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PREFACE 

Few mining districts in the world have attracted more sustained attention 
during the past 50 years than that of Sudbury, Ontario. Interest has, of 
course, centred on its mining activities, which supply some 90 per cent of the 
world's nickel besides a large tonnage of copper, important amounts of silver 
and gold, and Canada's only production of platinum and allied metals. To 
the geologist, as well, the region has provided problems of outstanding structur­
al, stratigraphic , and petrographic interest, many of them either directly or 
indirectly concerned with the genesis and disposition of the nickeliferous de­
posits. Gratifying progress has been made towards the solution of some of 
these problems; others have proved more elusive, and final decisions may be 
long delayed. 

The present report is concerned with the interpretation of certain features 
bearing on the sequence of events that contributed to the deposition, structural 
arrangement, and lithology of the successive sedimentary series laid down 
in this region in Precambrian time, and with the various volcanic and intrusive 
rocks with which these are associated. It presents significant new structural 
data, and results in some considerable rearrangement of the sedimentary and 
igneous successions. The report carries a bibliography of earlier related 
publications, and follows in some detail the progress of geological research 
since the discovery of the Sudbury ores. Field studies on which the author's 
conclusions are based were undertaken in 1938 and 1939, but subsequent 
diversion of effort during the war years has delayed their publication. Two 
geological maps, those of the Chelmsford and Falconbridge areas, within 
which most of the author's investigations were conducted, are being prepared 
for separate publication on a scale of 1 inch to 1 mile. 

GEORGE HANSON, 
Chief Geologist , Geological SU?·vey 

OTTAWA, August 28, 1945 





PROBLEMS OF SUDBURY GEOLOGY, ONTARIO 

CHAPTER I 

INTRODUCTION 

GENERAL STATEMENT 

The late Dr. W. H. Collins, Director of the Geological Survey, devoted 
such time as could be spared from administrative duties during the later years 
of his life to the revision of the geology of the Sudbury district, Ontario. This 
he intended to be the capstone of the great work to which his life had been 
devoted, namely the mapping and correlation of the Huronian formations 
throughout the region from Cobalt to Sault Ste. Marie . At Sudbury he had 
completed the preliminary mapping of the Espanola, Copper Cliff, Falcon­
bridge, and Chelmsford areas, together with a detailed study of the internal 
and external relations of the great Sudbury 110rite irruptive, when death claimed 
him in January 1937. He had published the results of his study of the norite 
irruptive (31-34) 1, and had dealt with some special problems of Sudbury 
geology (35), but had prepared no comprehensive report on the area, doubtless 
because many details of structure and succession had to be studied further 
before such a report could be written. 

After his death it was found that the manuscript of the Copper Cliff and 
Espanola maps had been compiled, and they were, accordingly, published. 
It was then decided to have a field officer check the manuscript mapping of 
the two remaining sheets and prepare them also for publication, at the same 
time continuing the study of the problems of the district. The wnter was 
selected for this purpose. 

Before entering the field, a close scrutiny both of the published and un­
published maps made it evident that there were problems remaining to be 
solved before the structure and succession could be thoroughly understood. 
After entering the field, unexpected and unsuspected facts were found that 
seemed likely to alter previous conceptions as to the Precambrian succession. 
The investigation of these problems is not yet completed; but as the onset 
of war caused the work intended for 1940 and later years to be indefinitely 
postponed, it seems desirable to report on the results to date. This report 
is not intended to be a discussion of the geology of one or more particular map­
areas; it is intended rather to supplement Collins' classic report on the geology 
of the north shore of Lake Huron (29), and should be read in conjunction with 
it. It deals purely with a number of problems that arose, with their suggested 
solutions, and with observations that supplement the original information 
given by Collins on the various formations of the district. The report deals 
wholly with the geology and structure of the various sedimentary and igneous 
rocks. No attempt was made to study the great norite irruptive, except as 
regards its contact relations with other rocks. No examination of the ores 
has been made, outside of an effort to determine their age. 

Working with Collins' published maps and manuscripts, on which most 
of the outcrops and geologic boundaries are laid down with great accuracy, 
the writer was able to devote all his attention to the geological problems, and 
to go at once to critical areas where exposures that might offer solutions of 

I N umbers in brackets refer to the numbered papers listed in Chapter VI, Bibliography, pp. 75-77. 
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them could be found. Work was further facilitated by the open character 
of the country, due partly to logging and forest fires, and partly to the killing 
of all vegetation by sulphur fumes before the present smelter stacks were 
erected. Thus, with a minimum of work and time, a very large number of 
pertinent facts were obtained. 

/0 

SO' 

Sca{e or mites 
0 10 20 

b Georgian .8ay 
o"l 

Cii 

Figure 1. Index map of Sudbury distrid, to show principal map-areas referred to in 
text, and their positions relat ive to the norite irruptive. 1, Chelmsford sheet; 2, 
Falconbridge sheet; 3, Copper Cliff sheet; 4, Espanola sheet. Area of norite 
irruptive stippled. 

The positions of the various map-areas here mentioned are indicated on 
Figure 1. In addition, a great deal of attention was paid to the Coniston area 
in the unmapped corner between Wanapitei and Copper Cliff areas. Street 
and Scadding townships, in the eastern part of Wanapitei area, were mapped 
in 1938 by H. W. Fairbairn for the Ontario Department of Mines, and his 
results are incorporated in the map of Falconbridge area 1 • 

The writer was ably assisted in 1938 by Mr. D. R. E. Whitmore, and in 
1939 by Messrs. Whitmore, Don Mackenzie, and Gaetan Michaud. The 
writer expresses his thanks to the officials of the International Nickel Company 
and Falconbridge Nickel Mines, all of whom did everything in their power to 
facilitate his work. 

1 Maps of the Falconbridge and Chelmsford areas are being issued separately from this report by the Geological 
Survey, and incorporate the co nclusions drawn by the present writer . 
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PREVIOus WoRK 

The fi rst general mapping of Sudbury district was that of Robert Bell (6), 
. who in the 3 years 1888-90 covered an area 72 by 48 miles, with the Sudbury 

basin in the centre. In this preliminary work, undertaken while the district 
was heavily forested and almost entirely without roads, Bell mapped with 
considerable accuracy the sandstones, slates, and volcanic breccias of what 
is now termed the Whitewater series, and separated the other rocks into three 
main groups, the Huronian rocks, the granites, and the greenstones . The 
latter comprised mainly what are now known as the norite and Nipissing 
gabbro . Bell did not distinguish clearly between the micropegmatite of the 
norite irruptive and the other granitic rocks of the region, and hence missed 
the fact that he was dealing with a single basin-shaped intrusive mass; his map 
does show clearly, however, the basin shape of the Whitewater sediments . 

T. L. Walker, Bell's assistant in 1890, became chemist at the Murray 
mine in 1891, and made detailed petrographic studies of the rocks of the 
district. In 1897 he presented the results (72) in the form of an inaugural 
dissertation to the University of Leipzig, as part of the requirements for the 
degree of Ph.D. In this he advanced evidence to indicate that the no rite 
irruptive consists of a lower part, which for the first time was identified as 
norite, and an upper, acid part that he called micropegmatitic granite; and that 
the contact between the two is gradational. He noted further that the norite 
and micropegmatite of the northern and southern "ranges" face in opposite 
directions, with the micropegmatite always next to the elliptical area of sedi­
ments. He advanced the idea that the arrangements were due to different­
iation in place of bodies of magma, without, however, inferring that the two 
"ranges" were parts of a single body; and he was the first to suggest that the 
Sudbury copper-nickel ores settled out of these bodies of magma. 

In 1901-2 A. E . Barlow studied and mapped a section along the south 
boundary of the norite irruptive and made fairly detailed examinations of 
many of the working properties . His report (3) affords an excellent history 
of mining operations in the region , with a review of the literature on the subject. 
Barlow strongly supported the view that the ores were formed primarily by 
gravitative differentiation from the norite magma, and adduced much evidence 
favouring it; although he also admitted considerable rearrangement by later 
solutions and vapours . 

In the years 1902-4 A. P . Coleman made his classic study. In his first 
map and report (14) he showed that the north and south "ranges" are only 
parts of a continuous elliptical ring. This ring he interpreted as the exposed 
rim of a single basin-shaped sheet 37 miles long, 17 miles wide, and about 
1! miles thick, the hollow of which is fiUed by the sedimentary series first 
mapped by Bell, and now termed the Whitewater series. He found that the 
gradation from norite to ·micropegmatite, described by Walker, exists around 
the entire basin, with the norite everywhere forming the outer or lower part. 
From the study of all the ore deposits he developed apparently convincing 
support for the concept suggested by Walker, and elaborated by Barlow, that 
the ores separated out of the cooling igneous mass into depressions at its base 
and into fissures beneath it (offsets); though the main process was admittedly 
modified by the later action of solutions or vapours . 

Later, Coleman gave more detailed study to the other rocks of the region 
(19). He referred the banded gneisses southeast of Wanapitei River to the 
Grenville series; placed the Copper Cliff "arkose", the McKim greywacke, 
and the Wanapitei (afterwards Mississagi) quartzite in the Sudbury series, 
the age of which he considered pre-Huronian; and separated the areas of 
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conglomerate 'i:ww known as the Ramsay Lake and Bruce conglomerates and 
assigned them to the basal Huronian. It is clear that he considered these 
conglomerates to be correlative with others to the west and northeast, which 
have subsequently been recognized as the Cobalt congl~merate; and that it 
was this correlation that necessitated his conclusions that the Ramsay Lake 
and Bruce conglomerates must be much later than the folded rocks with which 
they are associated. Finally, he referred the Whitewater sediments to the 
Animikie or Upper Huronian. 

For the next 15 years little geological work was done in the district, and 
that little was devoted mainly to the differentiation of the norite irruptive and 
its relations to the ores. C. W. Knight (54, 55), from chemical analyses of 
specimens collected at regular intervals across the intrusive, showed that there 
is no regular gradation in composition from one edge to the other, but that, 
on the contrary, a fairly sharp change occurs about the middle; he also em­
phasized the fact that the sulphides have almost invariably replaced the fine­
grained matrix of crush-breccias, leaving the larger rock fragments unreplaced; 
and that these larger fragments include pieces of norite. He was thus among 
the first to adduce evidence indicating that the ores might be much later 
than the norite, instead of settling out of it. 

In 1924 T. C. Phemister spent the summer studying sections across the 
norite irruptive and examining the relations of the norite to the ores. His 
conclusions (61) on both were much the same as Knight's; and he added to 
our knowledge the important fact that the norite and micropegmatite are each 
of fairly uniform composition, and are separated by a very narrow contact 
or transition zone. The abruptness of the change led him to conclude that 
the two rocks are separate intrusions, rather than differentiates of a single 
magma as previous writers had thought. Petrographic resemblances and the 
lack of any sharp contact he explained by assuming that both had come from 
the same reservoir of magma, the micropegmatite being injected while the 
norite was still hot. 

This attack led Coleman and ·Walker, along with E . S. Moore, to revisit 
Sudbury and review their earlier evidence . In so doing they made four tra­
verses across the intrusive, collecting forty-nine specimens, all of which were 
chemically analysed. These analyses indicated that the break between the 
norite and the micropegmatite is more gradual than Phemister had inferred 
from his microscope work. The writers concluded (23) that there is, in their 
opinion, no reason for denying their earlier conclusion that the norite and 
micropegmatite are differentiates of a single body of magma. They also 
reaffirm their opinion that the ores separated from the same magma. 

In 1925 W. H . Collins entered the Sudbury field . Prior to this time 
(1908-12) he had mapped and traced the Huronian form:dions throughout 
the Gowganda mining division and Onaping map-area; this work (26, 28), 
together with that simultaneously carried on by officers of the Ontario Depart­
ment of Mines, completed the geology of a block extending from Cobalt to 
within a few miles of Sudbury district. At that time (1912) Collins endeavour­
ed, by examination of a narrow strip, to carry through the correlation into 
Sudbury district, but with unsatisfactory results (25, p. 302; 27), as this hasty 
work led him to correlate the Ramsay Lake conglomerate with the Cobalt 
series, and the Mississagi quartzite with the Copper Cliff "arkose", conclusions 
that he later silently abandoned. It was not until some years later that the 
block between Onaping area and the eastern part of Sudbury district was 
mapped by T. T. Quirke (63). 

Collins then turned his attention to the original Huronian area near 
Sault Ste. Marie, mapped between 1847 and 1858 mainly by Alexander Murray 
with some co-operation from Sir William Logan. The years 1914-17 were 
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spent by him in this district, and in addition independent work was done in 
1915 by T. T. Quirke, in 1922 by Pentti Eskola of the University of Helsingfors, 
and in 1923-24 by R. C . Emmons of the University of Wisconsin. The results 
are published in Memoir 143 of the Geological Survey (29). 

Collins commenced work again in 1925 with the mapping of Espanola 
map-area (30), and between that year and 1935 mapped the entire Sudbury 
district, comprising the Espanola, Copper Cliff, Chelmsford, and Falconbridge 
map-areas (See Figure 1). Collins also studied in great detail the transition 
from horite to micropegmatite. His earlier work had firmly established the 
fact that there are two Huronian series north of Lake Huron, as Murray 
originally found; the upper he identified with the Cobalt series of Onaping 
district, and the lower he termed the Bruce series. For each of these series 
he established a definite and recognizable succession of formations. 

By tracing the basal conglomerate of the Bruce series eastward from 
Thessalon to Sudbury, he was able to prove it identical with the formation 
previously termed by Coleman the Ramsay Lake conglomerate . The same 
work proved that the Mississagi quartzite of the districts farther west is 
continuous with Coleman's Wanapitei quartzite in Sudbury district . This 
work, therefore : (1) corrected Coleman's erroneous correlation of the H.amsay 
Lake conglomerate with the Cobalt conglomerate; (2) proved that the Ramsay 
Lake conglomerate and Wanapitei (or Mississagi) quartzite are conformable 
and parts of the Bruce series; and (3) broke up Coleman's pre-Huronian 
Sudbury series into two parts, the upper of which was of Lower Huronian age 
(Bruce series), whereas the remainder, comprising the McKim formation, the 
Copper Cliff "arkose", and certain lavas, was undoubtedly pre-Bruce. For 
reasons more, fully developed in a later section of this report, C;>llins looked 
on these formations as pre-Huronian as well as pre-Bruce. 

Collins' unpublished manuscript map of Falconbridge area shows, in 
addition, that he correctly identified certain bodies of conglomerate in Falcon­
bridge and Dryden townships as the Bruce conglomerate, a formation over­
lying the Mississagi quartzite, whereas Coleman and others had considered 
them as Ramsay Lake conglomerate. 

By this great undertaking, carried through to a successful conclusion, 
Collins finally completed the identification and correlation of the Huronian 
formations throughout northern Ontario; and thereby laid a firm foundation 
for Precambrian stratigra:phy. Though much still remains to be done to fill 
the gaps untouched by him, his work has supplied the basic elements of structure 
without which no forward step could be made. Future writers will no doubt 
make minor changes in his correlations, or differ from him as to various rock 
relationships, but his work will remain the strong warp on which further 
results must be woven. 

Collins' other principal work in Sudbury region was the intensive study 
of the nori te irruptive and its relations to the surrounding rocks (31-34). 
His work led him to conclude that Walker, Coleman, and others of the same 
school were correct concerning the differentiation of the intrusive and the 
origin of the ores . 

In 1929 A. G. Burrows, Provincial Geologist of Ontario, began work in 
the Sudbury field, and continued it until 1932. His death in 1933 interrupted 
his work before the results were ready for publication, but his map and a brief 
statement of some of his results were published (11) after his death by H. C. 
Rickaby, who had assisted in part of the field work and who succeeded to the 
position of Provincial Geologist. 

Burrows studied in some detail the Copper Cliff formation, which Coleman 
had considered a recrystallized sediment and had termed "arkose". Burrows 
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recognized that it exhibits the flow lines, spherulitic textures, and other features 
of a volcanic rock. A better name for it is, therefore, the Copper Cliff rhyolite, 
by which it will be known in this report. 

Burrows also recognized the fact that the la vas and the various sedi­
mentary formations lying to the south of the norite mass are parallel to and 
apparently conformable with one another. His detailed mapping not only 
proves the conformity, but shows that the lavas and sediments are interbedded. 
These relations apparently made it impossible to accept Collins' conclusions 
as to the Bruce age of the Ramsay Lake conglomerate and Wanapitei quart­
zite, although these were known to him; hence, he somewhat doubtfully classed 
the whole succession as Temiscamian ( ?). 

Burrows also emphasizes a number of facts indicating that the sulphide 
ores are much later than the norite, rather than differentiates of it and con­
cludes, very definitely, that they are not related to the norite in the manner 
supposed by Coleman and those that follow him. 

In 1931 the International Nickel Company of Canada established a 
geological department of its own, under the capable direction of A. B. Yates. 
Besides making thorough studies of the relationships found in the various 
mines, the geological corps has completed a large-scale plane-table map of the 
entire margin of the norite irruptive and the rocks for a considerable distance 
from it. A recent paper by A. B. Yates (74) outlines the results of an intensive 
investigation of the composition of the norite, micropegmatite, and the trans­
ition zone between them. Further results, described in detail, demonstrate 
that the offsets, supposed by Coleman and others to be dykes protruding 
from the norite body, really are quartz diorite, a rock of very similar com­
position but of much later age. The sulphide ores are closely associated, in all 
instances, with these bodies of quartz diorite rather than with the norite. 

RESULTS OF THIS INVESTIGATION 

The work of the writer, which deals particularly with the sedimentary 
rocks of the district, clears up many of the discrepancies found in the earlier 
work. It has been established that a great fault lies at the base of the Copper 
Cliff rhyolite, and continues westward through the area of sediments previously 
considered as McKim formation. To the north of this fault lies the complex 
of interbedded sediments and lavas observed by both Collins and Burrows, 
and named by the writer the Stobie group. South of it are the Copper Cliff 
and McKim formations; and as all previous writers have noted, there is no 
visible unconformity between them and the basal beds of the Bruce series. 
The recognition of the distinct break between these formations and the beds 
of the Stobie group no longer makes it necessary to conclude, as Collins did, 
that the McKim is pre-Huronian; or, as Burrows did, that the entire succession, 
including the Bruce, is pre-Huronian. The McKim and Copper Cliff formations 
can now be placed naturally as parts of the Lower Huronian succession, locally 
developed beneath the Ramsay Lake conglomerate. The Stobie group is 
probably pre-Huronian. 

In addition, the writer has discovered two remnants of pre-Huronian 
formations, which he terms the Hill and Coniston groups. Their position in 
the stratigraphic column is otherwise unknown, but the discovery of the 
Coniston group may have an important bearing on the problem, discussed 
by Collins and Quirke (64), of the disappearance of the Huronian. 

The preceding discussion of the changing views as to the succession of 
the sedimentary rocks of the district may be clarified by showing, in parallel 
columns, the formations as the various writers have viewed them. For the 
sake of greater simplicity the igneous rocks are omitted. 
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The foregoing table also brings out the fact that both Collins and the 
writer place the Whitewater series in the stratigraphie sequence later than 
previous workers had done . Collins, in a paper published not long before 
his death (33, pp. 50-53), indicated that he had recognized the existence, at 
the base of the Whitewater series, of a great unconformity. One cannot read 
his statement without feeling that he intended , after fuller consideration, to 
enlarge. on its implications . The writer's observations abundantly confirm 
this earlier work. The unconformity, fully described later, seems to represent 
a time interval sulfficiently long for the erosion of some 30,000 feet of hard 
sediments. The recognition of a gap of such magnitude enforces several 
rather drastic revisions of previous conceptions of Precambrian succession. 
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CHAPTER II 

S URFICIAL ROCKS 

TABLE OF FoRMATIONs 

Quaternary.. . . . . . . . . . . . . . . . . . Sands, gravels, lacustrine si lts 

PnECAMBRIAN 

1 

Olivine diabase (equigranular dykes) 
Trap (dykes) 

K Killarney, Murray, and Creighton granites 
ewee nawan · · · · · · · · · · · · · · · · · Norite and micropegmatite 

{ 

Chelmsford sandstone 
l Whitewater series Onwatin slate 

Onaping tuffs a nd lavas 

P eriod of erosion 

{ 

Olivine diabase (porphyritic dykes) 
Upper Huronian (Animikie) . .. . Birch Lake grani te ( ?) 

Nipissing diabase 1 

Intense folding; possibly granitic intrusion 

Middle Huronian .. .... . .. .. . . 

Lower Huronian .. ... . ....... . 

Cobalt series : Gowganda formation 

r 
Serpent quartzite 
Espanola formation 

l 
Bruce conglomerate 

Bruce series M iss issagi quartzite 
Ramsay Lake conglomera te 
McKim formation 
Copper Cliff rhyolite 

Granite intrusion; probably folding 

. { St.obie gro~p: conglomerate, quartzite, greywacke, basic lavas 
Pre-Huroman.. . . . . . . . . . . . . . . . H1ll group. greywacke 

Coniston 2 group : conglomerate, quartzite, basic greywacke 

CoNISTON GROU.l' 

It has been known for many years that the strongly folded but otherwise 
relatively unmetamorphosed Huronian strata south and east of Sudbury, 
Ontario, are in contact on the south with a complex comprising granite, granite­
gneiss, and intensely metamorphosed sediments. Coleman (19) considered 
the granites to be Laurentian, and placed the sediments in the Grenville series. 
Later, Quirke and Collins (64) showed that the granites cut the Huronian 

1 Many bodies of gabbro and amphiholite cut the Stobie series, and may be pre-Huronian in age, but as there is 
as yet no d efinite means of dating them they are provisionally grouped and mapped with the Nipissing diahase. 

2 Nothing is known of the age relations of the Coniston series to the Hill group:or the Stobie group. 
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strata, and are, therefore, probably Killarnean in age; and, south of the area 
under consideration, in the region east of Panache Lake, Quirke found intensely 
metamorphosed remnants of sediments that, he showed, might be parts of the 
Bruce and Cobalt series caught up in the granite. In fact, he looked on the 
granite itself as formed in large part by the remelting of Huronian sediments. 
Still later, Collins (35) recognized that the rocks south of Coniston, here termed 
the Coniston group, are older than the Bruce series, and he correlated them 
with the Sudbury series. It is evident, therefore, that a correct determination 
of the nature and age of these rocks will have an important bearing on the 
problem of the "disappearance of the Huronian". 

L ege~ 

• Grantee 

~ mixture or granite 
~ ancL Coniston s e r ies 

~ Sud6ury g ab6ro 

I<<::·: I mississag-i fUart.zite 

U Coniston. series 

.... :·.:::·.·.· :_:·:>:.-.·: 

. 

·. :·. ·.:·.·.·.·.:::.. . 

Scale or mites 
0 ~ { 

G.S.C. 

Figure 2. Sketch of area! relations of rock formations south and southwest of Coni&ton. 

The writer's studies of these strata have convinced him that they have 
no resemblance to those of the McKim formation, or to the Mississagi quart­
zites, and that they cannot have been formed by the metamorphism of either. 
It is, therefore, suggested that the new name, Coniston group , be given to 
them, as the best exposures are near Coniston village. 
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The least metamorphosed beds of the group are found about 1! miles 
south of Coniston, and form a band ranging in width from nil to a few hundred 
yards, extending west to Daisy Lake, a distance of about 2 miles . On the 
south the band is intruded and granitized by a great mass of Killarney granite. 
Large and small masses of the more or less granitized rocks of the group were 
found in the granite as far south as Wanup, as far west as Wavy Lake, and 
eastward beyond Wanapitei Village. These, however, were merely the limits 
of the writer's examination. 

South of Coniston the rocks of the group are found on the south side of 
the valley through which runs the railway from Coniston to South Coniston. 
The valley at its narrowest is only about 300 feet wide, and on the north side, 
to be presently described, are the Mississagi quartzites. The most northerly 
beds of the Coniston group here are thin-bedded cherts with an exposed width 
of about 70 feet. South of them lie about 60 feet of dark basic beds inter­
banded with more thin-bedded cherts. South of this in turn is the Killarney 
granite. To the west, between Baby and Daisy Lakes, the width of chert 
beds is some hundreds of feet. 

Although both the cherts and the basic beds have undoubtedly suffered 
recrystallization, the thinness, uniformity in width, and perfect parallelism 
of the banding combine to render it difficult to conclude that the banding is 
other than original bedding. 

The chert bands range in thickness from to inch to 3 or 4 inches, but 
many of the thicker bands are made up of a multitude of thin parallel laminre. 
In the thinner bedded parts, the rock is white or reddish with a cherty texture; 
the layers are interbanded with thinner layers of fine-grained, somewhat 
softer, dark material of more slaty appearance and hardness. The thicker 
beds, those up to 3 or 4 inches, appear a little coarser in hand specimen, more 
like a very fine quartzite. In grain, in thickness, and in the character of the 
lamination, these beds are entirely unlike either the Mississagi quartzite of 
any strata seen in the McKim formation. It is interesting to note that they 
do seem to resemble the published descriptions of the so-called "iron formation" 
of the Grenville series in southeastern Ontario 1 • 

The microscope shows the chert to be an unusual rock, made up of parallel 
plates of quartz separated by narrow bands of white mica and colourless 
chlorite. The cross-sections of the quartz plates, as seen in thin section,have 
dimensions such as 0 · 12 X 0 · 02 mm. This quartz-mica ground mass surrounds 
approximately equidimensional crystals of albite and microcline, up to 0 · 2 mm. 
in diameter. The feldspars constitute between 5 and 10 per cent of the thin 
section, are fresh, and display little sign of strain; and tl:e directed texture of 
the groundmass either passes around them or tends to do so. Some large 
micas are also present, which appear to have been crushed. It is inferred 
from the above facts that the feldspars, and perhaps also the large micas, were 
introduced by granitizing solutions from the nearby granites. 

The writer has no explanation to offer of the extraordinary texture of 
this "chert". The parallelism of the fibrous or platy texture with the bedding 
seems to indicate that it was not an original chalcedonic fibrosity, as such 
would usually lie at right angles to the bedding. It has probably been produced 
by recrystallization of the siliceous beds under pressures exerted at right 
angles to the fibres. 

t Miller , W. G., a nd Knight, C. W.: The Pre-Cambrian Geology or Southeastern Ontario; Ont. Bur. Mines, Rept. 22, 
pt. 2, pp. 25-26, 43-44 (1914) 
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The thicker beds of more granular appearance seem to owe that appearance 
to more extensive granitization and recrystallization. Only a little more than 
half the rock is quartz, in grains and elongate crystals of all sizes up to 1· 5 mm., 
arranged in crudely parallel bands about 0·4 mm. wide. The remainder is 
fresh potash feldspar with a few crystals of mica. The feldspar in places 
occurs in strings of more or less widely separated crystals; in other places it 
forms bands. The nature of the feldspar and its freshness suggest that it 
was introduced by solutions from the granite, which at the same time may 
have recrystallized the quartz into larger grains. 

The basic beds south of the chert y beds are 4 to 10 feet in thickness, and 
are separated in places by a few inches or feet of the cherty beds. The basic 
beds are hard rocks, so dark grey as to be almost black; some of them weather 
to rusty tints. Examined closely, they are seen to be made up of fairly regular 
laminre, the more basic of which are one-fortieth to one-twentieth inch thick, 
the less basic about one-eighth inch. The microscope shows the rock composed 
entirely of minerals formed from the original constituents by recrystallization. 
The principal minerals are a green, strongly pleochroic hornblende, brown 
biotite, and a plagioclase about Ab85 in composition; considerable pistacite, 
a little magnetite, and one crystal of garnet were also observed. The above­
mentioned minerals are found in all the bands, but the proportions vary from 
one band to another. 

The width of the basic beds together with the small amount of inter­
banded chert totals about 60 feet, beyond which sill~like masses of granite 
begin to appear in the sediments. These range from a fraction of an inch to 
many feet in thickness, and their appearance is accompanied by greatly in­
creased granitization and recrystallization of the sedimentary beds. It was 
interesting to note that in many instances the granitizing solutions appear to 
have followed certain beds very closely, producing hybrids containing numerous 
large (2 mm.) metacrysts of feldspar, but without destroying the original 
bedding. If the beds are traced along the strike the metacrysts become fewer 
and smaller as the granite is left behind. 

All these strata strike about north 75 degrees east, and dip south at angles 
ranging between 45 and 60 degrees. Cleavage-bedding relationships observed 
on the thin slaty layers between the cherty beds indicate that the beds face 
south. This conclusion was confirmed by the discovery of two drag-folds 
that plunge 30 degrees to the west and indicate upward movement of the 
south side. 

Relations to the Bruce Series 

On the north side of the 300-foot valley, as previously stated, the Mis­
sissagi quartzite outcrops as a prominent hill (Figure 2). This hill is cut off 
by a creek valley from the main ridge to the north, but exposures across the 
creek valley are almost continuous. On the hills exposures are magnificent, 
because fumes from the Coniston smelter have killed all vegetation, and years 
of exposure t o the elements have removed most of the soil. 

North of the creek the Mississagi quartzite has its normal aspect. It lies 
on edge, in beds a foot or more thick, separated on the weathered surface by 
shallow grooves eroded along the softer, slightly more argillaceous layers that 
separate the beds of purer quartzite. These beds strike north 50 degrees east, 
dip vertically, and face toward the northwest, as indicated both by excellent 
crossbedding and by the slaty cleavage of one or two softer beds. 
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Approximately the same relations· are maintained to the creek. At the 
crossing of the railway and the creek several corroborative determinations 
were made. A change is seen, however, on the quartzite hill within the bend 
of the railway. Lookin g at the west end of this hill from a distanc~ . the dip 
of the strata is seen to change from steeply northwest to steeply southeast, 
as in a tightly folded anticline. A closer examination, however, proves that 
the change of dip is caused, not by folding into an anticline, but by overturning 
of the almost vertical beds . After intensive search two places were found, 
both near the south side of the hill, where both the bedding and the cross­
bedding are excellently pres~rved ,' and there can be no doubt that the strata 
continue to face toward the northwest. The strike in this part is north 30 
degrees east, the dip about 80 degrees southeast. 

The determination of the correct attitude on this hill is rendered peculiarly 
difficult by the in t ense shearing and jointing of the quartzit e. This, it may 
be remarked, is found everywhere near its contact with the Coniston series, 
and in many p laces over large widths. Bands 2 or 3 inches wide of dark 
schist that in general parallel the bedding, but also cross it at small angles, 
cut the quartzite at intervals of a foot or so, and obliterate most of the original 
beddin g planes so completely that most observations on crossbedding are 
valueless; because the r elation of the crossbeds t o the original bedding planes 
cannot be seen . Consequently, although cross bedding can be observed here 
in many places, only two could be found where the determinations therefrom 
are not open to question. 

The bands of dark schist strike in general about north 30 degrees east, 
and poorly developed cleavage relationships observed in several places indicate 
that the east side moved upward relative to the west side . The conclusion is 
supported by the discovery, at the west end of the hill, of t wo faults. One of 
these strikes n orth and dips 50 degrees east, the other strikes north 20 degrees 
wes t and dips 60 degrees east. In both cases characteristic beds cut by the 
fault can be identified , and in each case the east side is thrust upward over 
the west side fo r a distance of 2 or 3 feet. 

The Mississagi quartzites, therefore, not only strike more northerly than 
the beds of the Coniston group, but they face north whereas those of the 
Coniston group face south. Consequently, either the valley is the aJ\.is of an 
anticline, or th e locus of a fault. If it were the axis of an anticline, the beds 
on the south should be M ississagi quartzite or some metamorphic equivalent 
of them; but it is evidznt from the descriptions that they are not. No known 
part of the Mississagi form ation could give rise by metamorphic action to the 
mixture of cherty and basic beds found in the Coniston group. The contact 
must, thlerefore, be a fault of some sort, presumably fairly large, as it has brought 
together two such dissimilar formations. 

Traced west (Figure 2) the fault contact passes across the north ends 
of Alice and Baby Lakes, and along the old portage into Daisy Lake. This 
portage lies in a valley that is almost bare rock w1thout a vestige of vegetation; 
and rock can be seen almost to the actual contact, which lies in a creek valley 
and is covered by a 10-foot strip of gravel and boulders. Fo~ 10 to 20 feet 
south of this strip the Coniston sediments are intensely fractured and the 
fractures filled with quartz. On the north side the Mississagi quartzites, over 
a width of about 200 feet, are intensely smashed and sheared; and the strata 
have been twisted out of their normal strike, about north 60 degrees east, to 
lie as in Figure 3B. The existence of the fault may, therefore, be considered 
established. 
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A pronounced depression follows the contact between the rocks of the 
Bruce series and the complex of granites and ancient sediments for at least 
16 miles to the northeast; and as the rocks along the edges of this depression 
continue to be m ore or less sheared, there can be little doubt that the depression 
is underlain by the fault. To the west the fault is obliterated to some extent 
by intrusion of the Killarney,granite, as will presently be described; but it has 
been found as far west as Wavy Lak:!, where a wide zone of crushing and shear 
strikes about north across a point that lies north of the fairly large island in 
the middle of the lake . As elsewhere, the fault separates M ississagi quartzites 
on the west from a mixture of granite and inclusions of the Coniston chert 
quartzite on the east. 

Direction of Fault Movement 

The distortion of the Mississagi beds, illustrated in Figure 3B, can have 
been produced only by a movement of which the horizontal component was 
right hand; i.e., the beds north of the fault moved eastward, those to the south 
relatively west. Also, as the Coniston group does not correspond in its make•up 
to any group of known rocks younger than the Mississagi, it may be presumed 
to be older; and if this inference is correct, the south side must have moved 
up as well as west. 

~ 
3A 

~ 
313 1.. 

~ 
'>I 

/ 
£ 

J / 
3C 30 3E. 

Figure 3. Structure of beds in vicinity of the Coniston-Mississagi contact. 

In the Coniston group near the eastern end of the band, there are some 
drag-folds with almost vertical plunges, shaped thus in plan (FigurG 3A). 
Such folds, again, must have been produced by an almost horizontal movement 
in which the beds to the south moved west, relatively. 

Age of the Fault 

As the Mississagi quartzite is faulted against the Coniston, the fault is 
obviously post-Mississagi in age. 
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The fault valley between the Mississagi quartzite and the Coniston group 
is underlain, in part at least, by a wide dyke of much chloritized gabbro. It 
appears on the north side of the valley at the south edge of the quartzite hill, 
and near Alice Lake in the valley bottom and on the south side. It also 
appears west of Alice Lake. The gabbro is chilled against the Mississagi 
quartzite, and is cut by pegmatitic stringers, presumably from the Killarney 
granite. It is, therefore, presumably a dyke of Nipissing gabbro . The manner 
in which the gabbro follows the fault suggests that it was injected along it. 
It was found, however, to be sheared locally along the line of the fault; so 
that probably there was fault movement both before and after the gabbro was 
injected. The two may be considered as having formed during the same 
period of crusta! disturbance. This was, as will later be shown, the post­
Middle Huronian folding that deformed the Cobalt series and older rocks. 

Relation of the Killarney Granite to the Fault 

As the Killarney granite is much younger than the Sudbury gabbro, it 
might be inferred that it is also much younger than the fault; and in that 
case might cut across it and obliterate it. This was found to be so. On 
tracing the fault contact southwest, about 10 miles from the localities discussed, 
at the northeast corner of the lake in lot 10, con . I, Broder tp., the granite 
was found intruding the Mississagi quartzite and cutting across its bedding 
at small angles and without the smallest sign of shearing or other disturbance. 
Similar observations were made at points farther southwest. • Evidently, 
here the granite has crossed the fault and invaded the Mississagi quartzites 
north of it. 

It might here be noted, for the benefit of those inclined to argue that the 
Coniston group might have resulted from the metamorphism of Mississagi 
quartzite, that neither h~re nor at any other point where the granite invades 
the quartzite was any trace of such metamorphism visible. At the above 
locality in Broder township there is no metamorphism of the quartzite. At 
the west end of Wavy Lake the quartzite is, in one place, much granitized, 
but is not converted into anything resembling the Coniston rocks. 

Later Movements Connected with the Intrusion of the 
K illarney Granite 

South of the west end of Baby Lake, where the Coniston sediments begin 
to be intruded by granite, some exceedingly interesting relations were observed. 
The well-bedded basic sediments there are intruded by fairly numerous little 
pegmatite dykes, averaging t to i inch in width; these parallel the bedding 
perfectly. Both bedding and dykes are twisted into a series of dragjolds with 
vertical a:ves, as in Figure 3C. Such structures indicate strong horizontal 
left-hand drag, the south side moving east relative to the north side. In many 
instances the dykelets in the cross part of the drags are much crumpled, as 
in Figure 3D, a fact that at first sight seems to indicate that the flowage took 
place after the dykes were consolidated, so that the crumpling would be due 
to thinning of the sediments by flowage under pressure. More careful examin­
ation shows, however, that this is not true. Not only do the minerals of the 
dykes exhibit no indication whatever of crushing or shear, but the dykelets, 
at bends, are thickened as in Figure 3E. The writer takes this to mean that 
the deformative movements took place while the pegmatite magma was actually 
being injected; the little cross folds, at right angles to the direction of main 
pressure, could be opened wider and receive more magma than the sections 
with a normal strike. 
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A cross-section of the mixture of granites and sediments between this 
point and Dill station, some 3 miles to the southeast, shows similar structure!" 
throughout. Wherever sediments are found they are recognizable as more 
or less granitized basic types; and everywhere they are dragged in to folds 
indicating northeastward movement of the rocks to the south. 

The railway crossing the strike between Baby and Daisy Lakes passes 
through a succession of deep rock cuts, in which many subordinate faults can 
be seen both north and south of the Mississagi-Coniston contact. All of these 
faults dip south, usually at angles of 60 to 70 degrees, and display various 
evidences of upthrust from the south. A few display two sets of strire, the 
older dipping east at low angles, the later dipping west about 50 degrees. 
It will be recalled that in the earlier fault the north side moved relatively east 
and down, and the movement was mainly horizontal. The older set of strire 
above could, therefore, correspond to the earlier fault movement. The later 
set may, similarly, be cr~dited to the later movement associated with the 
granite intrusion, suggesting the south side moved upward as well as east. 

Regardless, however, of the dubious evidence of the fault strire, it may be 
pointed out that upward movement of the south side in the later movement 
should be expected, because of the upthrusting pressures of the invading 
batholiths of Killarney granite. 

Conclusions and Inferences 

The Coniston group has been subjected to a double movement. In the 
earlier, it was faulted against the Mississagi; the fault strikes east-northeast, 
and the Coniston rocks on the south moved west and up, relative to the Miss­
issagi on the north. The horizontal component seems to have been much 
greater than the vertical, but no accurate means of measuring either has been 
found. At a later date granite was intruded, in places cutting across the fault 
and destroying it. The injection accompanied a second great movement, 
the direction of which was opposite to that of the first, that is, the south side 
moved east and up. Possibly the movement was due to pressures developed 
below and to the west by the injection of a large bathohth. 

Both movements, it will be observed, have resulted in the uplift of the 
rocks to the south relative to those on the north; so that the Coniston series 
must be older than the Mississagi quartzites. Presumably, therefore, it 
represents a pre-Huronian series; its entire lack of petrographic resemblance 
to either the McKim formation or the Copper Cliff rhyolite renders correlation 
with either very d'ubious. It is interesting to note, further, that the Coniston 
group has no resemblance to any pre-Huronian rocks yet known, except possibly 
one of the members of the Grenville series, thereby suggesting that the sub­
division of the pre-'Huronian may be more complex than there has yet been 
reason to believe. 

The discovery of these rocks and their relations has a direct bearing on 
the conclusions announced by Quirke and Collins in "The Disappearance of 
the Huronian". In that work these authors decide that certain remnants of 
sediments found in the granite here and there between Killarney village and 
Delamere township (Figure 4) are remnants of Huronian formations. They 
base this conclusion, very soundly, on the fact that the petrographic character 
of these much metamorphosed remnants is such that they could have been 
formed from the different members of the Huronian system; and that where 
two or more mem hers are found, their succession is the same as in the un­
metamorphosed Huronian succession. 
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It will be observed that the remnants they describe lie only about 24 miles 
south of the contact described in this report. The writer made a cross-section 
from the contact to Wanup station, a distance of 6 miles, and within that 
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Figure 4. Areas of supposed Huronian remnants in the Killarney granite 
northeast of Killarney. 

distance all remnants of sediments belong indubitably to the Coniston group, 
and all dip to the south. Throughout that distance, again, there is continuous 
evidence of upthrust from the south. 
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These two factors oppose one another, in considering what may have 
happened in the remaining 18 miles to the sedimentary remnants described 
by Quirke. If the southerly dip is continued, it is quite possible that within 
that distance some stratigraphically overlying series may come in, and that 
series could well be of Huronian age. On the other hand, the continuing 
uplift on the south, due apparently to batholithic injection from below, by 
tilting the whole region upward from a hinge line at the Coniston-Mississagi 
contact would caus(; the Coniston group to continue much farther to the south 
than it normally would, and might even eliminate entirely the younger strata. 
Only further study of this interesting section can discover what has actually 
happened; in the meantime it would seem best to regard Quirke's conclusions 
as tentative, and possibly subject. to revision. 

Attention may be drawn, however, to the fact that the west-southwest 
movement of the Coniston group during the first faulting must have become 
overthrusting farther west, where the contact swings nearly north-south; 
so that strata now found east of the contact must be stratigraphically below 
those to the west. The overthrusting need not have been sufficient, of course, 
to eliminate Huronian formations entirely. 

HILL GROUP 

The Hill group is so named because it forms a prominent ridge on the 
west side of Wanapitei Lake, extending from somewhat south of the extreme 
south end of the lake northward for three-quarters of a mile. The mass is 
wedge~shaped, about one-eighth mile wide at its south end , and narrowing 
to a point on the n~rth. At the south end it is cut off by intrusive granite. 
The southern part of the east boundary is a nm mal unconformable contact 
with the Stobie series, but the northern part is a fault. It is suspected that 
the west bo~ndary is a fault, occupied in part by a dyke of gabbro; but this 
boundary is uniformly covered with drift. 
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Figure 5. Structures in greywacke of the Hill group. 

The strata consist mainly of very hard, very fine-grained, siliceous grey­
wacke, interspersed in places with softer, slatier beds. The beds are mostly 
an inch or two thick, and very uniform throughout in grain and composition. 
They stand nearly vertically, striking nearly north in the northern part of 
the mass, but swinging to north 35 degrees west near the granite contact on 
the south. Fresh surfaces of the siliceous greywackes are dark bluish grey, 
and the slaty beds som~what darker. 
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The siliceous greywackes are characterized by an extraordinary structure, 
which, for lack of a better name, the writer terms "herringbone structure". 
Individual beds are crossed , at about 45 degrees to the bedding planes, by a 
series of closely spaced , narrow, dark b11-nds . It is difficult to avoid the con­
clusion that this alternation of darker and lighter bands is due to original 
bedding; and one is, th erefore, inclined to look upon it as crossbedding. When 
closely studied, however, these bands are seen never to tail off to parallel a 
bedding plane, as true cross beds do, but they invariably come up to the bedding 
plane at a large angle, and th ere end. In a fairly large number of places, also , 
these bands actually cross bedding planes, to pass uninterrupted through two 
or more beds; so that whatever their origin, they must have been formed after 
the beds were deposited. In one place slaty cleavage was observed to cross 
them (See Figure 5A), and in several places, instead of being straight, they 
are bent (Figure SIJ3) . The difficulty of interpreting the meaning and origin 
of these bands is .increased by the fact that the direction of banding is not 
always the same, but in places is reversed, thus giving a true herringbone 
structure (See Figure 5C). 

Under the microscope the greywacke is seen to be composed of a large 
proportion of fine-grain ed chlorite- nearly 50 per cent in the specimen 
examined- some 20 to 25 p~r cent of quartz, and the remainder mainly 
partly altered albite-oligoclase. The grain averages 0 · 05 millimetres. Lighter 
bands contain much more qu artz, darker bands much more chlori te . There 
is no clean-cut division between bands, as might be expected if they had been 
beds, but the boundaries are indeterminate, and the bands :rather crooked. 
These features seem to confirm the conclusion that tbe bands are not original 
depositional structures. 

The Hill series is cut by the Wanapitei granite that intrudes the Stobie 
series and is older than the norite iauptive. Its relations to the Keewatin 
series are not known . It is older at least than the Upper Stobie group, as 
will be indicated in the description of the latter. 

The suggestion is advanced that the Hill series may possibly be correlative 
with the Coniston series. The thin, hard beds of the Hill series suggest, in 
general make-up, the cherty beds of the Coniston; and the difference in com­
position :rr.ight be due to varying distance from the sources of supply of sediment. 

STOBIE GROUP 

The name Stobie group is applied by the writer to a succession of lavas 
and sedimentary rocks that lie between the norit..:! irruptive on the north and 
the McKim and Copper Cliff for'll<ttions on the south. The name "Stobie" 
seems a suitable one as James Stobie was one of the earlier prospectors of the 
district and discoverer of the Stobie mine, which lies in these rocks. 

This group of rocks forms a band approximately 36 miles long, ranging 
in width from ! mile to 2! miles . It is in contact on the north with the norite 
sill, which intrudes it, but extends both east and west somewhat beyond the 
end of the sill; in two places along this contact granites have been injected 
between the sill and the rocks of the Stobie group. On the south, a great 
fault brings the group into contact with the McKim and Copper Cliff formations. 
The variations in width that the band displays are due to the fact that both 
edges have been thus cut off. 

Besides this band, a small mass of rocks considered to be part of the 
group is found around the south end of Lake Wanapitei. It is about 2 miles 
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long and a mile wide. In addition, numerous inclusions of these rocks may be 
seen for several miles in the granite south of Lake Wanapitei; and also in the 
granite around Levack. 

The group is divided tentatively into two sub-groups, possibly separated 
by an unconformity. The one, which may be termed the Lower Stobie, 
constitutes the part of the band west of Sudbury, and the inclusions in granite 
around Levack. Both the Upper and Lower Stobie are found in the ·main 
band northeast of Sudbury. The mass at the south end of Lake Wanapitei, 
and the inclusions in the granite east of the end of the norite sill, are all Upper 
Stobie. 

The Lower Stobie consists of basic lavas at the base, and these pass by 
alternation of la vas and sedimentary bands in to a succession of quartzites and 
greywackes. The Upper Stobie consists of a conglomerate at the base disting­
uished by its extraordinarily high content of quartz pebbles : The conglomerate 
is overlain by, and to some extent interbedded with, very thick beds of quartzite. 
These are succeeded in turn by greywackes that, presumably, contained a 
good deal of clay, as they ace now filled with large, secondary staurolites. 
One or two flows of basic lava occur in the uppermost horizo'1s. No relations 
between the Upper and Lower Stohie could be observed in the main band, 
except the fact that the Upper lies stratigraphically above the Lower. A 
principal r eason for supposing that a break may occur between them is that 
on Lake Wanapitei the basal beds of th e Upper Stobie lie directly on the Hill 
group, and the Lower Stobie is apparently absent. Such relations must be 
due to unconformity or overlap. 

Lower Stobie 

The Lower Stobie is roughly divisible into two parts. The northern or 
lower part cons1sts of lavas, mainly basic, with subordinate amounts of sed­
iments. In the southern or upper part these proportions are reversed. The 
exposed widths of the lower part range from ! mile to H miles, thos~ of the 
upper part from nil to a mile or sl ightly more. These variations in width, 
like those of the whole band, are caused by the intrusion of the norite and 
granite on the north, and by the faulting on the south. The contact of the 
two parts is a zone, ranging in width from a few feet to half a mile, within 
which sedimentary beds and lava flows alternate. 

The bulk of the lava is basic, about the composition of andesite, but in 
the parts where the lavas begin to be interbedded with sediments more acid 
types, about the composition of trachytes, also appear. Close to the norite 
contact, the lav~ has commonly been too much metamorphosed to retain any 
original structures it may have had; but outside of this zone, perhaps one­
quarter to one-half mile in width, the original textures ·and structures are 
present. Many flows exhibit beautifully developed pillow structures; others 
are highly amygdaloidal in the upper parts. Changes of grain from bottom 
to top were observed in a few instances. All of these features, together with 
crossbedding of interbedded sediments in a few places, indicate that the tops 
of the flows face toward the south. The strike is in general about parallel 
to that of the band, the dip nearly vertical. 

The interbanding of lavas and sediments in the transition zone is well 
displayed in lot 10, con. III, Garson tp . ; in lot 12, con. III, Graham tp . ; in 
lots 3 and 4, con . IV, Drury tp.; and in many other places. For the most 
part the interbanded sediments are impure quartzites grading into greywackes, 
but in the Graham township locality some of them are white quartzites con-
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trasting sharply with the dark la vas in which they lie. In McKim township, 
from Frood southwest for more than 3 miles, the transition zone is more than 
half a mile wide, and lavas, some fairly acid, constitute about one-third of 
that width. 

The sedimentary part of the Lower Stobie is best developed in Drury and 
the western half of Denison townships, less well northeast of Sudbury. Bet­
ween these two sections only a thin selvage of sediments, ranging in width 
from 200 to 1,200 feet, remains between the lavas to the north and the fault 
on the south. 

In Drury and Denison townships the sediments have a considerable range 
in composition. The bulk of them are greywackes, some moderately siliceous, 
others comparatively basic. They form beds an inch to several inches in 
thickness, many of which are heavily impregnated with pyrrhotite. Inter­
banded with them are a good many beds, 2 to 6 feet thick, of muddy dark 
green rocks obviously composed largely of chlorite and epidote. Some of 
them contain whitish lumps that may have been fragments. Their inter­
banding with greyi·ackes, and the presence not far away of thin flows of basic 
lava, combine to suggest that they were basic ash rocks. 

In a few places, as on the east shore of Ethel Lake, beds of fairly pure 
quartzite appear. In that locality the quartzites somewhat resemble the 
Mississagi quartzite, but differ from 1t in being more rill~marked, less cross­
bedded, and interbanded with thick beds of basic greywacke. 

An interesting member of this series is found in lot 12, con. Ill, Denison 
tp., extending west more than 3 miles. This is a body of "quartzite" nearly 
2,000 feet in maximum width; it has been mapped by Collins (Map 292A, 
Copper Cliff sheet) as J\1ississagi quartzite. Its relations were studi~d in the 
south end of lot 4, con. IV, Drury tp ., and on the west end of the high, bare 
ridge straddling concession line III-IV in lot 3, Drury township. The last 
locality exhibits continuous outcrop over a width of some 1,600 feet. 

In lot 4 outcrops are not continuous; but if it be considered safe to project 
the strikes of existing outcrops for approximately 700 feet, the relations indicate 
that a band of "quartzite" about 100 feet wide lies between two flows of 
moderately acid lava. The flow to the north is about 100 feet thick, and 
grades from a massive texture on the north side to finer grained, :flow-textured 
material on the south; it, therefore, faces toward the south . The flow to the 
south is somewhat more basic, and has pronounced :flow textures. The "quartz­
ite" band is white and massive, without a trace of bedding. All strikes are 
north 70 degrees east ; dips are vertical. 

To the south of the southern lava flow other bands of lava were found 
interbanded with fine-grained, thin-bedded sed1ments that may be waterlaid 
tuffs. These can be followed eastward through lot 3 to where they are in 
contact on the south with the main body of "quartzite" previously mentioned. 

The latter is a white or li ght grey rock of uniformly fine to medium grain, 
composed mainly of quartz. · The extraordinary feature is, that though it is 
magnificently exposed over a width of some 1,600 feet as a bare, raiu.:washed 
ridge, not one bedding plane can anywhere be distinguished, nor is there any 
change in grain or composition to suggest thnt bedding exists. In a few places 
clean-cut straight lines separate darker and lighter parts; and as these have 
about the same direction as the regional strike they were at first taken for 
bedding planes. They can rarely be followed rr.ore than a score or two of feet, 
however, before they fade and disappear. Further, in one place two of them 
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were seen to cross at an angle of about 20 degrees, so that they cannot both 
be bedding planes. 

Near the north side, or base, of the "quartzite" mass much of the quartz 
was observed to occur in long narrow grains measuring, roughly, one-half 
inch in length by one-twentieth inch in width. On very clean surfaces these 
can be seen surrounded by a g<eenish matrix that looks lik~ sericitized feldspar , 
The laths of quartz are parallel to th~ base of the band. No such tP-xture 
could be formed in a sedimentary rock. 

The description makes it evident Lhat this rock has no resemblance what­
ever to the well-bedded, strongly crossbedded Mississagi quartzite; and its 
stratigraphic posilion apparently directly superposed on the lavas to the 
north is also against such a conclusion. 

The origin of such a rock is an interesting matter for speculation. The 
entire lack of bedding seeins to preclude any ordinary sedimentary process; 
even wind-blown sands exhibit bedding of a sort; yet if it were a true quartzite, 
its purity would demand long continued sorting by water action. The extra­
ordinary texture of the basal parts suggests growth of crystals by recryst­
allization, though why they should assume such long narrow shapes is a puzzle. 
The writer would suggest that the rock was originally a rather fine tuff, perhaps 
of rhyolitic composition, which was silicified and cemented by volcanic vapours 
soon after deposition. 

Northeast of Sudbury the sedimentary rocks consider~d to be Lower 
Stobie form a band only a quarter mile or so in width b~tween the lavas to the 
north and the Upper Stobie to the south. They are impure sandy greywackes, 
interspersed with what appear to be ash beds. In lot 10, con. Ill, Garson tp., 
interbanding of sediments and flows can be observed at the contact; but in 
con. II, Blezard tp., approximately at the boundary between lots 1 and 2, 
prospectors have stripped the contact for about 300 feet across widths of 15 
to 20 feet. There the lavas may b~ seen to end abruptly in conformahle 
contact with the sediments, and the only interbedding observed was near the 
west end of the trench where a flow about 6 feet thick is separated by some 
2 inches of sediment from the next flow to the north. 

A very large number of structural observations was obtained on the 
sediments of the Lower Stobie group. Rill-marks and crossbedding can be 
found in the coarser, more quartzitic beds; the siltier beds are marked in many 
places by changes of grain from coarser and more siliceous material at the 
bottom to s')fter, finer, more argillaceous material at the top. There are few 
outcrops of any size that do not yield, on careful study, a determination of 
the direction in which the beds face. The writer can state positively, there­
fore, that the Lower Stobie sediments everywhere face toward the south. 
The lavas, it has already been stated, also face south wherever d~terminations 
were obtained. 

The strike of the beds is in general parallel to that of the band, but by no 
means uniformly so. More correctly it may be said that the strike swings, 
to be more southerly than that of the band in parts, more northerly in others. 
Southeast of Ethel Lake, Denison township, for example, the strike suddenly 
swings to nearly due southeast, and maintains that direction for nearly a mile. 
The dip is commonly 70 to 80 degrees south, but in a few places the strata 
are slightly overturned and dip north at high angles. 
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Upper Stobie 

The rocks here classed as Upper Stobie are found northeast of Sudbury, 
and in the fault block east of the south end of Wanapitei Lake . Inclusions of 
them are also numerous in the gtanite mass east of the norite irruptive. 

Northeast of Sudbury the rocks of the Upper Stobie group overlie the 
sediments of the Lower Stobie, but there has been so much brecciation, re­
crystallization, and other disturbance that it was found impossible to determine 
whether the contacts are unconformable or not. 

The base of the Upper Stobie group in this area is a series of conglomerate 
beds. These appear for the first time at the Stobie mine, and extend east­
northeast from there to a point about half a mile west of the Kirkwood mine. 
The conglomerates form beds ranging from a few inches to 5 or 6 feet thick, 
and are interbedded with and overlain by beds of massive, bluish grey quartzite . 
The combined thickness of the conglomerate and quartzite rarely exceeds a 
few hundred feet, except in Blezard township, concession I, lot 4, where it 
appears to be considerably greater. The conglomerate and quartzite are 
overlain by a thick succession of dark, argillaceous, thin-bedded greywackes. 
These are strongly recrystallized, and in many places contain much staurolite. 
A little lava occurs in the uppermost horizons. 

The conglomerates are unlike any others in the district in that most of 
the pebbles are of quartz. Beds in which less than half of the pebbles are 
quartz are rare, and in many beds nearly all the pebbles are quartz. Other 
pebbles are of greyish grits or sandstones, possibly derived from the underlying 
sandy greywackes; a pinkish, very fine-grained, hard rock, perhaps rhyolite; 
soft schists or slates; and some chloritic pebbles, which may have been derived 
from altered basic lavas. 

The pebbles average 1 or 2 inches in diameter, but cobbles up to 5 or 6 
inches in length and 3 or 4 inches in thickness may be observed . About the 
middle of lot 4, con. I, Blezard tp., some beds display magnificent imbricated 
structures, with the :flat pebbles overlapping like shingles. These indicate 
that the conglomerates were formed by stream action. At one point where 
the beds strike north 80 degrees east, the long axes of the pebbles strike north 
40 degrees east. The beds face toward the south, as indicated by excellent 
crossbedding in the overlying quartzites. The current of the stream, there­
fore, :flowed from the east. 

The conglomerate beds farther south in lot 4 are of a different type from 
those seen elsewhere. Many of them are not more than coarse grits, filled 
with little fragments of quartz up to the size of peas. In others the pebbles 
are a little larger, up to that of beans. In all these beds quartz fragments are 
very numerous, in places so much so as to be crowded together. 

The quartzites are massive, bluish grey rocks, forming beds up to 6 feet 
thick. They are fairly uniform in composition and grain, and are not much 
cross bedded, though sufficient cross bedding can usually be found for purposes 
of structural determination. Thin sections show that they are fairly thoroughly 
recrystallized to new quartz grains with interlocking edges, fresh feldspar about 
oligoclase-andesine in composition, and small amounts of biotite and magnetite. 

The greywacke overlying the quartzite is completely recrystallized, 
presumably by the heat of the numerous intrusions added to the pressures of 
folding. The bedding, however, looked at on a large scale, still remains 
beautifully preserved, although when closely examined the bedding planes 
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are seen to be destroyed by the growth of secondary minerals across them. 
Thin sections show the rock now composed almost wholly of quartz and mica, 
with a little feldspar and magnetite. Biotite, partly altered to chlorite, forms 
large crystals and crystal aggregates, and fine-grained white mica, probably 
secondary after feldspar, serves as a matrix for the quartz crystals. Darker 
beds contain more of the biotite, lighter beds more of the quartz and white 
mica. Staurolite is extensively developed in places . In the north end of 
lot 3, con. I, Blezard tp., staurolite crystals 1 to 2 inches in length are numerous; 
and just southwest of the junction of road and railroad in lot 8, con. V, Mc:Kim 
tp., they attain lengths of 4 or 5 inches. A photograph of the latter occurrence 
is shown in the Ontario Department of Mines Report, vol. 43, pt. 2, p. 17. 

A little lava is found in the upper horizons of the Upper Stobie group. 
Two flows of abo ut the composition of andesite, and beautifully pillowed, 
can be traced about 2~ miles from lot 1, con. I, Blezard tp., into lot 8, con. II, 
Garson tp. 

The structure of these beds was carefully studied . In spite of the met­
amorphism they have suffered, opportunities for excellent structural observ­
ations were numerous. The quartzite beds in many places display good cross­
bedding. Almost everywhere the greywacke beds show the characteristic 
change from more siliceous at the bottom to more clayey at the top, and 
secondary staurolite, where present, reflects the change in composition by 
being more plentifully developed in the upper parts of each bed. The pillow 
structures of the lava flows afford many excellent determinations of attitude. 
All these determinations indicate that the tops of the beds everywhere face 
south. This, coupled with the similar determinations made on the beds of 
the Lower Stobie, leaves no doubt as to the relative stratigraphic position 
of the two. 

At the south end of Wanapitei Lake a body of similar sediments extends 
eastward from the west shore about 2 miles and has a north-south dimension 
of 1 mile. It is correlated with the Upper Stobie group because: (1) a recurrence 
of these rocks might be expected, to form the north limb of the anticline of 
which the previously described beds form the south limb; (2) the succession 
of beds is the same - at the base a few hundred feet of conglomerate and 
quartzite, followed by a great thickness of thin-bedded greywacke with a 
little lava in the uppermost horizons; and (3) the composition of the con­
glomerate and quartzite is the same, except for such differences as might 
have been caused by metamorphism. The conglomerate is made up largely 
of quartz pebbles, and the quartzite occurs in the same thick bluish grey beds, 
with little crossbeddin g. 

These strong similarities justify, in the writer's opinion, the correlation 
here made with the Upper Stobie of the Stobie-Kirkwood area. However, 
the Lake Wanapitei beds are on the whole less metamorphosed than those 
farther south, and also display a few local peculiarities, so that a few remarks 
on their petrology should be made. 

Although the basal conglomerate is, in most places, exactly like that of 
the Stobie-Kirkwood area, that is, composed largely of quartz pebbles, with 
a few of greyish ·grit, rhyolite (?),schist or slate, and chloritic rock, a different 
type is found on the east shore of Wanapitei Lake about half a mile from the 
south end. There, rounded, pebble-like bodies of red and grey granite are 
also present. No granite pebbles are found except in this small locality, and 
similar granites intrude the series within 200 or 300 feet of the spot; hence, 
it was concluded that the granite "pebbles" were formed by injection and are 
not true pebbles at all. 
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The ql)artzites are massive, bluish grey rocks, much less metamorphosed 
than in the Stobie-Kirkwood area. Thin sections of the flat-lying beds on 
the west shore consist of some 60 per cent of quartz in rounded grains set in a 
matrix of grains and small fragments of feldspar largely converted into sericite. 
There is no trace of the recrystallization noted to the south. 

The greywackes are soft dark rocks, siliceous enough to make them some­
what harder than ordinary slates. They weather commonly to a reddish 
brown. On the east shore of the lake they display good bedding, and overlie 
the conglomerate-quartzite member with perfect conformity; but farther east 
they are much broken by movements, into breccias with fragments ranging 
from chunks several feet in diameter to bits an inch or two across. Some 
masses along the line of the Canadian National Railway about a quarter mile 
east of Skead Station have been so finely broken that almost all remnants of 
original structure are lost. 

The structure of the Wanapitei remnant is that of a compound syncline, 
plunging east at a low angle. On the south it is in contact with intrusive 
granite; on the east and north it is bounded by large faults that have brought 
it into contact with the Espanola formation and the Serpent quartzite; and 
on the west it is in contact with the Hill series. The granite mass south of 
it is full of large and small, but recognizable, inclusions of the greywackes; 
and in the northeast corner of lot 7, con. V, Falcon bridge tp., an inclusion of 
brecciated slate and quartzite, several hundred feet in length, may be seen 
on an east-facing hillside. It would seem, therefore, that before the granite 
intrusion the series must have extended at least 3 miles south of its present 
south boundary near Skead Station. 

The contact of the Stobie and Hill series is well exposed in a number of 
places on the west shore of Wanapitei Lake. The Hill series rises from the 
lake as a steep-sided ridge; and the Stobie series flanks the side of it close to 
lake level, and can be studied at times of low water. Most of the contacts lie 
on a fault, of which the east side has moved vertic:;dly downward, thereby 
dragging the Stobie strata into approximate parallelism with the Hill beds. 
The fault is of the scissors type, however, strongest on the north and decreasing 
southwards to zero; so that at the southernmost outcrop the undisturbed 
contact may be seen. At this point the contact is a near-vertical surface 
almost parallel with the lake shore. On the west side of it lie the Hill beds, 
with their northward strike and near-vertical dip. On the east side the 
conglomera~es and quartzites of the Stobie series lie almost fl at, wi1h a genlle 
northward dip of 8 or 10 degrees. The coni act is wave-washed and perfectly 
dean, making it possible Lo determine, positively, that there has been no 
movement or fracturing along it. Evidently, therefore, the Stobie series at 
this point was laid down in :1 steep-walle:l valley cut Ill the Hill series, a val­
ley like tha L of the present lake. 

Relat1~ons of the UppeT to the LoweT Stobie 

It was not found pos~iole to determine directly the relations between the 
Upper and Lower Stobie. Not only are the contacts none too well exposed, 
out they have been more or less obscured by intense folding, and faults, though 
rarely definitely det2rminabl~, are undoubtedly numerous. Many bands in 
whicn breccia tion h:•s been inte nse (38) cross the contact; and large areas have 
-suffered amphibolitization, as will pre~ently b~e described. It was, therefore, 
found impossible to determine whether the Upper Stobie bevels across the 
bedding of the L.:nver Slobie. Certainly there is little if any apparent difference 
in strike and dip. 
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Nevertheless, a nLimber of features indicate indirectly that an uncon­
formity or disconformity is probably present. The extraordinarily quarlzose 
oomposition of the Upper Stobie conglomerate, as well as the conglomerate 
itself, implies a sharp change in the conditions of depoc;;ition. The conglomerate 
contains an occasional pebble of grit, of rhyolite ( ?), and of material like basic 
lava, all of which could have been derived frorri. the Lbwer Stobie. The thick­
ness of tha sedimentary member o'f the Lower Stob1e is v.ery much greater 
west of Sudbury tha1i to the northeast, which may indicate that some of it 
was eroded before the Uppei: Stobie w:as laid down~ Finally; o 1 Lake Wana­
pitei the L'ower Stobie is missing 1, and the Upper Stol:l~e rests directly, with 
right-.angled unconformity, on the Hill group. Such relations would seem 
expiic:1ble only by unconformity_ or by. overlap. 

Amrphibolitization of the Stobie Group 

Large parts of the Stobie group have been converted into coarse black 
amphibolite, particularly in the section exfending from Copper Chff,to Garson. 
The block of so-called "Keewat~n" rock mapped by Collins (Copper Cliff 
she~t) to the west of Greighton is also largely or wholly amphibolite. 

The problem of ::tmphibolitization is not a simple one. Cert'lin large 
dyke-like bolies of coarse amphibolite appear to be truly intrusive, as they 
diimlay chilled edges at their contacts against sediments or other rocks. It is 
possible that they are in,trusives that have been amphib!:>lit1zed after mtruswn, 
the chilled edges reta1ni ng a finer grain than the rest, but although careful 
search was made, rio evidence of such a history could be found. Petrographic­
ally_ .and texturally identical with these are bodies of amphibolite, large >:tnd 
sm•tll, formed by the amphibolitiz.ation of the Stobie la vas and sediment<>. 
A very large, irregular mass of amphibolite formed in this way is found in lots 1 
and 2,, cons. I and Il, Blezard lp., ::tnd 'lro.und its borders every stage of altern­
ation to amphlibolite may be observed. Of particular interest was the alter­
ation of pillow lava to amphibolite, observed toward the east side of lot 1, 
con. I. The pillow structure is retained to quite an advanced stage of alter­
ation, by reason of the interpillow bands being replaced by hornblende finer 
in grain than that which replaces the body of the pillow; thus affording the 
singular spectacle of v~ry basic, very coarse-grained rock exhi">iting character­
istically shaped pillows . In the earlier stages of alteration the interpillow 
material is a fine-grained mixture of mica and chlorite, with fairly numerous 
n.eedles of hornblende about one-eighth inch long; the interior of the pillows 
contains much the same minerals, but the proportion of hornblende is larger 
and its grain much coarser. 

On the west side of the hornblendite mass, in lot 2, cor>cession I, the 
alteration of sediments to hornblendrte may be observed. The bedding of 
the grey'Wackes is preserved to an advanced stage of alteratio:-r, giving the 
hornblendile a banded c;;tructure. Near the north end of the lot <;ome of the 
conglomerate of the Upper Stob1e has been amphjbolitized, and it is· striking 
to see the pebbles of white quartz remaining practically unaltered, surrounded 
by a matrix of black amphibole. 

A large, bare ridge of basalt or andesite in the northwest corner of lot 11, 
con. IV, McKim tp., exhibit'> very well the beginnings of amphibolitization, 
and was closely studied in the field. As a first step the rock seems to have 
been much jointed or sliced. F,our sets of these joints were measured. The 
two commonest are: strike north 30 degrees east, dip 55 degrees northwest; 

1 Unless it may underlie and be completely hidden by the flat-lying Upper Stobie. 
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and strike north 45 west, dip nearly vertical. Two o_ther sets, with much 
fewer joints; are: strike north 10 degrees eaist, dip 60 degrees east; and almost 
horizootaL All these joint> are filled with a fine·grained, black mineral, 
presumably hornblende; the black veins range in width from one-fortieth to 
one-tenth inch, occasionally wider; and in length from a few inches to several 
feet. They have irregular edges of the replacement type against the basalt. 
In many places a thin veinlet will expand sudde•Jy to the siz.::! of a pea or 
bean, and these enlargements are always cop,rsely crystalline hornblende. 

The second step in alteration seems to have been the soctking of the rock 
between the joints, through inter-grain spaces, with the hornblendic j nice. 
Interaction of this juice with the rock material produced, first minute, then 
large, crystals of hornblende in the rock body away from any vein. 

In the latest stages of alteration, the amphibolite fluid became pegmatitic, 
possibly through depositwn of most of its amphibole and consequent con­
centration of the more acid constituents. This final fluid deposited hornblende;: 
with individual crystals up to one-quarter inch in diameter; and associated 
with this hornblende is considerable interslitial pinkish .mineral, presJmably 
feldspar, and some quartz. The pegmatitic material forms irregular nodules 
an inch or two in length, without well-defined boundaries, and also crooked, 
vem-like masses ranging in width from one-quarter inch to an inch, and in 
length from 3 or 4 inches to perhaps 15 inches. In some place~, als::>, the 
pegmatitic juice seems to have reacted actively with the basalt, yielding a 
rock shot through with grains and short crooked threads of white or pinkish 
mineral, whereas the remainder is mostly hornblende in medium-si~d crystals, 
but perhaps contains still a good deal of little-altered basalt. 

It is rare, however, either to find surfaces clean an:d smooth en,ough to 
make comolete observa~ions, or places where alteration has not gone so far as 

· to obscu·:re the preliminary processes. More commonly, the rocks affected 
are converted to featureless masses of coarse hornblende, and the observer 
is lucky if around the edge.s he can find sufficient evidence to indicate that 
the mass is the result of replacement rather than intrusion. 

The causes of amphibolitization in this region are as yet entirely unknown, 
though possibly very detailed mapping and st!udy might reveal them. In a 
general way it appears related in some way to the norite, for it becomes more 
intense as the norite is a'pproa.ched, and seems confined to a ZOJ!e less than 
1 ~ miles wide along the no rite boundary. Such a contention is difficult to 
support., however, because of the er1ratic distribution. The amphibolite formed 
by alteratjon of sediments or lavas is confined largely to the section between 
Stobie arid Garson, and even within tha·t zone it-p distribution is highly err'llic. 
It does not seem related to any zones of crushing or fractu,ring, so far as the 
writer was able to learn; though undoubtedly the evidence of such metamor­
phism would be largely destroyed during the alteration to amphibole. 

Sudbu1'ite. Close to the norite boundary amphibolite has been itself 
altered to a dark grey, equigranular rock that weathers pale brown. This 
ro.ck has been termed sudburite by Robert Thomson (70). It is composed 
of about 40 per cent of fresh greyish pyroxene in grains averaging ~ mm. 
or less; about 50 per cent of plagioclase, Ab3& Anss; and the remaining 10 per 
cent of magnetite. All the minerals are very fresh. Thom.son states that 
the pyroxene includes both orthojl'hombic and monoclinic varieties, 

The relation of this material to the . ampbibolite is v.ery difficult to deter· 
mme. Apparently tne fluids causing alteration soaked all through the rock, 
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altering the finer parts but leaving the large crystals of hornblende and the 
solid v~inlets unreplaced. The result is a brownish rock filled with hornblende 
crystals and cut by numerous hornblende veinlets. Th,omson reflects this 
uncertainty when he describes hornblende crystals as embayed, and speaks 
of hornblende cores within later pyroxenes, yet is evidently_ i J.clined to consider 
t~e amphioolite a<> forming by alteration of sudburite. .Hpwever, in con. II, 
Blezard tp., near the north end of the line between lots 1 and 2, places ca n be 
seen where the brownish sudburite forms irregularly t a bular masses, 2 or 3 
feet wide, cutting through the surrounding amphibolite. Plates and irregular 
lumps of the dark green rock are completely surrounded by Lhe sudburite; 
and the contacts, though fairly sharp, are toot,hed, irregular, and distinctly of 
t he replacement type. The occurrences leave no doubt that the sudburite 
is a product of the alteration of amphibolite. 

The sudburite is confined to a zone less than 1,000 feet wide, measured 
from the outer boundary of the norite, and alteration is really intense for only 
a few hundred feet from it. Its origin, like that of the amphibolite, is still 
unknown. 

Con·elation of the Stobie G1'0up 

Previous writers have classified these rocks in various wa:ys. Coleman 
(19, p. 275'; 14, pp. 80-81) referred the whole group to the Sudbury series, and 
applied the special name "sudburite" to the lava parts . He says, "It · (the 
"sudburite") se~ms to have been an early differentiation from the noritc 
magma which finally spread out along the same plane". Collins, in his legend 
for the Espanda and Copper Chff sheets, termed the lava parts of the Lower 
Stobie "Keewatin", and mapped the sedimentary parts either as McKim 
formation or as "transition ro,cks", which were described in the legend as " the 
transition zone between Keewatin a.nd Sudbury series, which cons1sts of 
repeated alternations of volcanic and sedimentary materials and represents 
diminution and final replacement of Keewatin volcanism by Sudburian sedimen­
tation" . Collins thus recognized the gradational passage between the I.ower 
Stobie lavas and sediments; but his non-recognition of the great fault that 
bounds the Stobie on the south led him to correlate the Stobie sediments with 
the McKim formation, and thus to infer a ''transition" more extensive than 
actually exists. 

Burrows and Rickaby (11), in their work of 1929-32, mapped these rocks 
in considerable detail, and also recogn ized the conformity of the Stobie sedi­
ments and lavas. They state "In places the lavas are interformational with 
some of the sediments, consequently it is difficult to assign different ages to 
the two types of rock . . . The greenston es have been followed . .. for lJlany 
miles, their formational arrangement with the sediments being ev~rywhere 
visible; consequent.Jy, whichever age is assigned to the greenstones would of 
necessity include a number of the sediments also". 

However, as Burrows likewise did not recognize the profound fault separat­
ing the Stobie series from the overlying rocks, he, therefore, logically classified 
the lavas and associated sed~ments with the Sudbury series. 

In fairness to these write'rs, however, it should be emphasized that their 
main preo~cupation was the differentiation of the norite-microp:egmatite 
ir'ruptive a1nd the genetic relations of the orebodies so closdy associated with it. 
Those were the great problems;· th'e prop,er solution of which was of immense 
importance to the mining industry; and lesser problems of purely geological 
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interest necessarily received scant attentiQn. In reality, the present study 
represents the first attempt to scan these ancient sediments and lavas in detail. 

The writer hesitates to attempt any correlation of the Lower Stobie. 
Its lavas, possibly by r'ea.son of recrystallization and amphibolitizatio.n, seem 
fresher in most place's than the d:rdina)ry greenstones of the Shield directly to 
the north; and; many flows contain amygdlules in enormous numbers; a feature 
again not commojt in the Shield. The associatioln 'of lavas and sedi:inents it 
presents is unlike the Keewatin at the north end of Lake Wanapitei. One 
must go northwest for hundreds of miles, nearly tb the Manitoba boundary, 
to find a sediment-lava associa[ion in the so-called Keewatin such as is found 
at Sudbury. The 'writer is d·oubtful , fherefo,re, about classifying these rocks 
as "Keewatin", although the weight of the evidence at present indicates them 
to be pre-Huronian. 

The position of the Upper Stobie is equally uncertain. It is a possibility 
-the writer cannot call it a probability- that the Upper Stobie may represent 
Lhe basal part of the Bru~e series, developed belo'w the Copper Cliff rhyolite 
and cut off by the great fault that bounds . the Stobie groups on the south. 
One small piece of evidence, described later in the dtscus.sion of the relations 
at the base of the Copper Cliff :t;hyolite,, suggests this; aad, if t,rue, it would 
of course expla-in the right-angled uaconformi ty with the Hill group. If not 
true, tlie Upper Stobie presumably falls somewhere into the pre-Huronian, 
with its position in the tiine scale as yef undetermined; 

Some support is given to the latter view by the fact that the Upper Stobie 
is 1 ntruded by the Wanapitei granite, which has commonly been considered · 
pre-Huro,nian as it ha,s not been found cutt\ng the Bruc'e or Cobalt series 
either in tbe locality under co"nsideration or northwest of Lake Wanapitei. 
Certainly t11e Wanapjtei granite is not one of the Killarnean types found 
farther to the south an-d east, as it is cut by the norite irruptive. However, 
this evidence can hardly be considered conclusive. 

THE GREAT FAULT 

In preceding pages the writer has stated that the Stobie group is separated 
from racks to the south by a great fault. As this fault ha.s not been recognized 
by earlier workers, the evidence for it will be presented in full. 

The reasons for its non-recognition up to this time are threefolo. The 
first, and undoubtedly the main, cause was the preoccupation of earlier geolo­
gists with the greater p,robhms of the origin of the orehodies, the differentiation 
of the great norite irruptive, and the Huronian succession. A large part of 
the work of two summers has been devoted, by the writer, t o the study of the 
structure of the rocks on both sides of the fault. At an earlier date this would 
hardly have been justifi,able, with larger problems clamouring for solution. 
Second, without a careful structural study the fault is difficult Lo recognize. 
Alm::>st everywhere it has been cbscured by brecciation that involved great 
bands of all the rocks of the region, except the late olivine diabase ap.d trap 
dykes. Bands of breccia fo,rmed with particular ease wherever earlier faulting 
created zones of weakness; and, except in two localities, these brecciated zones 
obscure the fault. Tl1ird, the existence, on bot11 sides of the fault, of more 
or less metamorp1h;osed sedimentary rocks of somewhat similar appearance 
led later workers to accept, without further study, Cofeman's early classi­
fication by which all strata were lumped together. 
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It was obvious, however, to any close student of the literature, that there 
was something very unusual about the structure of Sudbury district and the 
conclusio.ns regarding the rock succession. Elsewhere in the Precambrian, 
known Huronian strata overlie pre-Huronian formations with profound, 
almost riglll-angled unconformity; but at Sudbury the Huronian beds and 
those classed by earlier workers as pre-Huronian are parallel. How could 
fh-e pre-Huronian of this region have escaped the widespread deformation that 
elsewhere ended the Archrean era? This thought at once ca,:St doubt on the 
accuracy of the conclusions reached at Sudbury. What, theP, were the 
alternatives? One was that the supposed pre-Huro.nian beds were not Archrean 
but, though older than the Bruce series, were members of the Huronian system. 
Another was that some important feaLure, such as a fault, existed but escaped 
the notice of earlier observers. It is true that beds laid down on a surface 
eroded on folded rocks will parallel the qlder beds at the crests of folds, but 
such para]lelis'U could not be expected to co_ntinue for miles as it does at 
Sudbury. From the start, therefore, the writer directed his work toward the 
solution of th~~ problem. 
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Figure 6. Fault contact relations of Copper Cliff rhyolite and older rocks, lot 10, con. 
IV, McKim tp., west of road. 

Study of the c.mtacts between the Ramsay Lake conglomerate and the 
McKim formation showed that, as other writers have concluded, there is no 
apparent unconformity; and the s:>me is true of the cpntact between the 
McKim formation and the underlying Copper Cliff rhyolite. The evidence 
for these conclusions is given in subsequent pages. At the base of the rhyolite, 
however, it was evident that some great disturbance had occurred; and i.t was 
the writer's good fortune, after brief search, to find one of the two localities 
in the district where, as it proved, the fault is both well exposed and not mas­
ked by later brecciation. 
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The locality is the north side of the Copper Cliff rhyo.lite, in lots 9, 10, 
and 11~ con. IV, McKim tp. The road from Sudbury to the Murr.ay mine 
runs nort}lwesterly through tpe middle of lot 10, makirig the place easily 
accessible. Bot11 east and west of the road the fault is exposed in many places 
as a st'rong shea;red zone striking north 55 degrees east and dipping about 
70 degrees northwest. East of the road the rocks north of the fauJt are a 
basalt flow in confoi-mable contact with sediments . The contact between 
them strikes north 75 degrees east, so that it runs into the fault, which can 
thti.s be seen to bevel these older sti·at.a at a smaJl angle. Somewhat farther 
eas~ an irregular basic dyke, a·bout the composition o'f .andesite, cros·ses the 
bedding of the sedjments as far as the fault, where it likewise is abruptly 
tru.ncated. The speared zone marking the fault ranges from about a foot. in 
width between basalt and rhyolite to several feet between sedirnents and 
r11yolite. 

Evidence incl,i.cating the direction of fault movement was not plentiful, 
even in this well-exposed section. After considerable search two places were 
fpund' west of the roa_d, in lot.s 10 and 11, where the relatiop of the fault cleavage 
tb th~ dip of the fault indicates upward movement of the north sid'e; and one 
place where some thin beds of sediment have been drragged so as to indicat·e 
tliaf the north side also moved eastward.: This scanty evidence, if correct, 
indicates that the rocks twrth of the fault are older than those to the so,dth; 
but there are no data, beyond t]1eir greater metamorphism, to indicate how 
much older they may be, and in view of the fact that the norite or the ore­
bearing solutio_.ns may have had strong metamoq)h:osi.ng effects, such evidence 
is ratlier unsatisfactory. 

P.or about 3 miles to the northeast, the fault is masked by later br>ecciation, 
but in lot 3, con. I, Blezard tp., the band of breccia is only a few feet wide, 
and it can be seen that the lavas of the Upper Stobie group strike nearly at 
right angles to the rhyoiite contact, which cuts west across them and the 
sed,ments. About 1! miles east o,f this, again, in bt 12, con. I, G,arson tp., 
the rhyolite contact again bevels a contact between lavas and sediments of 
the Stobie group. A few feet of the ac.tual contact can be seen in one place; 
it is an intensely sheared zone at least 6 feet wide. 

To the west of the locality first described, the fault is not well exposed, 
but it appears to follow the northern contact of the Copper Cliff rhyolite closely. 
In t)le SOL\th end of lot 3, con. IV, Graham tp,, the rhyolite comes to an end, 
possibly cut off by the faulting; and the Lower Stobie group is thenceforward 
in direct faulted contact with the McKim formation. This section affords 
some of the best evidence of faulting. 

Erom tlie end of the rhyolite in lot 3 to the middle of the wesli side of 
lot 6, con. 1II, Graharn tp., the contact follows a belt of swamp at t}:le bottom 
of a moderately deep valley. At the west side of lot 6, it swings abruptJy nort,ll­
west for about 900 feet, and in this course truncates squarely the nose of an 
elljSt~'plung!ng anticline in the McKim formation (Figure 7). In the next 
thr'ee-quarters mile the contact has several sudden cluinges of direction; billt, 
finally, abcitit the middle of the north end of lot 8, concession Ill, it as.sumes a 
slightly curving westward course. In this section the original fa~lt, which 
may be seen in a number of places, is again ma'sked by later breccia forming 
a band some 40 feet or so in width. The rocks to the north of the breccia zone 
are rather badly metamo-rphosed lavas of the Stobie group; those to the south 
are McKim g:r'eywackes. The latter, by nume;rous excellent d,'eterminations 
froin rill-marks and changes of grain, face north, whereas along rriost other 
sections of the contact they face south. 
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Where the Stobie-McKim contact crosses Vermilion River, in lot 1, con. 
Ill, Denison tp., an anticlinal axis in the McKim can be seen just s0uth of 
the contact, :m the west side of the river. The McKim is cut off, however, 
just north of this axis, and its place is taken by the rocks of the Stobie group. 

It is obvious that only faulting can account for the features d~seribed, and 
faultjng, at that, with large vertical movement. It' must be assumed tentat­
ively that the nort)i side of the fau.lt rose, as the rocks on that side have always 
been considered the older, and the small available amount of direct evid1en:ce 
points to tl'te same conclusions. The fault also had a horizontal movement, 
the soufh side moving west. Direct evidence for fhis is better than that for 
the vert'ical movement, for in several places evidences of drag were observed 
and all point' to the same c:mclusion. 

West of Vermilion River the region is mor~ heavily covered by drift and 
forest, and good evidence of faulting proved d.iifficult to obtain. It was observed 
in several places, how.ever, that the Stobie contact continues to be the locus 
of strong brecciation. The contact passes out of the west side of the Copper 
Cliff map-area near the s:mth end of lot 6, con. IV, Drury lp., and has not 
been traced farther. 

THE "SunBUHY SERIEs" 

The term Sudbury series, as originally used by Col_eman (18, 19), included 
most of the surficial rocks of the region except the Ramsay Lake and Bruce 
congl_Jmerates. The latter he considered Huronian in age, lhe other rocks 
pre-Huro,nian. Burrows (ll~ also te,rmed all the surficial rocks Sudbury series, 
and: we.nt farther than Coleman by including with it the Ramsay Lake con­
glomerate, because he proved; it to be conformably inte.rbedd~d betwe.en the 
McKim and Mississagi formations; and he tentatively assigned it to the 
Temiscamian ( ?). Collins' investigations (29) indicated the Ramsay Lake 
conglomerate to be the ba,se of the Bruce o,r Lowe,r Huronian series; and as he 
looked on the lavas of the region, comprising the Copper Cliff rhyolite and 
what are here termed the Stobie lavas, as Keewalin, he was obliged to confine 
the term Sudbury seri_is to tl!e McKim formation, wi~h which he included 
most of tpe Stobie sediments. 

The writer considers that there is now no jus~ification for retaining the 
term at all. Evidence t o be presented will indicate that the McKim and 
Copper Cliff formations lie conformably bene;:tth the Bruce series, and should 
hence be classed as a local part of it; whereas the new name Stobie group has 
been applied t o that part of the old Sudbury series that lies north of the 
great faull. 

BRUCE SERIES 

Coppm· Cliff Rhyolite 

The Copper Cliff rhyolite outcrops to the south of the Stobie group as a 
gently curving band about 17 miles long and, for the mqst part, a litt,le less 
than half a mile wide. Owing to its hardness, the formation is usually a strong 
ridge. Along its northern, faulted contact with the Stobie group the rhyolite 
is everywhere more or less sheared or brecciated, and it seems likely that its 
disappearance at either end is due to faulting. 
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For the most part the rock is massive, dull pink, and rather coarse-grained 
for a rhyolite; it looks much like a rather fine-grained granite poor in (erro­
magnesian minerals. In places it is b~autifully and evenly banded in layers 
1 or 2' i!1clies wide, and it was presumably structures such as these that caused 
Coleman to term it "a,rkose" (1'9, p. 212). Such' banding as the writer has 
seen, however, never extends far without bending into sharp curves, which, 
if due to folding, woulr be accompanied by intense deformation and shearing. 
As evidence of such is entirely absent,, the bandi_ng is interpreted as an original 
flow structure. On very clean surfaces it can be seen that much o,f the rock 
is a breccia, with sharp-angled fragments, some of them partly rem~lted, in a 
matrix of similar or slightly different composition. Toward the southeast 
or upper side of the formation there a:re many thin beds of amygdaloidal rhyolite 
and breccia; and the impression gained from cross-section~ng the "formation 
is that the period of extrusion started with the ejection of thick masses of 
viscous lava, much of which brecciated as it moved, and ended with a succession 
of volcanic exphsions and small flows that did not' extend far from the vents. 

Under the microscope the rhyolite characteristically has a grain of about 
0 ·15 mm., though larger cry~tals are present. Quartz constitutes 35 to 50 
per cent, or eve'n mo~·e, and most of the remainder is fresh feldspar, about 
Abs5An1& in composition, with 2 or 3 per cent of bwtite and, in places, some 
muscovite. Bu_rrows states (11, p·. 21) that orthoclase and microcline are 
present, but the writer did not identify any in the thin sections examined. 
One thin section of more basic material that forms the matrix of a coarse 
breccia contains no quartz, about 20 or 25 per cent bjotite, and the rest mainly 
fresh feldspar, about Ab6oAn4o· - This material has a grain of about 1 mm. 

The contact between the rhyo;lite and the overlying McKim greywacke 
is best exposed and mo,st accessible at two places in lot 6, con. V, McKim tp. 
One of these is approximately at the northeast corner of the lot, the other 
about 500 feet to the southwest: At the latter, the flows and sediments strike 
north 40 degrees east and have a vertical dip. The rocks are beautifully 
exposed on a clean cliff face that crosses the b,edding at an angle of about 
45 degrees. Fo,r about 10{) feet nor~pwest from the contact the rhyolite is a 
series of flows ranging from 1 foot to 25 or 30 feet in thiclmes_s. Some ~f them 
a:re fine-grained and massive, -others hig~ly vesicular, and still others are 
broocias of rounded and angular fragments of rhyolite and other materials 
in a matrix of fine, flow-textured lava. Close to the contact there are s0me 
2~inch band§ of material t'hat' m'ay be flow-text_ured lava 'or tuff. 

At this point, unfortunately! there has been injected a dyke or sill of 
rhyolite 3 or 4 feet wide. Its intrusive nature is proved by, the fact that 
apophyses a few inches long run off from it across the bed'ding of the overlying 
sedimel:tts. The latter are dark, thin-bedded argillites or greywackes, and 
aire about 4 feet thick. East o,f ~hem again is a rhyohe flow about 2 feet thick, 
then abo_ut 20 feet of sediments with the varve-like bedding charaicteristic of 
the McKim greywacke. All these beds st!em perfectly conformable, and the 
varve-like bedding indicates that the beds face sou~heas t. 

About 500 feet n?rtheast of this ~posure even better relations are visible. 
As before, the up-per 1'00 feet or so of the rhyolite consists of thin flows, many 
of which weath_er as if their upper or southeastern sides are highly amygdaloidal. 
These are followed without break by the dark, varved greywackes, and with 
them are interbeddh f: (a) two or three bands, one 4 feet wide, of coarse rhyolite 
agglomerate in which the rhy.olite fragments attain diameters of 6 to 8 inches; 
(b) at least one thin highly amygdaloidal rhyolite flow, 3 or 4 inches thick. 
All of these volcanic strata thin to the northward along the strike and pinch out. 
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It can hardly be doubted, therefore, that there 1s perfect con-formity bet­
ween fhe McKim greywacke and the Copper Cl.iff rhyolite. The evidence 
indiea{es that after sedimentation began there were still a few sporadic cut­
bursts of volcanism. It is even prossible that the more argilli tic parts of the 
McKim formation represent showers of fine volcanic ash, and that this accounts 
for the extraordinary varve-like bedding peculiar to it. 

Before leaving the discussion of the Copper Cliff rhyolite, it may be noted 
that in a few ulaces in the volcanic p·art of tlie Stobie series t11ere are flows of 
pefrographical,ly quite similar rhyolite . Both Burrows and Collins, considering 
the Copper Cliff as merelx: one unit of a series as they did, naturally mapped 
tbese flows as Copper Chff. This can no longer be done, if the writer's con­
clusions as to the st:ratigraphy are accepted. Again, southwest of Crean Hill 
mine, Denison township·, Collins has mapped two bodies of fine-grained granitic 
intrusive ro"ck as Copper Chff; and in the area northeast of the Stobie mine 
there are scme dykes and sill-like masses of s1milar rock. It is quite possible 
th.at all these bodies are intrusive equivalents of lhe Copper Cliff rhyolite, 
but there is as yet no >neans of proving it. They may equally be ascribed to 
the Killarnean period of granite injection. 

Relations to the Stobie Group. Along most of its length the Copper Cliff 
rhyolite is faulted' against the Stobie group. The evidence for the fault'ing 
has already been given at -length and is so complete that no doubt as to' the 
relations can remain. . This being so, it wa's extremely puzzling to discover 
one locality, close to the extreme east~rn end of the rhyolite, where, over a 
length ot some 30 feet, the cohtact is apparently unfault,ed and conformable. 

Near the west side of lot 11, con. I, Garson tp., the upper beds of the 
Stobie group are coarse, impure quartzites striking north 60 degrees east, 
dipping vertically, and facing southeast. Immediate,ly above them, and 
apparently in perfect conformity., is a dark, fine-grained, massive, micaceous 
rock, enlirely without flow lines or other indications of deformation. Its 
general appearance suggests a volcanic mud'. This band is about 25 feel 
wide, and the length of contact exposed is somewhat less. On its north side 
the band contains a few irregular lumps of vesiculM' rl!yo,lite, up to 6 inches 
in dia·meter, tnat seem to be volcanic bombs. Toward the south side the 
supposed born bs increase bot'h in size and number, att_ainin'g lengths of 2 or 3 
feet and constituting about one-third of the rock. The edges of the "bombs" 
are extrem.ely irregular, with numerous 'large and small protubera,nces and 
intervening depressions; not at all the typ.e of outline found in the fr~gments 
of a breccia formed by movement. A driff-filled gully about 20 feet wide 
separate's this peculiar rock from the massi.ve rhyolite to Lhe south. 

This outcrop, therefore, suggests that the extrusion Jf the Copper Cliff 
rhyolite began with explosive activity, forming mud and bombs that were 
d·eposited conformably on the Stobie group. On the other hanl:l, if the drift­
filled gully just mentioned• be the locus of the otherwise omnipresent fault 
bet'ween the Stobie group and the Corper Cliff rhyolite, then the only altern­
ative appears to be that the born b-filled bed represents an episode '6f volcanic 
activity within the Stobie, and that its presence thus at the contact is purely 
fortuitous. 

McKim Formation 

The McKim formation forms a band ~ mile or less to 2 miles wide, bet­
ween the Copper Cliff rhyolite on the north ~nd the RaTilsay Lake conglomerate 
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on the south. Its easternmost outcrop, where it passes under drift, is in lot 7, 
con. 11, Garson tp., and the writer has traced it west to lot 4, con. Ill, Dniry 
tp., a distance of 30 miles . It undoubtedly extends farther. Coleman (19, 
p. 213) estimated its thickness as at least 7,000 feet~ a figure that is perhaps 
as good as any, considering the immense amount of faulting, crumpling, and 
brecciation to which it has been subjected. 

The bulk of the formation is made up of two types of beds. The first is 
beau1ifully stratified, dark grey-green argillite that notably resembles the 
varved clays and silts of glacial lakes. It is made up of regular layers ranging 
from ! inch to 2 inches in thickness, tlnugh a few attain widtps up to 4 inches. 
Somewhat more than half of each layer looks like coarse silt, and in it a few 
sand grains can be seeo. Tested with the knife, this part is distinctly harder 
than the remainder of the l,ayer, which is finer grained as well as softer, and 
was presumably nearer pure clay in composition. It is assumed that the 
latter is the original top of the varve-like layer; and structure deterrninations 
made on this assumption check with those made by other methods. 

The other type of sediment consists of medium to coarse, impure quartzite 
and greywacke, in massive beds for the most p~rt 2 to 4 feet thick, but attaining 
in extreme cases thicknesses of 12 to 15 fe et. Some of these beds contain no 
quartz, but are now recrystallized to mixtures of feldspar and mica with an 
average gra in of 0 . 1 mm. or more. Others do c.ontain some quartz, and a 
few are fairly pure quartzite. It is not uncommon to find a concentration of 
coarse quartz grains, up to the size of small peas, at the bottom of ::. bed of this 
type; and in such cases the large grains t end to be concentrated in rill channels 
cut an inch or two into the underlying beds. Such rill markings are very 
common in Lhis formation, particularly where a thick sandy bed overlies thin­
bedded silts, and are an excellent means of determining the structure. 

In addition to the two main types, a few beds of coarse rhyolite tuff a;nd 
ash are found near the base of the formation. Some of Lhem, though ranging 
from perhap$ a foot to seve,ral feet in thickness, display a regular change of 
grain from coarse at bottom to moderately fine at the top, implying that they 
were formed by single showers of ash falling into water. 

In general, the massive, sa.Udy beds seem to he concentrated in the strati­
graphically lower par,ts of the formation , and the thinner, varve-like beds in 
the uppe'r parts; but this arrangement is not fixed, and beds of both types are 
found tli:roughou l. 

It is obvious that the McKim formation was deposited under subaerial 
conditions, as the numerous rill-marks and the occasional cross bedding show. 
Probably the varve-like boos were, therefore, laid down in rather sh,allow 
ponds, a c~nclusion supported by the occasional occurrence in them o.f very 
delicate cro,ssbeddjng and a wavy structure of the bedtling planes suggesting 
ripple-marks. Possibly also the varved bedding indica{es cold or glacial 
conditions, as evidence presented later indicates. 

At Sudbury and Copper Cliff the varved beds contain numerous meta­
cryst's of sta'r rolite (now decomposed to qua1tz a,nd mica) about the size of 
large· grains of rice. These are more numerous and lalrger in the clayey upper 
part of a bed fhan in the silty lower pa]J.·t, an d thereby lend a pseud.o-coarseness 
to tbe former that is Lhe reverse of their original character. It was aJso observ­
ed tnat the metacrysts become larger and much more numero(US as large bodies 
of the Nipissing gabbro are approached, so that their development is due to 
the heat of these intrusives. I'n Graham township, ranges 11 and Ill, where 
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no gabbro is near a t ha1nd, the varved beds contain no metacrysts, and as a 
. consequence are so mu·ch fresher in appea:rance that the writer devoted consi­

derable time t o checking the possibility of their representing a different form­
ation . 

The structure of ~he lVIcKim is, in general, that of a homocline facing 
south or southeast. The.re is a fairly la rge drag-fold in the southwest corner 
of lot 7, con. Ill, McKim tp.; the axis of an anticline run s through the middle 
of lots 7, 8, a nd 9, con . Ill, Graham tp., but was not traced farther; and the 
axis of a no ther an ticline is visible on the west bank of Vermilion River, close 
to the boundary of the Stobie gmup; but for t:he most part the beds face uni­
formly south or southeast from the Copper Cliff rhyolite or the faulted contac t 
with the Stobie series to their contact with the Ramsay Lake co ngbmerate . 

Relations to the Ramsavy Lake Conglomerate. The relations of the Ramsay 
Lake conglomerate to the lVIcKim formation have been a subject of discussion 
for ma,ny yeah . Coleman (1\9) considered the conglomerate as unconformable 
on t he McKim and on the M iss issagi quartzite, both of which he placed in the 
Sudbury series; his conclusions, it is clear from his reports, were due t o tne 
insufficiency of the area! work at t'hat time, which caused him fo lump into 
one age group form ations that we now know t o be of three different ages, namely 
the R amsay Lake, Bruce, and Gowganda conglomerates. Burrows (11) la ter 
stated that he had found no un conformity, and he, therefore, classed the 
Ramsay Lake conglomerate as part cif the Sudbury series, along with the 
McKim and M issi.J>sagi formati ons. Collins acknowledges that no uncon­
formity is visible in Sudbury district, but, having found the conglomerate 
at the base of tl1e Huronian throughout the rest of the North Shore region, 
he was relu ctant t o consider th e possibility of older Huronian formations 
elsewhere; in add1tion, he did not differentiate the Stobi.e sed.iments from Lhe 
McKim, and hence could not reconcile the interbedd ing of "McKim" sediments 
and ancient, Keewatin~like lavas with the conclusion that th e McKim is but 
little 0lder than the Ramsay Lake. 

The fi eld work of 1938-39 has removed this difficu lty by showing that the 
interbedded sedimznts a nd lavas, here termed the Stobie group, form no part 
of the McKim form at ion. The writer concurs with Bu·rnws in the conclusion 
that the Copper Cliff, McKim, Ramsay Lab, and Miss issagi formati ons 
constitute a conformable series; and as Collins has proved conclusively that 
the last two are parts of Lhe Bruce series, of Huronian age, the first h vo must 
likewise be older parts of the same series. Their limited distribution is un­
doubtedly due to limita tion of the original basin of deposition. 

The r elations betw.ee n th e McKim formation and the Ramsay Lake 
conglom erate are well exposed in lot 7, con . II, McKim tp.; in lot 7, con . IV, 
Waters tp. ; and in lot 6, con . II, Graham tp. At the first of these localities, 
about 200 feet northeast of tlie road, th e Ramsay Lake conglomerate ri ses 
as a bw cliff 5 or 6 feet high, facin g northwest. At its base th e contact with 
the McKim is well exposed for a length of about 70 feet. A few feet below the 
contact the McKim is the usual dark, even-bedded, siliceous greywacke, in 
beds 2 t o 7 inches thick, but just below the contact these give pla_ce to very 
fine-grain ed sediments iri beds ! to !- inch thick. The conglomerate, a coarse 
quartz grit carrying moderately numerous quartz p"ebbles an inch or two in 
diameter and a few larger ones of granite, does not cut across the thin under­
lying beds or contain any fragments of them. In one place a granite boulder 
mea,suring 4 by 4! inches is embedded in the thin-bedded strata 18 inches 
stratigraphically below the base of the main conglomerate horizo n. The thin 
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beds above it are not broken as if the boulder had sunk through soft muds, 
but on the contrary the thin beds rise to p~ss smoothly over the boulder, so 
tii.at they were clearly deposited a~ter it came into position . 

In lot 6, con. II, Graham tp., the contact is especially well exposed . The 
McKim liere is the thick-bedded, sandy greywacke interbanded here and there 
with a f~\v f~et of the usual thin-bedded typ·es. About 20 feet from the base 
of the main conglomerate band they become more siliceous, and hJ=tVe widths 
of 4 or 5 inches. Among them appea1;, about 6 feet below the main con­
glomerate, two pebbly beds; one 4 inches thick, the otl1er 10 inches. These 
contain nume'r:ous pehbles abou~ an inch in diame'ter of quartz, granite, and 
some unidentified materials. About 2 feet below the m<tin conglomerate 
band, conglomeratic stringers ! to 1 inch wide are interbanderl with the grey­
wackes. At this locality, th?refore, it is quite clear that there is no sudden 
chapge of sedimentation, but that for a time deposrtion of greywacke alternated 
with deposition of co;11glomerate. 

In lot 7, con. IV, Water~ tp., the situation is similar. Forty or 50 feet 
below the main band of conglomerate the McKim consists of th.e usual} thin­
bedded siliceous greywackes. The beds nearer the conglomerate are more 
siliceous, and can be termed quartzites. Toward the northea'St end of the 
hill these beds alternate repeatedly with thin bed,s of conglomerate as the main 
contact is approa~hed. Toward the southwest end of the hill one bed of fine­
grained quartzite was obse:rved to contain a single boulder of granite measuring 
6 inches long and 3 inches wide; an'd a 2-foot bed of siliceous slaLe contains a 
boulder of granite nearly 3 feet long and 1 t feet wide. 

These descriptions make it evident that there is no unconformity at the 
base of the Ramsay Lake conglomerate, but that conditions of sedimentation 
changed gradually to permit of depositjon of conglomerat'e rather than siliceous 
greywacke. It is evident that fhe change was not a sudden one, as there was 
alternation of conglomera:te's ~:nd greywackes near the contact, and from the 
thickness of the alternating beds this must have gone on for a considerable time. 

Ramsay Lake Conglomerate 

The Ramsay .Lake conglomerate forms a band about one-eighth mile 
wide, or less, between the McKim greywacke on the north or northwest and 
the Mississagi qwutzite on the soutll or sou tbeast. In C~pper Cliff area it is 
well exposed, and outcrops as a reasohably continuous band, somewhat broken 
by faulting, in Denison and Louislil townships, but in Falconbridge area expo­
·'mres are rather poor. One small area of outcrop occurs in lot H, con. V, and 
11thers in lots 8 and 9, con. VI, Neelon tp., and iG the adjoining part of Garson 
township. A drift-covered gap of more than 6 miles separates the last outcrop 
mentioned from the next, in lot 6, con . IV, Falconbridge tp. Beyond this 
point no outcrops of the formation have been found, except for a few discovered 
by H. W. Fairbairn in the southeast corner of Scadding township and one in 
the northeast corner of Street township. 

The structu re of the Mississagi quartzite south of the main conglomerate 
band is that of a much faulted syriclinonum, and block fault'ing has brought 
up to the present surface two large blocks of Ramsay Lake conglomerate in 
·waters township, one in lots 2 and 3, concession IV, the other in lots 5 and 6, 
concession IlL The second mass is shown on the Copper Cliff map as a 
plate ab::>ut 2 miles long. Faulting is als::> responsible for the appearance of 
a block of conglomerate and McKim greywacke nearly 5 miles long and more 
than a mile wide, in the north end of Louise township. 
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On the south side of the synclinorium, a local anticline, whose crest has 
been eroded into the valley of Long :Lake, brings the conglomerate to t,he 
surface toward the nortlleast end of thre lake; and outcrops of it may be seen 
on the shore in lot 10, con . Ill, Broder tp:, and again in lo'is 6 and 7, concession 
IV. A band of the conglomerate also follows 'the extreme south side of the 
synclinorium for about 2 miles fr ')m the north end of lot' 7, con. II, Broder tp., 
to the middle of lof 3, concession Ill . Farther east and west it is cut off by 
intrusive igneous rocks. 

The conglomerate is, for the most part, a rather coarse grit carrying a 
few small and rwther widely scattered pebbles, though there a)l"e places where 
pebbles a)re nume,rOU)S ap.d a few where the rock is c,rowded with them. Many 
of tlie smaller pebbles a're quartz, but the larger 3:re almost a)l granite, with 
a ve'ry few of other unidentified materials. No pebble or boulder of the McKim 
greywacke has yet been found in the conglomerate. The matrix is q•uartzite, 
generally but not in-variably impm;e, and _its characteristic fea4ure is the 
presence of glistening fragments of quarfz about as big as· peas. In places 
these are narr~:nv sha,rds, so sharp-angled a10d plate-like that they have obviously 
undergone little wear by transporting agencies . This is best seen aL the 
southwest end of lot 7, con . IV, "Vater's tp. The conglomeratic grit generally 
forms massive bed;s; ranging in thickness from 4 or 5 feet to perhaps lOO fe'et 
or more. Within these bed!;; there is rarely any ff3$!e of subordinate st'rati­
fication, although occasionwlly a lens of slightly differing grain may yield a 
strike and dip observation. 

Huge boulders are scattered here and there th-roughout the conglomerate, 
entirely without reference to the character of the enclosing beds . In the 
northeast cor,ner of lot 6, con. II, Graham tp., one such boulder at the corner 
of a cliff measured 4 by 2 by 1 t feet, and two others nearby were almost as 
large. In Louise township, lot 12, concess ion VI, three boulders lying fairly 
close together eatch ra•nged from 4 to 5 feet long and from 2 to 3 feet Lhick . 
West of the Sudbury district (als noted by Collins, 29, p. 40) the conglomerate 
carries boulders up to 5 feet in diameter. In no place is th~ matrix near such 
boulders any different from that farther away; the boulder seems to have 
been dropped at random into the grit. Many of th_e boulders are fairly well 
round'ed, about half of them are subangula'r, and a few have one or more fairly 
sharp corners. Some have flat or flatly rounded sides, suggestive of soling. 

Compa1·ison with other Conglomerates. The Ramsa)y Lake congbmerat,e 
is readily distinguishable in most' of it:> outcrops from all other conglomerates 
of the region. The Upper Stobie conglomerate ha,s a far higher percentage 
of quarfz pebbles, and lacks the gritty matrix with its numerous fra-gments 
of quartz. The Bruce conglomerate, which overlies the Mississa,gi quartzite, 
has a greater variety of pebbles and, in most places., a larger proportion of 
pebbles fo matrix; and the matrix, instead of being a siliceous grit, is a basic, 
fine-grained greywacke with rapier numerous sai1d grains. The Gowganda 
conglomerate af the base of the Cobalt series is crowded with a great variety 
of ~bbles, and the matrix i~ a v,ery fine-grained greywacke, which, under the 
microscope, is seen to consist of finely pulverized and undecayed rock ma'terial. 

Lack of recogniti :m of these differences has caused, in the past, much 
misunderstanding of the stratigraphy. Coleman classed Logether bodies of 
the three conglomerates above mentioned, and tl1e undoubted unconformity 
of the two younger, particularly the _ Gowga:nda; on the formations he classed 
as Sudbury series, wa's the cause of his copclusion that the ti;ue Ramsa'y Lake 
is likewise unconformable on it. Although Burrows recognized the correct 
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relations of the Ramsay Lake conglomerate a;round Sudbury to the other 
formai(ions, h e then confused with it certain la.rge bodies of the Bruce con­
glomerate in Fa:lconbridge and Dryden tc wnships, and tliereby fell into error 
in his mapping. Both Burrows and Lawson (56 , p. 375) co nfused with it 
certain bodies of autoclastic breccia, later to be described; and this confusion 
led Lawso_n to maintain that the whole accepted success ion is up::;ide down . 
Only Coll ins, of all who have desci:·ibed the region , recogn ized the proper 
straligrapli ic posit ion and petrography of this formation, and thereby mapped 
it l':ithou£ error. 

Except in Sudbury distr-Ict, the conglom erate has not been described or 
ma,pp,ed as a separate forma tion, but has merely been referred. to as the con­
glomeratic phase at the base of the M iss issagi quartzite. Collin s, however, 
traced it east from the original Huronian district near Thessalon , and say:s 
(35, pp. 1677-78): 

"A conglomerate that lies at the base of the Bruce (Lower Huroni'an) 
series was traced into continuity with the Ramsay Lake conglomerate . This 
conglomerate ex tends, with only short gaps due to drift-cover, lakes, or faults, 
all tile way from Thess::>lon eastward to Sudbury. It lies in profound uncon­
formity upon the Keewatin green schists and the granite gneiss of the pre­
Huron ian, consisting from place t o plaice of the decomposition products of 
whichever of tlfese two groups of rocks lies immed iat.::ly beneath . This con­
glomerate grades conformably upward into the next formation of the Brtice 
series, the Mississagi quartzite, a thick feldspathic quartzi fe . Eastward 
t oward Sudbury, where the belt of Sudbury s,eries is reached, Lhis basal con­
gl·)m.erat'e c·:msisten Lly ma,iintains a position between the Sudbury series (Mc­
Kim greywa\Cke) on one side and the Miss i ssa~<si quartzite and succeeding 
formatio11s of the Bruce se ries on the other, continuous mto the Ramsay Lake 
conglomerate at Sudbury". 

Origin of the Ramsay Lalce Conglomemte. The nature of the Ramsay 
Lake conglomerate suggests spme in teresting speculations as t :> it,s origin. 
The only agencies capable of m ovin g the very large boulders found in the 
conglomerate are glacial ice, t orrential streams, or floating ice cakes. The 
composition of the rest of the conglomerate, however, is not that of morainic 
material, nor is it such as would b'e laid down by a torrential stream. The 
only remaining agency is, therefore, floating ice, and Lhe erratic distributio n 
of tb'e boulders, their wide range of size, and their presence h ere ::J11d there in 
the fine-grained, directly underlying beds of t'he McKim formation, all combine 
to attest the correctness of the e onclusi:m. 

Floating ice, however, implies a body of water deep enough to float ice 
cakes capable of supporting a t on or more of rock. Some of the boulders 
observed weigh abou-t a ton, and one occurrence i.s such as t o suggest that 
three of them must have been dropped by one ice cake. On the other hand, 
the water body cannot have been very dee~ , as the coarse grit, with grains 
up to the size of peas, must have required fairly strong waves or currents 
t o spread it. 

Som e of the pebbles and boulders in the conglomerate are well rounded, 
as if subjecfed to lon g wear; yet others display a degree of angularity that 
obviously indicates little wear. The little fragm ents of quartz in the grit are, 
in many places, sharp plate-like shards that . have obviously undergone little 
wear. On the other hand the grit, though by no means pure silica, is never­
theless pure enough to demand, apparently, long weathering and the removal 
of the clay constituent's by water actio n. 
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To the writer the only possibility combining all these seemingly con­
tradictory features is that of glaciation of a deeply weathered granite surface. 
Moderately deep, thomugh weathering of a granite would. convert the feldspars 
and ferromagnesian minerals to clayey products, wJ1en;as the qu-artz gra-ins 
and quartz veins would be unaffec£ed except by solution. In this mass there 
would remain a few kernels of unweathered granite, with rounded and sub­
angular shapes. If such material were pushed into a shallow sea by an ad­
vancing glacier, wave action might quickly carry off the clayey partls, leaving 
the sands and quartz crystals to be spr~ad rapidly over the shoal areas near 
shore. Mat~y quartz gral.ns might be broken to form sharp,angled fragments, 
but the mat'ea·ial would be deposited too rapidly for such fragments to be 
rounded off. The boulders, scoured by wave action of their weathered enve­
lopes; would be frozen into shore ice that, carried away at intervals on a rising 
tide, would float away and drop its load where it melted. 

M ississagi Quartzite 

In ea;rlier studies of the Sudbury district the Mississagi quartzite was 
termed the Wanapilei quartzite, by which name it is still occasionally known; 
but Collins (35, pp. 1677-78), t'racing the formation from the west, found the 
Wanapitei quartzite continuous into the M ississagi quartzite, and altered the 
name accordingly, as the term M ississagi is the older. 

In Falconbridge map-area the formation consists almost wholly of quartz­
ites, which range from very p11re white or greenish varieties to the more ordinary 
feldspathic types. The purer quartzites are found near the centre of the 
principal syncline, and, therefore, in the upper horizons of the series. Farther 
west, according to Collins, the quartzites are interbedded with conglomeratic 
and 'argillitic lenses, but in the Sudbury district no conglomerates were seen 
above the basal Ramsay Lake conglomerate, and argillitic beds are thin or 
lacking. 

The quartzites are light grey rocks, weathering to light grey and white. 
The grain is mostly fine and fairly uniform. The beds in general average 
from 6 to 12 inches in thickness, although some, particularly the purer varieties, 
may attain thicknesses of 10 to 15 feet . Crossbedding is so invariably present, 
at least in the area studied, that it becomes a characteristic of the series. 'l'he 
crossbeds are extremely narrow, so that they appear on the weather:ed surface 
as a series of lines, but are almost or quite impossible to detect on fresh surfaces. 
In Falconbridge area the crossbedding is always in the same direction, that is, 
if the beds are brought back, in imagination, to a flat position, the crossbeds 
always face toward the south or somewhat west of south, indicating that the 
currents bringing in the sediment came from the north or east of, north. This 
conclusion suggests, first, that the source of the quartzites was to the north, 
a matter previously in doubt; and, second, that the thickening of the Mississagi 
quartzites to the east and south, which was pointed out by Collins, must have 
been due to sinking of the bo ttom of the geosyncline of deposition in that 
direction . 

The structure of the M ississagi quartzite is that of a broad syncline, 
with steep d ips, about 85 degrees, on the flanks and low digs in the centre. 
The syncline plunges east-northeast at an angle of 10 degrees or less. In the 
middle of Wanapltei area, where the north limb is complete and no intrusives 
are present, it is about 2! miles from the centre of the syncline to its northern 
boundary, which would correspond to a thickness of about 12,000 feet if the 
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s~eep diP,s were maintained throughout. The width of the limb has, however, 
been increased by drag-folding, and over about three-quarters mile from the 
centre of the syncline the dips are comparatively low, so that an estimated 
thickness of about 9,000 feet is prqbably correct within 500 feet or so . This 
checks fairly closely with Collins' determination of 10,000 to 12,000 feet 
"throughout the southern area (of Mlssissagi quartzite)" (29, p. 44). 

The quartzite, which appears to form a simple syncline in the middle 
part of Falconbridge area, widens toward the southwest and becomes a com­
pound syncline complicated by faulting. A section across it due south of 
Sudbury showed at least two subordinate anticlines in the synclinorium; and 
probably the wider part in the Whitefish Lake Indian Reserve has a still more 
complex structure. The Ramsay Lake conglomerate, which should normally 
be found along the south side of the synclinorium~ is seen only for about 2 miles 
in Broder township. Elsewhere it is cut off by a strong fault, already described 
(pages 14, 15), and by intrusions of granite that followed the fault and in plc~.ces 
cut across it to lie in direct contact with the quartzite. This fault has affected 
the quartzite profoundly in many places. Wide bands of it near the southern 
contact have been broken up by a multitude of sub-parallel :fissures spaced 
a few inches or a foot apart; shearing along these has produced bands of dark 
schist half an inch to an inch in width. All available evidences indicate a 
movement of the south side upward and to the west. 

lnfaulted Blocks. Near the south side of Falconbridge area, on both sides 
of the Dryden-Neelon township boundary, block faulting and overthrust 
have caused some interesting relati:ms between the Mississagi quartzite and 
the Nipissing gabbro. 

A . .Supposed position of 
beds before faulting 

< V~ o"'~) 
j;l..-.J 

~~~~~ V> :1'-., 

L '.E " /\v Quartzlt~ 

B. Present position of bed~ 
aHer upthru.sl: of. block 

£) 

Scala of feet 
z~Lo~· ~~·~·~£~----z~~-o----~590 

Figure 8. Cross-section of quartzite block upthrust into gabbro dyke in lot 2, con. 
V, Neelon tp. 

In lot 2, con. V, N eel on tp., two plates of quartzite strike north across 
the gabbro body and are separated by a mass of gabbro about 1,000 feet wide. 
The eastern plate is about 700 feet wide, the western less than 200; and both 
at the south ends run into a drift-covered stream valley. Mapping done by 
Burrows (11) south of Wanapitei area shows only one band following this 
valley southwest; so that either the narrcw band is pinched off or the two 
coalesce beneath the drift. 
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These bands are unbroken bodies of hard white quartzite. The gabbro 
at their edges has been badly brecciated over width.s of 20 to 25 feet. The 
eastern slice of quartzite is well exposed across its entire width. It;s beds 
strike north, but the dip, which is 45 degrees east on the west side, becomes 
gradually steeper toward the east until at the eastern edge it is vertical and 
in places slightly overturned. If a slice of quartzite with an original eastward 
dip of about 60 degrees had been block-faulted up, the drag on the walls during 
the upward movement might p:rodulce the relatio,os observed (Figure 8). 

The inference thu_s ma.Pe from the changin;g dip w:~ checked by direct 
observationsj A band of 11chist was found i o the breccia cif the well-expo&ed 
east side, and the r()lations o,f the cleavage plan:es to the general strike ind~icate 
that the quartzite mo.v_ed. relatively up a.nd north. A drag-fold with an am­
plitude of about 4 feet wa,s also fo:'u 'nd nea!,r the south end of tbe outcrop, which 
likewise showed' that the quartzite moved r.el11tiv.ely up. Pa.rt of the bottom 
of the drag-fold i~ exposed, permitLing the plunge to be measured as 15 degrees 
to the north; so that, as the slaty cleavage also indicated, some northward 
movement accompanied the upward movement of the quartzite slice. 

The narrower western slice is much less well exposeJ, as it outcrops on a 
steep hillside and is largely covered with talus, but it displays similar dip 
relations. The dip changes from 25 degrees east on the western side to 50 
degrees east near the eastern side; so that, like the other, it probably came into 
its present position by upfaulting. 

Half a mile or so east of these occurrences, straddling the N eelon-Dryden 
boundary, a wedge-shaped mass of quartzite runs northwest into the gabbro, 
and is separated by some 1,200 feet of gabbro from a similar but shorter wedge 
of quartzite running southeast into the gabbro. Drag-fold and cleavage 
relations indicate that these two bodies moved toward each other. The one 
to the northwest consi~ts of isolated flat plates of quartzite, some not more 
than 6 or 7 feet thick, surrounded on all sides by gabbro; and the relations 
obtained indicate that these are the brecciated remnant of a body of quartzite 
thru.st over the gabbro from the northwest. The triangular mass 1,200 feet 
to the southeast exhjbits similar evidence of overthrust fnm the southeast. 
A dyke-like body of breccia connect's the two. 

In the north end of lot 1;2, con. IV, Dryden tp., another U-shaped mass 
of quartzite runs eastward into the gabbro. Slaty cleavage and drag-folds 
a)opg tpe edges of this ma~s again prove that it moved eastward and up into 
its prese'nt po~tion; that is, it wa.s overthrust from the west. 

Some 400 feet north of the last occurrence, in the south end of lot 12, 
con. V, Dryden tp., and the adjoining part of lot 1, con. V, Neelon tp., a plate 
of somewhat brecciated quarlzite 1,000 feet wide cuts. almost east and west 
completely across the gabbro body. Good evidence was not obtained here 
as to the direction of movement, but there can be little doubt, from the brec­
ciation of the quartzite and the way it cut~ across the gabbi .. o, that it has 
likewise been brought into position by faulting. 

The west-facing concave contact of gabbro and quartzite in lot 11, con. 
IV, Dryden t~ . , is also a fault. Evidence at this point indicates that the 
quartzite is upthrust against the gabbro, and also moved relatively south. 

The writer is inclined to correla te these fault movements with the Late 
Precambrian disturbances that produced the Sudbur'y · breccias, described in 
a ·later section. 
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Relations to th~ Killarney Granite.. Excellent contacts between the Mis­
sissagi quartzite and the Killarney granite were observed on the lake shore 
in the northeast corner of lot 10, con. I, Broder tp., and on the west shore of 
Wavy Cake in the Whitefish Lake India n Reserve. In the first locELlity the 
contact is visible for a length of a bout 10 feet; the granite parallels the bedding 
of the quartzite in a general way, but its boundary is wav,y, with vertical 
distances from crest to trough of about 3 inches; and these waves cut across 
the thin bedding of the quartzite . This is, however, the only evidence of 
intrusion; the granite sends no stringers into the quartzite, and exerts no 
perceptible metamorphic effects. 

Tne relations on Wavy Lake are very different, for the quartzite tt1ere 
has been intensely metamorp!wsed by the gran ite. The rock mapped by 
Collins (l\1ap 292A , Copper Cliff sheet) as quartzite on the w,est shore of the 
south arm is really a n interbanded mixture of gr anite sills and quartzite bands; 
and the quartzite has been granitized to a greater or less extent , with develop­
ment of micas and feldspars and addit ions of silica . All traces of the usual 
crossbedding are destroyed . Traced northward alo ng the shore for about a 
mile, the granite sills become fewer and then di<>appear; concomitantly the 
quartzite gradua lly becomes less and less granitized and passes into the normal 
crossbedded type. 

Bruce Conglornemte 

The Bruce eo nglomerate, originally called the Lower Slate eo nglomerate 
by L'ogan and Murray, is made up of very numerou-s subangular to rounded 
boulders in a dark, gritty matrix. The boulders are mostly 3 or 4 inches in 
diameter, although a few larger ones up_ to 2 or 3 feet lt1 length are present. 
They consist of granite and gneiss, various b.~sic rocks that look as if they 
are derived from the Keewatin, and a few of glassy quartzite . The gritty 
matrix is made up of grains of quartz and feldspar averaging about 1 mm: 
in diameter in a finer matrix of the same minerals with chlorite, sericite, and 
other decomposition products. The quartz grains characteristically disp'lay 
black, glassy fracture surfaces . The matrix differs from that of the Cobalt 
conglomerate in containing a h igher percent age of the coarse gritty particles, 
as if there had been a certain amount of washing o'ut of the finer clay-like 
components. 

West of Sudbury district, according to Collins (29, p. 45), the conglomerate 
is interbanded with some beds of silt and silty quartzite. In Wanapitei map­
area, however, the materials interbanded with or directly overlying the coo­
glomerate are fairly pure p ink or white quartzites, well bedded but differing 
from the Mississagi q uarLzites in their entire lack of crossbedding. Ope of 
these bands, in con . I, lot 8, Falconbridge tp., is 250 feet wide . The beds dip 
about 60 degrees southeast, so that the thickr1ess is about 2f5 feet. 

Several masses of the conglomerate run through the middle of Dryden 
and Falconbridge townships in a no-rth-northeast direclion. All the contacts 
of the.se with the M ississagi quartz:ite a re faults, so that apparently the con­
glomerate boJies are down -faulted blocks. On this account no reliable esti)nate 
of thick ness could be m ade . 

In the southern part of Copper Cliff area Collins has mapped large bodies 
of Bruce conglomerate, but the only one examined by the writer lies at the 
southwest end of Long Lake. Its presence there seemed difficult to understan d, 
as Cong Cake lies on the axis of a pronounced anticline, which, near the north-



45 

east end of the lake, brings th~ Ramsay Lake conglomerate to the surface. 
~everal thousand feet of l\1jssissagi quartzite might, therefore, have been 
expected to outcrop between this axjs and the nearest outcrop of Bruce con­
glomerate. T_he conglomerate mass proved to be a down-faulted plate, 
bounded on both sides by zones of intense crushing and shear. 

The Bruce conglomerate, according to Collins (29), overlies the M ississagi 
quart.?iite conformably with a fairly sharp transition, and grades upward, by 
increase of the silty c:mstituents, within a few feet into the silty limesto ne 
member named by Collins the Bruce limestone. 

Espanola Forrmation 

A'bove the Bruce conglomerate Collins (29) distinguished the Bruce 
limestone, a formation 150 to 250 feet thick of which the upper and lower 
thirds are thin-bedded, '>ilty greywacke and the middle third limestone beds 
alternating with thin, siliceous layers; the Espanola greywacke, a silty, thin­
bedded rock very like the Bruce limestone member, buf with the limy beds 
reduced to the thickness of fUms; and the Espanola limestone, a formation 
containing limestone beds from a few inches t0 a couple of feet thick in the 
middle part, and grading both up and down into the thin-bedded silts. The 
thickness of the Esp :otnola grey'wacke ranged from 250 to 4b0 feet, that of the 
Espanola limestone from nil to 75 feet. The Espanola limestone beds weather 
to a brick-red colour, those of the Bruce limestone to a dull grey. 

Fairbairn, in the eastern part of Falconbriage area (38), lumped these 
three formations under the name of Espanola, though he distinguished in 
mapping between a lower limestone part (Bruce limestone) and an Uii>per 
greywacke part (;Espanola greywacke). Apparently he did not find the 
Espanola limestone, or at least distinguish it. 

In the part of F_alconbridge area examined by the writer, only a small 
remnant of the Espanola greywacke was found j'ust east of Skead Village. 
It was identified as such because the band, projected eastward along the 
strike, appears again in the area examinecl. by Fairbairn (38) and its relations 
to formations above and below are there ev.ident. 

The outcrop near Skead is a well-bedded greywacke in bands about an 
inch thick. They strike slightly south of east, and dip north at about 25 
degrees. Some of the beds exhibit a pronounced decrease in grain from bottom 
to top. On the south the contact with the Upper Stobie group is a strong 
fault, marked by intense shearing over a zone several feet wide . Vein material 
carrying gold values has been introduced into the sh~ared zone, and the fault 
is, consequently, well exposed in a number of trenches dug to explore the zone. 
On the north the rock is overlain by drift. 

Serpent Quartzite 

The Ser,pent quartzite, according to C:>llins (29, pp. 55-6), overlies the 
Espanola formation conformably and is at least 1,100 feet thick and may be 
much thicker. T,he lower part is v·ery thinly laminated, fine-gra ir.ed, and 
greenish white; this passes UiJward into a somewhat purer quartzite, dead 
white in colour, and with a peculiar close-grained texture suggesting unglazed 
porcelain. The thin lamination is likewise preserved, but is less easy to detect 
except on weathered surfaces w,here it is expressed by a slight corrugation. 
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Outcrops of what appears to be the Serpent quartzite are found in F alcon­
bridge map-area between Ske.::td and Wanapitei Lake. A.bout 1,000 feet north 
of the outcrop of Espanola greywacke described in the preceding section, 
a knoll a bout 7QO feet in diameter consists of a very fine-grained, greenish, 
impure qu artzite in thin beds that dip northward at angles of less than 10 
degrees. The bedding is so thin that in places it approaches lami nation, and 
no crossbedding is evident. Beds of slate up to an i nch in thickness were 
observed in one or two places. 

The stra tigra phic ~osition of these heds, which must overlie the Espa nola 
greywa.cke if no fai.1lt lies between the hvo outcrops, and their like ness to the 
Serpe nt formation as described by Collins, appear to justify the correlation 
here given them. 

The are" nor th of this outcrop to Wanapitei Lake is entirely overlai n by 
gr avel except for some scattered outcrops of diabase along a la rge dyke. On 
the shore of the lake, however, there are further outcrops of a peculiar quartzite. 
The bed.s range in thickness from 2 inches to 3 fe et, strike a,bout north, a\nd 
have eastwl\rd dlips of 15 to 25 degrees , t,ho'ugh in some places even lower. 
At the sawmill on the bay about the middle of the map-area a drag-fold plunges 
northward at an angle of about 10 degrees. Crossbedding is beautifully 
developed in these rocks, with layers of large clean quartz grains alternating 
with fine -grained, silty layers. The beds weather to various tints of light 
grey and greenish grey. 

These quartzites have been mapped as M ississagi by Quirke (63) a nd 
others studying the area, but their crossbedding and general appeara nce are 
entirely unlike the Mississagi elsewhere in W anapitei area. Their dips, 
however, suggest that they probably overlie the beds identified as Serpent 
farther south; a nd this, coupled with their general unlikene~s to the M ississagi, 
incli nes the writer to cl assify them as upper beds of the Serpent formation. 

Quartzites identified as proba bly Serpent underlie most of lots 1 and 2, 
con. V, .<t nd lots 1-3, con. VI, F alconbridge tp.; lots 1-4, con . I ; and lots 1-3, 
con. II, MacLennan tp.; and adjoin,ing parts of Street and Scadding townships. 
Outcrops are r ather scattered and poorly exposed . The general strike in this 
area is northwest, and the dips steep to vertical. 

WHITEWATER SERIES 

The Whitewat er series is an elliptical body of sediment s, tuffs, and lavas 
approximately 33 miles lon g a nd lG miles wide. It lies entirely within the 
annular rin g~shaped outcrop of the norite-micropegmatite irruptive, whic h 
isolates it completely from all the other sediment s· of tne region. The h ard 
micropegmatite and the rhyolite agglomerate and tuff at the base of the White­
wuter form a high ridge surrounding the low flat la nds underla in by the upper 
Wh~tewater formations; a nd this topography has given rise to the name, the 
Sudbury Basin, by which it is generally known . 

The Whitewater series is made up of three formations, the Onaping 
forma tion at the base, consisting largely of volca nic agglomerates and t..Iffs, 
with some flows; the 011watin slate; a nd the Chelmsford sand'>tone at the top. 

A very complete ~. nd beautifully illustrated acco unt of the series has 
already been given by Burrows and Rickaby (10), so tha t for purposes of 
completeness only a bare outline will be given here, together with a few des­
criptions of features not recorded by them. 
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Ona.ping Formation 

The Ona,ping lavas and tuffs have been estimated by Coleman to hav:e a 
thickness of 4,100 feet or more (17,, p. Z2). The base of the formation rests 
now on micropegma tite, which has intruded a nd somewhat metamorphosed it. 
The basal member is a very coarse agglomerate (termed by Ooleman the 
Trout "Lake conglomerate) composed of boLtldery fragme nts up to 6 or 8 inches 
in di .uneter. Away from the micropegmatite the fragmental materials, in 
general; become grad ually finer in grain, until they pass int o very fine-grained 
tuffs almost indistin gu isha ble from the overlying Onwatin sla te. The frag­
mental rocks are interbanded with a number of flows of acid lava, approaching 
rh yolite in composition, ma ny of which display beautifully deve loped amygda­
loidal or spher ulitic textures, slaggy tops, or flow breccias. The relative 
volu.me of the la vas is not large, however. 

Burrows has called attention t o the almost entire lack of stra tification in 
this formation, an d concluded, therefore, that it co uld not ha ve been bid down 
in water. The writer would modify his stat ement somewhat. Although it is 
certainly true tha t even the fine tuffs display little or no evidence of fine strati­
fication, a separation of the formation int o thick beds, r anging from 1 or 2 
feet to 50 or more, is d ist inctly evide nt. The pJanes separati ng the beds 
are straight, and those in the same locality are closely parallel, so that there 
can be little doubt of their being true beddiag planes. Fbw co ntacts , where 
obtained, are also parallel to the supposed bedding planes of the tuffs. 

Small masses of white or slightly pi nkish quartzite have been found in 
the tuffs near the micro~egmatite boder; some of the localities are in lot 6, 
con. IV, Blezard tp. , and in lot s 2, 3, and 5, co n. VI, Garso n tp. Various 
workers in the region ha ve toyed with the idea lhat these might be fragments 
of Miss issagi quartzite ca ught up during the injection of the norite a nd hoisted 
to t heir present posit ion. I nvestigation, howev.er , has shown that they ha ve 
no resemblance to the M iss issagi quartzite . Some of the bodies, though 15 
or 20 feet thick, display no bedding what soever , and others have a vaguely 
defi;ned panJlel ba ndi ng tha.t may represent bedding, but is at least doubtful. 
In str ucture, t he masses form t a bular sheets that parallel in strike and dip the 
agglomerates with which they are associa ted. One band abo ut 6 inches thick 
was observed t o lie betwee n t wo bands of rhyolite fl ow-breccia. 

Whatev;er the origin of this rock, tnerefore, it is clearly a n interbedded 
part of the Whitewater series, an d not fragments of the M ississagi quartzite . 
Its origin is at present purely a matter of speculation. It may, be a true 
quartzite , as its compo'>ition an d ap;>ear ance suggest , but against this is its 
entire lack of bedding a nd its prese .1ce in a n assemblage otherwise entirely 
volcanic. All the masses are fou nd fairly close to the micropegmatite bound­
ary; an d this fac t inclines the writer t o believe that they were probably originally 
fine-graine:l acid tuffs that have been silicified by vapours or solutions emanating 
from the intrusive. 

The Onaping fo,rmation, as Burrows points out, ranges from very coarse 
agglomerate carrying boulders up to 3 feet in diameter in the parts ne:x.t the 
micropegm atite, throu gh gradu ally finer and finer varieties, to very fine tufts 
next the overly·ing O nwatin formation. 
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Onwatin FormatiDjn 

The Onwatin consists of dark grey to bla~k, well-bedded rocks, the beds 
for the most part only fractions of an inch in thickness. A secondary cleavage 
is generally superimposed. The rock is very similar in appearance to the 
finer tufis of the Onaping formation, except that it lacks minute fragments 
of lava; and its chemical composition, as given by Burrows, is that of a leached 
tufi. Probably; therefore, the slate is fine, tufiaceous material that h as been 
deposited in water. However, all contacts between the tufis and the slate are 
drift cov~red, so that the structural relations of the two are unknown. 

Analyses made by the Ontario Department of Mines laboratory show 
that the slate has a carbon content r anging, for four specimens analysed, 
from 0·3 to 3 ·35 per cent (10, p. 28). Veins of anthraxolite are found in 
it, and a small deposit of the mi neral has been opened in the northw.est corner 
of lot 10, con. I, Balfour tp. It is probable, as Coleman concluded in 1912, 
that the slate w,as originally an oil-shale, and that heat and pressure first drove 
part of the bituminous material into fissures to form the anthraxolite veins, 
and then volatilized the remaining hydrocarbons to leave only a residue of 
pure carbon. 

Chelmsj01·d Sanr.i:-s,tone 

The C}:telmsford sandstone, which overlies the Onwatin slate, occupies 
the centre of Sudbury Basin,_ and is particularly well exposed west of Chelms­
ford. It is a rather dark-coloured arkose, the colour due to the presence of 
about one-quarter of 1 per cent of carbon. Beds observed by the writer range 
in thickness from one-quarter inch to a foot or two, and in grain from fine, 
almost silty material to fairly coarse grit. Coleman mentions beds up to 
7 or 8 feet thick. A thin section of a finer grained bed- grain 0-2 mm. or 
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Figure 9. Crossbedding in Chelmsford sandstone, beneath a bed of coarse grit that 

lies on a rill-marked surface; east side of lot 6, con. III, Balfour tp., near road. 

slightly less- contained about 10 per cent quartz, the remainder, plagioclase 
feldspar and partly chloritized hor nblende in about equal proportions, with a 
little black dirt. The hornblende appeared to be a product of recry,stallization. 
Two thin sections from average beds had a grain of 0·3 to 0 ·4 mm., and were 
about half quartz,, in rounded or angular grains, the remainder mainly plagio­
clase grains, with a good deal of blackish dirt and a few flakes of partly chlo­
ritized mica. 
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It is difficult to find places where the bedding is well displayed on weathered 
surfaces, but one such place was found near the west side of lot 6, on the north 
side of the road along concession line II-III, Balfour township. At this place 
the beds are 4 inches a nd less in 1hickness, strike north 6'5 degrees easl, dip 
10 to 15 degre~s north, and are seen in cross-section on a cl iff 3 or 4 feet high. 
All varieties of current action are displayed here. One rather fine-grained 
bed has a sort of swtrling crossbedding abruptly truncated at the top by the 
base of a bed of coarse grit (Figure 9). 

In a nother place, on the west side of the road in the south end of lot 1, 
con. II, Dowling tp., a prominent outcrop dis plays a block of silty sediments 
about 3 feet long a nd a foot or more in thickness entirely surrounded by coarse, 
gritty quartzite. The bedding of the silty material lies at a large angle to the 
normal bedding, and the sides of the block are cut by stringers of the grit tha t 
roughly parallel its edges . Apparently a stream that flowed fast ·~nough to 
transpor t gritty <>ediment first cut a channel some feet in depth into the soft 
silts, and then undercut a bank so that a la rge block of .Jilt slid down, turning 
on its side as it did so . Flakes of the silt an inch or so in thickness cracked 
away, allowing grit to e nter the cracks; and the whole block was then engulfed 
in the grit before it could be broken up by the stream . 

These data indicate that the Chelm'3ford sandstone was not laid down in 
standing water, but must have been a subaerial deposit of the alluvial fan type, 
with streamlets anastomosing over the surface. 

The sandstone contains in places numerous rounded and irregular lumps 
that are clearly replacements, as the bedding, in lot 6, con. Ill, Balfour tp., 
can be seen to pass through them undisturbed. They weather to a more rusty 
colour than the rest of the rock; and also more rapidly than it does, so that 
they appear as shallow pits, about half an inch below the surrounding surfaces. 
The microscope shows them due to replacement of most of the rock constituents 
by an iron-bearing carbonate. Where replacement has been nearly complete, 
all the ferromagnesian mineral of the sandstone, all the black dirt, all the 
feldspar except a n occa'>ional grain, and even a little of the quartz have dis­
appeared and their place i'> taken by carbonate . Where replacement is less 
perfect more of the feldspar remains, but the ferromagne~ian minerals and the 
black dirt have gone. No evtdence was obtained as to the origin of the car-
bonate, or how it entered the rock. · 

The structure of the sandstone, and that of the slate beneath, with which 
it is conformable, is that of a compound syncline. A cross-section just west 
of Larchwood shows two syncli nes separated by an anticline, with axis running 
about through Larchwood village and plunging 9 or 10 degrees northeast. 
Farther east there is probably more than one anticline; Coleman mentions 
finding four (14, p. 99), but describes them in such general terms that the 
reader cannot know whether they are separate folds or merely outcropping 
parts of one or two folds. 

The synclinal struclure of the centre of the basin has led all writers to 
assume a synclinal structure for the ectire W'hitewater series; and as there 
c:w be little doubt that the series is a co oforma ble o r e, i a spite of the fact 
that no contact between the tuffs and the slate ha,s yet been seen, the assump­
tion seems unassaila ble . At the same time, there is somethi ng peculiar and 
as yet unexplai ned about the structure . In the writer's few traverses across 
the Ona ping tuffs he observed that strikes in many cases m ake a considerable 
angle with the micropegmatite contact, and that dips, even close to the contact, 
are steep or vertical, instead of sloping at a moderate angle toward the centre 
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of the basin. Dips near the contact in lot 3, rge. VI, Garson tp., were even 
steeply south. Some detailed structural study of this peculiar situation 
seems desirable. 

Age. The age of the Whitewater E'eries is discussed in a later section 
of this report (pages 67-71).. It is there shown that the series overlies a great 
unconformity represe nting a period of erosion that must ha ve endured through­
out Upper Huronian time. It is inferred, therefore, that the Whitewater series 
must ha ve been laid down in Keweenawan time, a conclusion consonant with 
its highly volcanic character . 
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CHAPTER Ill 

INTRUSIVE ROCKS 

AciD INTRUSIVE RocKs 

Granites of at least two ages are found in S udb ury dis trict, together 
with basic i ntrusives in considerable numbers and of various ages. 

W anapitei Gmnite 

The older granite forms a la rge body bet ween Wanapitei Lake and the 
110rite to the wes t. At the south end of the lake the margin of the gran ite 
turns abrup tly eastward and extends a tongue in that direction about 2! miles. 
The gran ite is a medium-grai ned, equ igranular r ock that ranges in colo ur 
from pinkish t o bright j_asper -red, and in composition from almost a syenite 
to a fairly quartzose gran ite. Included fragme nts of country rock, which 
are numerous and many of them of grea t size, h ave been intemely metamor­
phosed and gran itized by the intmsion. 

The age of this granite is not closely known. It intr udes and meta mor- · 
phoses the H ill a nd Stobie groups. Large recogn izable rem nan ts of the latter 
may be seen in it both westward t o the norite boundary and SOU\thward almost 
to the souther n margin of the granite, in con . V, Falconbridge tp. It also 
e ncloses cer tain rem nan ts of old gabb;ro· dykes. I t is not i n coutact with any 
member of the B ruce ser ies in the F alconbridge ma p-area . It is cut by numer­
ous dykes of gabbro, supposedly the Ni t-> i s~ i n g diabase. It is also cut by the 
norite irru~tive, and by dykes of t he porphyritic olivi ne diabase . Apparently 
it continues past the northwest e nd of Wa napitei Lake, into a gr anite mass 
that underlies the Cobalt series (63). T,h us the gran ite was probably injected 
a t the close of Archrea n time, a concl usio.n tha t , if correct, makes it pre-Bruce 
in age, but the concl usion is infere n ti al and far from positively proved . 

Levaclc Gmnite 

The northwest side of the norite irruptive is bounded by a gt·a nite here 
called, for convenient reference, the Levack granite. Collins (33, p. 38; a lso 
Geol. S urv., Canada, '1\i[ap 155A, Lake Huron sheet, 3d ed.) considered it as 
pre,Huronian gneiss, along with the Wanapitei granite. The writer has no 
fact s beari ng on its age, except that it is older tha n the Nipissing dia base, the 
Birch Lake granite, presently to be described, and, apparently, tha n the norite 
irruptive. 

The rock is typically a pale g rey to white granite carrying swarms of 
inclusions of varying size. The inclusions are mostly of a finely banded, grey, 
biotite g neiss , oriented in all directions , which from their banding and general 
appearance are considered to be of sedimentary origin. It is the writer's 
opinion that these are the recrystallized representatives of the Lower Stobie 
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sediments. Less commonly, inclusions are found of basic hornblende-biotite 
gneiss and, rarely, of amphiboli te. In these banding is poorly developed, a nd 
they may be included fragments of the Stobie lavas . -

The graaitic material closely associat ed with the inclus ions is generally 
coarse and quite variable in grain. Its ferromagnesian const ituent is usually 
biotite. Where inclu'lions are few, the grain is finer and more uniform in size, 
and the ferromagnesian cons tituent is largely hornble nde. Both types are 
commonly gneiss ic . rn many places the grey colour grades into pink, parti­
cularly near clykes or bodies of the Sudbury breccia , and where cut by bodies 
of the Birch Lake granite . The latter are fou'ld throughout the area mapped 
as older gra nite, i n stri ngers and larger masses presumably satellitic to the 
larger mass to the northwest. 

Birch Lake Gmnite 

The Birch Lake gr anite, which was first separa ted, described, and mapped 
by Collins (3'3, pp. 34, 38), was also studied in some detail in 1,939 by_ the 
writer's assistant, D .. R. E . Whitmore. I_t occupies much of the northw.est 
corner of Chelmsford map-area and, according to Collins, extends many miles 
farther southwest. It is a coarse, pink or red, biotite granite, many phases 
of which contain large phenocryst s of red feldspar . I n places these are arranged 
so as to giv,e the rock a- trachytic t exture. Around its borders it. t akes on a 
gneissic texture, though still remaining coarse and porphyritic; the gneissic 
texture parallels its contacts with the rocks it intrudes. R,ather numerous 
little stringers of quartz, pegmatite, a nd aplite, all carrying hema tite, charac> 
erize the rock. They appear to have beea formed by magmatic v,apours or 
solutions immediately after consolidation, and the reddish colour of the granite 
may be due to penetration by finely divided hematite. 

The writer has made no petrographic study of t.his rock, but according 
to Carl Tolmanl, one of Collins' as.;ist ants who examined it , it is made up of 
quartz, albite, and microcline, with a very small amount of fine-grained biotite 
and accessory apatite, zircon, magnetite, a nd titanite . The gener al texture 
is gr a nitic, but phases with large porphyritic feldspars are reasonably common. 
Tolman found that two types, a paler a nd a redder, are present; the latter 
contains a little more potash feldspar than the paler and is somewhat the 
yo un ger of the two. Both rocks ar e v~ry fresh, though the plagioclase is 
lightly sericitized and the biotite somewhat altered to chlorite. They display 
some evidence of strain; most of the quartz has undula tory extinction, and in 
places some of the quartz or feldspar crystals have been sh attered. 

The Birch Lake granite intrudes the Levack granite and gneiss both lit­
par-lit and discordantly, and in places cuts it i n a network of small stringers. 
The contact zone is more than a mile wide . According to Collins' latest 
determinations (Geol. Surv ., Canada, Map 155A, Lake Huron sheet, 3d ed.), 
the Birch Cake gBnite extends so uthwest to the so uthwest corner of Espanoh 
map-area, and intrudes the Bruce and Cobalt series in that area . It is nowhere 
in con t act with norite, but Collins considers it as c ut by the so-called "Foy 
offset" in Bowell and Foy townships. Whitmore's determinations indicate, 
however, that all the gran ite around the Foy offset is Levack gr a nite; and in 
any case, the Foy offset itself appears to be quartz diorite ra ther tha n no rite (7 4). 

Whitmo re's determinatio ns indicate the Birch Lake gra nite to be cut by 
various dykes of gabbro . Some of these ap pear to be the ordinary Nipissin g 
gabbro, others are the porphyritic olivine gab bro, and at least one is the equi-

1 ~fanusc ri p t report, Geological Survey, Ca nada. 
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granular olivine diabasc. The first two, as will be shown later, appear to have 
been intruded during the period of folding a t the close of Cobalt or Middle 
Huronian time. If, as Collins concluded, the Birch Lake · granite intrudes 
the Cobalt series, its age is, therefore, determined rather narrowly. It must 
have been inj,ected during the earlier part of the movement that folded the 
Cobalt series and older rocks. 

M u9·ray &ranite 

The J\1urray granite is a small m ass about 3 miles long and a mile wide, 
in McKim and Blezard townships to the northeas t of the Murray mine. A 
smaller mass, considered as Mm-ray granite by C:>llins (33, p. 32), lies just 
east of Blimp Lake, mainly in lot 1, con. IV, Snider tp. The rock is pink and 
equigranular, with a n average grain of abo ut 1 mm. It contains about 40' per 
cent of quartz and the re~t feldspar, except for a few flakes or biotite and 
grains of magnetite. The feldspar is microcline and plagioclase, and two 
rlagioclases appear to be present, one near albite in composition, the other 
basic oligoclase, a bout Ab6s.7o. Here and there the rock is cut by narrow 
pegmatite stringers containing little or no ferromagnesian constituents. 

The gra nite is mapped as being in contact with the norite for a distance 
of about 2 miles, but, in fact, over much of this distance a band of altered 
basic la va and amphibolite rangi ng from 4 to 50 feet in width separates the 
two. The lava is cut by numerous dykes of the granite, but in general they 
do not penetrate the norite. The writer found three places in a distance of 
about tluec-quarters mile, however, wh.ere dykes of the granite penetrate the 
norite; a t one, the norite is intersected by a network of granite dykelets, which 
surround blocks of it. Other writers have described similar phenomena, so 
that there seems no reascrn to doubt that the graniLe is later than the norite. 

Tlhe granite is cut toward its western end by two large dykes . of equi­
granular olivine di.~base, which cross it in a northwesterly direction. According 
to Yates (14, p. 1&~), dykes of the gra nite have been traced south, with only 
minor interruptions, through lot 7, con. VI, McKim tp., to the Frood breccia 
zone, where they are cut off and brecciated, and appear again on the south 
side of the zone. Admitting that the dykes are apophyses from the Murray 
granite, of which there seems little doubt, the age of the granite is thus closely 
delimited between the intrusion of the norite and the brecciation preceding 
the injection of the equigra nular olivine dia base.s. 

Creighton Oranite 

The Creighton granite is a crudely tabular mass about 12 miles long and 
2 miles wide, extending from Copper Cliff so uthwest across Snider and Graham 
townships into Denison township. The bulk of the gr anite is a porphyritic 
rock characterized by squarish phenocrysts of potash felds)ar up to a n inch 
or more in diameter in a pink or grey, granit ic matrix. The matrix is itself 
largely feldspa t·, with a little qu artz and a v;uiable amo unt of biotite. In 
places this rock g rades into an equig_ranular variety with somewhat more 
quartz a nd less dark, mi nerals. A third variety is a r a ther fi ne-grained, equi­
granular, reddish rock that forms dykes cutting the two coarser varieties or 
tends to follow gneissic textures where these are present. It is not unlike the 
Murray granite in appearance, though somewhat finer in grain, but it differs 
in composition. Quartz constitutes 35 to 40 per cent of it, and the rest is 
nearly all albite with a little microcline . Dark minerals are lacking. 
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Geologists studying the relations of the Creighton granite to the adjacent 
norite have been confused and puzzled by the apparently contradictory relations 
it presents. All agree that along the main contact the norite is penetrated 
by scores of granite dykes, most of which are of the coarse, porphyri1 ic, Creigh­
ton type; but, on the other hand, a long dyke that seems tJ be the continuation 
of a funnel-shaped protrusion from the no-rite mass near Copper Cliff indubit­
ably cuts through the porphyri1ic granite. Gi:!ologists hesitated to draw the 
natural and logical conclusion that the dyke is not a part of the norite, but a 
later intrusion, for three reasons: (1) the areal relations; the funnel-shaped 
mass protrudes southeast from the norite, and the dyke is wpparently its direct 
continuation across Lady MacDonald Lake; (2) the chemical compositwn of 
the d:;lke material is ·almosf identical with that of the norite, although the 
constituent minerals are diff~rent; (3) orebodies occur in the dyke, replacing 
the rock material. To conclude th-at the dyke was younger than the norite 
would imply that the ores are likewise mu~h younger, and this would upset 
the then prevailing and apparently well attested theory that the ores separated 
by gravity from the molten norite. 

The last and probably the best attempt to reconcile the conflicting data 
and thereby retain the prevailing theory of ore formation was made by W. H. 
Gollins, who advfl,nced the COf!Ception tliat though the granite was older than 
the norite, it had been so softened by the norite intrusion that it could be 
squeezed into fissures in the solidifying norite and thereby present the appear­
ance oi dyk'e intrusion. His discussion of the evftdence pro and con is detailed 
and unbiased (33), and should be studied. Yates (74; p. 16S'), however, rather 
wrecked the plastic granite idea, by describing a locality, in lot 2, con. V, 
Deaison tp., where a plate of greenstone in-tervenes between the granite and 
the norite; and a granite dyke can be traced from the main mass of granite 
across the greenstone sla-b into the norite. 

The studies of the geological staff of the International Nick;el Company, 
which has been working on the problem since 1931, now seem to indicate quite 
clearly that the or.:!bodies are not diff.erentiates of the norite mass, but were 
formed at a much later date, one, at Garson mine, after intrusion of the equi­
granular olivine di:1base, the youngest igneous rock of the district. Drilling 
by the company has also shown that the dyke cutting the Creighton granite 
near Copper Qliff is not connected, at the surface, with the funnel-shaped 
protrusion of oorite above mentioned. There is, therefore, little reason to 
doubt that the basic dyike is a later intrusion than the norite, and it is, a.-:cord­
ingly·, so considered here; and the Creighton granite itself is considered to be 
later than the norite. 

Killarn.ey Granite 

The great mass of granite and granite-gneiss south of the "\1iss;ssagi 
quartzite in Dill and Broder townships is mapped by W. H. Collins (Geol. 
Surv., Canada, "\1ap 15'5A, Lake Huron sheet, 3d ed.) as areally continuous 
across to Killarney, Ontario, where he and Quirkedeterm.ined it to be intru13ive 
into rocks of the Cobalt series. A)s it intrudes the Mississagi quartzite and 
may be seen to invade the Nipissing diabase in the southwestern corner of lot 6, 
con. I, Neelon tp., there seems no reason to doubt Collins' correlation. 

Quirke and Collins have described (64, pp. 42-4) the Killarney granite 
as a coarse-grained, massiv,e, red rock containing a v'ery small percentage of 
quartz. Salmon-coloured fefdspar, almost exclusively orthoclase and micro­
dine, with a minor quantity of oligoclase-albite, makes up the bulk of it. 
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About 5 per cent of biotite is present, with small amounts of muscovite, titanite, 
and black iron ore. The texture ranges from granitic to a coarse porphyritic 
variety containing square feldspar crystals half an inch across. 

Age of the Killarney, Murray, and Creighton Granites 

The Killarney, Murray, and Creighton granites display certain similarities. 
All are dominantly potassic granites, with small amounts only of the soda­
lime feldspars; and the Killarney and Creighton Kranites are characterized by 
large phenocr~ts of pota1<h feldspars . None of the three is cut by either the 
Nipissing diabase or the porphyritic olivine diabase; and the Killarney granite 
has been definitely observed by Q1,1irke (64;, p. 29) to intrude and metamorphose 
these basic rocks. All of them are cut by dykes of the equigranular olivine 
diabase. The Killarney granite intrudes the Cbba.lt series, the other two 
the norite irruptive, wliich1 as indicated later, appears to be of Keweenawan 
age. Until ev~dence to the contrary presents itself, therefore, the writer 
would group all three granites as belonging, closely, to the same period of 
batholithic injection, in late Keweenawan time. 

Smaller Acid Intrusions 

Southwest of Crean Hill mine, in lots 5-7, cons. IV and V, Denison tp., 
are two small masses of granite mapped by Cbllins (\1ap 292A, Copper Cliff 
sheet) as rhyolite. The rock is fine -to medium-grained, grey or slightly 
pinkish, and made up of quartz and feldspar with V'ery little dark mineral. 
It is not unlike the Cbpper Cliff rhyolite in general appearance, but near the 
mine it cuts squarely across the bedding of sediments of the Gower Stobie 
group, w;hich there strik;e north and dip almost ~ertically. Farther away it 
surrounds and includes fragments of the Uower Stobie lavas. Its identification 
as an intrusive rock thus seems indubitable, but as it is not in contact with 
anything_ but the Stobie group, its age relations are otherw,ise unknown. 

Several small dykes and sills of fine-grained, acid rock have been found 
in the Stobie group, particularly in the section northeast of the Stobie mine. 
Except for the fact that they cui the Stobie, nothing is definitely known as to 
their age relations. A somewhat similar dyke was found in lot 9, con. IV, 
Dryden tp.; it is about 4 feet wide and cuts a· body of Nipissing diabase, hence 
must be fairly late Precambrian in age. 

BAsic INTRUSIVE RoOKs 

The basic intrusives of Sudbury district, from the youngest to tlve oldest, 
are as follows: 

Equigranular olivine diabase (dykes) 
Fine-grained trap (dykes) 
Quartz diorite (dykes) 
Norite-micropegmatite irruptive (sill or laccolith) 
Porphyritic olivine diabase (dykes) 
Nipissing gabbro (dykes and sills) 
Amphibolite (dykes) 
Pre-Huronian gabbro (inclusions in Wanapitei granite) 
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Pre-Hurronia.n Gabbro 

Tne granite west and south of Wanapitei Lake contains here and there 
inclusions of gabbroic rock, some of considerable size. Their original com­
position must be inferred from the weathered surface, for tJhe original minerals 
are now converted into secondary vrod·~cts, of which cnlorite is -the chief. 
Nothing is known as to tne stratigraphic position of these gabbros, eX!cept 
that they are older than the Wanapitei granite. -

A'117Xfihibolites 

Various bodies of amphibolite are found within the Stohie group, and 
have already been described. l\1any are definitely replacements of lavas or 
sediments, but others appear to be true dykes. Whether or not they are dyke'l 
of gGbbro that have been amphibolitized has not been determined. 

A large dyke of the sort strikes northeast through the northwest corner 
of lot 9, con. IV, M::::Kim tp. It has been mapped by Burrows (11) as an 
isJlated mass of greenstone, but in fact is an extension -of the larger mass of 
amphibolite mapped by him in lot 10. The body of lhe dyke is a coarse horn­
blendite made up of hornblende crystals about i inch in diameter, but the 
edge, across a width of 10 feet or more, grades down into material that in 
composition and grain looks like ordinary basalt. The dense band was followed 
for several hundred feet, and nothing was observed to suggest that it is ' not 
an ordinary chilled edge. -

A similar dyke-like mass with a chilled edge was found in tne southeast 
corner of lot 7, con. VI, 1\icKim t_t).; a third, of large size, runs easterly" through 
lots 2-5, con. VI, l\1cKim tp.; and others were found in lots 3 and 4, con. I, 
Blezard tp. 

Nipissing Diabase 

The Nipissi::1g diabase is a qLiartz gabbro that forms large sills and dykes 
in the liuronian and older rocks . The great bulk of the rock is concentrated 
in sill-like masses largely confined to areas of the Bruce series. They are 
numero us in both Covper Cliff and F.;=tlconbridge map-areas, and inos-t of 
them are several miles in length . The largest is traceable from the middle of 
Waters townsnip to the east side of Falconbridge township, a distance of 
22 miles . B.oth to the east, in Scadding t ownship, and to the southeast, south 
of Panache Cake, sills of them cut the Cobalt series, so that there is little 
reason to doubt Gollins' correla tion (29, p. 77) of them with the Nipissing 
diabase of Cobalt and Growganda districts, in spite of the fact that they are 
more altered to secondary minerals. Between the western boundary of 
Scadding and Wanapitei Lake dykes an d large masses of gabhro are fairly 
numerous in the Bruce series, and in the Wanapitei granite southeast of the 
lake, though none was actually observed to pass from the granite into the 
Bruce series, or vice versa. O.utcrops are so scattered in tnis region, however, 
that this mea ns little . Similar dykes are numerous in the Wanapitei granite 
west of the lake, and are ide nt ical in appearance with gabbro cutting the 
Bruce series. Toward the south end of the lake the gap between two such 
bodies of gaobro is less than half a mile wide, and, so far as could be determined, 
the gabbro that cuts the granite is identical with that cutting the Huronian 
sediments. 
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Individual gabbro sills vary considerably in width of outcrop. In some 
instances the variatio_n is due to change of dip, without, so far as could be 
determined, any variation in thickness, but in others there is actual change of 
thickness. In a few places it could be observed how this takes place. The 
gabbro contact follows a bedding plane of the sediments for distances ranging 
from a few feet to hundreds of feet, then suddenly cuts across the bedding 
almost at right angles to another bedding plane, which it follows in turn. 
Presumably the break is along some pre-existing joint. 

The Nipissing diabase is a dark greenish, equigranular, fairly coarse­
graine-d quartz gabbro, quite different in appearance from the norite of the 
nickel irruptive, which has a greyish colour and a rather platy texture. Never­
theless, the quartz gabbro is itself a norite, as pointed out by Coleman ( ~3, 
p. 296) and Barlow (13, pp. 6~-10), as where fresh it carries faintly pleochroic 
hypersthene as well as augite or diallage. Collins correlated these rocks with 
the Nipissing diabase of Gowganda district, and poi nted out (28, pp. 87-8; 
29, pp. 7}-82} that the latter gradually changes in composition between Gow­
ganda and Sudbury. In the northern part of that region the gabbro sills carry 
no hyperstnene whatever; at F'lorence Lake a sill was found which, though 
mainly quartz gabbro, coi1tained parts with 5 to 10 per cent of hypersthene. 
Southwards toward Sudbury more and more hypersthene occurs in the gabbro 
until the noritic type predominates. 

The relation of the gabbro to the norite irruptive was determined directly 
for the first time in 1938 by the writer while making a fairly detailed examination 
of the eastern edge of the norite mass. This edge is in contact with the Wana­
pitei granite, which is cut by a number of the gabbro dykes. The norite 
bevels the granite-gabbro contacts; both rocks for widths of a few feet to 
100 feet or more are brecciated and the fragments surrounded, attacked, and 
partly digested by a sort of pegmatite. There can be no doubt, therefore, 
that the gabbro is older than the norite. 

In the Falconbridge area, also, the gabbro is cut by dykes of porphy_ritic 
olivine diabase; hence it is likewise older than they. T~is relation is the same 
as that noted by Collins throughout O,naping region ~26, p. 94). 

A large dyke o_f the gabbro runs along the fault that separates the Coniston 
group from the Mississagi quartzite in Neelon, Dill, and Broder townships. 
Although it was not mapped, and thereby proved continuous, its presence in 
this position was noted in four places over an interval of 9 miles. At none of 
these places is the gabbro sheared or greatly fractured, hence it was concluded 
that it was infected into the fault after movement was completed . If the 
inference is correct, the gabbro is post-faulting in age. It is supported by an 
occurrence in lot 4, con. VI, ·~uise tp ., where the east end of a mass of diabase 
cuts northward across a large fault that bounds a large mass of upfaulted 
McKim grey'wacke and Ramsay Lake conglomerate . · The gabbro forms a 
bare ridge, and can be seen to be unsheared along the line of the fault. 

The fault separating the Stobie group from the Bruce series is in most 
places a zone of breccia, and, as shown on a later page, the breccia is of fairly 
late Precambrian age. In many places most of the fragments in this breccia 
zone are of gabbro, and unbrecciated gabbro can be seen in a few places along 
its sides. The writer suggests that this fault was formed originally at about 
the same time as the Opniston fault and, like it, then formed a channel into 
which gabbro dykes were injected. In the northern fault, however, these 
were largely involved in the late Precambrian brecciation, which tended to 
follow pre-existing zones of weakness. 
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The larger bodies of gabbro. contain rounded bodies of coarse pegmatitic 
material ranging from a few feet to about 100 feet in diameter . W. A. Jone'> 
has made a study (5~) of some of them near Sudbury. The ordinary body is 
perhaps 8 or 10 feet in diameter, and is made up of crystals of hornblende an 
inch or two in length, i n places more, in a matrix of very coarse, white plagio­
clase. The larger masses, which are relatively rare, may become highly sili­
ceous in places, and composed mainly of quartz and feldspar. All grade at 
the edges into the normal gabbro. 

Jones suggests that these masses were probably formed by interaction 
between the gabbro an d included blocks of l\1ississagi quartzite, basing thi::; 
conclusion on Collins' observations (29, p. 80) afBli nd Rjver; and undoubtedly 
such interaction might produce a rock of the kind'. At Blind River, however, 
the light patches in the diabase ran ge only from 1 to 6 feet i n diameter, according 
to Cbllins, and many of th'em still contain cores of q_up,rtzite "in all stages of 
absorption from ragged vestiges to but slightly corroded blocks". No such 
cores hav~ been found near Sudbury, however, and, in the writer's opinion, 
it rather exaggerates the gabbro's powers of interaction to suppose that a 
block of qu/l.rtzite 100 feet long and 40 feet thick could, according to Jones, 
be so completely recryst allized and altered that no tr'ace of the original rock 
can be recognized. 

To the writer these acid spots appear no more than the coarse pegmatitic 
bodies found in almost any la.rge mass of gabbro, and produced, presumably, 
by the tendencies of such products to segregate during cry'stallization. In 
support of this conclusion, the wr:ter found the pegmatitic spots rather num­
erous in the upper horizo r: s of the sills, where they might be expected, and 
practically lacki ng in the lower horizo ns. Again, near the southern, or upper, 
side of the sill, in lot 1, con. I, Denison tp., there is a large arid very quartzose 
segregation much like the one described by Jones. In its most acid part 
there are a number of irregular miarolitic civities an inch or more in length, 
into which project the e'1dS of the quartz crystals of the surrounding rock, 
diEplaying good crystal f::tces. This occurrence would indicate a cooling 
magma well supplied with mi 1eralizers, rather than the action of a gabbro 
magma on a block of cold quartzite. 

Po'l'phy'l'itic Olivine Diabase 

The porphyritic olivice diabase is ·'!. very fresh, almost black, fine-grai r.ed 
rock enclosing rather numerous white feldspar phenocrysts about f to ! inch 
in length. Generally the phenocrysts are of a squarish habit, but in some 
instances they are long prisms. The dykes are identical in appearance and 
rel.1.tions with the olivi ce diabase of Onaping district (26, p. 94; 28, p. 101), 
and the writer considers them to be the same. 

The writer has seen these dykes only in the Wanapitei granite, where they 
cut the gran ite and the Nipissing diabase, and he ,lce are younger than both. 
Dykes stated by the writer's assistant, D. R. Whitmore, to be similar have 
been found by him cutti :-; g the Birch Lake grao·ite north of Levack. For some 
unk nown reason they do r:ot appear in the Huronian sediments in Falcon­
bridge map-area . 

A large dyke of the porphyritic olivine diabase was found on the east side 
of Ella Cake, at the narrows j'ust north of the Capreol-Norman line, where 
the east boundary of the r:orite mass runs along the shore a few feet from 
the water. · The dyke strikes about north 70 degrees west, that is, at a large 
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angle to the contact and the norite bevels across it and brecciates it in exactly 
the same way as it does the quartz gabbro. The norite i<:, therefore, later than 
the porphyritic olivine diabase. 

Norite 

The norite is a grey, coarse-grained, equi5ranular rock with a rather 
platy texture difficult to describe but quite characteristic when once seen in 
the field. The rock, together with its associated micropegmatite and other 
variations, has been described so thoroughly by vp,rious observers from 1897 
on that the writer will enter into no description here. The following remarks 
are confined, rather, to certain of the geological relations observed. 

The south boundary of the norite is a strong zone of shear, obviously a 
fault, from Falconbridge west to a point at least 2 miles-west of the old Kirk­
wood mine. ·In lot 12, con. IH, Garson tp., it was inferred, from cleavage and 
drag-fold relationships, that the norite has moved west and up relative to the 
rocks on the south. How far this fault extends to the west is not known. 
To the east it seems to get stronger, and to split into several fault~, giving rise 
to very complex relations. 

At its east end the norite contact is not much disturbed by faulting, and · 
tl:J.e normal relations can be observed, as it is well exposed in several places. 
The general strike is north-northwest, and the average dip about 25 or 30 degrees 
to the west. If the contact is carefully observed, however, either on the ground 
or as mapped, it is seen to have considerable irregularity. The irregularity 
is both in strike and dip, and although in part due to faulting, much of it is 
not. At the old 'l\1cVittie-Graham property, lot 11, con. IV, McLennan tp., 
a long section of the con tact is particularly well eiposed, and it displays all 
the irregularity commonly found at the base of a lava flow poured out on an 
irregular eros ion surface. Detailed mapping of this part of the contact shows 
a horizontal variation of 600 to 700 feet within comparatively short distances 
along the strike. At an average dip of 25 degrees, the variation in the position 
of the contact, measured at right angles to its plane, would be from 250 to 
300 feet. 

The cause of these peculiarities is an interesting matter for speculation. 
Many geologists have supposed that the norite body was inserted along the 
contact between the flat-lying Whitcwater series and the folded basement on 
which it lay. If this is true, then the present irregular contact is that old 
erosion surface, and its relief, at the place s tudied, was 250 to 300 feet. 

The nature of the contact in this section rather supports the idea of 
intrusion along an old erosion plane. Igneous contacts, particulary of basic 
intrusives, are generally straight or gently curving lines, with abrupt bends 
where the intrusive found joints into which it could work. This contact has 
no likeness whatever to that normal type. Sharp-angled bE>nds are few or 
lacking although the contact is highly irregular. There is also no evidence 
that the intrusive attacked or replaced the older rocks -another possible 
cause of irregularity. 

dbjectors may ask why the intrusive should have selected the precise 
contact for intrusion, and why remnants of the 'Vhitewater series should not 
now be found here and there beneath the intrusive mass. It is difficult to see 
why this should not take place; all that can be said is that in the relatively 
small areas studied no such remnants were found. 
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1\1ovements along this eastern contact appear to have been sm'lll, and 
confihed to such adjustments as would necessarily take place during the later 
folding of the sill . rn places the norite has been crushed and granulated 
across widths of about an inch, and the adjoining 5 or 6 feet of norite has been 
much jointed. The older rocks seem to have suffered more, for they are 
commonly much brecciated for sev_eral feet from the contact. 

Quartz Diorite 

Quartz diorite forms dykes that cut the Qreighton granite and all older 
rocks, including the norite irruptive, and sill-like masses that spread out along 
the base of the norite mass. It is Coleman's "offset rock" (13, p. 279), so called 
because many of the dykes seemed to be protrusions or "offsets" from the 
main norite mass. 

The quartz diorite is closely similar to the norite in chemical composition, 
but differs from it in mineral composition and texture. The grain is much 
finer than that of the norite, for the most part ranging from glassy to finely 
crystalline, though in the Copper Cliff offset a medium grain is attained. 
According to Collins' Rosiwal analyses (31, p . 1<6_3) the composition is: quartz, 
11 to 12 per cent, in angular interspaces between th~ other constituents; zoned 
plagioclase, ranging from andesine to labradorite, 3p to 44 per cent\ brown 
biotite, 5 to 14 per cent; hornblende, apparently primary, 27 to 38 per cent. 
Minor constituents are apatite, titanite, and from 1 to 5 per centoftitaniferous 
magnetite. 

Evidence in favour of regarding the off,set rocks as part of the norite has 
been set forth in great detail in the above-mentioned paper by Cbllins, to which 
the reader is referred. On the other hand, ev.idence for regarding the offset 
rocks as a separate and much later intrusion has been assembled with equal 
care by A\ B. Yates (74). 

T)J.e discuss~on of the correct relationships and the age of the quartz 
diorite is of importance because, as all recent workers now agree, the sulphide 
orebodies are closely associated with this rock . The question will be discussed 
briefly, in the section on economic geology, but it may here be pointed out 
that if Coleman, Gollins, and others of that school are correct in considering 
the quartz diorite as a phase of the norite, their hY)Jothesis that the ores are 
differentiates of the norite can be maintained . On the other hand, if Yate~ 
is correct, that hypothe>is falls to the ground as the ores must be much later 
than the norite. · According to Yates' conclusions, the norite was intruded 
and cooled, the Cieighton granite was intruded and cooled, and the quartz 
diorite was intruded and cooled before brecciation of the latter took place 
and the ores were introduced. 

As the writer's work was not the study of the ores and their origin, he did 
not attempt to study this important problem further than to examine with 
some care certain critical outcrops around the Copper Cliff offset, the Murray 
mine, and the Foy off~et. The relations visible in these areas support Yates' 
conclusions, and the writer sees no reason to doubt their accuracy. The quartz 
diorite is, therefore, here considered to be a separate intrusion post-dating 
the norite and the Creighton and Murray granites. 

One of the most puzzling characteristics of the quartz diorite is its frequent 
occurrence as intrusive breccia, in which a matrix of very fine-grained quartz 
diorite surrounds and includes a great v:ariety of foreign fragments. Dykes 
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in norite include fragments of norite. Gollins, who believed the quartz diorite 
dykes to be offshoots of the norite mass, explained 'the relations by seepage 
of fluid norite into fracture zones in the older rocks, but this explanation is no 
longer valid if the vjew be accepted that the quartz diorite is much younger 
than the norite. · All the offsets are of this nature, except the Copper Cliff 
ofl'set. 

Nb or.e has yet advanced any good explanation of this extraordinary rock, 
hence the writer will venture the following suggestion. The general appear­
ance of the quartz diorite breccia is similar to that of the Sudbury Lreccia 
described on a subsequent page, except that the matrix is igneous rather than 
fragmental. It may be supppsed that the Sudbury breccia was formed, not 
in a single episode but in a succession of episode'l. If a preliminary brecciation 
took place, quartz diorite magma might have arisen through the fissures thus 
formed, and would then include the fragments that had formed. During 
succeeding episodes of brecciation, the quartz diorite dykes could be themselves 
brecciated, as in places they are. Hypothetic!ll as it is, this notion receive'l 
perhaps some slight support from the brecciation that undoubtedly preceded 
the injection of the pegmatite now to be described. 

Peg.matite. Around the east end of the norite irruptiv.e, for distances of 
a few feet for the most part, but in one place for 100 feet or more from the 
contact, the older rocks are brecciated and the interspaces between fragments 
filled with a white or pinkish pegmatite. As this material lies at the base of 
the norite, like the sills of quartz diorite, and appears unrelated either to the 
norite or to the older rocks; and as, further, it appears to be related to the 

·sulphides somewhat like the quartz diorite , it seemed best to describe it at this 
point, to draw attention to a possible relationship. 

The pegmatite was found in most places where the eastern contact is 
exposed. It is best seen near the north end of the lake in lot 11, con. IV, 
MdJennan tp ., where the country rock is a coarse gabbro that contrasts 
strongly with the pinkish pegmatite; but it was also seen and studied on Clear 
Lake, Ella Cake, and Waddell Lake. 

I11 these places it may be observed that the pegmatite after its formation 
was cracked or somewhat granulated by small movements that permitted 
the entry of sulphides. The pegmatite i5, therefore, pre-ore in age; and there 
may be some genetic connection between the two. The brecciated and peg­
matitic zone at the base of the norite appears to have been particularly favour­
able for ore deposition, perhaps because this loosely cemented material re­
fractured readily under slight stress, or perhaps because the norite formed an 
impermeable mass and rising solutions, therefore, followed its contact with 
older rocks. At any rate, the pegmatitic zone is strongly minenlized along 
most of its length and contains several sm:tll bodies of ore. 

The pegmatite varies considerably in composition. Where fresh it is 
composed of a colourless. non-pleochroic hornblende, oligoclase albite about 
Ab90An10, and quartz. Wuch of the quartz is graphically intergrown with 
feldsp'ar. TP.e proportions of these min.erals vary a good deal. Some sections 

• carry about 25 per cent of quartz, a relatively small part of which is in graphic 
intergrowth with feldspar, whereas in others there is little quartz except that 
in graphic intergrowths. The feldspar is usually very fresh, but in some 
sections it contains rather numerous small flakes of white mica. The average 
grain of the pegmatite is about 0 · 4 mm. 
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In some sections this material, particularly the feldspar, is partly or largely 
replaced by cryst.als of feldspar averaging about ! mm. in length. They are 
well crystallized, with well-developed albite twinning, and their composition 
is andesine, Abso-6sA'n4o-3o· This alteration is of special interest because examples 
are rather rare of a calcic plagioclase replacing a more sodic. 

Trap 

Following the intrusion of the quartz diorite, and about the time of the 
folding of the norite sill and the widespread brecciation of the rocks to the 
south, there appears to have been a little igneous activity that found expression 
in the intrusion of trap dykes . These are fine-grained, uralitic diabases, com­
monly striking east-west, that cut the norite, the Murray and Creighton 
granites, and the quartz diorite. Some of them cut the late breccia, others 
are broken by it. All are cut by the dykes of late equigranular olivine diabase, 
and by the ores. 

The only published description of one of these dy):l:es is that of Collins, 
who quotes (34, p . 19) an unpublished report by Phemister on the composition 
of a 40-foot dyke in lot 7, con. II, Shakespeare tp. This dyke consists of 
52 per cent of green hornblend~, 32' per cent aloite, 7 per cent quartz, 2 per 
cent titanite, and 9 per cent of mica, epidote, and other secondary mi nerals . 
The silica content is 51·12 per cent . 

Possibly of the same period of intru~ion is a series of small, basi~, intrusive 
bodies that form sill-Eke dykes in the 0 ,1watin slate and Chelmsford sandstone. 
Most of them are so highly altered to carbonates and chlorite that little or none 
of the original mineral constituents can- be recognized . Burrows, however, 
found a less altered ex'lmple in the northeast cor Eer of lot 3, con. II, Fairba-nk 
tp., and describes it as consisting mainly of a brownish augi~e, and hornblende 
apparentlyi secondary after it, with minor amounts of oligoclase-andesine 
feldspar and quartz (10, p. 31). 

Equigranular Olivine Diabase 

The latest basic in1rusive is an olivine diabase very _different in appear­
ance from the porphyritic variety. Previous writers nave not distinguished 
the two types. This olivi Ee diabase is a medium- to co ::~ rse-grained, equi­
granular rock that weathers to a warm brown ti nt. The older porphyritic 
variety con bins numerous phenocrysts of very fresh white feldspar .· and 
weathers dead black. 

The equigranular diabase is composed of labradorite, about 60 to 70 per 
cent; augite, 16 to 2b per cent; and olivine, 10 to 1~ per cent. .Accessory 
minerals are brown bio1ite, magnetite, and apatite. The minerals are mostly 
fresh, and the texture is ophitic. The rock WMthers very rapidly, so that 
it is common to find the course of a dyke marked by a shallow gorge with 
steep or vertical walls. This weathering is due to mecha nical disintegration , 
not chemical alteration. On steeply sloping surfaces it is common to find 
the rock broken down to a heap of rounded boulders and coarse reddish sand. 
An excellent photograph of such an occurrence is given by Collins (29, p. 153). 
Samples taken from one of the boulders just below the surface show no sign 
of decomposition, and even the sand, composed of feldspar and augite grains, 
is not greatly decayed. 
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In Sudbury district most of the dykes are wide, 50 to 100 feet or even 
more, and strike in a west-northwest direction. A few were found with other 
strikes. They cut all the rocks of the distric ~, including the norite irruptiv~, 
the Whitewater series, and the Killarnean gra nites. According to C.:!llins, 
they have not been found cutting the Ordovician strata along Lake Huron 
(29> p. 8~) . They are, therefore, considered to be of v.ery late Precambrian 
age, though the possibility remains that they may be Cambrian. 

The dykes have been observed to cut directly across zones of Sudbury 
breccia, (See Chapter IV), but tney are nowhere themselves brecciated . They 
are, therefore, later than .the brecciation. Near the G'arson mine a body of 
sulphide ore some 40 feet in width cuts across a dyke of the equigranular 
olivine di abase; hence it would appear that this body of ore, at least, was 
formed after the injection of the dyke. 
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CHAPTER IV 

STRUCTURAL FEATURES OF SUDBURY DISTRICT . 

SunBURY Ba:EcciA 

Breccias are of common occurrence in the Sudbury area, and have a 
variety of origins. The granite area west and south of Wanapitei Lake is 
almost all a great intrusive breccia, as the granite contains numerous large 
and small fragments and roof pendants of the S'tobie group and of an older 
gabbro; and the quartz gabbro, which intrudes the granite, in places includes 
numerous fragments of it. South of the Cppper Cliff rhyolite there are a few 
bands of coarse rhyolite breccia, or agglomerate; and in various places there 
are small breccias obviously formed by faulting. 

Apart from these types, which are common everywhere throughout the 
Precambrian Shield, there is a most unusual breccia in Sudbury district. It 
has such peculiar characteristics, and is present in such volume, that the 
writer believes it should be giv_en a special name, and will, therefore, refer 
to it as the Sudbury breccia. Various writers have referred casually to the 
extensiv.e brecciation in the district, but the peculiarties of the Sudbury breccia, 
and its bearing on ore deposition, appear to have be~n appreciated ·on,ly by 
the geolo~ists employed by the mining companies. Both B __ urrows (11) and 
f4twson (56) described bodies of this breccia as Ramsay Cake conglomerate, 
thereby_ o_bscuring further the understanding of this complex district. D,etailed 
studies of the Sudbury breccia have recently been completed by H. W. Fair-
bairn (41, 4~). • 

The breccia forms bands of very irregular shape that run across the 
district in a northeasterly direction, generally a few degrees more northerly 
than the strike of the formations. The bands are not straight, however, but 
may follow a contact for long distances, perhaps sevp ral miles, and then turn 
suddenly northward to cross the bedding at a large angle. Such behaviour 
is particularly common where the rock thus to be crossed is a hard, competent 
band such as the Copper Cliff rhyolite or a wide band of gabbro. In crossing 
the structure, the bands brecciate all the roc,ks of the district except the latest 
olivjne gabbro, which was clearly younger than the brecciation, and the norite, 
which appears to have been too massive to be much broken by the brecciating 
forces. 

The matrix of the breccia is alway_,s very fine-grained, and where suitably 
weathered usually e:x;hibits lines of flowage. It clearly acted like a fluid un_der 
the forces causing breccialion, for besides forming the matrix to the fragments 
it ran into any available crevice, no matter how narrow. On good outcr<?ps 
such matrix:-filled cracks, many of them only an inch or two in width or even 
less, have been followed for some scores of feet . C~mmonly, where outcrops 
are good enough, it can be observ1ed that such cracks surround large blocks 
of country rock, so that these may be looked on as huge fragments in the 
breccia, surrounded by a minimum of matrix. 
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The compositiOn of the matrix varies with that of the rock brecciated. 
One thin section, from brecciated hornblendite in the Stobie group, was a 
mat of sm<tll laths of greenish hornblende, with very little of any other con­
stituent. Another, from a breccia zone in the Mississagi quartzite, contained 
about 1'5 per cent of quartz, about the same amount of zJi~ite, much faintly 
green chlorite, and an unidentified colourless mineral with an index of re­
fraction approximately 1·54 and alow birefringence. A. B. Yates (74:) reports 
a very wide range of composition in the numerous thin sections studied by 
the geologists of the ,International Nickel Cpmpa ny,' from almost pure quartz 
to types carrying large and va ry;ing amounts of augite, hornblende, biotite, 
feldspars, and other minerals. All these minerals are clearly secondary pro­
ducts of recrystallization. 

SCALE OF FEET 
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Figure 10. Vertical cross-section observed in southwest corner of lot 1, con. V, 
Neelon tp., showing upward drag of quartzite beds where cut by zone of breccia. 

The fragments in the breccias range from angular to well rounde:l, but 
some degree of rounding is the rule. The majority are usually derived from 
the surrounding formation or formations, but some foreign fragments are 
nearly always present, and in many places such fragments are numerous . 
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The result is a rock of conglomeratic appearance, which one not thoroughly 
acquainted with the district is apt to mistake for a true conglomerate. L,awson 
(56, pp. 514-5) did this, and thereby fell into the error of concluding that 
"the conglomerate rests unconformably_ on the (Mississagi) quartzite, and 
(therefore) that it is the basal conglomerate of tne formation called tne Sudbury 
series". 

The fragments in the breccia are of all sizes. The majot·ity are, of course, 
relatively small, ranging from a few inches to a few feet in length, but larger 
fragments 5'0 to 75 feet long are not uncommon, and Yates (loc. cit.) reports 
one ~ore tha n 2,600 feet long and 900 feet wide. 

The unusualness of this breccia lies in the fact that it apparently flowed 
like a fluid magma under the stresses that prev::tiled, and it displays correspond­
ing phenomena. In the southeast corner of lot 1, con . V, Neelon tp., the 
observer can look east from a bare hilltop to see well exposed on the side of a 
v,alley a good cross-sect ion of a band of the breccia that approximately parallels 
the strike of the steeply dipping 1\1jssissagi quartzites. Near its junction 
with the breccia the bedding of the quartzite is bent sharply, as in Figure 10, 
apparently dragged by the upward movement of the fragmental material. 

About half a mile to the southeast of this point "dykes" of breccia con­
sisting wholly of quartzite fragments occur here and there in the gabbro . 
One of these "dykes" has an exposed length of 135 feet. At its north end, 
where it disappears under swamp, it is 14 feet wide, and it narrows gradually 
to a point at the south end. Southward along its strike the gabbro issheared 
over a width of 3 or 4 inches. Obviously, therefore, the breccia has been 
injected like a dyke into the sheared zone of the gabbro . 

.Scate of faet 
:20 0 20 

. G.S.C. 

Figure 11. Breccia "dyke" of quartzite fragments injected into shear zone in gabbro, 
lot 12, con. V, Dryden tp. 

In lot 6, con. VI, Neelon tp., there has been much bre~~iation along the 
south side of a wide band of gabbro. The fragments consist mostly of gabbro 
and Mississagi quartzite, but they also include a number of the easily recogn­
izable R1msay Lake conglomerate. O.ne of the conglomerate fragments is 
50 to 6.0 feet long and 15 to 20 feet wide. Fragments identified as M<!Kim 
greywacke are also fairly common. This locality is more than three-quarters 
of a mile across the strike from the outcrop of the band of Ramsay L:ake con­
glomerate; and as the beds h::tve an almost vertical dip it is probably safe to 
say- that the breccia zone could not have intersected the conglomerate stratum 
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at a depth of less than 2,000 or 3,000 feet. To bring these fragments of con­
glomerate and McKim greywacke to their present position, therefore, implies 
an upward movement of the breccia materials of that amount. 

Phen-omena of this sort could or1ly have been the result of intense and 
deep-seated compressive stresses. Probably also the area, was domed upward 
by, these stresses, putting the surface under ~ension so that cr~cks could open 
tnrough which the breccia might rise. The cau'se of tnese compressive stresse<> 
is an interesting subject for speculation . Col.eman (1~4. p. 1,3) supposed that 
they were due to the collapse of Sudbury district after the expulsion of the 
norite magma; though why collapse sho-uld t~ke place when pressures in the 
deep-seated zone were high enough to drive out the enormous v_olumes oftne 
norite irruptive is not explained. Be that a,s it may, Coleman's conclusions 
as to the time of o~e· formation demanded that the collapse aud accompanying 
brecciation must have taken place during or immediately after intrusion of 
the irruptive. We now kno;w that the Murray granite, the quartz diorite, 
and certain of the trap dykes ar:e arrio.ng the rocks brecciated, so that brecciation 
took pla,ce long after injection of the irruptive. 

Tne only import3Jlt por9t-norite perJod of deformation in this region was 
that during which the Whitewater series was folded, and the great norite 
sheet itself deformed into a syncline. It seems necessary, therefore, to assign 
the brecciation to this late Precambrian deformation . In this connection 
it may be noted that large fauhs cut the norite body 'in a number of places 
and displace it very considerably. It seems likely, therefore, that the faulting 
of the norite must hav~ coi~1cided rougnly in lime with the brecciahpn 'of the 
older rocks, because, as noted, the posl-Whitewater deformation wa_s tne last 
important movement affecting the region. 

GENERAL STRUCTU1RE AND OonnE.LATION 

In the following discussion the writer assumes throu_ghou t that the present 
subdivision of late Preca,mbrian time into Lower Huronian, 1\1iddle Hurronian, 
Upper Huro,nian or Aniinikie, and Keweenawan is correct. Snould the sub­
division later prove more complex than now suspected, the conclu'lions here 
expressed will have to be revised accordingly. 

Figure 12, a geological map of the east end of Su_dbury region, shows the 
manner in which the Bruce and Cobalt series form an arc a few miles to the 
east of the norite mass. The inside of the aic is occupied by older formations 
~uch as the Stobie group, Keewatin lava.,s, and the Wan~pitei granite . Such 
aljeal relatiOns are those of an east-plunging anticliqe; and the plunge thus 
inferred from the areal relations has been checked in many places by direct 
field observations. 

It will be furt/ter observed that the Whitewatm· s~ries an(l the underlying 
n,orite ave7 lie the afi;is of this a-nticline, and together j01·m a great syncline that, 
in this section, ptunges to the west. The axis of the syncline is not directly over 
that of the anticline, but lies about 2 or 2t miles northwest of it. In other 
words, there is approximately a right-angled unconformity between the White­
wa\er series and the older strata. 

The ma.pping indicates that before Wbitewater deposition began the 
Bruce, Cobalt, and older strata must have been fol<led into their present apti­
clin,al structure, and then eroded so deeply as to expose the core ~f lavas and 
Stot>ie r·o~ks at the centne. This involved the removal of: (a) the Cobal't 
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series, for which CoUins has indicated a maximum thickness of about 13,000 
feet; (h) the Bruce series, with a maximum thickness of more than 21,000 feet; 
(c) . at least 4,'000 or 5,000 feet of the Stobie gro~p; in all, more than 30,000 
feet of strata, most of which were hard and resistant to erosion. . 

10 

Scale or' mites 
5 0 /0 

G.s.c. 

Figure 12. East end of Sudbury region, showing how Whitewater syncline overlies 
anticline in older rocks. W- Whitewater series; N- norite and micropegmatite; 
0- older, pre-Huronian rocks; B- Bruce series; C- Cobalt series; Gr- granite­
intrusive into Bruce and Cobalt series. 

Attention has already been called to the facts mentioned above by W. H. 
Collins;· in a note (33, pp. 51.:J') appended to a paper published by him about 
a year before his death. It is clear that Cbllins recognized the serious im­
pll~ations of the facts, as he states that "Introduction of a m~jor unconformity 
below the Whitewater series would require some important rev~sions of current 
geologica,f opinion", and suggests a number of questio11;5 that might arise. 

It is probable that such deep and long-continued erosion would reduce 
the surface to a low relief before deposition of the Whitewater series . Thill 
was also CoJlins' opinion, for he states: "So its (the nickel irruptive's) bounding 
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formations, the ~omplex of older rocks beneath apd the Whitewater sediments 
ab<?~e, must have had a nearly horizontal surface of conta_ct before being 
spread apart by the irruptive magma". He goes on l;ater to say: "It" is even 
possible to deduce c;omething about the topography of the floor under the 
Whitewater series by inspection of the upper and lower: .contacts of the nickel 
irruptive. These ell\ptical contact lines represent incl'ined, ~lliptical section 
lines in the flbor. Their southern halv;es have been considerably deformed 
by faults iwd folds, bttt the northern halves seem to be mttch better preserved. 
These latter are ge ntly sinuous lines, the irregularities of which presumably 
correspond with hills a nd valleys of the ancient surface o n which the White­
water series was deposited. The lower contact li ne represents such topographic 
features more faithfully than the upper contact, where the hot magma of the 
irruptive dissolved considerable portions of the overlying sediments . This 
lower contact indicates an a q.cient surface a good deal like the present pene-
plane of northeastern Ontario" . . 

The writer's ob~ervation s a t the east end of the norite .mass check perfectly 
with O:>llins' conclusions . These have already been described in detail. 

Let us now compare the ev:ents of Sudbury region with the fairly well 
esta blished geological eolumn of the south shore of Lake Superior. The 
sedimentary sequence there, as known at present, is: 

Gentle folding, with formation of Lake Superior syncline 
Keweenawan deposition 
Upper Huronia n deposition 
Folding and granite intrusion, in Gogebic district 
Middle Huronia n deposition 
Lower Huronian deposition 

It is generally considered that the original "Lower Huronian" .of Thessalon 
district, the distribution of which over the north shore region was worked 
out by Collins, and which was named by him the Bruce series, is eorrelative 
with the formations of the south shore of Lake Superior later grouped under 
the name "Lower Huronian". The correlation is not very convincing; the 
thousands of feet of Mississagi quartzite are represented a t Marquette by 
150 to 700 feet of Mesnard quartzite; the Bruce conglomerate is entirely 
lacking at Marquette; the Bruce limestone, Espanola greywacke, and Espanola 
limestone, with a combi ned thickness of 450 to 7:00 feet, is represented at 
Marquette by the Kona dolomite, a dolomite interstratified with slate, grey­
wacke, and quartzite, ranging from 200 to 700 feet thick; and the upper form­
ation of the Bruce, the Serpent quartzite, 1,100 to 1,500 feet thick, is replaced 
at l\1:arquette by the dark, sandy Wewe slate, the thickness of which is doubtful, 
but lies between 100 and 1,000 feet. However, these differences, though 
apparently considerable, ca n be explained as due to deeper water and greater 
distance of the Marquette area from the source of the sediments; and the 
disappearance of the Bruce conglomerate, Collins has shown, was probably 
due to cessation of deposition, as in the explored North Shore district it decreases 
westward from 500 feet near Sudbury to 20 feet near Echo Lake. 

Assuming, therefore, the correct ness of this correlation, the writer points 
out that whereas in Cake Superior district there are four sedimentary series 
of late Precambrian age, in Sucibury district there are only three; but, in 
addition, room must be made for a grea t interval of erosion after deposition 
of the Cobalt series. D ,u ri ng this interval the Bruce and Cobalt series were 
closely folded, intruded by certain igneous rocks, and then V;.ery deeply eroded, 
with remov al of more than 30,000 feet of hard strata. Such a sequence of 
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events must have consumed approrimately the equivalent of a geologic period, 
and the only place it will fit into the accepted classification is in Animikie 
(Upper Huronian) time. 

~1 the preceding reasoping is valid, two consequences follow. The Cobalt 
serie~, the position of wnich has up to no,w been nebulous, must be considered 
as approximately con_temporaneous with the Mifidle Huronian of the south 
shore; and tP.e Whitewater series, which mo::.t writers have been inclined to 
term Animikie, is wedged upward into the Keweenawan- a conclusion 
rendered more plau'lible by t11e highly V'Olcanic character of the series. 

The rather perfect pa.ral~lism of the Lake Superior succession with the 
revised succession of Sudbury district is well brought out by the following 
table of eve~ts. 

Lake Superior 

Gentle folding: I.ake Superior syncline 
Intrusion: Logan sills, Duluth gabbro 
Deposition: Keweenawan lavas, tuffs, and 

sediments 
Erosional unconformity I 
Deposition of Upper Huronian (Animikie) j 

sediments 
Erosion of more than 2,000 feet of scdiments 

and la vas, Gogcbic distrct 1 

Intrusion Presqu'ile granite 1, Gogebic district 
Close folding, Gogebic district 1 

Intrusion of gabbro, Gogebic district 
Deposition of Middle Huronian sediments 
Erosional unconformity: Lower Huronian cut 

through in places and perhaps 2,000 feet 
or more removed 

Deposition of Lower Huronian sediments 

Sudbury 

Intrusion: equigranular olivine diabase 
Intrusion of Killarney, Murray, and Creighton 

granites 
Gentle folding: Whitewater syncline 
Intrusion of norite-micropegmatite 
Deposition: Whitewater lavas, tuffs, and 

sediments 

Erosion of 30,000 to 40,000 
feet of sediments 

Intrusion: Birch Lake granite 
Close folding, accompanied in later stages by 

intrusion: N ipissing diabase 
Deposition of Cobalt series 
Erosional unconformity: 1,700 feet or more of 

sediments removed 

Deposition of Bruce series 

The conclmions drawn make it necessary to review the age of the Ni­
pissing diabase, which, along with the porphyrilic olivine diabase, has com­
monly been considered Keweenawan. It has been shown in tne preceding pages 
t}lat both these diabases are cut off abruptly at the lower edge of tne norite; 
so that either (1) they formed a part of the base-levelled surface on which the 
Whitewater was deposited; or, (2) they were injected a.fter the Whitewater 
wa,9 laid down, but befo.re the norite was em:,Jlaced. If the latter were true, 
such dykes should now be found in the Whih)water serie~. but neither the 
writer nor any other student of the arza has ever found any . The other 
alterna,tive, that they formed a part of the base-levelled surface on which the 
Whitewater wa.s laid down, is probably the true one . 

As the dykes were pene;:>laned together with the strata by which they are 
surrounded, it may be presumed that they were injected-at a r~latively early 
date; and the common association of intrusive phenomena with folding suggests 
that they were probably injected during the post-Cobalt orogeny. Had the 
sills been intrud~d early in tha:t orogeny, one would now expect to findevidences 
of slippa.ge at the edges, caused by adjustments during the remainder of the 
folding. · Such indications are entirely lacking, however, and hence it would 
seem that intrusion must have occurred near the end of the folding period. 

1 Alien, R . C., and Barrett, L. P.: Contributions to the Pre-Cambrian Geology of Northern Michigan and Wis­
consin; Mich. Geo l. and Bioi. Sur.-., Pub. 18, Geol. Ser . 15 (1915). 
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This chain of reasoning, therefore, places the age of the N;ipissing diabase, 
and of the slightly later_ porphyrritic olivine diapase, approximately at the 
close of the Middle Huronian period, instead of Keweenawan as formerly 
thought. Tne only truly Keweenawan intru~ives in the area are the norite­
micropegmatite ma:~>s, the granites that intrude it, and the dykes of trap and 
eqiuigranular olivine diabase. The age of the silver ores of Cobalt district, 
wliich a1;e genetically associated with the Nipissing diabase, is ~hus referred to 
the post-1\1:iddle Huron'ian period of orogeny, instead of the Keweenawan. 

AGE OF F.A.UiLTS 

In preceding Jages faults nave been mentioned i:q many places, and they 
seem to fall into two great groups. The earlier group -includes the great f~ult 
or set of faults separating tne lluronian. formations from t;he complex of Kill­
arney granite and Coniston group of sed1ments to the south; the fault or faults 
separating the Stobie group from the Bruce series; and a number of other 
faults that hav;e brought bodies of the Rainsay Lake or Bruce conglomerate 
mto positions where Without faulting they would not ~ppear. Undoubtedly 
there are m~ny other faults of this group, unrecognized because the rocks on 
botn sides are aiike. 

Seveml cases nave been described where these faults are occupied or 
crossed by dykes of Njipissirig diabase, and the diabase is either unsheared or 
very slightly so. The conClusions reached as to the age of the diabase, there­
fore, date these faults as occurring ea_rlier in the orogenic rev1olution that 
ended 'the Cobalt sedimentation. 

A later period of faulting has broken and displaced the norite at its wester,n 
end, together with the Whitewater sediments of Sudbury ba~in; has caused 
important ruptures aJong the southern edge of the norite ir_ruptive; and has 
fra,ctuTed the q11artz diorite of the Creignton mine and elsewhere. Late 
Preca.mbrian movements, possi':>ly of the same date, were t;esponsible for the 
blocks o£ 'Missismgi quartzite faulted into bodies of Nipissing diabase, as 
previously described. Ppssibly also to be correlated with these moveme1:1ts 
is the formation of the Sudbucy breccia, which involved tne trap dykes and 
all older rocks. 

The only post-norite movement known is the gentle folding that gav,e 
synclinal shape to the Sudbu:ry basin and the underLying sheet of no.rite­
micropegmatite. It seem<> probable, therefore, tha-t the late folding and 
faulting were both results of the same compressive stresses. 
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CHAPTER V 

ECONOMIC GEOLOGY 

The economic deposits of the region include the great nickel-copper 
deposits around the Sudbury basin, the lead-:-.inc deposits within it, and two 
small gold deposits, one of which, the Lebel Oro near the west end of Long 
Lake, is exhausted, and the other, near Skead, was abandoned after some 
development. The writer has made no especial study of any of these, and, 
consequently, no attempt at description will be made. The following remarks 
are confined to a discussion of the age and origin of the nickel-copper ores, 
insofar as his personal observations enable him to write. 

The concept of origin, originally advanced by Walker and Barlow and 
strongly upheld by Coleman, was that the ores sank out of the co·)ling norite 
magma to be concentrated in bays along the base, and in cracks in the rocks 
of the basement on which the norite lay. This theory has recently been 
reviewed in detail by Collins, who, after considering all the evidence, pro­
nounced in its favour. The extraordinary plausibility of the theory gave it 
widespread acceptance. It is well known that the norite irruptive is highly 
differentiated; every geologist learns in his first essays with the microscope 
that the most basic rr.inerals are the first to separate from a crystallizing mass, 
so that, having separated, they can sink through the liquid from which they 
had just separated; and, to cap all, the ore bodies actually are limited either 
to bays in the basement or to offsets at no great distance from the base. The 
whole position of the theory was thus apparently so impregnable that even 
geologists who carefully exalilined the situation have preferred to find other 
explanations for opposing facts rather than suggest that the theory may be 
incorrect; and those who have attacked the theory have merely taken the 
attitude that it does not explain all the orebodies, but that some must be 
accounted for by later rearrangements. 

The patient and continuing studies of the geological staff of the Inter­
national Nickel Company, particularly from 1931 to the present, have brought 
to light much evidence suggesting that this theory is incorrect, and that the 
ores did not originate until long after the norite-micropegmatite mass was 
completely solidified. They have pointed out, for example- and with this 
the writer's observations fully agree- that there is no visible gradual increase 
in sulphide content in the norite as the base is approached; and with the 
recognition of this fact one of the strongest arguments in favour of separation 
from the magma falls to the ground. 

The chief obstacle in the way of a correct understanding of the geology 
of the ores has been the presence in the district of rocks of similar composition 
but widely separated ages. Coleman, for instance, grouped the Nipissing 
diabase with the norite, because of its hypersthene content; and although later 
workers separated them in mapping because of differences in general appear­
ance it was not until 1938 that the writer proved the diabase definitely to be 
the older. Similarly, both Collins and the geologists of the International 
Nickel Company have recognized that the ores are associated with, and some-
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what later than, quartz diorite, which was also classed by Coleman as norite. 
Both Collins and the Company geologists recognized that the quartz diorite 
forms dykes cutting the norite, but, as this would make the ores much later 
than the norite, Collins preferred to consider the quartz diorite merely as a 
basal part of the norite kept liquid by mineralizers until the remainder had 
solidified·. To do this, as the quartz diorite cuts the Creighton granite, he 
had to go further and conclude that the dykes of Creighton granite cutting 
the norite proper are merely parts of it softened by the intrusion of the norite 
to a point where they could be pushed like putty into cracks of the solidifying 
laccolith. 

In spite of the inherent improbability of Collins' conclusions, even the 
opponents of the segregation theory had to admit their possibility, until Yates, 
in 1938, described the occurrence of a dyke from the Creighton granite that 
cuts across a remnant of Keewatin greenstone to intrude the norite. It would 
be extremely difficult to suppose that such a dyke originated as Collins suggests; 
and, if not, the Creighton granite must be definitely later than the norite, and 
the ore, in turn later than the quartz di orite cutting the granite, must be very 
much later than the norite. The question was finally, and, it would seem, 
irrevocably settled, by the discovery in 1939 of a large body of ore in a fault 
that cuts through the dyke of eq uigra nular olivine diabase east of the Garson 
mine. As this dyke has been traced through the norite, and is the latest 
intrusive of the region, no one can doubt that much ore, at least, is of very 
late Precambrian age . 

The work of the International Nickel Company has shown that ore 
deposition is localized largely in zones of the Sudbury breccia and in faults of 
late Precambrian age . It seems not unlikely that both the brecciation and 
the faulting were products of a single general period of movement. In the 
Frood and Stobie mines the ore is all in breccia; and the same breccia zone 
extends southwest to cut the Copper Cliff offset and there form the pipe-like 
masses of ore of the Copper Cliff and No. 2 mines. In the Creighton, Garson, 
and Falconbridge mines there is much ore filling faults , as well as the normal 
breccia ore. However, there is much breccia in the district that contains no 
ore; and even where ore deposition has been active, as in the neighbourhood 
of Frood, great masses of breccia·are entirely devoid of ore. The investigations 
of the geologists of the International Nickel Company, in fact, seem to indicate 
that ore in breccia is confined, or almost so, to places where quartz diorite 
dykes have been crushed and broken. Thus the great Frood orebody is 
centred around the crushed remains of a quartz diorite dyke; and the pipe-like 
orebody of No. 2 mine at Copper Cliff is found where the quartz diorite offset 
is crushed and brecciated. The conclusion seems indicated, improbable as it 
may appear, that the quartz diorite had some precipitating effect on the ore­
bearing fluids. 

The same conclusioa is suggested by the fact that in many places quartz 
diorite that has not been crushed is heavily mineralized. Coleman refers to 
such instances when he says (14, p. 18): "N orite spotted with ore is sometimes 
found in bands a long distance from the nearest ore body and separated from 
the basic edge by rock free from ore". The bands thus mentioned are not 
bands of norite, as he considered, but dykes of mineralized quartz diorite, 
with knife-sharp contacts against the norite. One of them is to be easily seen 
near the Murray mine, about 50 feet from the road. Again, when Coleman 
states (loc. cit.) that "no long stretch of the lower edge of the norite is entirely 
devoid of ore", the reason is, commonly, that quartz diorite has spread out in 
sill-like masses in many places along the lower contact, and it is this rock, 
not the norite, that is mineralized. Collins states (34, p. 25): "Scattered 
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observations indicate that the offset and intermediate rocks together form a 
zone of varying thickness at the outer edge (base) of the nickel irruptive along 
its southern side. It reaches a greatest thickness of three-eighths of a mile 
at the Creighton mine and may in other places thin out completely. Less is 
known about the north edge of the irruptive, but probably this basal zone is 
much thinner there". Collins, it is only fair to state, believed the quartz 
diorite to be only a phase of the norite, not a separate rock; but this does not 
vitiate his recognition of it as a petrographic entity, or his careful observations 
as to its distribution. 

Collins, in considering the quartz diorite as a phase of the norite, endeav­
oured to explain the differing mineralogical composition as due to the action 
of the molten sulphides on the norite. He suggested, following Goodchild 1 , 

that hydrogen and water generated from the cooling sulphides would cause 
the norite with which they were in contact to remain liquid longer than the 
rest of the intrusive, and later, presumably, caused the constituents to crystal­
lize as hornblende, biotite, quartz, and andesine, instead of as the normal 
labradorite and pyroxenes of the norite. If this action took place at Sudbury, 
however, it should also take place wherever sulphides and norite are associated, 
but this is not the case 2 • In view of this fact, and of the other facts indicative 
of the age of the quartz diorite that have been detailed in the preceding pages, 
there seems little reason to doubt that the quartz diorite is really an individual 
rock type entirely different in age and origin from the norite. 

The details of the various orebodies have not been studied by the writer, 
as they have already been described by many others. The fullest and most 
recent published descriptions are those of Knight (54) in the Report of the 
Ontario Nickel Commission published in 1917. Most of the properties, in 
operation when he studied them, were closed at the end of the last great war, 
so that only the surface outcrops can now he seen. Knight's descriptions 
clearly show, however, the -dependence of ore occurrences on faulting and 
brecciation; and by numerous illustrations he proves indubitably that the ores 
are later than both the norite and the Creighton granite. At that time, 
unfortunately, the quartz diorite was not recognized as an individual rock type, 
so that his work does not bear on the relation of the ore to that rock. 

1 Goodchild, W. H.: The Evolution of Ore Deposits from Igneous Magmas; Min. Mag. (London), vol. 18, Jan.­
June 1918. 

2 Horwood, H. C.: Magmatic Segregation and Mineralization at the B. C. Nickel Mine, Choate, B. C.; Trans. 
Roy. Soc ., Canada, 3d ser., vol. 31, pp. 5-14 (1937). 
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