapitei quartzite belong to the one formation.

The quartzite here is cut by one of the many irregular 
sill-like masses of basic rock which in this case sends out 
an irregular apophysis across both quartzite and greywacke 
on its northern side. The outcrop of this intrusive body 
is like a much flattened ellipse with the axis running roughly 
northeast-southwest so that the quartzite is enclosed within 
it s At the southwestern tip however the ellipse is not quite 
closed and at this point the rock relations are of particular 
interest. It will be seen there that the igneous rock forms 
not one continuous body but separate intrusions into the 
sediments. Two of these constitute the sides of the small 
valley running west from the loop of the old road cut off by 
highway 69. Between these two intrusions there is a narrow 
band of strata which is well-exposed in the cut at the road 
side, and here it is typical Wanapitei quartzite. Followed 
westwards along the south wall of the narrow valley it 
passes by continuous graduations into the laminated quartzite 
and about 1/4 of a mile from the highway it contains a 3 
foot thick bed of the well-banded marl-like rock similar to 
that met south of Coniston. The dip here is 65 degrees to 
the south so that the strata are dipping under the southerly 
intrusion*

The relations to the north of the main highway are also 
of special interest. Here again the typical Wanapitei quart 
zite is the country rock of the basic intrusions. It occurs 
as slabs on the side of the mass that forms the western side 
of the valley and in the rock exposed on the eastern side 
where it is cut by the other limb of the intrusion. The 
general strike is just east of north and the dip varies from 
65 to 80 degrees easterly but in the vicinity of Auguste 
Ojala's farm, situated on the bend of the stream, there is 
a swing round in the structure. This is due to the sudden 
termination of the main intrusion which thus presents a 
steep face to the south, and the coming in of another 
separate and smaller body immediately west of it. The strike 
of the sediments swings around this second intrusion and it 
is probably due to this westerly bulge that we have an outcrop 
of these rocks preserved here. The prominent member is the



finely laminated quartzite and just north of the small bridge 
over the stream it can be seen to pass into the Wanapitei 
quartzite,, As one follows it westwards and southwards around 
the band of the stream one can distinguish feldspathized bands 
similar to those south of Coniston 0

Here again therefore all the evidence indicates that 
these rocks belong to the same set of sediments as the 
Wanapitei quartzite and that between them there is no break.

Feldspathic veins begin to appear just east and south of 
the stream and within a very short distance the rocks become 
crystalline schists and gneisses, much injected and altered 
by the ubiquitous granitic material 0

As this zone of feldspathised strata is followed west 
wards through Dill and into Broder township, its width increases. 
Here it involves mainly the normal quartzite of the Sudbury 
group o Nowhere, however, is feldspathization continuous over 
an outcrop area of more than about a hundred square yards, so 
that one is presented with a patchwork of normal Wanapitei 
quartzite showing its normal characters, including current- 
bedding, and pseudogranite, which however preserves the 
bedding of the quartzite,, The feldspathization is sometimes 
in bands along the strike of the beds, sometimes across it, 
so that very irregular patterns are produced,,

One of the best places to examine these relations is in 
the strata running from lot 1^ concession III, Broder township, 
eastwards to lot 11, concession II, Dill township. Here the 
exposures are excellent and one is well able to see the very 
patchy character of the feldspathization process,

Though the development of feldspar porphyroblasts is 
sometimes the only change the quartzite has undergone, usually 
it has been sheared as well and shows a fine-grained greenish 
base 0 Along the original bedding planes of the altered 
quartzite there is frequently developed a lineation coincid 
ing roughly with the dip 0 These features all suggest movement, 
but this can only be of a local nature as no continuous lines 
of shear or faulting can be traced 0

KEWEENAWAN DIKES 

(Unit 13)

Olivine diabase dikes (13a)s These rocks are recognized by 
their typical weathering into rounded boulders and their strong 
tendency to "onion-skin" structure 0 Their outcrop is usually 
marked by trenches across the quartrr.ite and other rocks. They
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are much wider than the trap dikes and their rock is 
correspondingly coarser-grained. No signs of shearing appear 
and the texture is typically diabasic with black augite and 
glassy plagioclase,, Olivine is apparent only in thin 
section as a rule and here also one can identify much fine 
grained magnetite which makes the rock sensibly magnetic.

Trap dikes (13b)s Traversing the structures of the Wanapitei 
quartzite are narrow zones or lines of shear. These can be 
picked out easily, as shown in air photographs, where they 
appear as black lines running straight across the white 
quartzite,, In the field they are identified by narrow and 
sharp depressions along the sides of which the quartzite 
has usually a sheeted structure,, These lines of shear are 
frequently occupied by narrow trap dikes in which the rock is 
extremely fine-grained 0 Even allowing for the lack of 
continuity of outcrop, this igneous material however does 
not appear to be continuous along all of the zones but in 
many of them thins out, disappears entirely, and then comes 
in again further along the same line. In some cases also 
the dike rock is sheared on its edges and one concludes 
therefore that the injection of the igneous material over 
lapped the episode of cross-shearing that gave the zones.

It is very difficult to determine whether or not there 
has been displacement of the rock on either side of the lines 
of shear o The quartzite is highly dipping and so relative 
displacements are not easily identified in a rock as 
homogeneous as this but it would seem that any movement that 
has taken place could only have had a small horizontal 
component 0

As well as cutting the Wanapitei quartzite these trap 
dikes and shear zones traverse the gabbro as wel! 0 They are 
not easily identified of course in these basic rocks but they 
can be traced from the quartzite across the contact into the 
gabbro 0 A good example, and an interesting one as it is so 
close to the great fault, occurs south of Coniston oust on 
the north side of the small stream that runs from Alice Lake 
into Baby Lake 0 The narrow trap dike, up to 15 feet wide, 
can be followed for about a mile in the quartzite and passes 
from it into the gabbro 0

These trap zones run mainly in a direction a few 
degrees south of east though a minority have a southeasterly 
strike 0 With the exception of the olivine diabases they 
appear to be later than all the rocks and structures of the 
region,, Nowhere unfortunately are they found in contact with 
the olivine diabases so that their age relative to them 
cannot be definitely ascertained. It will be noted however



- 34 -

that the olivine-diabase dikes would seem to be associated 
with purely tensional conditions and as they are much 
wider and certainly show no sign of contemporaneous shear 
on their edges or in the immediately adjacent rock it is a 
reasonable guess that they post-date the trap dikes.
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CHAPTER III 

STRUCTURAL GEOLOGY

STRUCTURAL REGIONS

In the structural characters of the region we can dis 
tinguish two quite separate and distinct patterns dependent 
on the type of reaction of the rocks to the forces acting 
upon them 0 In the northern section, i.e., in the area 
occupied mainly by the Wanapitei quartzite and the associated 
rocks of this group, the strata have deformed either by 
simple folding or by some form of fracture, the precise type 
of reaction of the rock being determined at any point by the 
special combination there of these factors, namely, rock 
rigidity, rate of application of the stress and the super 
incumbent loading,, Recrystallization has been on a very minor 
scale and has been due either to local displacements, as 
where an argillaceous bed has provided ease of movement, or 
to the normal molecular arrangement and redistribution 
associated with the slow accommodation of a sandstone to 
folding movements o

In the southeastern section of the map the pattern is 
of quite a different type 0 Here the strata appear to have 
lost to a great degree their rigidity and the reactions of 
the rocks to earth stresses have been dominated by five 
processes which must be regarded as acting together, namely 
degree of differential penetrative movement, recrystalliza 
tion, chemical reaction, granitic injection and infiltration 
and, finally, metasomatism arising from the granitic fluids. 
While a broad general pattern of deformation can be made 
out, the precise structures at any point appear to be 
dependent far more on the relative mobilities, molecular as 
well as molar, of all the component rocks than on the 
regional stress pattern. That is, the rocks have been 
plasticized in the deformation so that in any theoretical 
analysis of their reaction to stress we would have to take 
as our model a hydrodynamical rather than a mechanical 
analogy.

These two structural patterns will now be described but 
before doing so the reader's attention must be drawn to what 
is extraordinary and indeed unique about the region and that 
is that these two structural provinces abut on what is, on 
the scale of the published map, a broad line. This line has 
been inserted on the map and will be referred to in some 
detail in the chapter on metamorphism but here it must be 
realized that, whatever the reason, there is an abrupt
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passage from one type of deformation to another and this line 
is not in any sense a fault or thrust. The exposures are 
excellent and make it clear that there is a continuous 
progression from relatively unmetamorphosed and normally 
folded strata into highly crystalline schists and gneisses 
in which plastic deformation is the rule. Great movement and 
displacement of rock there has certainly been but these 
adjustments have occurred within the recrystallized and 
injected portion,,

STRUCTURES OF THE NORTHWESTERN SECTION

The dominating structural feature of this northwestern 
section is the extensive system of faulting which it shows 0 
The most outstanding member of this system is the Wanapitei 
fault which in Dryden township forms the boundary between the 
Sudbury group of sediments and the Killarnean crystalline 
rockSo It has been traced right across Neelon, Dill and 
Broder townships, and it is almost certainly continuous with 
the great Worthington fault to the west. This Worthington 
fault has been shown by J a E 0 Thomson to be the eastward 
extension of the Murray fault, so that we are here dealing 
with one of the major breaks in the Canadian Shield, While 
in Dryden township and in the eastern part of Neelon township 
this fault forms the boundary between the quartzite and the 
schists and gneisses, it ceases to define this boundary in 
lot 3 j concession II of Neelon township and maintains its 
westerly direction wholly within the Wanapitei quartzite, 
lying further and further to the north of the metamorphic 
rocks as we follow it westwards. Thus on the eastern 
boundary of Broder township the two features are more than 
5 miles apart 0

The best exposure of the fault is at the extreme end of 
Daisy Lake where it consists of a great quartz stockwork with 
laminated quartzite on the south side, and typical Wanapitei 
quartzite on the north 0 At the western end of this lake 
the fault appears to subdivide into three and forms a wide 
zone of shearing which is possibly the structural explanation 
of the broad valley of Richard Lake. Further west in Broder 
township the fault is well exposed for considerable distances 
and is marked by a zone of shearing 2 to 20 feet across, and 
by brecciation and intrusion of trap dikes 0

There is no evidence in these townships of the true 
inclination of this break, nor of the magnitude and direction 
of its displacement o There is no doubt that the planes of 
shearing that accompany it dip at high angles to the south 
and the mylonitic rocks on its southern side show a lineation
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dipping about 60 degrees in a direction S 9 650 E. The little 
internal evidence there is suggests that the rocks to the 
south have been moved upwards and to the west, relative to 
those on the northern side. The amount of the movement is 
conjectural but at Worthington it is known that the hori 
zontal displacement is 5,000 feet.

Though this Wanapitei (Worthington) fault is the major 
fault feature, it is only one member of a very extensive 
fault-system,. As the map shows there are many other sub- 
parallel faults some of which appear to run off this major 
breako One of these is the great Creighton fault which seems 
to diverge from the Wanapitei fault about the eastern end of 
Neelon township 0 Further west this fault is said to have a 
horizontal displacement of 2,000 feet. Parallel to it are 
several others which are easily traced because of the 
presence of narrow dikes of trap that occur sporadically 
along them.

As well as these westerly trending faults, there are 
also others which strike about N.10 - 20 0E., as for example 
those near Coniston and the ones that pass across the east 
end of Ramsey Lake* There is no clear evidence of the off 
setting or cutting of one of these sets by the other, and so 
the presumption is that they are of the same general age.

Weathering of the rocks along the major breaks has given 
rise to depressions or trenches. The most marked is that 
along the eastern part of the Wanapitei fault, whose course 
is defined by a marked valley now occupied by, from east to 
west, the Wanapitei river, the north end of Alice Lake, Baby 
Lake, Daisy Lake and Richard Lake. Westwards its topographical 
expression is much less definite, the major feature in Broder 
township being the narrow valley of Long Lake cut out along 
the axis of a sharp anticline in Wanapitei quartzite.

The sediments of the Sudbury group have been sharply 
folded but, as the axes of these folds vary greatly in 
direction, the pattern of the structure is very complex. The 
most regular development is in the southwestern part of Broder 
townshipo Here the quartzite has been bent into a series of 
anticlines and synclines which follow one another in regular 
succession with axial planes striking generally northeast 
and the axes themselves plunging to the southwest. Sometimes 
minor folds are superimposed on major ones as, for example, 
at the southwestern end of Lohi Lake.

In the northern part of the township the folds are of 
relatively open type as in the case of the syncline southeast 
of Kelly Lake. Further south, however, especially south of
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the main Wanapitei fault, the folds are more compressed with 
steeply dipping limbs 0 it is not possible to follow the 
structure in detail still further south into the zone of 
feldspathized quartzite, but the dips there appear to be 
consistently to the southeast at high angles so that the 
structure must be either a simple monocline or a series of 
isoclines inclined to the southeast 0

It is of considerable interest to note that in the 
proximity of the Wanapitei fault the major folds are broken 
up by the faulting and their axes, on the south side of the 
fault, are dragged round towards the east as the fault is 
approachedo This suggests again that there has been an 
easterly movement of the northern block relative to the 
southern along this break 0

Further east in Dill, Neelon and Dryden townships, the 
regularity of the structure disappears, and while the north 
easterly striking axes persist a variety of others with 
strikes varying from N 0 10OE 0 to N 0 15OW 0 can also be 
distinguishedo Here also the folded structures have been 
bent round near the main fault, and indeed next this feature 
the beds are conformable to the fault and are either vertical 
or overturned at high angles 0

It is clear that the quartzite has been bent very 
sharply and unequally in all this folding and it is not 
surprising, therefore, to find that in many cases it has been 
broken in the process so that adjustment has been effected 
by crushing and movement of blocks of quartzite against one 
another with the production of structural breccias 0 Any 
argillaceous material present as interbeds has provided a 
plastic matrix, and a common breccia is one carrying dis 
orientated blocks of quartzite in a ground mass of greywacke 
and comminuted quartzite,, These structural breccias have 
been outlined in the map and it can be seen that many, though 
by no means all, are located where the strata have been 
subjected to acute deformation 0 Thus at the southeastern end 
of Ramsey Lake, where the southerly plunging syncline abuts 
on the one to the east, a broad area of breccia marks the 
junction of the discordant strikes in the quartzite., Again, 
at the sharp nose of the minor syncline southwest of Coniston, 
the acute deformation is marked hy an extensive development 
of breccia containing great disorientated blocks of quartzite.
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STRUCTURES OF THE SOUTHEASTERN REGION

The most striking feature of these rocks, as has already 
been noted, is the plastic manner of their reaction to the 
stresses which have been operative during their recrystalliza- 
tion a By "plastic 11 we signify here the readiness with which 
they have adjusted themselves to accommodate every detail of 
differential competency between the components of the 
assemblage and have continuously deformed under the forces 
acting upon them 0 A constant association of the movement 
has been the presence of granitic material in all degrees 
of coherence, from definite thin sills passing into still 
thinner films, and continuous veins at one extreme to 
scattered growths of alkali feldspar developed irregularly 
along individual beds or horizons at the other 0 So ubiquitous 
and universal is this association that one is forced to the 
conclusion that these two phenomena are genetically related 
to one another. And along with this marked reduction in 
the rigidity of the rock has gone its pronounced and sudden 
ease of recrystallization so that in all of the detail of 
the deformation the new minerals conform to the structures 
in which they appear.

The paramount importance of relative competence in 
determining the structures of these metamorphic rocks makes 
it difficult to generalize about the pattern of their 
deformation 0 As can be seen from the map, the largest single 
member of the association is a great mass of gabbro and this, 
where unaffected by granitic invasion, appears to be the most 
resistant rock in the assemblage. Within it the structures 
appear to be wholly local in character and are associated 
with zones of shearing accompanied by granitic intrusion and 
metasomatism,, A prominent band of schist derived in this 
way runs across the mass in a southwest direction about 1/4 
of a mile south of the hydroelectric station on the Wanapitei 
River 8 Apart from this item however there is no other struc 
ture of the mass showing a consistently orientated direction 
of strike and dip 0 On its eastern side the gabbro passes 
into schist and gneiss and as it does so it swings into the 
structures of the adjacent metamorphic rocks. On the 
western side the same general relation holds but the exposures 
are much poorer and one cannot trace through the structural 
progression 0

If one studies the map one gets the impression that the 
northeastern section of these crystalline schists has been 
forced against the massive gabbro, the relative movement of 
the schists being southwestward. The less competent strata 
on the north have been deformed into a fold, overturned 
somewhat to the south, against the resistant mass of the
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gabbro on the south, and in this movement the gabbro has 
undergone wholesale recrystallization on its edge only.

On the western side of the gabbro the map indicates 
that the schists and gneisses simply swing round the bounda 
ries of the gabbro mass and have accommodated themselves to 
this core by a broad curve convex northwards,, As a tentative 
hypothesis therefore one would suggest that in essence the 
broad structure is due to a movement coming from the north 
east and that in this movement the gabbro has reacted as a 
somewhat resistant and refractory kernel. Its northeastern 
edge has been the pressure, its southwestern the lee side. 
Only on this pressure side has it been transformed into 
schists and gneiss of the regional type,, Its relative 
rigidity, however, while it has preserved it from the whole 
sale reformation, has meant that it has, in the movement, 
been traversed by cracks and shear zones, which, becoming 
loci of permeation by granitic material, have brought about 
local recrystallization and metasomatism,, But further 
mapping is required before any really valid theory can be 
put forwardo

While the maps show the general structural relations 
they give no idea of the extremely involved pattern that 
these schists and gneisses show in the detail of their 
deformationo In the plastic flow the internal movement has 
been extremely sensitive to every variation, every nuance 
it would seem, in the relative competency of the members, 
and this property has been determined not only by the 
inherent qualities of the individual stratum but also by 
the degree to which it has been invaded by granitic material 
and the physico-chemical nature of its recrystallization,, 
An immediate consequence of this mode of reaction has been 
a great development of minor folding, on all scales from 
the microscopic to the mappable, which is dependent more on 
the precise dynamical setting than on the directions of the 
regional forces,. Thus soft schists adjacent to more rigid 
amphibolites have been "concertinad" into pockets of most 
complex structure and within the schists themselves ths 
mechanical reaction has been most sensitive to what must 
have been minor or second or even third order differences 
in rigidity between the components, Evidence that it is 
not simply the inherent mechanical properties of the rocks 
themselves that have been the sole controlling factor comes 
especially from the quartzites. Where these are unaffected 
by granitic penetration they have been among the more rigid 
group of the strata but where infiltration of feldspar has 
taken place their rigidity has been considerably reduced so 
that they have been deformed into complexely folded units 
against more rigid members that have moved, undeformed 
against them 0
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By reason of all this differential movement there seems 
little prospect of developing the pattern of forces over the 
area as a whole from a detailed study of the minor folding, 
at least without making maps of a scale sufficient to record 
every minor structure in detail. For this reason, though 
some local precise studies were made, the axes of the minor 
folding were not inserted on the present map. To record only 
a few would be to give a distorted picture as these structures 
change so rapidly from point to point. If any generalization 
at all can be made for these metamorphic rocks it is that 
their distribution shows a strike parallel to their northern 
boundary and their dip is dominantly at a steep angle to the 
south. Furthermore, linear structures where present tend to 
dip about 60 to 80 degrees southwards in a vertical plane 
whose orientation varies S.50O-75O E.

RELATIVE AGES OF THE VARIOUS STRUCTURES, ETC.

From what has been said in the preceding section it will 
be evident that the great fault is later than both the folding 
of the Wanapitei quartzite with its associated rocks and the 
period of recrystallization and granitic invasion since it 
cuts across and displaces all of these structures 0 What is 
its relation to the formation of the trap dikes with their 
cross-shearing and the olivine diabase is not so clear. Had 
the fault been the earlier event one would have expected to 
find both of these sets of dikes continuing south of the 
fault 0 While it is true to say that it would be much more 
difficult to identify them in the schists and gneisses, it 
is significant that, though careful search was made for them, 
none was found. At the present stage of the mapping, however, 
it would be wiser not to generalize on this, especially as 
all of the evidence in the northern section indicates that 
the dikes themselves are not completely continuous along the 
line of their intrusion. With extension of the mapping it 
should be possible to come to a final conclusion on this 
mattero One point is however worth considering at this 
stage* Since, along the great fault there has been a 
translational component with the northern block moving east 
relative to the southern, one might well expect to find cross- 
shears running out obliquely from the fault into the country 
rock. In describing the trap dikes it was emphasized that 
they defined, rather than filled, a set of parallel zones 
of shear in the Wanapitei quartzite. As the map shows, one 
of these trap loci south of Coniston was followed through the 
quartzite into the gabbro right on the great fault. There is 
no obvious discontinuity between the shearing in the gabbro 
due to the faulting and that along the walls of the trap dike 
and in this there is a suggestion that the two events may 
be due to the same set of forces. A difficulty in accepting
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this hypothesis however arises from the fact that, as we have 
already seen, there is indirect evidence that the olivine 
diabase dikes are later than the trap dikes. They would thus 
be younger than the great fault and it is strange therefore 
that they do not continue across it. Here again we must 
await further field evidence from extension of the mapping 
to the east and west.

The next question that arises is the age relation of 
the combined plastic folding, granitic permeation and meta 
morphism of the southeastern region to the more normal 
folding of the Wanapitei quartzite in the north. We are 
limited to the Dill township part of the map sheet for any 
evidence that we can gather on this point for only there 
do we have the Wanapitei quartzite in unmoved contact with 
the schists and gneisses. A striking feature here is the 
general conformity between the strike and dip of the quart 
zite and the metamorphic rocks. The boundary also is 
generally conformable though to the north it cuts across the 
strike for a short distance. This relation leaves one with 
the impression that the two sets of structures belong to the 
same general period of deformation for, though it is not 
impossible, it seems improbable that, if one were much 
younger than the other, it would wholly conform to it a

THE NATURE OF THE WANAPITEI FAULT

Up to the present this great break has been spoken of 
as a fault but this term is used in its most general sense. 
It must be made clear that we have no knowledge whatsoever 
regarding the inclination of the break. All we know is 
that the planes of shearing that accompany it dip at high 
angles to the south, that the mylonitic rocks on its 
southern side at one point show a lineation dipping about 
50 to 70 degrees in a direction S.60-?0OE., and that at one 
point there are signs of compressional minor folding with 
the axes of the folds dipping about 50 degrees to the south 
and southwest. These, however, may all be local and super 
ficial phenomena and it would be unwise to predict from 
them what the break is like at depth. If the lineations 
indicate the direction of movement then at this point the 
last phase of the movement at any rate has been an oblique 
translation across the fault. The only facts however which 
can be considered to be established are two, viz., that 
the outcrop is straight and that the horizontal component 
of the movement is a translation to the east of the 
northern side relative to the southern. The first suggests 
that here the break is not a low-angle structure but one 
which is dipping steeply and presumably to the south 9 The
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second indicates that, this horizontal component being 
considerable, it is probable that we have to deal also 
with a throw of great magnitude.

So far it has not been possible to get any positive 
evidence as to which is the upthrow, which the downthrow 
side of the fault. If the feldspathized rocks of the Sudbury 
group represent a deeper horizon than the normal Wanapitei 
quartzite then the north side may have moved up and the fault 
is a reverse one or a steep thrust, but this again is a 
matter on which it would be wise to reserve judgment for the 
present.

It has been pointed out that the "front" of injection 
and recrystallization is cut off by the fault so that in 
the eastern part of the map the fault separates Wanapitei 
quartzite on the north from crystalline schists and 
gneisses on the south. If we are correct in concluding that 
the movement of the northern block has been to the east then 
we should expect to find the schists and gneisses reappearing 
on the northern side of the fault somewhere to the east. 
Here also we should find rocks of group Ib associated with 
the Wanapitei quartzite. This assumes of course that the 
strike of all the rocks and structures remains constant. 
Should this prediction be proved correct then the separation 
of schists north and south of the fault would give us some 
idea of the amount of the lateral displacement.
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CHAPTER IV 

METAMORPHISM

The most outstanding feature of the metamorphism of 
this area is the remarkable alkali feldspar metasomatism 
which appears in the rocks on its southern side. This 
feldspar development occurs in two geological settings; 
firstly in the quartzites, etc., of the Sudbury group where 
the rocks have reacted mainly as members of relatively high 
competency and, secondly, in the crystalline schists and 
gneisses of the Killarnean group where plastic deformation 
has been the rule* Of these structural milieux the former 
is the simpler and will be described first.

METAMORPHISM AND FELDSPATHIZATION OF THE MORE COMPETENT ROCKS

An easily accessible area where feldspathization of the 
quartzite and associated rocks can be studied is just west of 
Baby Lake. Here, as has been shown, thinly bedded quartzite 
occurs on the south side of the Wanapitei fault and close to 
the break this has been much fractured and seamed by quartz 
veins o Followed to the south, across the strike, the bedding 
planes become less pronounced and within about 200 feet, about 
the northern end of the railroad cut, the rock has become a 
massive formation in which one can see abundant large porphyro- 
blasts of pink feldspar set in a quartzitic base. This rock 
continues through the railroad cut and specimens broken from 
it have all the appearance of granite, though it is noticeable 
that their composition is variable. Traces of the bedding 
however are still preserved due to the presence of thin layers 
of more argillaceous and marly material in which the felds 
pathization has been much less pronounced. Local slipping 
has taken place along these layers further emphasizing the 
original structure.

These massive rocks form most of the rugged hill west of 
the railroad track and in it there is a definite strike and 
dip which is a relic of the original bedding. The steep 
southern face of the hill running sharply down into the small 
lake coincides generally with the direction of the original 
stratification planes of the quartzite.

South of this hill feldspathization becomes less intense 
and well-bedded quartzite occupies the next hundred yards or 
so of the section,, To the east of the track excellent examples 
can be studied of the introduction of the feldspar into the 
quartzite. Here individual beds of quartzite can be followed 
and can be seen to become "granitic" by the growth of new
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feldspar porphyroblasts so that the phenomenon cannot be 
explained by assuming a large arkosic element in the strata. 
Still further south feldspar again develops rapidly though 
irregularly and we pass into two bands of bedded "granite" 
separated by a lens of quartzite. These can be followed to 
the southwest where they give place again to quartzite which 
here is on the edge of a large gabbro mass.

The zone of feldspathization is fairly wide at this point 
but becomes rapidly narrower both to the northeast and to the 
southwest. To the northeast, south of the Coniston slag dump, 
where the metamorphic boundary is cut off by the Wanapitei 
fault, the zone is only a hundred or so feet in width and 
there is no development of large bodies of material that looks 
like granite. To the southwest the exposures are poor but it 
is clear that the feldspathization is first restricted to a 
narrow zone and then dies out completely and does not reappear 
till about 1/4 of a mile northwest of highway 69.

On the maps the feldspathization of these competent rocks 
is indicated by the superposition of a pattern of dots. It 
will be seen there that this zone lies immediately to the 
north of the front of the metamorphic rocks and from a width 
of about 200 feet just north of highway No. 69 widens steadily 
to the southwest till, when it passes into Broder township, it 
is 1-1/2 miles across. It must be understood, however, that 
within this zone there are very many areas of entirely 
unfeldspathized rock. The process has been a very irregular 
one sometimes running with the strike sometimes across it 
so that the final pattern is complex. Some of the larger areas 
of unaltered quartzite have been outlined but a multitude of 
smaller occurrences of unaffected and normal sediment are 
present o Indeed it is the problem presented in mapping where 
one is confronted with the impossibility of isolating clearly 
igneous material from country rock that is the most convincing 
proof of the metasomatic origin of the feldspar in these rocks.

In Broder township the zone rapidly widens until at the 
southern edge of the township it extends for 6 miles in an 
east-west direction. Just as to the east of course, by no 
means all of this area is feldspathized quartzite, etc. 
Normal rock is present in abundance. The individual areas of 
feldspathization however increase in size, and at the same 
time the rock becomes definitely more "granitic" in character, 
having a more massive appearance. Even in this rock however 
signs of the original bedding structure can be seen and its 
strike and dip run parallel to the adjacent quartzite. Much 
of this material could be termed "granite", though the adjective 
"bedded" might have to be applied in most cases. It agrees
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in many ways with the "porphyritic granite" described by 
Quirke and Collins as coming between their Huronian and 
Killarnean rocks and showing a passage into both.

As is indicated on the maps the feldspathization 
occurs in the diabase as well as in the quartzite. In this 
rock it gives rise to a great variety of types which are 
very puzzling to interpret. At the one extreme there is 
the simple but rare case of the diabase still showing its 
primary igneous texture but having a few large porphyro 
blasts of well-formed feldspar distributed irregularly 
through it. More commonly these feldspar porphyroblasts 
are aggregated either in ill-defined patches or in vein- 
like forms which, however, persist for a few feet only. 
From these there is a complete transition into what appear 
to be truly igneous dikelets with sharply defined borders 
and, as these intersect, the rock takes on the appearance 
of an intrusion breccia. The extreme product of felds 
pathization of the diabase is a coarse-grained idioblastic 
rock containing, as well as the dominant pink feldspar, also 
quartz along with biotite and hornblende. In the field it 
so closely resembles the final product of the feldspathiza 
tion of the quartzite that until one has located relics of 
the unaltered material one cannot be certain from which 
primary type the granite-like rock has been derived, One 
small help is that on the whole the diabase seems to alter 
much less readily than the quartzite.

Many of these feldspathized rocks show evidence of 
deformation in which the dominant type of movement has been 
shearing along zones with much dislocation of all the rocks 
concerned. In some cases material suggestive of mylonite 
occurs along these zones although usually recrystallization 
has given a dense schist in which much fine-grained mica is 
visible. The effect of these movements in some cases has 
been to produce a complex shear breccia in which one meets 
a confusing assemblage of sheared diabase, quartzite both 
unaltered and feldspathized, rafts of well-bedded greywacke 
and allied marly rock, and masses of quartz which probably 
represent completely recrystallized quartzite. An extra 
ordinary feature is the presence of what appear to be dikes 
of fine-grained feldspathic quartzite cutting the fractured 
diabase. Some of these are connected without any visible 
break to larger masses of quartzite and their genesis raises 
interesting problems.

That much of the movement preceded the feldspathization 
is evident in the presence of abundant well-formed feldspar 
porphyroblasts quite undistorted in the sheared rock. These 
show no sign of cracking or dislocation and must have grown
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in the matrix of the deformed material. In the final granite- 
like product, however, the rocks frequently show a pronounced 
lineation which in the quartzite types is in the original 
bedding plane and lies in a vertical plane striking S.65-75OE. 
This structure shows up only on the bedding surface and must 
be due to a linear arrangement only as on other surfaces 
the feldspar porphyroblasts appear in all orientations. This 
linear structure must be of fundamental significance as it 
occurs in all of the metamorphic rocks whatever their type 
of deformation.

It is of interest that the coming on of the feldspathi 
zation coincides in space with the great development of 
shearing in these rocks. This shows up in the regional plan 
as well as in the detail of the petrography. Thus if one 
compares the shape of the outcrops of quartzite and diabase 
in the feldspathized zone in the western part of Dill town 
ship with the relations of these rocks further north it 
becomes clear that shearing and dislocation have been opera 
tive in the former case. The rocks there have been drawn out 
into elongated lenses and bands which have a dominant strike 
running west-southwest.

This evidence of directed deformation being so clear 
one would expect to be able to determine its sense, i.e., 
whether for example the more northern segments have moved 
east or west, or up or down, relative to the southern. 
It is disappointing to have to record that no positive 
evidence could be obtained on this important point and indeed, 
so far as the poor lithological evidence is concerned, there 
does not appear to have been an effective translation one 
way or the other despite all the evidence of shear and dis 
location e In this respect these rocks resemble very much 
one variety of the so-called Sudbury breccia which occurs 
about a mile to the north, in the type Sudbury series and 
allied rocks. Another point of resemblance is the presence 
of matrix which on occasion has "flowed" into cracks and 
along zones of weakness. The breccias we are dealing with 
here however are on a larger scale and also show more 
evidence of recrystallization than do those of the Sudbury 
type. It is a point ^to consider, however, whether all of 
these phenomena are not part of one great dynamical scheme 
and in this connection it is worth remembering that 
Fairbairn's studies of the Sudbury breccia showed that there 
had been introduction of alkali into the matrix.

H. w. G. Fairbairn and G. M. Robson, "Breccia at Sudbury", 
Ont. Dept. Mines, Vol. L, pt. 6, 1941.
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Cutting all of the feldspathized rocks are narrow dikes, 
l to 18 inches across, of aplitic granite. There can be no 
doubt that these represent injections of liquid magma 
introduced along potential cracks as they have sharp clean-cut 
boundaries and form long straight dikes running for consid 
erable distances. Sometimes they show local pegmatitic 
developments within them.

Before leaving the rocks of this feldspathized zone, 
mention should be made of the peculiar situation of the 
argillaceous material, the greywacke, and the allied marly 
beds. These evidently do not feldspathize readily and their 
reaction has been mainly through local recrystallization 
along zones of movement. The greywacke becomes a dense mica- 
schist and it is of particular interest in this respect that 
staurolite, which is a common constituent of certain strati 
graphic horizons of the greywacke, remains in equilibrium 
during the recrystallization process.

METAMORPHISM AND FELDSPATHIZATION OF THE SCHISTS AND 

GNEISSES ON THE SOUTH SIDE OF THE SUDBURY GROUP

It has already been pointed out that the rocks on the south 
side of the Sudbury group consisting of thinly bedded quartzite, 
greywacke and marly beds occur south of the Wanapitei fault 
and that there is no evidence of faulting between them and the 
Killarnean schists and gneisses. Though in almost every case 
there is interposed between the two sets of rocks the zone 
of feldspathization described in the previous section^this 
zone is very narrow immediately south of Coniston just west of 
where the Wanapitei fault crosses the metamorphic "front". 
This sector provides a convenient place to trace the passage 
from the one type to the other. Though the scenery is depressing 
in the extreme due to the complete absence of vegetation, the 
almost continuous rock outcrop provides an excellent opportunity 
for a study of the geology.

The Wanapitei fault lies here in a narrow valley separating 
on the north the typical Wanapitei quartzite with an intrusive 
diabase sill, all striking about northeast, from the group Ib 
strata which run about east-west. These group Ib rocks consist 
of quartzite with interbedded greywacke and thinly stratified 
cherty quartzite with which is associated layers which may have 
been marls or possibly tuffs. On the northern side of the 
outcrop they are relatively unaltered but as one proceeds south 
wards there is a progressive change into the thoroughly 
crystalline schists and gneisses. In this development the 
most noticeable mineralogical factor has been the infiltration 
and penetration of granitic material into the beds. It appears
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first in the normal quartzite as isolated pink porphyroblasts 
of feldspar and then as minute lenses and stringers of 
pegmatitic substance. These have caused little or no 
disturbance of the rock except on their immediate boundaries 
and apart from them the quartzite seems normal in every way.

From these first evidences of the quiet introduction of 
feldspathic material we pass, sometimes within a few yards, 
into rocks in which bands have become impregnated with this 
new substance and have at the same time recrystallized into 
textures that are clearly no longer sedimentary. Such bands 
are frequently bounded on either side by others in which 
the original quartzite is completely unchanged and in the 
case of the finely layered member still preserves its original 
almost chert-like character. At this horizon however 
anomalies occur and we may find a large, obviously new 
porphyroblast of pink feldspar emplaced, almost mysteriously, 
in a band of fine-grained and unaltered laminated quartzite. 
Here recrystallization is confined entirely to the immediate 
vicinity of the porphyroblast.

In the more argillaceous and marly strata the accompani 
ment of the infiltrating granitic material is almost invariably 
biotite and garnet and again these typically metamorphic products 
occur side by side with beds that show practically no sign of 
general recrystallization. These garnets even at their first 
appearance may be very coarse, crystals an inch across being 
common.

The behaviour of the bands of basic rock is more variable. 
The finely bedded material of this type appears to recrystal- 
lize with great ease, biotite, amphibole and garnet occurring 
next to every film and lens of new feldspar and quartz. The 
larger more massive bands however appear to react differen 
tially to all the other strata and are much traversed by shear 
planes along which the rock is wholly amphibolitic. Granitic 
infiltration is at this stage very irregular in them but where 
it occurs it is almost invariably associated with the develop 
ment of coarse brownish garnet.

One cannot but be impressed by the general association 
here of the development of the new granitic material and the 
recrystallization process. Clearly whatever brought about the 
feldspathization also greatly aided the molecular reorganization 
that expressed itself in the production of the new mineral 
phases. The rocks on this narrow margin show the first signs 
also of truly plastic deformation and here again the association 
is with the introduction of granitic material as fine films 
and impregnations. Before the nature of the feldspathized zone 
north of the metamorphic front was studied the opinion was 
held that the main factor in bringing about the quasi-plastic 
state was the presence of this feldspathizing agent. It is 
now clear, however, that other factors as well must operate
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in producing this condition since in the north the rocks have 
been relatively competent. It is true that, as has been shown, 
the feldspathization there was effected after much of the 
shearing had taken place but there is no unequivocal evidence 
to indicate that the feldspathization was itself accompanied 
by an onset of the plastic state. Thus, though doubtless one 
of the important factors in reducing the rigidity of the 
rocks was the presence of the granitic agent it required, to 
be effective, the co-operation of other factors such as 
temperature, etc. It is probable that here, as in many 
geological phenomena, the clear separation of cause and effect 
in the rocks themselves is not possible. The slightest 
tendency towards a relative weakening in one member of a 
rock series will immediately localize differential movements 
within it 0 These movements in turn will facilitate penetration 
by the feldspathizing agent which in its turn will still 
further reduce the rigidity. The rock will thus be rendered 
even more susceptible to penetrative movement, and so on.

When we pass southwards from this margin we find ourselves 
in a matter of fifty to a hundred yards in typical coarsely 
crystalline schists and gneisses. It is true that individual 
bands especially of the laminated quartzite can still be 
recognized and they still preserve the original characters except 
for the scattered feldspar porphyroblasts but on the whole the 
rocks are thoroughly recrystallized into granular gneisses and 
mica-garnet schists, the more argillaceous ones containing 
kyanite. Owing to the thorough and ubiquitous penetration by 
feldspathic material it is not easy to identify the various 
members of the schists and gneisses with the original sediments 
except in the rare case where one can trace the passage from 
one to the other. The well-banded and flaggy gneisses, however, 
appear to represent the original finely bedded quartzite with 
its associated basic material. The coarser gneisses are 
probably the equivalents of the thicker quartzite beds and 
their granulitic components containing much feldsparjtheir 
feldspathized phase. The banded amphibolites containing as they 
do layers of biotite-garnet schist and gneiss would appear to 
be the metamorphosed equivalents of the interbedded basic rocks, 
marls or possibly tuffs and the greywackes, that we find on 
the southern side of the Sudbury group.

It has been pointed out in the chapter on structural 
geology how important has been the role of what we may call 
"induced plasticity" in determining the physical reactions of 
these rocks and this must now be generalized to include their 
physico-chemical reaction as well. Thus, despite the fact that 
we pass within a hundred yards or so from unaltered rock to 
coarsely crystalline schist there still remain "rafts" of little



- 51 -

altered material well back in what would be called normally 
high grade metamorphic rocks. These have by some accident 
escaped the seemingly universal granitic permeation and 
have thus, it is believed, preserved their rigidity so that 
penetrative movement has not taken place within them and 
they have escaped wholesale reaction. They are usually of 
small dimensions and are held between thoroughly injected 
and recrystallized types. They are of great interest as 
they allow us to recognize some of the original materials 
of the schists and gneisses. A small band relatively close 
to the "front" occurs northeast of the area we are considering, 
on the south side of the Wanapitei River about 200 yards 
upstream from the dam. Here the rock is a quartzite very 
similar to the Wanapitei to the north and it is flanked by 
a more flaggy type. It is relatively free from granitic 
material but both along and across the strike it passes 
into banded garnet gneiss and granulite usually with large 
porphyroblasts.

A much larger area of rock which has escaped the general 
plastic deformation occurs at the southeastern corner of 
Dill township, that is between 5 and 6 miles within the 
gneisses. It extends for about a mile along the strike and 
about half a mile across it. This is the rock from which 
in earlier days the Coniston smelter obtained its silica 
and was the first rock in this region to be mapped as 
"Grenville" by Coleman. Quartzite is the dominant material 
and muscovite is usually the only othter mineral present. 
The texture is coarsely crystalline and locally the rock 
has the appearance of vein quartz. It shows good bedding 
with a general strike of about N.10-30 O E. and a variable dip 
to the east. Locally small normal folds appear and the 
behaviour in the relations of cleavage, etc., to fold axes 
is as in ordinary competent strata. No signs either of 
plastic deformation or of feldspathization are present in 
the quartzite. In the most southerly outcrop the usual 
massively bedded quartzite passes into a thinly bedded 
variety which is identical with that found in the group of 
strata to the north and leaves little doubt that we are 
here dealing with the same set of rocks.

Interbedded here and there with the quartzite are bands 
of argillaceous material and amphibolite. Wherever these 
beds appear the strata exhibit the plastic type of deforma 
tion and what usually happens is that the quartzite fractures 
and fragments of it become embedded in the more mobile 
components. On the edges of this large "xenolith" of 
quartzite the passage into the schists and gneisses is partly 
by a change in sedimentary character of this type and partly 
by the coming in of potassium feldspar which presumably
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is metasomatic in origin. The change from competent rock 
to beds characterized by flowage phenomena is a striking 
one in the field and takes place over a very short distance, 
of the order of a few feet a One very interesting structural 
feature is that the mullion and allied structures of the 
quartzite coincide in general direction with the linear 
elements that can be measured in the plastically deformed 
schists and gneisses and all lie in a vertical plane striking 
S 0 65-750E 0 and dip 30 to 50 degrees to the east in this 
plane 0

A striking feature on the ground is presence of sills 
and dikes of pegmatite in the quartzite,, These are up to 
15 feet in thickness but are usually much thinner than this. 
Their occurrence however as "cakes" on top of many of the 
low hills makes them very conspicuous and gives an impression 
of a great abundance of pegmatitic material 0 They consist 
dominantly of potassium feldspar, quartz and muscovite, with 
the feldspar crystals up to 3 feet across a Locally biotite 
occurs in large clots of prismatic crystals 0

The junctions of these pegmatites with the quartzite 
are knife-sharp and the contacts run straight over long 
distances o There is no sign whatsoever of the introduction 
of feldspathic material into the quartzite. All this is in 
striking contrast to the relations between these pegmatites 
and the schists and gneisses to the west, though here and 
there sharp contacts occur, the pegmatitic material has 
entered the rocks in a much more irregular and diffuse 
manner and has clearly been pene-contemporaneous with the 
recrystallization and deformation of the gneisses,,

Returning again to the nature of the northern margin of 
the metamorphic province we pass to the section in the 
vicinity of highway 69 o Here the intermediate zone of 
feldspathized rock intervenes between the schists and 
gneisses and the Wanapitei quartzite but is relatively narrow. 
The exposures of greatest interest are on the southern side 
of the stream that passes by the farm of Mr 0 Auguste Ojala 
and are very easy of access from the highway 0

Normal Wanapitei quartzite with beds about a foot 
across form the hill here and, though there has been some 
differential movement in the argillaceous partings, false- 
bedding can be well seen in these sediments 8 Followed south, 
a few feet of diabase intervenes and then we pass into thinly 
bedded quartzite made up of layers about l to 2 inches thick 
with argillaceous films between 0 These beds are warped and 
the shaly members are argillites. They rapidly take on a 
reddish tinge due to feldspathization and followed to the west
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and south pass into rocks typical of the feldspathized zone. 
There they form a low ridge underlaid steeply by laminated 
quartzite on the southern bank of the streanu A prominent rock 
at this horizon and to the south is a "greenstone" that appears 
to be interbedded with the quartzite,. Its origin is obscure 
but it may be either a recrystallized marl or a tuff 0

The next band across the general strike appears as a 
low ridge to the south and here the rocks begin to show 
"drag" folds and streaming out of less resistant bands a Here 
too recrystallization becomes marked and garnet appears in 
favourable bands 0 This is followed by another ridge in which 
garnet-mica schist and garnet amphibolite are accompanied by 
veins, films and impregnations of granitic material,, Layers 
of recognisable laminated quartzite still occur and seem little 
affected by the recrystallization and deformation which have 
involved all the other strata 0 Such remnants can be found for 
a considerable distance back into the schists and gneisses 
and they may lie alongside coarsely banded feldspathic 
gneisses o Here again the recrystallization seems to be 
closely connected with the impregnation by the granitic 
material 0

The passage from quartzite, etc* into typical schists and 
gneisses in this case occupies a total distance of about 150 
yards o If one takes, however, the margin of the metamorphic 
rocks as defined by the first recrystallization into garnet- 
schist, etc c, and the onset of plastic deformation, the boundary 
can be defined by a line on the map.

It has been pointed out that the diabases and gabbros 
occurring within the Wanapitei quartzite always show recrystal 
lization of the pyroxene to amphibole 0 This new amphibole 
is usually prismatic and in hand specimen can be seen replacing 
the original pyroxene as a feathery aggregate,, It is noticeable 
in the field that this change becomes more complete and the 
original texture more obscured as the zone of shearing and 
feldspathization is approached and that close to this horizon 
the basic rocks pass irregularly into massive amphibolites. 
This is shown in the large intrusion in lot 7, concession V 
and VI, Dill township 0 It is clearly one of the normal diabase 
or gabbro intrusions in the Wanapitei quartzite but is now 
recrystallized with no trace of the original pyroxene 0 The 
same holds for the sill-like masses about the same horizon 
between Baby Lake and the northeast end of Alice Lake 0
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Of special interest is the metamorphism of the very 
large gabbro body that occupies a large part of the southern 
blocko Its structural features have already been described 
and something will now be said about its petrology.

The detailed geology of the eastern edge of the mass 
shows that the gabbro remains normal and unaltered in many 
cases to within a relatively short distance from its margin. 
Crossing this unaltered gabbro are shear zones more or less 
continuous and of varying widths. Some are only about a 
yard across; others widen out to something of the order of 
50 yardso Within these zones the gabbro is completely 
recrystallized to a fine-grained rock consisting of horn 
blende, plagioclase and garnet. Sometimes it is massive 
but usually a finely directed character can be made out 0 
A constant assoiation of the shears is granite in the form 
of thin veins and dikes , It is usually fine-grained and has 
a fairly sharp contact with the recrystallized basic rock 
but near its junction the latter is usually studded with 
glassy porphyroblasts of orthoclase. Sometimes here also 
the garnets are of larger size and stand out as prominent 
grains o

These shear zones become more abundant and coalesce 
near the edge of the mass.

As well as the recrystallization along the shears,parts 
of the gabbro show a wholesale recrystallization of similar 
type giving a very fine-grained rock composed almost entirely 
of hornblende, plagioclase and garnet. Much of this is 
massive and undirected but some shows a fine schistosity 
that varies from point to point. Within it one can discern 
here and there patches in which the original gabbro characters 
can still be distinguished.

As well as the granite penetration along the shears 
there has been a less regular introduction of this material 
into both the normal gabbro and its recrystallized alteration 
product which gives a breccia-like mass of very irregular 
character,, The distribution of this material does not appear 
to be controlled by any major structure and on its edges it 
passes into normal gabbro 0

Perhaps the most spectacular feature of this occurrence 
is the rapid passage of the gabbro on its edge into very 
coarse biotite-garnet-hornblende schist and garnet-hornblende 
gneiss. This change takes place as it swings into the strike 
of the adjacent schist and gneiss making abundantly clear that 
all the recrystallization of this region is of the one age. 
It also indicates that the metamorphism itself has been
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controlled by the degree to which the rock has been deformed. 
Where unaffected by the combined shearing and granitic 
permeation,the gabbro has withstood all deformation and 
recrystallization,, As soon however as these agencies become 
effective the response of the gabbro by recrystallization 
has been immediate and complete. It is thus that we find 
the remarkable passage within less than 1/4 of a mile from 
gabbro of normal igneous character into garnet-hornblende- 
biotite schist with garnets 3 centimetres in diameter, 
associated with coarse schists some containing kyanite.

The penetration of the gabbro by granite is also well 
seen south of the Wanapitei Hydro-electric station. Here 
it becomes clear that it is not the injected granite of 
itself that is the metamorphosing agent but the fluids 
accompanying it , Thus we find the fine-grained recrystal 
lization product of the gabbro studded with glassy orthoclase 
crystals in irregular veinlike patches. In places these 
new crystals become so abundant that the rock looks like a 
panidiomorphic syenite with a small amount of dark base 
formed of hornblende and biotite. These patches are frequently 
sharply bounded against the recrystallized gabbro and in such 
cases look like igneous veins e All stages in this alteration 
can be traced and we may pass within a matter of yards from 
completely unaltered gabbro with fresh pyroxene and clear 
plagioclase into what looks like an intrusive breccia of 
syenite with xenoliths of fine-grained hornblende-plagioclase 
rock 0

Within the gabbro mass there is little or no regularity 
of pattern in these altered phases. Here and there, it is 
true, shear zones running parallel to the general direction 
of the adjacent schists do appear but on the whole the 
development of the metamorphic product is local as though 
the major movements outside the mass had not penetrated within 
it o It appears as though the regional deformative forces 
had been dissipated in shearing of a minor character and it 
was presumably with this piecemeal dislocation of the rock 
that the granitic material was able to penetrate and alter it.

As has been mentioned, there occurs on the southeastern 
side of the gabbro a very coarse intrusive breccia containing 
a great deal of basic material. The matrix is syenitic and 
it may be that this is an extreme phase of the granitic 
permeation and recrystallization of the gabbro in which 
however the basic material has been recrystallized into coarse 
garnet and hornblende rocks.

Further south, in lot 11, concessions II and III, and 
in lot 10, concession II of Dill township, there occur two 
other bodies of basic rock. These retain their diabasic
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texture in great part and only on the edges do they pass into 
schistose amphibolites. Though embedded in the schists and 
gneisses they appear to have had such a high rigidity that 
they have withstood the stresses which have deformed weaker 
memberso The western occurrence is of considerable interest 
because part of it is feldspathized like the rocks farther 
west; that is, it shows shearing and a great development of 
feldspar porphyroblasts in single crystals and in aggregate. 
Within it however are pegmatites typical of the schists 
and gneisses and in places it passes into schistose amphibolite 
so that it partakes in its nature of both regions 0

CONCLUSIONS

This study has confirmed Collins' observation that south 
of the main outcrop of the Wanapitei quartzite there is a 
band in which greywacke and, here and there, conglomerate are 
present along with the quartzite. Identifying these beds 
with the McKim greywacke and the Ramsey Lake conglomerate 
respectively Collins was led to suggest that the structure 
here, south of Sudbury, was synclinal and thus expected to 
find his Keewatin rocks to the south of this band. No strata 
resembling in any way the Keewatin, however, have been found 
in the present study and moreover, though there is much 
evidence of folding in the Wanapitei quartzite, none of it 
is suggestive of the major synclinal structure that Collins' 
theory requires. Recognition of the Wanapitei fault with 
its upthrow side probably to the south raises the possibility, 
however, of a repetition of the lower beds without the 
necessity of invoking the presence of a great syncline but 
there remains the structural difficulty that the few 
occurrences of the conglomerate occur on the north side of 
the band so that the strata must be overturned and hence, 
again, the Keewatin rocks should occur to the south 0 One 
might avoid this difficulty by bringing in minor faulting to 
give a reversed sequence and this could be supported to some 
extent by the field relations for there is some evidence, as 
we have seen, that the main fault running along the narrow 
trench of Daisy Lake splits up to the west, but even this 
cannot be said to be a very satisfactory explanation of the 
geologyo These difficulties all arise from the identification 
of the southern beds with the McKim greywacke and the Ramsey 
Lake conglomerate, a correlation with which Collins himself 
was not very well satisfied for he pointed out that there 
were many points of difference between the two sets of strata. 
Since we know that elsewhere in the region greywacke is 
repeated in the sequence, it would seem wiser to adopt the 
view that here also we have had a change in the type of 
sedimentation without equating it precisely to any similar
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beds elsewhere. This fits in more satisfactorily with the 
evidence further south for there, as we have seen, both 
argillaceous and marly beds as well as rare limestones are 
interstratified with the quartzite. That is, there is clear 
evidence that, traced to the south, the nature of the 
sedimentation changes and these greywacke beds with the 
thinly bedded quartzite may well be the first sign of the 
changeo

Along with this new facies of sedimentation must be 
linked Cooke 1 s Coniston series. Though Cooke regarded these 
rocks as more ancient than all the others, we have seen that 
the detailed mapping reveals no break between them and the 
quartzite and greywacke, These strata have been involved in 
the feldspathization it is true but when this later change 
is discounted they are seen to form a part of the normal 
sequence 0 We come therefore to the view that to the south 
the Wanapitei quartzite passes gradationally into a set of 
sediments in which, though quartzite still remains the 
principal member, there is an increase in argillaceous 
material and also a coming on of carbonate. To these we 
may also have to add some volcanic material in the form of 
tuff beds for, as mentioned in the description of the passage 
into the metamorphic rocks, there are present interbedded 
"greenstones" which are too much changed to allow one to 
distinguish whether they were layers of marl or of tuff.

Coming next to the metamorphic and structural aspects of 
the geology, the study has shown that south of the Wanapitei 
fault the outstanding features are, firstly, that there is 
a very rapid passage from relatively competent and unmeta- 
morphosed strata into plastically deformed and highly crystal 
line schists and gneisses in which the equilibrium minerals 
have been garnet, biotite, amphibole, kyanite and alkali 
feldspar and in which there has been an ubiquitous permeation 
by granitic material in the form of very thin sills, veins, 
films and "eyes" of feldspar; and secondly the presence on 
the northern margin of these metamorphic rocks of an irregular 
zone of feldspathization of the still competent though sheared 
Wanapitei quartzite with its associated diabases, etc,, a 
feldspathization which has given an intimate association of 
bedded granite-like rock, quartzite and altered diabase. It 
is considered that the most significant difference between the 
crystalline schists and the rocks on their northern margin is 
one of geological setting,, On the north, the rocks though much 
sheared in places remained relatively competent and the felds- 
pathizing agent acted mainly after the shearing when present 
so that now we get "eyes" of alkali feldspar in a matrix that 
in places is almost mylonitic. To the south, on the other hand, 
the feldspathization took place while the rocks were being
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deformed and also recrystallizing so that all the crystalline 
phases are of the one generation and are contemporaneous with 
the movement o

This view is in a general way in line with that proposed 
by Quirke and Collins for the rocks of the Killarney area to 
the south, namely that the crystalline rocks are the meta 
morphic and metasomatic equivalents of the sediments to the 
northwest of them 0 The granite-like northern margin here 
corresponds very closely to their "porphyry" which they 
demonstrated passes on the one side without a break into the 
quartzite (Lorrain) and on the other into the gneisses, It 
takes the field evidence of structural continuity and 
progressive transition from unmetamorphosed to metamorphosed 
material as fundamental and as indicative of a corresponding 
stratigraphic and petrogenetic continuity. Two questions 
must be answered however before this can be regarded as a 
wholly satisfactory explanation of the geology. The first is 
as regards the abruptness of the passage and the second 
concerns the fact that generally the transition takes place 
at the horizon where there is a change in the nature of the 
strata, to the north mainly quartzite with minor argillaceous 
partings, to the south quartzite with more argillaceous beds 
with a considerable abundance of marl and with rare limestone,. 
It may well be that these two features of the situation are 
related to one another, that the change in rock character 
has, in conjunction with the other factors operating in 
these rocks, determined the horizon at which the reactions of 
the strata should change so markedly, but it still remains to 
be investigated both geologically and from the aspects of 
geophysics and geochemistry why the change should be so abrupt.

It is worth while asking if there is any other way in 
which the field evidence could be interpreted 0 It will be 
remembered that Coleman originally described the geology here 
in terms of a series of oldest rocks, the Grenville, followed 
by younger ones, the Sudbury series, which were still however 
of Archean age, and a set of still younger granites which he 
termed Laurentian and which in this area we are considering 
were confined to the Grenville rocks 0 In his description of 
the railway section south of Romford he implies that the 
sudden change from relatively unmetamorphosed Wanapitei quart 
zite to schists and gneisses is due to the coming in of the 
Laurentian granite,, Some of this granite he describes as 
forming "lit-par-lit" injections but the large body is the one 
which we have seen is a product of feldspathization,, It has 
exerted no metamorphosing influence and in any case is set 
within the quartzitic rocks, not in the schists. This leaves 
us therefore with the theory of a major unconformity as the
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explanation of the abrupt passage from the crystalline to 
the non-crystalline rocks. This is just the point however 
on which the older work is so unsatisfactory for nowhere is 
any evidence given of the greater age of the so-called 
Grenville rocks. As Grenville they must be older and it was 
left at that. All the evidence here confirms Quirke's and 
Collins' view of the lighological continuity between these 
two sets of rocks. There is no unconformity either structural 
or stratigraphic but only a progression from the one set into 
the other. This is a matter on which further evidence will 
be accumulated as the mapping progresses to the southwest.

In other parts of the world, attempts have been made to 
explain such a rapid passage as this by considering that the 
crystalline rocks represent a basement and that the passage 
coincides with a localized metamorphism of lower grade that 
has masked the contact of the younger rocks but which has 
left the main basement rocks unaffected. There is doubtless 
good evidence for this process in these cases for which it 
is considered to apply but here it seems quite inadequate for 
all the evidence in the passage rocks indicates a build-up 
to the plastic state with concomitant recrystallization and 
not a breaking down of the earlier crystalline fabrics.

There has been a constant reference in all that has been 
written about this area to the existence of a great mass of 
granite to the south and both Collins and Cooke speak of this 
as "Killarnean" and regard it as the cause of the metamorphism, 
All of the evidence collected in the course of the present 
mapping indicates however that no such batholithic mass exists 
but rather that the constant accompaniment and possibly one 
of the causes of the metamorphism has been an intensive pene 
tration of the strata by granitic fluids which only here and 
there appear in the individualized form of injections and 
veins. It may be that large intrusive masses of granite occur 
further south and west but if so they have not extended into 
this area. All the phenomena here are connected rather with 
metamorphism and metasomatism than with igneous intrusion. 
When one seeks for a source of the granitic material in the 
schists and gneisses one is confronted with the difficulty of 
distinguishing on the one hand between material which may be 
indigenous but has by some form ofremobilization been squeezed 
along through the deforming rock as films and veins and, the 
other hand, granitic or feldspathic substance which has been 
introduced by some form of regional invasion. The possibility 
has also to be entertained that both of these processes 
proceeded together and became integrated in the production of 
what are called here the injection and permeation gneisses. 
When one comes to the more competent rocks on the northern 
margin however one would seem to be on much surer ground for
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here the evidence is unequivocally for metasomatism as has 
already been made clear 0 The feldspathic material must have 
come from outside and must have been brought in by some 
agency that was able to permeate through the finest dis 
continuities of the rock and of its component crystals 0 If 
such a process operated here it would seem that, considering 
we have a structural and metamorphic passage into the schists 
and gneisses, it operated there also,, A glance at the map 
will show that the distribution of the permeation and 
injection gneisses is very irregular and that if their 
presence is due to mobilization of indigenous material this 
must have been able to move great distances through the 
strata to accumulate as it has 0 One would suppose that the 
movement of such remobilized material would be controlled by 
the nature of the deformation, being squeezed out to the 
regions of minimal shearing stress 0 To assess where such 
areas would be in territory such as this would be very 
difficult as we know nothing of the movements but one might 
expect that they would be connected somehow with the geometry 
of the rock-distribution 0 It must be said that no such 
connection is obvious 0 It seems simpler to imagine the 
accumulations as due to an irregular introduction of feldspar 
by the same sort of agency as has given the feldspathized 
rock to the north and which has also been able to remove the 
unwanted material so that the volume has remained unchanged 
though it must be said that the simplicity is more apparent 
than real for it arises probably from our being less conscious 
of our ignorance when we talk of a "feldspathizing agent" than 
when we speak of the more clearly enunciated process of 
remobilization by remelting 0

The question of the age of the metamorphism of the 
gneisses remains to be answered^ All that is certain is that 
it is younger than the Wanapitei quartzite,, This does not 
make it necessarily post-Huronian for, as J 0 E, Thomson has 
shown, the Wanapitei quartzite and its allied rocks are over 
laid at the south end of Lake Wanapitei by the basal conglom 
erate of the Huroniano We do know, however, that the metamor 
phism is also later than the diabases and gabbros that intrude 
the quartzite in the Sudbury area 0 These have frequently been 
referred to as being of Keweenawan age mainly because of 
lithological correlations with the Sudbury nickel irruptive 
and with the similar diabases which appear as sills in the 
Huronian rocks to the northeast 0 Unfortunately we cannot be 
sure of these correlations and, in the case of the nickel 
irruptive, we now know that it may be much older. An attempt 
was made to follow through some of the Huronian strata north 
of Crerar, about 25 miles to the northeast, into the gneisses 
but these rocks are so faulted and disturbed that no definite 
conclusion could be arrived at regarding their relations to 
the gneisses. All that can be said therefore at present is
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that the metamorphism post-dates the diabase intrusive into 
the Wanapitei quartzite,,

One of the features that makes this region of special 
interest is that here the Wanapitei fault is seen to cut 
across the "front" of metamorphism leaving no doubt therefore 
that it marks a younger event in the structural history of 
the region 0 It makes clear also that in the regional dis 
tribution of the rocks of this part of the Canadian Shield 
two factors have operated to give the abrupt separation 
between relatively unmetamorphosed strata to the north, the 
Timiskaming province, and the gneisses and schists, the 
Grenville province to the south. These are a phenomenally 
rapid onset of metamorphism and major faulting. Thus in 
the area of the map sheet the boundary in the western section 
is a metamorphic "front" while in the eastern part it is a 
fault.
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NOTES ON 

GEOLOGY OFr--? r-"
DRYDEN, NEELON, DILL, AND BRODER TOWNSHIPS 

SUDBURY MINING DIVISION

by 

J. A. GRANT, W. J. PEARSON, T. C. PHEMISTER and J. E. THOMSON

The map area lies east and south of the City of Sudbury and 

covers the bare rock ridges that lie within the range of fumes from 

the Coniston and Copper Cliff smelters. The field work was done at 

intervals from 1953 to 1959 and is largely the work of T. C. Phemister.

The Grenville front extends in a northeasterly direction 

across the area and forms the boundary between highly metamorphosed 

roek-s--of Killarnean age on the southeast and ouch less metamorphosed, 

but greatly deformed, sedimentary formations of the Sudbury group 

on the northwest. The Sudbury group consists mainly of the Wanapitei 

quartzite (called Mississagi quartzite on some published maps) with 

minor interbedded greywacke, conglomerate, and limestone. These 

rocks are intruded by bodies of gabbro and olivine diabase dikes. 

Large areas of Sudbury-type breccia occur in the sediments and gabbro. 

The Killarnean rocks consist of well-banded psammitic and pelitic 

gneisses with intrusions of gabbro and metagabbro, abundant layers of 

amphibolite largely derived from sediments, and small bodies of 

pegmatite and granite. At many places the permeation of the gneisses 

by granitic material is so intimate, and the introduction of feldspar 

so ubiquitous, that the term "injection and permeation gneiss" is 

used to describe the rock.

In the northeastern part of the area the formations of the 

Sudbury group and the Killarnean metamorphic complex are separated 

by the Wanapitei fault. Going southwest the Wanapitei fault system 

leaves the Grenville front and passes into the sedimentary formations 

of the Sudbury group. In this part of the map area the Killarnean 

complex passes by transition into the quartzite of the Sudbury group, 

in some places over a distance of about 600 feet. In other words, 

the Grenville front is here a metamorphic contact rather than a 

faulted contact. In this metamorphic transition the main 

mineralogical changes are the infiltration of granitic material and

- 2 -

the growth of biotite and garnet. Southward from this line of 

demarkation there is no further progression in the metamorphic 

grade and a few remnants of the original quartzitic rocks can 

be recognized. The most striking structural feature of these 

metamorphic rocks is the plastic type of deformation exhibited. 

Another feature is the constant association of granitic materials 

in all degrees of coherence from sills and veins to scattered 

growths of feldspar developed irregularly along individual beds.

Within the Wanapitei quartzite, and immediately north 

of the metamorphic boundary there is an irregular zone of 

feldspathization in which feldspar porphyroblasts are developed 

within quartzite and gabbro. This zone may be very narrow but 

it widens to the southwest and is nearly 2 miles wide in Broder 

township. Within the zone are patches of unfeldspathized rock. 

The process of feldspathization has been very erratic, sometimes 

following the strike of the beds and sometimes cutting across 

them.

The sedimentary formations of the Sudbury group are 

intricately folded and faulted. The Wanapitei fault is a major 

regional structure and appears to be the main eastern extension 

of the Worthington-Murray fault system. The Creighton fault is 

another major dislocation and appears to merge with the Wanapitei 

fault going eastward.

No metal deposits of importance have been found in the 

map area to date. Small occurrences of sulphides, sometimes 

nickel-bearing, occur in the gabbro. Kyanite deposits in Dryden 

township have been developed by Northern Kyanite Mines Ltd. The 

Company states that at the main showing 1,965,000 tons of ore, 

averaging 13.27 percent kyanite, has been developed in a zone 

2000 feet long and HO feet wide to a depth of 100 feet. The 

Company reports that research in processing has produced a 

mullite aggregate with refractory properties superior to any 

imported kyanite and the equal of many synthetic products.

KEELON. DRYDEN. DILL. AMD BRODER TOWNSHIPS. DISTRICT OF SUDBURY

LEGEND 

CENOZOIC

PLEISTOCENE AND RECENT: Sand, gravel, clay.

GREAT UNCONFORMITY 
PRECAMBRIAN

Keweenawan ?

13 f Olivine-diabase dikes (13a), trap dikes (13b). 

INTRUSIVE CONTACT
Killarnean
r Acid Intrusives: Granite, pegmatite.

Injection and permeation gneisses consisting of variable 
amounts of banded gneiss and granitic material.

Intrusion breccia of porphyritic granite into metagabbro.

i Gabbro and metagabbro^.

Amphibolite and biotite amphibolite, banded or massive, 
usually carrying garnet and passing into biotite-rich 
types*.

Kyanite gneiss, with abundant kyanite (7a)*, with minor 
amounts of kyanite (7b)*.

Psammitic and pelitic gneiss, paragneiss*. 

METAMORPHIC BOUNDARY

Older Basic Intrusives: Gabbro and diabase (5) , acid
segregations (5a).

PRE-HURONIAN 

Sudbury Group

Limestone. 

Greywacke.

INTRUSIVE CONTACT

Quartzite 12), laminated quartzite (2a), finely bedded
amphibolite (2b), fine-grained, massive amphibolite (2c).

Conglomerate (1), gritty greywacke (la), interbedded 
quartzite and greywacke (Ib)._________________^

Breccia.

Feldspathization and alteration on the northern side of 
the Killarnean metamorphism. __________________ 

   Boundary between (i) little metamorphosed strata and (ii) 
plastically deformed schists and gneisses showing 
lit-par-lit injection and permeation by granitic 
material.____________________r——     

The unmetamorphosed phases of this rock are probably of
the same age as (5).

Most of these rocks have originally been sediments but 
have been recrystallized into schists, gneisses, etc.

Scale: l inch to 1/4 mile.
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NOTES ON 

GEOLOGY OFr---? r-••
DRYDEN, NEELON, DILL, AND BRODER TOWNSHIPS 

SUDBURY MINING DIVISION

by 

J. A. GRANT, W. J. PEARSON, T. C. PHEMISTER and J. E. THOMSON

The map area lies east and south of the City of Sudbury and 

covers the bare rock ridges that lie within the range of fumes from 

the Coniston and Copper Cliff smelters. The field work was done at 

intervals from 1953 to 1959 and is largely the work of T. C. Phemister,

The Grenville front extends in a northeasterly direction 

across the area and forms the boundary between highly metamorphosed 

roeks of Killarnean age on the southeast and much less metamorphosed, 

but greatly deformed, sedimentary formations of the Sudbury group 

on the northwest. The Sudbury group consists mainly of the Wanapitei 

quartzite (called Mississagi quartzite on some published maps) with 

minor interbedded greywacke, conglomerate, and limestone. These 

rocks are intruded by bodies of gabbro and olivine diabase dikes. 

Large areas of Sudbury-type breccia occur in the sediments and gabbro. 

The Killarnean rocks consist of well-banded psammitic and pelitic 

gneisses with intrusions of gabbro and metagabbro, abundant layers of 

amphibolite largely derived from sediments, and small bodies of 

pegmatite and granite. At many places the permeation of the gneisses 

by granitic material is so intimate, and the introduction of feldspar 

so ubiquitous, that the term "injection and permeation gneiss" is 

used to describe the rock.

In the northeastern part of the area the formations of the 

Sudbury group and the Killarnean metamorphic complex are separated 

by the Wanapitei fault. Going southwest the Wanapitei fault system 

leaves the Grenville front and passes into the sedimentary formations 

of the Sudbury group. In this part of the map area the Killarnean 

complex passes by transition into the quartzite of the Sudbury group,

in some places over a distance of about 600 feet. In other words,
j 

the Grenville front is here a metamorphic contact rather than a

faulted contact. In this metamorphic transition the main 

mineralogical changes are the infiltration of granitic material and
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the growth of biotite and garnet. Southward from this line of 

demarkation there is no further progression in the metamorphic 

grade and a few remnants of the original quartzitic rocks can 

be recognized. The most striking structural feature of these 

metamorphic rocks is the plastic type of deformation exhibited. 

Another feature is the constant association of granitic materials 

in all degrees of coherence from sills and veins to scattered 

growths of feldspar developed irregularly along individual beds.

Within the Wanapitei quartzite, and immediately north 

of the metamorphic boundary there is an irregular zone of 

feldspathization in which feldspar porphyroblasts are developed 

within quartzite and gabbro. This zone may be very narrow but 

it widens to the southwest and is nearly 2 miles wide in Broder 

township. Within the zone are patches of unfeldspathized rock. 

The process of feldspathization has been very erratic, sometimes 

following the strike of the beds and sometimes cutting across 

them.

The sedimentary formations of the Sudbury group are 

intricately folded and faulted. The Wanapitei fault is a major 

regional structure and appears to be the main eastern extension 

of the Worthington-Murray fault system. The Creighton fault is 

another major dislocation and appears to merge with the Wanapitei 

fault going eastward.

No metal deposits of importance have been found in the 

map area to date. Small occurrences of sulphides, sometimes 

nickel-bearing, occur in the gabbro. Kyanite deposits in Dryden 

township have been developed by Northern Kyanite Mines Ltd. The 

Company states that at the main showing 1,965,000 tons of ore, 

averaging 13.27 percent kyanite, has been developed in a zone 

2000 feet long and 140 feet wide to a depth of 100 feet. The 

Company reports that research in processing has produced a 

mullite aggregate with refractory properties superior to any 

imported kyanite and the equal of many synthetic products.

NEELON. DRYDEN. DILL. AMD BRODER TOWNSHIPS. DISTRICT OF SUDBURY

LEGEND 

CENOZOIC

PLEISTOCENE AND RECENT: Sand, gravel, clay.

GREAT UNCONFORMITY 
PRECAMBRIAN

Keweenawan ?

13 f Olivine-diabase dikes (13a), trap dikes U3b).

INTRUSIVE CONTACT

Acid Intrusives: Granite, pegmatite.

Injection and permeation gneisses consisting of variable 
amounts of banded gneiss and granitic material.

Intrusion breccia of porphyritic granite into metagabbro. 

J Gabbro and metagabbro^.

Amphibolite and biotite amphibolite, banded or massive, 
usually carrying garnet and passing into biotite-rich 
types*.

Kyanite gneiss, with abundant kyanite (7a)*, with minor 
amounts of kyanite t7b)*.

Psammitic and pelitic gneiss, paragneiss*.

METAMORPHIC BOUNDARY

Older Basic Intrusives: Gabbro and diabase (5), acid
segregations (Ja).

PRE-HURONIAN

Sudbury Group 

_____ Lime st one, 

' l__l Greywacke. 

2

INTRUSIVE CONTACT

Quartzite (2), laminated quartzite (2a), finely bedded
amphibolite (2b), fine-grained, massive amphibolite (2c).

Conglomerate (1), gritty greywacke (la), interbedded 
quartzite and greywacke (Ib).

Breccia.

Feldspathization and alteration on the northern side of 
the Killarnean metamorphism.
Boundary between (i)little metamorphosed strata and (ii} 
plastically deformed schists and gneisses showing 
lit-par-lit injection and permeation by granitic 
material.^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The unmetamorphosed phases of this rock are probably of
the same age as (5).

Most of these rocks have originally been sediments but 
have been recrystallized into schists, gneisses, etc.

Scale: l inch to lA mile.
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NOTES ON 

GEOLOGY OF' . f r--.? /-..
DRYDEN, NEELON, DILL, AND BRODER TOWNSHIPS 

SUDBURY MINING DIVISION

by 

J. A. GRANT, W. J. PEARSON, T. C. PHEMISTER and J. E. THOMSON

The map area lies east and south of the City of Sudbury and 

covers the bare rock ridges that lie within the range of fumes from 

the Coniston and Copper Cliff smelters. The field work was done at 

intervals from 1953 to 1959 and is largely the work of T. C. Phemister,

The Grenville front extends in a northeasterly direction 

across the area and forms the boundary between highly metamorphosed 

rocks- of Killarnean age on the southeast and much less metamorphosed , 

but gre;itly deformed, sedimentary formations of the Sudbury group 

on the northwest. The Sudbury group consists mainly of the Wanapitei 

quartzite (called Mississagi quartzite on some published maps) with 

minor interbedded greywacke, conglomerate, and limestone. These 

rocks are intruded by bodies of gabbro and olivine diabase dikes. 

Large areas of Sudbury-type breccia occur in the sediments and gabbro. 

The Killarnean rocks consist of well-banded psammitic and pelitic 

gneisses with intrusions of gabbro and metagabbro, abundant layers of 

amphibolite largely derived from sediments, and small bodies of 

pegmatite and granite. At many places the permeation of the gneisses 

by granitic material is so intimate, and the introduction of feldspar 

so ubiquitous, that the term "injection and permeation gneiss" is 

used to describe the rock.

In the northeastern part of the area the formations of the 

Sudbury group and the Killarnean metamorphic complex are separated 

by the Wanapitei fault. Going southwest the Wanapitei fault system 

leaves the Grenville front and passes into the sedimentary formations 

of the Sudbury group. In this part of the map area the Killarnean 

complex passes by transition into the quartzite of the Sudbury group, 

in some places over a distance of about 600 feet. In other words, 

the Grenville front is here a metamorphic contact rather than a 

faulted contact. In this metamorphic transition the main 

mineralogical changes are the infiltration of granitic material and
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the growth of biotite and garnet. Southward from this line of 

demarkation there is no further progression in the metamorphic 

grade and a few remnants of the original quartzitic rocks can 

be recognized. The most striking structural feature of these 

metamorphic rocks is the plastic type of deformation exhibited. 

Another feature is the constant association of granitic materials 

in all degrees of coherence from sills and veins to scattered 

growths of feldspar developed irregularly along individual beds.

Within the Wanapitei quartzite, and immediately north 

of the metamorphic boundary there is an irregular zone of 

feldspathization in which feldspar porphyroblasts are developed 

within quartzite and gabbro. This zone may be very narrow but 

it widens to the southwest and is nearly 2 miles wide in Broder 

township. Within the zone are patches of unfeldspathized rock. 

The process of feldspathization has been very erratic, sometimes 

following the strike of the beds and sometimes cutting across 

them.

The sedimentary formations of the Sudbury group are 

intricately folded and faulted. The Wanapitei fault is a major 

regional structure and appears to be the main eastern extension 

of the Worthington-Murray fault system. The Creighton fault is 

another major dislocation and appears to merge with the Wanapitei 

fault going eastward.

No metal deposits of importance have been found in the 

map area to date. Small occurrences of sulphides, sometimes 

nickel-bearing, occur in the gabbro. Kyanite deposits in Dryden 

township have been developed by Northern Kyanite Mines Ltd. The 

Company states that at the main showing 1,965,000 tons of ore, 

averaging 18.27 percent kyanite, has been developed in a zone 

2000 feet long and HO feet wide to a depth of 100 feet. The 

Company reports that research in processing has produced a 

mullite aggregate with refractory properties superior to any 

imported kyanite and the equal of many synthetic products.

NEELON. DRYDEN. DILL. AND BRODER TOWNSHIPS. DISTRICT OF SUDBURY

LEGEND 

CENOZOIC

PLEISTOCENE AKD RECENT: Sand, gravel, clay.

GREAT UNCONFORMITY 
PRECAMBRIAN

Keweenawan ? 

l 13 i Olivine-diabase dikes (13a), trap dikes (13b).

INTRUSIVE CONTACT 
Killarnean

l 12 l Acid Intrusives: Granite, pegmatite. 

11 Injection and permeation gneisses consisting of variable 
amounts of banded gneiss and granitic material.

Intrusion breccia of porphyritic granite into metagabbro.

9 l Gabbro and metagabbro#.

Amphibolite and biotite amphibolite, banded or massive, 
usually carrying garnet and passing into biotite-rich 
types*.

Kyanite gneiss, with abundant kyanite (7a)*, with minor 
amounts of kyanite t?b)*.

Psammitic and pelitic gneiss, paragneiss*. . 

METAMORPHIC BOUNDARY

Older Basic Intrusives: Gabbro and diabase (5), acid
segregations (5a).

INTRUSIVE CONTACT
PRE-HURONIAN

Sudbury Group

Limestone. 

Greywacke.

Quartzite (2), laminated quartzite (2a), finely bedded
amphibolite (2b), fine-grained, massive amphibolite t2c).

Conglomerate (1), gritty greywacke (la), interbedded 
quartzite and greywacke (Ib).____________ ^^^

Breccia .

Feldspathization and alteration on the northern side of 
the Killarnean metamorphism.
Boundary between (i) little metamorphosed strata and (iil 
plastically deformed schists and gneisses showing 
lit-par-lit injection and permeation by granitic 
material.^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The unmetamorphosed phases of this rock are probably of
the same age as (5).

Most of these rocks have originally been sediments but 
have been recrystallized into schists, gneisses, etc.

Scale: l inch to 1/4 mile.
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NOTES ON 

GEOLOGY OFr- -? r--
DRYDEN, NEELON, DILL, AND BRODER TOWNSHIPS 

SUDBURY MINING DIVISION

by 

J. A. GRANT, W. J. PEARSON, T. C. PHEMISTER and J. E. THOMSON

The map area lies east and south of the City of Sudbury and 

covers the bare rock ridges that lie within the range of fumes from 

the Coniston and Copper Cliff smelters. The field work was done at 

intervals from 1953 to 1959 and is largely the work of T. C. Phemister,

The Grenville front extends in a northeasterly direction 

across the area and forms the boundary between highly metamorphosed 

rocks -of Killarnean age on the southeast and much less metamorphosed, 

but greatly deformed, sedimentary formations of the Sudbury group 

on the northwest. The Sudbury group consists mainly of the Wanapitei 

quartzite (called Mississagi quartzite on some published maps) with 

minor interbedded greywacke, conglomerate, and limestone. These 

rocks are intruded by bodies of gabbro and olivine diabase dikes. 

Large areas of Sudbury-type breccia occur in the sediments and gabbro. 

The Killarnean rocks consist of well-banded psammitic and pelitic 

gneisses with intrusions of gabbro and metagabbro, abundant layers of 

amphibolite largely derived from sediments, and small bodies of 

pegmatite and granite. At many places the permeation of the gneisses 

by granitic material is so intimate, and the introduction of feldspar 

so ubiquitous, that the term "injection and permeation gneiss" is 

used to describe the rock.

In the northeastern part of the area the formations of the 

Sudbury group and the Killarnean metamorphic complex are separated 

by the Wanapitei fault. Going southwest the Wanapitei fault system 

leaves the Grenville front and passes into the sedimentary formations 

of the Sudbury group. In this part of the map area the Killarnean 

complex passes by transition into the quartzite of the Sudbury group,

in some places over a distance of about 600 feet. In other words,
j 

the Grenville front is here a metamorphic contact rather than a

faulted contact. In this metamorphic transition the main 

mineralogical changes are the infiltration of granitic material and
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the growth of biotite and garnet. Southward from this line of 

demarkation there is no further progression in the metamorphic 

grade and a few remnants of the original quartzitic rocks can 

be recognized. The most striking structural feature of these 

metamorphic rocks is the plastic type of deformation exhibited. 

Another feature is the constant association of granitic materials 

in all degrees of coherence from sills and veins to scattered 

growths of feldspar developed irregularly along individual beds.

Within the Wanapitei quartzite, and immediately north 

of the metamorphic boundary there is an irregular zone of 

feldspathization in which feldspar porphyroblasts are developed , 

within quartizite and gabbro. This zone may be very narrow but 

it widens to the southwest and is nearly 2 miles wide in Broder 

township. Within the zone are patches of unfeldspathized rock. 

The process of feldspathization has been very erratic, sometimes 

following the strike of the beds and sometimes cutting across 

them.

The sedimentary formations of the Sudbury group are 

intricately folded and faulted. The Wanapitei fault is a major 

regional structure and appears to be the main eastern extension 

of the Worthington-Murray fault system. The Creighton fault is 

another major dislocation and appears to merge with the Wanapitei 

fault going eastward.

No metal deposits of importance have been found in the 

map area to date. Small occurrences of sulphides, sometimes 

nickel-bearing, occur in the gabbro. Kyanite deposits in Dryden 

township have been developed by Northern Kyanite Mines Ltd. The 

Company states that at the main showing 1,965,000 tons of ore, 

averaging 18.27 percent kyanite, has been developed in a zone , 

2000 feet long and HO feet wide to a depth of 100 feet. The 

Company reports that research in processing has produced a 

mullite aggregate with refractory properties superior to any 

imported kyanite and the equal of many synthetic products.

NEELON. DRYDEN. DILL. AMD BRODER TOWNSHIPS. DISTRICT OF SUDBURY

LEGEND 

CENOZOIC

PLEISTOCENE AND RECENT: Sand, gravel, clay.

GREAT UNCONFORMITY 
PRECAMBRIAN

Keweenawan ? 

l 13 i Olivine-diabase dikes (13a), trap dikes U3b).

INTRUSIVE CONTACT 
Killarnean

l 12 i Acid Intrusives: Granite, pegmatite.

Injection and permeation gneisses consisting of variable 
amounts of banded gneiss and granitic material.

Intrusion breccia of porphyritic granite into metagabbro. 

Gabbro and melagabbroid.

Amphibolite and biotite amphibolite, banded or massive, 
usually carrying garnet and passing into biotite-rich 
types*.

Kyanite gneiss, with abundant kyanite (Val*, with minor 
amounts of kyanite (7b)*.

Psammitic and pelitic gneiss, paragneiss*.

METAMORPHIC BOUNDARY

Older Basic Intrusives: Gabbro and diabase (5), acid
segregations (5a).

PRE-HURONIAN 

Sudbury Group

Limestone .

INTRUSIVE CONTACT

r Greywacke.

Quartzite (2], laminated quartzite (2a), finely bedded
amphibolite (Zb), fine-grained, massive amphibolite (2c).

Conglomerate (1), gritty greywacke (la), interbedded 
quartzite and greywacke (Ib). ^^

Breccia.

Feldspathization and alteration on the northern side of 
the Killarnean metamorphism.
Boundary between (i)little metamorphosed strata and (ii) 
plastically deformed schists and gneisses showing 
lit-par-lit injection and permeation by granitic 
material.^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^

The unmetamorphosed phases of this rock are probably of
the same age as (5).

Most of these rocks have originally been sediments but 
have been recrystallized into schists, gneisses, etc.

Scale: l inch to 1/4 mile.


