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ABSTRACT 

The report describes the geology, structure, and mineral deposits of four townships, Reeves, 
Sewell, Penhorwood, and Kenogaming; an area of 288 square miles located in the District of 
Sudbury about 40 miles southwest of Timmins. 

Most of the rocks in the area are of early Precambrian age but many diabase dikes of 
younger age are present. Outcrop is generally poor due to thick Pleistocene deposits of clay, 
sand, and gravel. 

Figure 1—Key map showing location 
of the Kukatush-Sewell Lake 
area. Scale, 1 inch to 50 
miles. 

A complex volcanogenic accumulation of subaqueous mafic flows, felsic pyroclastic rocks, 
and locally derived metasediments underlies most of the area. Iron formation is extensively 
developed in the boundary region between the mafic and felsic volcanic groups. Large masses 
of amphibolite and serpentinized peridotite and dunite intrude these rocks. Mineralogical 
layering in the serpentinites indicates that these rocks fonaed by crystal accumulation and, 
possibly, represent magma chamber residues related to the extrusive rocks in the area. Several 
large feldspar porphyry and quartz porphyry stocks also intrude the volcanic and sedimentary 
rocks. 

All these rocks were folded about a roughly east-west-trending axis and overturned to the 
south. Fold plunges are generally northwest to west-northwest. The region was intruded dur
ing folding by batholithic masses of biotite trondhjemite gneiss and after folding by large 
plutons of hornblende and biotite granodiorite. Metamorphism ranges from lower greenschist 
fades in the interior of the metavolcanic-metasedimentary belt to higher greenschist fades 
where these rocks are in contact with the trondhjemite and granodiorite intrusions. Sub
sequently these earlier formations were intruded by north-northwest-trending diabase dikes 
and east-northeast-trending olivine diabase dikes. The olivine diabase dikes are the youngest 
and correlate with 1,230 million year old dikes of the Abitibi group. 

vii 



Economically interesting showings of asbestos, barite, silica, iron, copper, lead, zinc, nickel, 
gold, and silver are present. Iron formation in the area has attracted attention since the late 
19th Century. At present the Kukatush Mining Corporation (Ontario) Limited has outlined 
an iron deposit of about 158 million tons grading 20.8 percent magnetic iron at Radio Hill in 
Penhorwood Township and other iron formation zones are under investigation. Early pros
pectors discovered gold and gold-copper showings associated with carbonatized shear zones in 
mafic volcanic rocks and in recent years asbestos and nickel-copper showings, associated with 
felsic volcanic (pyroclastic) rocks, have been examined in Reeves, Penhorwood, and Kenog
aming Townships. In 1968, the Canadian Johns-Manville Company Limited started asbestos 
production at the Reeves Mine with an expected initial production rate of 25,000 tons per 
year. Ore reserves are estimated at 20 million tons, with a total fibre content of between 3 
and 3.5 percent, consisting of Fibre Group Nos. 4, 5, 6, and 7. A gold-copper-lead-zinc-silver 
showing is currently being investigated by the Radio Hill Mines Company Limited in Penhor
wood Township. Local sand and gravel deposits are utilized in the Reeves Mine operation 
and in the highway construction and barite and silica have been quarried from vein deposits 
near Horwood Lake station in Penhorwood Township. 
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Geology 
of the 

Kukatush-Sewell Lake Area 

District of Sudbury 

By 

V . G . M i l n e 1 

INTRODUCTION 

The area has a long history of mineral exploration, from the early days when the 
Groundhog River was a major thoroughfare for prospectors and trappers, until the 
present. Within the last decade new discoveries of gold, zinc, nickel, copper, and 
asbestos mineralization have rekindled interest in the area and the present survey was 
undertaken to provide coherence to the scattered geological data derived from these 
discoveries and to provide a better understanding of the general geology of the region. 

The geographic limits of the area are approximately Latitude 48°4 'N to 48°19 / N 
and Longitude 81°52'W to 82°13'W, encompassing four complete townships, Reeves, 
Sewell, Penhorwood, and Kenogaming, in the District of Sudbury. The area covers about 
290 square miles. Highway 101 trends east-west across Sewell and Reeves Townships 
and by road the area is about 40 miles southwest of Timmins and 20 miles east of 
Foleyet. The main line of the Canadian National Railways crosses the southern part of 
Penhorwood Township; the distance to Foleyet by rail being about 20 miles and to 
Capreol about 130 miles. 

Access to much of the area is via good rough lumbering roads and by canoe. A drive-
able road extends north and south from Highway 101 just Vi mile west of the Nat River. 
To the north the road follows the Nat River and extends beyond the northern limit of 
the area. Southwards the road connects with Kukatush on the Canadian National rail
way and then continues south and east to Hardiman Bay on Horwood Lake, and to 
Tionaga also on the Canadian National railway. Another driveable sand road starts from 
Highway 101 just VA mile west of the Groundhog River and generally follows the 
western boundary of Reeves Township to the northern limit of the area. An old road 
that starts southwards from Highway 101, about 2 miles west of the eastern line of 
Reeves Township, has been blocked by gravel pits but the southern part of the road is 
passable via the road through the Canadian Johns-Manville Company Limited Reeves 
Mine. Lumbering operations are in progress in Sewell and Kenogaming Townships and 
there are many new roads belonging to L. Lapierre, who has a camp on Weston Lake 
near the centre of Sewell Township. 

^Geologist, Ontario Department of Mines and Northern Affairs, Toronto. Manuscript 
accepted for publication by the Chief Geologist, 5 September 1969. 
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Kukatush-Sewell Lake Area 

Prospecting and Mining Activity 

Since the end of the 19th Century prospecting in the area has spread outwards from 
the Groundhog River. The area was particularly active during the 1900s, the 1930s, and 
from 1946 until the present time. 

Iron formations in the area have attracted continual interest since the 1890s and 
within the last 10 years Kukatush Mining Corporation (Ontario) Limited has outlined 
a potential iron-ore body in northwestern Penhorwood Township. In other exploration, 
emphasis over the years has shifted from gold to base metal and asbestos prospects and 
Canadian Johns-Manville Company Limited started production of asbestos from the 
new Reeves Mine in south-central Reeves Township in 1968. 

The earliest report of exploration work in the area was made by W.G. Miller in 
1903. At that time iron formation outcrops were known on the Groundhog River in 
Keith Township and these were traced eastwards into Penhorwood Township (Miller 
1903). Gold was discovered later, in 1915, on a claim staked by D. Arkell near the 
boundary of Sewell and Reeves Townships (Tanton 1917) on what is now Lamport-
Lumbers property, and subsequently gold was found at the southeastern corner of Reeves 
Township and examined by Erie Canadian Mines Limited (ODMNA file T145, 
Timmins). 

In 1946, there was a general resurgence in prospecting for gold in the province and 
at that time gold was discovered on the Joburke Gold Mines Limited property west of 
the map-area, in Keith Township. This discovery led to widespread staking in the 
general region. The gold prospect at the southeastern corner of Reeves Township was 
re-examined and drilled by Kalbrook Mining Company Limited. In Kenogaming 
Township, The Little Long Lac Gold Mines Limited prospected and drilled in the iron 
formation area east of the Crawford River; the area between Akweskwa Lake and 
Mindedo Creek was prospected by Keithgold Mines Limited; Hoodoo Lake Mines 
Limited found gold on their property at the southwestern end of Akweskwa Lake; and 
the area south of the Hoodoo Lake Mines Limited property was prospected by J.A. 
McRae. In Sewell Township, southeast of Lap Lake, The Mining Corporation of Canada 
Limited carried out a geological, geophysical, and diamond drill hole examination of a 
gold-copper showing. 

More recently, from about 1951 to 1966, the former Hoodoo Lake Mines Limited 
property and the general area between the Crawford River and Akweskwa Lake has 
been examined for gold and base metals by Norduna Mines Limited, Dunvegan Mines 
Limited, Falconbridge Nickel Mines Limited, Delmico Mines Limited, Jade Oil and 
Gas Company Incorporated, and Jonsmith Mines Limited. In Sewell Township, 
Jonsmith Mines Limited, in 1956, drilled a copper prospect on the northern side of 
Highway 101 near Weston Lake, and other parts of the township have been explored 
by Consolidated Thor Mines Limited (in 1956) and by L. Lapierre ( in 1964). 

The occurrence of asbestos in the area has been known for several years and since 
1951 the Canadian Johns-Manville Company Limited has carried out, and is continuing, 
exploration work in several parts of the four townships. This company has outlined an 
asbestos fibre orebody in Reeves Township, designated the Reeves Mine, and an initial 
production of 25,000 tons per year is expected in 1968*. 

•Production started May 1968. 
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The iron formation extending from Penhorwood Township eastwards across Kenog
aming Township and the iron deposit in northwestern Penhorwood Township were 
examined by the Canadian Johns-Manville Company Limited in 1957 but since 1958 
these formations have been largely covered by claims of the Kukatush Mining Corpora
tion (Ontario) Limited. An extensive exploration program has been conducted since 
1958 by the company (Kukatush), most of this concentrated upon the iron formation 
in northwestern Penhorwood Township. This work has outlined an iron deposit of about 
158 million tons grading 20.8 percent magnetic iron and referred to as the Radio Hill 
deposit. 

Small tonnages of barite were shipped in 1923, 1933, and 1940 from a vein deposit 
located in Penhorwood Township about mile east-northeast of Horwood Lake 
station. Quartz chip has also been shipped (in 1965) from a quartz vein in the same 
region, mile southeast of Horwood Lake station and about V4 mile south of the 
barite vein. 

Present Geological Survey 

The report area was mapped during the summer months of 1966 and 1967. Map
ping was done on base maps of 1 inch to V4 mile scale supplied by the Cartography 
Section, Geological Branch, Ontario Department of Mines and Northern Affairs. In 
areas where outcrop identification from air photographs was difficult, traverses were 
spaced at W mile intervals, otherwise traverses were run between outcrops recognized 
from air photographs. Traverse penetration into the granitic areas was generally limited 
to the vicinity of the contacts and the large granitic areas in the north and south were 
examined by helicopter reconnaissance. Outcrop location and outline were determined 
from air photographs of 1 inch to VA mile scale, or by pace and compass measurements 
tied to recognizable features on base maps or air photographs or company plans. Infor
mation from prospect plans and drill logs in the assessment files of the Ontario Depart
ment of Mines and Northern Affairs and information derived from Aeromagnetic Maps 
(GSC 1965; ODM-GSC 1963a and b; 1964) has also been used in preparing the maps. 

Preliminary uncolored geological maps of Reeves (Map P.418), Penhorwood 
(Map P.419), Sewell (Map P.464) and Kenogaming (Map P.465) Townships, on the 
scale of 1 inch to V4 mile were released in 1967 and 1968 (Milne 1967b and c; 1968a 
and b). The final coloured maps (Maps 2230 and 2231, back pocket) are reproduced on 
the scale of 1 inch to V2 mile. 

Acknowledgments 

Reeves and Penhorwood Townships were mapped in 1966 with the assistance of 
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pany Limited, Matheson, Ontario. Access to a great deal of valuable information was also 
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Kukatush-Sewell Lake Area 

provided by J.C. Dumbrille and H.S. Gerson, of the Kukatush Mining Corporation 
(Ontario) Limited. Mr. L. Lapierre and Mr. E. Dupont, Timmins, were very helpful with 
information on location of properties and roads in Sewell Township and information on 
roads throughout the area was kindly provided by Mr. F.N. Wiley, Woodlands Manager, 
Spruce Falls Pulp and Paper Company Limited. 

Previous Geological Work 

A canoe traverse made in 1899 is described by W.A. Parks (1900). The iron forma
tion in Keith Township, adjacent to Penhorwood Township, was visited in 1902 by 
W.G. Miller (1903), and T.L Tanton (1917) examined mineral showings in the area in 
1915. Prior to the present survey the only geological map of the four complete townships 
was that of E.W. Todd (1924), Map 33g of the Groundhog River area, except for small 
scale compilation maps (Ginn et d. 1964; Carlson and Donovan 1967). 

The surrounding region has received varying degrees of attention throughout the 
years, and surveys have been made of the Woman River area to the south (H.M. Banner-
man 1930), the Horwood Lake area to the west (H.G Laird 1935; W.D. Harding 1937), 
the Groundhog-Kamiskotia area to the north (A.R. Graham 1931), and parts of Keith 
and Muskego Townships to the west (V.K. Prest 1950). In addition, exploration company 
geological maps are available in the Ontario Department of Mines and Northern Affairs 
assessment files for many parts of the area. 

Topography 

The area is drained northwards into James Bay by four main rivers all trending 
north-northeast. From west to east these four rivers are the Groundhog, the Nat, the 
Crawford, and the Kamiskotia. The Nat River and the Crawford River are tributaries of 
the Groundhog River and the Groundhog River in turn is a tributary of the Mattagami 
River, as is the Kamiskotia River. 

In much of the area the river gradients are gentle and the banks low so that for 
long stretches the rivers are placid and slow moving. However, long rapids also occur on 
all the rivers and there are a number of scenic falls, particularly on the Groundhog 
River. A good description of navigation on the Groundhog River was given by Parks 
(1900). Within the map-area the Kamiskotia River consists of a series of short rapids 
connecting a string of long lakes including, from south to north, Akweskwa Lake, Misty 
Lake, Beaucage Lake, and Opishing Lake. The Nat River is open from about 1 mile 
south of the boundary between Reeves and Penhorwood Townships northwards to about 
\Y2 miles north of Highway 101. North and south of these points the river is narrow 
with many rapids and log jams. The Crawford River is very narrow and difficult to 
navigate over much of its length. 

Relief in the area is relatively slight with smoothly rolling ridges interspersed with 
flat swamp areas. The high rolling ridge in northeastern Penhorwood Township, known 
as Radio Hill, is probably one of the highest points in the area at an elevation of about 
1,490 feet above mean sea level. A bench mark on the Canadian National railway at the 
Groundhog River records an elevation of 1,127 feet above mean sea level thus the 
range in elevation within the area would be in the order of 400 feet. Large areas of flat 
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swamp ground are common in all four townships but are most widespread in the two 
northern townships, Reeves and Sewell. 

Exceptions to the smooth rolling topography are high, steep, sinuous esker ridges, 
which trend south-southwest across Sewell, Reeves, and Penhorwood Townships. These 
ridges rise steeply over 200 feet above the general level of the surrounding country. An 
excellent view of the Reeves Mine can be seen from the esker ridge road just east of the 
mine. 

Natural Resources 

Much of the area has been cut over but small selective lumbering operations are 
continuing in Sewell and Kenogaming Townships. L. Lapierre operates a lumber camp 
at Weston Lake in Sewell Township. 

Tall jack pine stands cover the small scattered sand areas and esker ridges south of 
Highway 101 in Sewell and Kenogaming Townships. Otherwise the thick tree cover 
consists generally of older hardwood, mostly poplar and birch, mixed with a dense 
younger growth of softwoods, predominantly black spruce and balsam. In a few places, 
scattered throughout the area, there are single, very tall, old white pines. The large 
swamp areas are covered by an even growth of black spruce with tamarac and cedar in 
the wetter areas. An area along the Crawford River, in Sewell Township, north and 
south of the highway was burned over recendy and is covered by a dense low growth 
of poplar saplings. 

During the summer months there is considerable traffic on Highway 101 which 
links Timmins, Foleyet, Chapleau, and Wawa. The lakes and rivers along the highway 
and those accessible by lumber roads and trails are extensively fished by local residents 
and tourists. 

GENERAL GEOLOGY 

Isoclinally folded metavolcanic and metasedimentary schists and gneisses, intruded 
by sheets and pods of ultramafic igneous rocks, occupy a 6- to 10-mile wide belt 
trending east-northeast across the centre of the area. The belt is bounded on the north, 
south, and east by large masses of syntectonic trondhjemitic gneiss and younger plutons 
of massive granodiorite. All these rocks are of Archean age. Subsequendy the whole area 
was intruded by diabase dike swarms of Proterozoic age. 

Within the metavolcanic-metasedimentary belt the general metamorphic rank is 
greenschist facies but metamorphic aureoles are evident adjacent to all the large felsic 
intrusive masses. Tremolite and carbonate are found at the contacts of ultramafic 
intrusions; hornfels, at the contacts of diabase dikes. 

Faults in the area generally conform to four major trends. There have been repeated 
movements on these faults, the youngest displacements being younger than any of the 
consolidated rock groups. Carbonatization, hematite staining, drag folds, crenulation, 
and well-developed shear zones are associated with many of these faults. The faulting 
and shearing are of economic importance with regard to localization of asbestos mineral
ization in ultramafic masses and because of the association of some gold showings with 
shear zones. 
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Table 1 | TABLE OF LITHOLOOIC UNITS FOR K U K A T U S H - S E W E L L LAKE AREA 

GENOZOIC 
RECENT 

Swamp and stream deposits 
PLEISTOCENE 

Glacial drift, boulders, gravel, sand 

Great Unconformity 
P R E C A M B R I A N 

PROTEROZOIC 
LATE MAFIC INTRUSIVE ROCKS 

Olivine diabase dikes (Abitibi-type) 
Quartz diabase and porphyritic diabase dikes 

Intrusive Contact 
ARCHEAN 

LATE FELSIC INTRUSIVE ROCKS 

Biotite-hornblende granodiorite; biotite granodiorite, biotite quartz monzo-
nite; xenolithic granodiorite; diorite, hybrid diorite, syenite; muscovite-
albite trondhjemite; leucocratic trondhjemite; pegmatite; migmatite 

Intrusive Contact 
EARLY FELSIC INTRUSIVE ROCKS 

Biotite trondhjemite gneiss; feldspar porphyry, quartz-feldspar porphyry; 
quartz porphyry; hybrid granodiorite gneiss; migmatite; hornblende-
chlorite-feldspar porphyry 

Intrusive Contact 
ULTRAMAFIC INTRUSIVE ROCKS 

Grey to green-grey serpentinite; dark grey to black serpentinite; coarse blade-
textured serpentinite (chicken - track rock); mineralogically layered 
serpentinite; sheared serpentinite; asbestos-bearing serpentinite; chloritic 
tremolitic serpentinite; talcose serpentinite; rusty carbonatized serpenti
nite 

Intrusive Contact 
EARLY MAFIC INTRUSIVE ROCKS 

Tremolitic actinolitic amphibolite; hornblendic actinolitic amphibolite; sheared 
amphibolite; porphyritic amphibolite; garnet amphibolite; dioritic 
amphibolite 

Intrusive Contact 
IRON FORMATION 

Magnetite-chert iron formation; carbonate-chert iron formation; amphibole-
chert iron formation; garnet-magnetite amphibolite; chert; pyritic slate, 
graphitic slate 

DETRITAL METASEDIMENTS 
Greywacke; conglomerate; slate, argillite; phyllite, sericite schist, chlorite 

schist; sandstone 
FELSIC TO INTERMEDIATE METAVOLCANICS* 

Felsic agglomerate, mafic agglomerate; felsic and mafic lapilli tuff; felsic 
flows; felsic flow breccia; garnet amphibolite 

MAFIC TO INTERMEDIATE METAVOLCANICS* 
Light coloured chlorite-tremolite metavolcanics; dark coloured actinolite-

hornblende schistose and gneissose metavolcanics; chloritic metavolcanic 
schist, sericite-carbonate metavolcanic schist; pillowed metavolcanics, 
epidotized metavolcanics 

•These rocks are divided lithologically and their position in this table does not imply relative age. 
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There are no age determinations for any of the rocks in the area but age determina
tions have been made on a "gneissic granite" (Lowden et d., 1962) from a road cut y2 

mile west of Scorch River, about 7 miles west of Reeves Township. Two K-Ar ages were 
obtained from the same rock; a biotite age of 2,285 million years and a muscovite age 
of 2,495 million years. The muscovite age is thought to be the more reliable. This 
gneissic granite may be equivalent to the trondhjemite gneiss of the map-area. A 
tentative age might be assigned to east-northeast-trending diabase dikes in Kenogaming 
Township. These dikes have the characteristics of, and appear from regional Aero-
magnetic Maps to be on strike with, the Abitibi dike swarms dated by Fahrig et d. 
(1965) as 1,230 million years old. 

East-northeast-trending and north-northwest-trending diabase dikes are readily 
apparent on regional Aeromagnetic Maps (GSC 1965; ODM-GSC 1963b and c; 1964). 
In addition, iron formation, ultramafic intrusions, and some of the younger granodiorite 
intrusions can be discerned, but outcrop information is required to distinguish these 
properly as the iron formation and ultramafic rocks, for instance, give similar magnetic 
responses. Regional geophysical maps and geophysical information derived from 
assessment work files were used extensively in determining rock contacts and structure 
since much of the area is blanketed by ground moraine, and glaciolacustrine and glacio-
fluvial deposits of Pleistocene age. In general, outcrop in the area is very poor. 

A R C H E A N 

Mafic to Intermediate Metavolcanics 

A 6- to 10-mile wide belt of folded metavolcanic and metasedimentary rocks trends 
east-northeast across the middle of the map-area. Mafic to intermediate metavolcanics 
constitute about 60 percent of this belt. They form a relatively homogeneous Z-shaped 
group enclosing within the limbs of the Z large areas of felsic to intermediate meta
volcanics and metasediments. The mafic to intermediate metavolcanics are in contact 
with intrusive trondhjemitic gneisses and granodiorites on the north, south, and east 
and the interior of the belt has been intruded and dilated by late granodioritic intrusive 
rocks. 

The mafic to intermediate metavolcanics are essentially metamorphosed andesitic or 
basaltic flows of fairly uniform character. Pillowed lavas are exposed in several parts of 
the area but are best seen in the northern part of the belt in Sewell Township near the 
west township line. Pillowed, subaqueous flows occur throughout and probably consti
tute a significant proportion of the mafic to intermediate metavolcanics. 

Although mostly uniform in character, nevertheless, throughout the area the mafic 
to intermediate metavolcanics exhibit considerable variation in colour and texture. 
These variations are systematic and can generally be related to mineralogical changes 
caused by metamorphic, metasomatic, or shearing effects, or to original textural 
differences. 

In mapping it soon became evident that the appearance of the mafic to intermediate 
metavolcanics changed progressively as the contacts of the granodioritic and trondhje
mitic intrusive rocks were approached. At the contacts the metavolcanics are dark green, 
hornblendic, fine- to medium-grained, rarely coarse-grained, schists, and gneisses. In the 
interior of the mafic to intermediate metavolcanic belt the rocks are light grey-green, 
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aphanitic to fine grained, essentially massive but with widely spaced shear zones (each 
a few inches wide). Between these two extremes all shades of green and grey-green 
were encountered with progressively darker* colour towards the granitic contacts. 
Accompanying and causing these changes is the gradual appearance of recognizable and 
progressively darker amphibole. 

Two subdivisions on the basis of colour and metamorphic grade were made in 
mapping the mafic to intermediate metavolcanic unit: (1) light to intermediate coloured 
chloritic-tremolitic metavolcanics, and (2) medium to dark coloured actinolitic-
hornblendic schistose (local) and gneissic metavolcanics. The dividing line between 
these two units is indefinite and is subject to such factors as personal interpretation and 
light conditions. The maps (Maps 2230 and 2231, back pocket) however, illustrate the 
gross spatial relationship of the changes described to the granitic contacts. 

Modifications of the gross distribution of dark coloured rocks close to the granitic 
contacts and lighter coloured rocks towards the centre of the belt are caused by local 
intense carbonatization that converts the mafic to intermediate metavolcanic rock to a 
light yellow or buff, aphanitic, almost monominerallic, carbonate rock. In addition, rocks 
adjacent to faults or shear zones are converted to highly schistose, dark green or grey 
chloritic and sericite-carbonate rocks, with or without rusty weathering, fine- to medium-
grained, porphyroblasts of iron-bearing carbonate. Finally, adjacent to serpentinite 
contacts the metavolcanics may be carbonatized, epidotized, or tremolitized, and 
darkening and hornfelsing occurs next to diabase dike contacts. 

In general, although locally the rocks are variable, the bulk of the mafic to inter
mediate metavolcanics are aphanitic to fine grained and belong to the light to inter
mediate coloured, chloritic-tremolitic group. However, throughout the area medium- to 
coarse-grained phases with similar mineralogy are mixed with the aphanitic and fine
grained material. In some locations, for example along Highway 101, there appears 
to be gradational relationship between the fine- and coarse-grained phases indicating 
grain size variation within individual flows, the coarser phases representing the interior 
of the original flows. However, in most other locations the relationship is not clear and 
these coarser phases are similar in appearance to the metamorphosed mafic intrusive 
rocks in the area and to some of the mafic tuffs. This is particularly true near contacts 
with the felsic intrusive rocks where the mafic units have all been converted to 
medium- to coarse-grained, dark green, hornblendic gneisses. In general, where the 
relationship has not been clear the coarser phases have been mapped as Early Mafic 
Intrusive Rocks. 

Structures other than pillows and those due to metamorphism and shearing are 
absent. The pillows have typical light green cores with thin dark green selvages and on 
the weathered surface it is evident that the selvages have an appreciably higher magnetite 
content than the cores. A few of the pillows are amygdaloidal. The amygdules are small, 
generally less than V4 inch in diameter, and occupy a zone just inside the pillow 
selvages. Quartz is generally present in the recrystallized material making up the 
amygdules. 

The spatial relationship of the change in appearance of the mafic to intermediate 
metavolcanics to the felsic intrusive contacts indicates that the main changes are contact 
metamorphic effects. In the interior of the belt the light coloured rocks are composed 
of a microcrystalline felted mass of zoned albite-oligoclase laths with chlorite, quartz, 
disseminated, dusty epidotic and carbonate material and accessory magnetite and pyrite. 
In contact with the felsic intrusives, the rocks consist essentially of dark green horn
blende, sodic oligoclase, and quartz. Accessory minerals include epidote, chlorite, 
magnetite, pyrite, carbonate, sericite, and apatite. 

8 



Rocks intermediate between the two end members described above consist essentially 
of albite-oligoclase feldspar, quartz, amphibole (ranging from colourless tremolite to 
dark green hornblende), chlorite, and epidote. Carbonate, magnetite, apatite, sphene, 
pyrite, and pyrrhotite are common accessory minerals. 

Also in the lighter coloured aphanitic rocks towards the centre of the belt the 
epidote, tremolite, and chlorite appear to have formed at the expense of the very fine 
grained plagioclase and quartz, whereas towards the contacts of the felsic intrusions the 
plagioclase, epidote, chlorite, and amphibole appear to be a stable association; orienta
tion of the amphibole is noticeable. The metavolcanics near the granitic intrusives are 
strongly foliated and are commonly banded. The foliation is due to parallel orientation 
of the hornblende grains and banding is due to a variation in the hornblende content 
of alternate layers of the rock. A hornblende lineation, conformable with the plunge of 
the regional folding, is apparent in the metavolcanics north of the trondhjemite gneiss 
in Kenogaming Township. 

The mineral assemblages encountered in the mafic metavolcanics indicate that these 
rocks have been metamorphosed to greenschist fades, grading from quartz-albite-
muscovite-chlorite subfacies in the interior of the belt to quartz-albite-epidote-almandine 
subfacies at the contacts with the granitic intrusive rocks. Modification of the mineral 
assemblages in these metamorphosed metavolcanics are encountered at the contacts of 
ultramafic intrusive rocks and in shear zones. In contact with ultramafic rocks the mafic 
metavolcanics are altered to epidote-rich or tremolite-chlorite-rich rocks with minor 
carbonate, magnetite, and pyrite as accessory minerals. These mineral assemblages are 
greenschist facies assemblages and it is most probable that the metavolcanics were 
metasomatically altered by the ultramafic intrusions prior to the general metamorphism 
accompanying the intrusion of the granitic rocks (see section on "Ultramafic Intrusive 
Rocks, Contact Relationships"). In shear zones the metavolcanics are converted to dark 
green chloritic or grey sericitic schists containing disseminations and lenticular masses 
of calcite or iron carbonate. Quartz veining is in places associated with these shear zones 
and gold mineralization has been reported in material from some of these, as for 
example in the Lamport-Lumbers showing (see section on "Economic Geology, Lamport-
Lumbers Property") and in the shear zones at the southwestern corner of Sewell 
Township (E. Dupont 1967, personal communication), in the fault zone at the southern 
end of Sewell Lake (E. Dupont 1967, personal communication) and on the Mining 
Corporation of Canada (1964) Limited property (see section on "Economic Geology"). 

Intermediate to Felsic Metavolcanics 

Included in this group are felsic and mafic tuffs, lapilli tuffs, and agglomerates, 
intermediate to felsic flows, and probably, locally, some tuffaceous greywacke. There are 
two main regions within the map-area where complex accumulations of these rocks 
predominate. The largest, which will be referred to here as the Hanrahan Lake Complex, 
is a wedge-shaped area with a 4Vi-mile wide north-south base at Akweskwa Lake, 
Kenogaming Township, which extends west-southwest 8 miles to its apex about 1 mile 
west of the Nat River in Penhorwood Township. This complex forms the core of a 
northwest-plunging antiform fold and is enclosed by mafic metavolcanics on all sides 
except on the Akweskwa Lake side where the complex is in contact with hornblende-
biotite granodiorite of the Late Felsic Intrusive Rocks group. A fairly continuous iron 
formation zone is located at the interface between the mafic metavolcanic group and 
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the Hanrahan Lake Complex. The second and much smaller region extends from the 
western boundary of Penhorwood Township, south of the Radio Hill iron formation, 
to West Creek, south of Primer Lake. Small, scattered areas of felsic metavolcanics 
occur within the main area of mafic metavolcanics, notably, between Lap Lake and 
Deerfoot Creek; west of Crossover Lake; at the northern contact of the mafic meta
volcanics southwest of Opishing Lake; and on Highway 101 at the western boundary of 
Reeves Township. 

The pyroclastic rocks of this group are extremely variable in character. The volcanic 
fragments constituting the rocks range from ash size to coarse blocks and almost any 
combination of mafic or felsic groundmass with large mafic or felsic fragments may be 
encountered, although in the agglomeratic units large felsic fragments generally pre
dominate over mafic fragments. 

In some localities the pyroclastic rocks are very well bedded consisting of inter-
layered tuffs, lapilli tuffs, and agglomerates, as for example in the area between Benbow 
Lake and Hanrahan Lake; on the western side of Crawford River about IV4 miles north 
of Crawford Lake; and in the area between Norma Lake and the southern end of 
Hanrahan Lake. Large angular blocks and lapilli size fragments are widespread through
out the group (Photo 1), but the presence of features such as rare rounded pebble-like 
fragments, structures resembling scour effects, graded bedding, and truncated bedding 
(Photo 2) suggest that some of the pyroclastic material may have been reworked and 
thus may be tuffaceous greywacke. The difficulty of classification is increased in many 
parts of the area because of stretching of the fragments due to folding, and near the 
granitic contacts, by stretching and recrystallization due to metamorphism. However, the 
bulk of the material is of pyroclastic origin. 

The tuffs and agglomerates are light to medium grey or green-grey on fresh surface 
and weather light green, light buff, or pink with the exception of some very mafic units 
that are dark green and weather dark green. In areas where the agglomerate fragments 
are stretched the fragments are difficult to recognize on fresh surfaces, appearing as 
streaks of lighter grey or yellowish grey in the grey groundmass. The fragmental 
character of the rock is most readily recognized on weathered surfaces. 

Two features very common throughout the pyroclastic rocks of the Hanrahan Lake 
Complex are: (1) a pseudo-porphyritic texture due to the presence of plagioclase 
feldspar crystal fragments about coarse ash size, i.e. up to about V% inch; and (2) the 
presence of short lenses or streaks of mafic material ranging up to about V2 inch long 
and believed to be original coarse ash- to lapilli-sized fragments. The mafic dashes may be 
chloritic, biotitic, tremolitic, or hornblendic. 

In many outcrops the tuffs are not well bedded but they generally exhibit the two 
characteristics described above and usually, careful scrutiny will reveal the presence of a 
few small scattered fragments. However, in some outcrops it is difficult to distinguish 
these tuffs from intermediate flows in the region, or some of the more felsic tuffs from 
the fine-grained feldspar porphyry intrusive rocks. 

Agglomerates are well exposed in the area between Benbow Lake and Hanrahan 
Lake; south of Crawford Lake, and in the area between 2nd Lake and 3rd Lake (local 
names used by Kukatush Mining Corporation (Ontario) Limited for Leadbeater and 
Gee Lakes) just west of the Radio Hill iron deposit. In most outcrops the fragments 
have been stretched (Photo 3) into lens, oval, or pear shapes but undeformed angular 
blocks up to 2 feet in diameter were observed in outcrops throughout the area. The 
majority of fragments are between 1 inch and 12 inches long. In hand specimens of the 
agglomerate fresh surfaces look banded and the fragmental nature is difficult to identify. 
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Photo 3—Stretched agglomerate fragment! in outcrop near the tame location at Photo 1. 

The majority of fragments are porphyritic, consisting of an aphanitic felsic groundmass 
and fine-grained feldspar phenocrysts. Large mafic fragments are comparatively rare but 
lapilli or coarse ash size mafic fragments are common and are the major component in 
the mafic lapilli tuffs. The smallest of these mafic fragments give rise to the mafic 
streaks described above. The groundmass of the agglomerates may be grey felsic 
material with pseudo-porphyritic texture similar to the bulk of the tuffs in the area or 
it may be mafic, similar to the less extensively developed mafic tuffs. 

The description given above covers the bulk of the pyroclastic material encountered 
in the map-area but in a few locations very mafic hornblendic and chloritic tuffs and 
agglomerates were encountered. In the area between Akweskwa Lake and the Crawford 
River, just south of the Nat River iron formation there are several outcrops of garnet-
iferous hornblende schist of pyroclastic origin. Locally, in one group of outcrops, 6,300 
feet west of the bridge between Akweskwa Lake and Misty Lake and about 4,600 feet 
south of Kenogaming Township northern line, the rock is a dark green and grey 
laminated, mafic, garnet-hornblende gneiss grading into an agglomerate composed of a 
mafic garnet-hornblende matrix enclosing stretched, mafic and felsic fragments ranging 
from Y4 inch to 3 feet long by 6 inches wide. Farther west on the Crawford River, 1,500 
feet south of the iron formation, a 5-foot wide band of similar mafic garnet-hornblende 
gneiss is interbedded with agglomerate composed of felsic fragments, ranging between 
2 inches and 18 inches long, in a dark green mafic matrix. Contacts on both sides of 
the garnet-hornblende gneiss band are gradational with interlayered felsic and mafic 
material in zones about 8 inches wide. These mafic gneisses are similar to the garnet-
magnetite-hornblende gneiss found interbedded with the iron formation south of 
Benbow Lake, with the difference that the Benbow Lake rocks contain about 16 percent 
magnetite whereas the former contain only scattered magnetite. 
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The pyroclastic rocks occupy most of the wedge-shaped area west of Akweskwa 
Lake but between Akweskwa Lake and the Crawford River massive phases very similar 
compositionally to the felsic tuffs are mixed with the pyroclastic material. These were 
mapped as felsic flow rocks but are included with the pyroclastic rocks in a single unit 
because they are intimately mixed. There are large gaps between outcrops and the rocks 
are compositionally very similar, so that distinction between pyroclastics and flows is 
usually difficult. 

The felsic flow rocks (usually foliated) generally consist of a dark grey aphanitic 
felsic groundmass with fine- to medium-grained mafic spots and feldspar phenocrysts 
and these features closely resemble characteristics of the felsic pyroclastic rocks, the 
principal difference being the homogeneous nature of the flows. Felsic flows in the area 
between Deerfoot Creek and Crossover Lake differ from the typical material of the 
Hanrahan Lake Complex in that they are light grey, white-weathering, finely laminated, 
metarhyolites. 

The felsic flows grade into fragmental material of the same composition, as for 
example in the south shore exposure of Napier Lake. Mafic minerals form streaks or 
spots, depending on how strongly foliated the rock is and these spots may be chloritic, 
biotitic, epidotic, hornblendic, or aggregates of these minerals. Quartz is usually visible 
in the rock but mainly as fine stringers that commonly contain a little pyrite. 

The pyroclastic rocks are composed of variable proportions of albite-oligoclase 
feldspar, quartz, chlorite, epidote, tremolitic or actinolitic amphibole, sericite, chlorite, 
carbonate, and rarely sphene. Fragments and groundmass are made up of the same 
component minerals but can be distinguished by differences in grain size, textures, and 
ratios of mafic to felsic minerals. The felsic tuffs consist of a microcrystalline mozaic 
groundmass of quartz and feldspar with minor chlorite, sericite, and epidote marking 
the foliation and enveloping zoned crystal fragments of plagioclase feldspar that impart 
a pseudo-porphyritic texture to the rock. In more mafic tuffs and in tuffs close to the 
granitic contacts, pale green tremolitic or actinolitic amphibole is generally present. 
Mafic streaks in the rocks consist of chlorite-epidote or chlorite-tremolite aggregates. 
Biotitic aggregates were noted in some rocks near a diabase dike east of Napier Lake. 

In the Radio Hill iron formation area the pyroclastic rocks are generally light buff 
to yellow in colour and coarsely fragmental, particularly in the area south of Gee Lake. 
These rocks are composed of albitic plagioclase, sericite, chlorite, and quartz with 
abundant rusty-weathering sideritic carbonate in some specimens. 

In general there is little mineralization associated with these felsic metavolcanics 
with the exception of a wide zone of sheared, silicified, carbonatized, and pyritized 
agglomerate and tuff extending northwest from the southern end of Akweskwa Lake. 
Gold and stringers of massive sphalerite are associated with the disseminated pyrite in 
this zone. 

Metasediments 
DETRITAL METASEDIMENTS 

A large area in the northwestern corner of Penhorwood Township, and extending 
about % mile north into Reeves Township, is underlain by clastic metasediments. The 
belt of metasediments extends from the western boundary of Penhorwood Township, 
eastwards for about 4 miles, terminating against the amphibolite-serpentinite complex 
extending southwards from the Reeves Mine. The belt is about 3 miles wide but is 
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intruded by large concordant masses of feldspar porphyry. The metasediments are 
bounded on the south by mafic metavolcanics and minor pyroclastic rocks and on the 
north they appear to be faulted against mafic metavolcanics. 

In the north, along the Groundhog River and east of the Nat River in Reeves 
Township, the metasediments are dominantly phyllitic and chloritic schists derived from 
very fine grained, silty sediments. Bedding is not easily recognized in most outcrops 
along the Groundhog River but is very well displayed in the exposures east of the Nat 
River. In both locations the rocks are silvery micaceous and chloritic phyllites with well 
developed, widely spaced fracture cleavage. The rocks are light grey on the weathered 
surface and light to dark grey on fresh surfaces. The exposures east of the Nat River 
have a striped appearance due to alternating light and dark grey beds. Bedding is 
generally V% to %o l f lch thick but in a few places attains 1 inch thickness and rarely 
graded bedding is recognizable. These rocks consist essentially of sericite with lesser 
amounts of chlorite in a microcrystalline granular groundmass of quartz and feldspar. 
Fine-grained carbonate augen are usually present. Grains rarely exceed 0.05 mm in 
diameter and are thus silt size. 

A lithologically similar but non-schistose rock is exposed in contact with the feldspar 
porphyry intrusion near the northern boundary of Penhorwood Township, about 6,500 
feet west of the Kukatush Road. This sedimentary rock is very thinly bedded, but grain 
gradation is apparent in thin section and megascopically. The alternate beds are com
posed of varying proportions of sericite and carbonate in a microcrystalline silt-sized 
groundmass of quartz and feldspar with minor chlorite and sphene. 

South of the feldspar porphyry intrusive mass in northern Penhorwood Township 
the metasediments are mainly interbedded polymictic conglomerates and lithic grey-
wackes; some argillite, slate, and arkosic sandstone occur in outcrops north of Jehann 
Lake. One of the best exposures of conglomerate lies on the eastern side of West Creek, 
just north of Primer Lake. The conglomerate weathers light green-grey with pink and 
light green-grey fragments. On fresh surface the rock is light to dark grey. The ground-
mass looks porphyritic due to the presence of fine-grained fragments and fine-grained 
porphyroblasts of ferruginous carbonate. The rock is strongly foliated and the ground-
mass tends to be schistose. Pebbles are round or elongated parallel to the foliation and 
range up to V/i inches by 3 inches. Pebble density is high and includes many medium-
grained, porphyritic, leucocratic granitic pebbles, aphanitic felsic fragments, diabase-
textured volcanic fragments, and feldspar crystal fragments. Quartz pebbles were not 
seen but coarse-grained quartz fragments are readily apparent in thin section. Many of 
the fragments are well rounded but many angular fragments are also present. Pebbly 
conglomerate is interbedded with lithic greywacke that is essentially the same as the 
matrix of the conglomerate. 

In thin section the conglomerate consists of a very fine grained groundmass of 
quartz, sericitized feldspar, and chlorite with minor ilmenite, magnetite, and leucoxene 
rods and octahedra, and traces of zircon and apatite. The rock fragments are composed 
of various proportions of albitic plagioclase, chlorite, quartz, sericite, and magnetite, 
most of the feldspar being highly sericitized, although euhedral porphyritic forms are 
still recognizable in some fragments. Coarse-grained quartz fragments are very common. 

On the northwestern side of Jehann Lake there are a number of outcrops of slaty 
argillite and argillite interbedded with arkosic sandstone. The argillite is very fine 
grained and dark blue-grey on a fresh surface. On weathered surfaces a very fine bedding 
lamination is visible as alternating layers of white, light grey, and light blue-grey, gener
ally less than y10 inch thick. In the outcrop area, 1,100 feet north of Jehann Lake and 
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4,000 feet west of the Nat River, slaty argillite is interbeded with arkosic sandstone. 
The beds range from 2 inches to 8 inches thick with very fine lamination in the argillite 
beds. A poorly developed cleavage cuts the bedding at a steep angle indicating proximity 
to the nose of a fold. The sandstone is light grey and contains visible quartz grains, up 
to about 0.4 mm in diameter, and scattered argillite lenses up to 25 mm long, in a 
yellowish buff weathering feldspathic groundmass. Graphitic and pyritic slates occur 
along much of the iron formation zones and are associated with the mafic metavolcanics 
southeast of Chubb Lake (the local name for the oval lake about lj4 miles east of the 
Reeves Mine in Reeves Township). 

The arkosic sandstone is composed essentially of highly sericitized feldspar with a 
subordinate amount of quartz and accessory ilmenite, magnetite, and leucoxene rods, 
apatite, zircon, and traces of pyrite altering to hematite. Remnants of polysynthetically 
twinned albitic plagioclase are rarely recognizable but the bulk of the feldspar has been 
converted to microcrystalline sericite aggregate. The fragments of quartz are mostly 
angular to subrounded. 

The material in these sedimentary rocks was derived from metavolcanic and hypab-
bysal felsic intrusive rocks; essentially from a metavolcanic complex such as that situated 
in the Kukatush-Sewell Lake area. The angular nature of the detritus constituting the 
metasediments and the unsorted character of the conglomerate indicate a history of short 
transportation and rapid deposition, suggesting a local derivation. 

An unusual feature of apparent metasomatic origin is developed in the conglomerate-
greywacke Outcrops in the area between West Creek and the Kukatush Road, between 
5,000 and 6,000 feet south of the northern boundary of Penhorwood Township. The 
feature consists of large aggregate spots, up to inch in diameter, composed of fine
grained biotite, chlorite, epidote, tremolitic amphibole, and carbonate. The spots develop 
in the conglomerate groundmass and to a lesser degree in the pebbles. Thin section 
examination suggests that these aggregates are pseudomorphic after feldspar fragments 
and phenocrysts in pebbles. The groundmass generally consists of quartz, green-brown 
biotite, colriurless tremolite, remnants of albitic plagioclase, epidote, chlorite, carbonate, 
sphene, and pyrite. The pseudomorphic aggregates may be angular, subrounded, or 
lensoid. They are usually elongated parallel to the rock foliation inheriting the attitude 
of the former feldspar grains. Biotitic stringers cross the foliation of the rock linking 
the pseudoinorphs. These stringers also follow the rock foliation resulting in biotite-rich 
layers, which form good cleavage surfaces, visible in hand specimen. There are similar 
stringers of carbonate linking carbonate lenses in the rock. 

The spotted effect is most marked in the area described and diminishes to the north 
and south. Replacement of the feldspar fragments, which seem to be largely plagioclase, 
would presumably require introduction of potassium and magnesium, and the associa
tion with appreciable carbonate suggests an introduction of calcium also. An east-west-
trending fajult has been interpreted cutting the serpentinite and amphibolite just east of 
the outcrops described and it is possible that this fault continues wesward through the 
centre of the spotted rock outcrop area. It is suggested that hydrothermal solutions cap
able of donating potassium, magnesium, and calcium might develop due, to interaction 
between hydrothermal solutions from a granitic source and the serpentinite, and migrate 
along the postulated fault causing the changes observed. In support of the thesis that the 
fault is a solution channel is the fact that the feldspar porphyry along the fault, west of 
the Nat River, is highly carbonatized; most of the plagioclase phenocrysts and much of 
the groundmass are converted to tremolite-carbonate-chlorite-zoisite aggregates, and 
specks of pyrite and chalcopyrite are associated with carbonate lenses in the rock. In 
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addition, farther east the amphibolite is also carbonatized and south of the postulated 
fault there are numerous quartz veins (not shown on Map 2231, back pocket) in the 
amphibolite and one siliceous fracture zone carries gold associated with arsenopyrite. 

Iron Formation 

There are two major iron formation zones in the map-area, the Radio Hill iron 
formation and the Nat River iron formation. The Radio Hill iron formation, in north
western Penhorwood Township, extends from a point about V4 mile southwest of Primer 
Lake, westwards between Leadbeater and Gee Lakes to the township boundary and con
tinues into Keith Township. The Nat River iron formation lies at the boundary between 
the Hanrahan Lake Complex and the mafic metavolcanic rocks and forms an almost con
tinuous zone, in Kenogaming and Penhorwood Townships, extending from the northern 
end of Akweskwa Lake, west-southwest to Benbow Lake, southwest almost to Steepe 
Lake where the zone folds back trending east, south of Hanrahan Lake, to a point about 
VA mile south of Crawford Lake. 

Outcrops of both iron formations are few and generally occur in clusters scattered 
along the iron formation zones. Exposures of the Nat River iron formation can best be 
seen: at the northern end of Akweskwa Lake; on the eastern side of the Crawford River; 
south of Benbow Lake; east and west of the Nat River; and south of Crawford Lake. 
The location of the iron formation along the rest of its length has been interpreted from 
geophysical and drill hole information wherever this was available. Prior to trenching 
operations the only outcrops of the Radio Hill iron formation consisted of a small cluster 
of outcrops on the western side of the Kukatush Road and another just north of Lead
beater Lake. The outline of the iron formation in the Radio Hill area is largely from 
plans of the Kukatush Mining Corporation (Ontario) Limited, based on trenching, drill
ing, and geophysical information. The extension of the iron formation westwards to the 
township boundary is based on geophysical information. 

RADIO HILL IRON FORMATION 

The part of the iron formation lying within Penhorwood Township has a strike 
length of about 3 miles and a maximum thickness of about 1,650 feet in the vicinity of 
Radio Hill. Eastwards from Radio Hill the iron formation thins and presumably pinches 
out about 3,000 feet southwest of Primer Lake. Westwards from Radio Hill, the iron 
formation splits into two thin seams that continue to the western boundary of Penhor
wood Township. The extension of the southern seam and part of the northern seam in 
Keith Township has been mapped by V.K. Prest (1950) . 

Immediately east of Leadbeater Lake the two thin seams of iron formation coalesce 
and thicken to form a single zone about 600 feet thick. Eastwards, at the Kukatush 
Road, the iron formation is folded into an isoclinal S-shaped fold, plunging north-north
west at about 50. The maximum surface width of the iron formation in the region of 
the fold is about 1,650 feet. Information eastwards from the fold is minimal but about 
5,500 feet east of the Kukatush Road a 50-foot wide section of "typical banded iron 
formation" was located by trenching on a magnetic anomaly by Mclntyre Porcupine 
Mines Limited (H.A. Brant et al. ODMNA File 63-107, 1947). Ground magnetic survey 
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figure 2-Typical diamond drill hole section through the Radio Hill iron formation in the Kukatush-
Sewell Lake area; from Banfield and Counselman 1961. 
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Photo 4—Five core samples from the Radio Hill iron formation. 

Top Left DDH No. 30 at 513.5 feet. 

Banded chert-pyrrhotite-chlorlte. The darker grey layer about Vi inch thick 
extending diagonally across the sample from top to bottom consists of laminae 
of very fine grained pyrrhotite and chlorite. The mottled grey and white areas 
on either side are predominantly chert although some very thin, parallel pyr
rhotire layers are also present. Very thin pyrite and pyrrhotite stringers crosscut 
the layering. 

Bottom Left DDH No. 30 at 488 feet. 

Layered dark green chlorite and pyrrhotite. The sample is predominantly chloritic 
but parallel layers of very fine grained chlorite, chlorite and pyrrhotite, and 
aggregated pyrrhotite globules alternate. The mottled area in the upper part 
of the sample is a layer of oval pyrrhotite globules. The globules are elongated 
at right angles to the main layering, parallel to the axis of a small fold. 

Centre DDH No. 25 at 441 feet. 

Graphitic slate containing relatively large pyrite globules having associated 
quartz-filled pressure shadows. The larger pyrite globule in the centre is about 
Vi inch long and immediately above it other small pyrite ovoids lie in the nose 
of a small fold closing to the left. 

Top Right Same location as centre sample. A %-inch thick layer of aggregate pyrite 
globules crosses the centre of the sample. 

Bottom Right DDH No. 25 at 431.5 feet. 

Massive pyrite composed of aggregated pyrite globules with minor interstitial 
graphite. One of the larger globules, about Vi inch long, is visible near the top 
of the sample. The highly reflecting (white) rim of this particular globule has a 
radial structure. 
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Table 2 
GENERALIZED SUCCESSION IN THE RADIO HILL IRON FORMATION IN THE 
KUKATUSH-SEWELL LAKE AREA 

South—Footwall 
(Approximate thicknesses) 

Felsic tuffs and agglomerates grading north across strike into 
lensy pyritic graphitic slate. 

(1) 0 to 150 feet sulphide, 
silicate, and carbonate 
facies mainly; roughly 
equivalent to H type 
material. 

Lensy pyritic graphitic slates grading north into layered chert 
and slate with rare magnetite bands and thin lenses of bedded 
chlorite and carbonate. 

(2) 100 to 300 feet oxide 
facies mainly but mixed 
with carbonate and 
silicate facies; roughly 
equivalent to E and F 
type materials. 

Gradation northward from chlorite-earbonate-chert into lean 
chert-carbonate-magnetite, then to layered magnetite-chert 
split by large lenses of carbonate-chert-magnetite material 
at various locations along strike. 

(3) 30 to 250 feet carbonate 
silicate facies mainly; 
roughly equivalent to 
H type material. 

Northwards gradation into dominantly iron-carbonate-chert 
beds with magnetite bands in the south and slaty material to 
the north. 

(4) 0 to 80 feet sulphide 
facies mainly. 

Gradation to chloritic slate and chert interbeds, then to 
bedded chert and pyritic graphitic slate, to pyritic graphitic 
slate interbedded with pyroclastic tuff and agglomerate. 

North—Hanging wall Pyroclastic rocks, slate, and altered ultramafic rocks. 

Minnesotaite is associated with the chert and sideritic carbonate throughout the succession, 
i.e., silicate facies. Jasper is common towards the footwall in the predominantly magnetite-
chert part of the succession, i.e., oxide facies. 
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maps of the Kukatush Mining Corporation (Ontario) Limited (see the section on "Eco
nomic Geology"; Table 4 ) indicate weak magnetic zones extending from the Radio Hill 
iron formation to the pit location. 

The iron formation dips northwards between 50 and vertical with the shallower dips 
generally in the eastern part near the S-shaped fold. Tops were not apparent in the few 
outcrops exposed. The footwall rocks on the south are predominantly sericitized felsic 
tuffs and agglomerates but thin lenses of blue-black graphitic and pyritic slate are 
common immediately below the contact with the iron-rich unit. The southern contact is 
generally gradational from tuff to pyritic graphitic slate, to slate interbedded with chert 
and then to chert interbedded with chloritic and iron carbonate-rich layers. On the 
north, or hanging wall side, the iron formation is in contact over much of its length 
with highly carbonatized, altered, ultramafic rock now composed of chlorite, talc, and 
carbonate. Where it is not in contact with the altered ultramafic rock, the iron forma
tion generally grades from carbonate-rich iron formation into pyritic graphitic slate with 
interbedded chert and tuff, e.g., in the middle of the S-fold west of the Kukatush Road. 
According to drill core information the graphitic slates contain appreciable pyrite and 
pyrrhotite occurring as very fine bedded material or as fine to coarse globular masses 
concentrated in particular layers (Photo 4). Thus, the iron formation lies within pre
dominantly pyroclastic rocks and is enclosed in a somewhat discontinuous envelope of 
pyritic graphitic slate. The iron formation is intruded by many small sheets of diorite, 
and diabase was intersected in several drill holes. 

All four principal facies of iron formation (H.L. James 1954), i.e. oxide, carbonate, 
silicate, and sulphide are present at Radio Hill. Throughout the iron-rich unit inter-
bedding of carbonate, minnesotaite, magnetite, and chert and interlayering of carbonate 
and pyritic slate beds is common. However, there is a broad pattern of facies succession 
evident from drill hole information. A generalized succession is presented in Table 2 
and a typical drill hole cross-section is illustrated in Figure 2. 

The Radio Hill iron formation at the Kukatush Road has been tightly folded into a 
flattened S-shaped fold overturned to the south and plunging northwest. Drill hole 
information indicates that the fold pitches westwards at about 30 steepening to about 40 
west of the Kukatush Road. Exposures of minor drag folds in trenched areas west of 
the Kukatush Road generally indicate west-northwest-trending plunges between 35 and 
70 with a main plunge trend of about N 7 0 W at 50. Minor related drag folds are com
plex, varying from similar folds to concentric folds and folds in adjacent layers may be 
disharmonic (Photo 5). Chert layers in the iron formation trend to concentric folding 
and have to some degree behaved in a brittle way, some layers being fractured and dis
located by the folding (Photo 5), in places to the extent where the iron formation re
sembles a breccia. The magnetite layers have behaved in a more plastic way, flowing 
into the apices of folds and into fractures in chert layers and around chert fragments. 

A number of east-west- and north-south-trending faults have been interpreted from 
drill hole information and a number of small shear zones containing abundant chlorite 
and pyrite are exposed in trenches. The iron formation is criss-crossed by many quartz-
or calcite-filled fractures, some of which exhibit offsets of a few inches. 

During the drilling of the Radio Hill iron formation the Kukatush Mining Corpora
tion (Ontario) Limited geologists subdivided the iron formation into a number of types 
designated by letters of the alphabet to assist in geological correlation and in the out
lining of blocks of possible ore. The division of possible ore types was "based on a 
combination of magnetic iron content, texture and liberation" (Neal and Riddell 1965, 
p. 24). These factors reflect the compositional facies of the iron formation to some degree 
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Photo 5-Folding in Radio Hill iron formation, Trench No. 3, magnotito-carbonat* chert; fragmentation 
of chert layer is visible on lower left side. 

and are therefore useful in general interpretation of the facies changes within the iron-
rich formation in conjunction with drill log descriptions. Three of the designated pos
sible ore types, types E, F, and H, constitute the bulk of the iron formation and only 
these three will be described. 

Type "E" material is characterized by layers of massive magnetite interlayered with 
light grey chert, with layers ranging in thickness up to 4 inches but with thicknesses 
generally less than Vi inch and commonly with hair-thin lamination. This type of 
material is most common near the footwall side of the iron formation (stratigraphic unit 
2, Table 2). Jasper bands were intersected in several drill holes and exposed in trenches, 
and these generally occur with the high-grade type "E" material. The "E" type material 
usually contains only minor carbonate and minnesotaite layers. Thin section examination 
indicates that: 

. . . the . . . iron . . . is present mainly as finely disseminated magnetite. The magnetite 
particles . . . occur in a well-defined banded . . . arrangement, with narrow magnetite-rich laminae 
200 microns to a few millimetres each in . . . thickness, alternating with less mineralized 
cherty gangue . . . laminae of similar . . . thickness. That is, . . . the magnetite-rich layers 
of the "E" type material in themselves are not made up of massive magnetite, . . . but merely 
constitute narrow zones of enriched dissemination. The interstitial gangue layers on their part 
are by no means entirely barren but contain scattered tiny magnetite inclusions . . . from a 
few microns to . . . 50 microns in diameter. The size of these latter individual inclusions 
may, however, be found mostly in the range of around 20 microns. There is no evidence of 
any hematite being present in . . . the type "E" material [A.G. Koeln 1960, as quoted in 
Gerson 1961, p.16]. 

The iron content ranges from 25 to 35 weight percent acid soluble and 14.63 to 
30.10 weight percent magnetic (Neal and Riddell 1965, p.35), with an average magnetic 
iron content of 23.86 weight percenr. 
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In type "F" material the magnetite is generally finer grained and duller in appear
ance than in type "E" and layering is usually less than 1 inch thick. Light green, minne-
sotaite-rkh chert layers and light grey sideritic carbonate layers are common. The 
magnetic iron content is generally lower than in type "E" material and is 12 to 28 
weight percent with an average of 18.06 weight percent. Acid soluble iron content of 
the type "F" material ranges from 25 to 30 weight percent. The type "E" and " F ' 
materials grade into each other and in general the bulk of the type "F" material overlies 
the type "E" in stratigraphic unit 2, Table 2. Thin sections indicate that: 

Magnetite predominates as the iron ore mineral. Occasional few pyrite and pyrrhotite par
ticles can also be observed. The magnetite presents itself as an extremely fine-grained dissemin
ation either in the cherty rock matrix or . . . for the most part . . . as aggregation in enriched 
bands, with well-defined banded texture. Throughout, the size of the magnetite component 
is very fine ranging from a few to maximally 40 microns only. [Koeln 1960, as quoted in 
Gerson 1961, p.19]. 

The type "H" material consists mainly of banded sideritic carbonate and chert that 
is banded light and dark grey on fresh surfaces but weathers brick-red and white and 
resembles banded hematite-chert. Slaty bands and layers of minnesotaite occur in the 
type "H" material and the slate increases westwards towards Leadbeater Lake. Some 
samples from the northern iron formation-serpentinite contact (Kukatush drill core 
information) were originally classified as magnesite but "On analysis they were found to 
be 'breunnerite', a magnesium carbonate with up to 30 percent iron carbonate" (H.S. 
Gerson 1961, p.21).. Microscopic examination of the type "H" material reveals a: 

. . . mixture of siderite, ferruginous carbonate minerals of varying Fe content . . . some 
of the latter constituting mere gangue . . . , as well as some magnetite. In addition a few 
sulphide crystals were also encountered, such as pyrite, pyrrhotite, and sphalerite. The 
siderite displays a wide . . . variation in grain size. Quite frequendy, the siderite . . . in 
turn contains finely disseminated . . . magnetite, the latter occurring as grains measuring from 
a few microns up to 120 microns in diameter. There are instances where the minute magnetite 
particles occur clustered in small bunches of up to 350 microns outer diameter. Wherever 
found, the accessory sulphides are of considerable fineness. Size of the pyrite and pyrrhotite 
particles never exceeds 150 microns and that of the sphalerite well below 60 microns. A few 
rare blobs of pure quartz have been noted. [Koeln 1960, as quoted in Gerson 1961, p.21]. 

Lenses of "H" type material occur within type "E" and "F" material but the greater 
part of the "H" type occurs above the "E" and "F" types, in stratigraphic unit 3, Table 2, 
and to a lesser degree below, in stratigraphic unit 1, Table 2. 

The generalized succession in the Radio Hill iron formation is outlined in Table 2. 
On the south, tuffs and agglomerates grade north across strike into pyritic graphitic slates 
and then to lensy sideritic type "H" material interbedded with slates (stratigraphic unit 
1, Table 2). This grades north into thin, lean type "F" magnetite-chert material that is 
succeeded by the main type "E" magnetite-chert material that is succeeded in turn by 
a thick succession of type "F" material. The type "E" and "F" materials together are 
equivalent to stratigraphic unit 2, Table 2. Farther north the type "F" material grades 
into the main siderite-chert (carbonate iron formation on Maps 2230 and 2231, back 
pocket) type "H" material, corresponding to stratigraphic unit 3, Table 2. This main 
zone of type "H" material then grades north into more pyritic graphitic slates. 

About 2,400 feet west of the Kukatush Road the magnetite-chert, type "E" and "F" 
materials, becomes leaner and type "E" actually disappears, apparently grading into type 
"F" material along strike, thus stratigraphic unit 2, Table 2, is represented only by type 
"F" material. Farther west about 4,000 feet west of the Kukatush Road, the magnetite-
chert section, type "F" material, thins drastically and is interbedded with much more 
siderite-chert, type "H" material, slate, and tuff. The siderite-chert section, stratigraphic 
unit 3, Table 2, maintains its thickness slightly farther west but it too becomes inter-
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bedded with more slaty and tuffaceous material. Where the iron formation splits into 
two layers, just south of Leadbeater Lake, the two seams are composed predominantly of 
type "H" material, siderite-chert, with only very thin, lean zones of type "F" magnetite-
chert. The two seams are separated by interbedded slates and tuffs. The widening of the 
iron formation in the vicinity of Radio Hill thus appears to be due to a greater deposi-
tional thickness of oxide and carbonate facies in this region as compared with the iron 
formation farther west. The widening is further enhanced by tight folding. 

Microscopic and x-ray diffraction studies have been made of selected suites of 
characteristic specimens from bulk samples of "E", "F* and "H" type materials. 

In descending order of abundance, the iron formation consists of chert, minnesotaite and 
magnetite, wi^h minor amounts of siderite, stilpnomelane and dolomite. . . . Pyrite, pyrrhotite, 
sericite and Chlorite are locally abundant in sheared zones. • Calcite and quartz are locally 
abundant as late veins or fracture fillings but constitute only minor percentages of he iron 
formation. Jasper is locally abundant in a particular horizon near the base of the iron forma
tion along the southern limb of the syncline. Stilpnomelane generally occurs in the vicinity 
of bands of massive magnetite. [A. F. Banfield and T. B. Counselman 1961]. 

The iron formation and surrounding metasedimentary and pyroclastic rocks have 
been metamorphosed to lower greenschist facies. The iron formation is in general very 
fine grained and minnesotaite and stilpnomelane are characteristic of the low grade, 
chlorite and biotite zones (lower greenschist facies) of metamorphism. 

NAT RIVER IRON FORMATION 

The Hanrahan Lake felsic metavolcanic complex is almost completely enclosed by a 
narrow iron formation zone. This zone appears to be discontinuous in the south between 
the Nat River and Crawford Lake, and it was not encountered east of Crawford Lake, 
however, the iron formation persists along a strike length of about 14 miles. The con
tinuity of the iron formation zone is deduced largely from ground magnetometer survey 
maps in conjunction with a few scattered outcrops and drill holes. As a result it is un
certain whether the iron formation represents a single continuous layer or a series of 
en echelon lenses, although the latter seems more probable. 

The maximum bedded thickness of iron formation is about 200 feet but most 
commonly the thickness is less than 100 feet and locally may be as thin as 2 feet. Thicken
ing in some parts of the zone is caused by folding, e.g., east of Crawford River, or by 
en echelon lensing. The dip of the iron formation is generally to the north or northwest 
between 50 and vertical. 

The iron formation consists predominantly of banded magnetite-chert and magnetite-
chert-amphibole or chlorite. Banded magnetite-chert is present in all exposures and is 
probably present along the whole zone, although the magnetic expression on magnetic 
survey maps is weak in some sections due to thick overburden, and in others due to iron 
formation thinning. Individual chert layers range up to 2 feet thick but are generally 
less than 1 inch. Magnetite layers range up to 4 inches thick but are generally thin and 
less than V2 inch. Green silicate layers interbedded with magnetite and chert are par
ticularly noticeable in the area between Akweskwa Lake and the Crawford River and in 
this area they are composed essentially of pale tremolitic amphibole. Metamorphism has 
not exceeded greenschist facies, consequendy the magnetite is very fine grained through
out the Nat River iron formation. 
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Photo 6—Nat River iron formation exposed about 3,000 feet west of the northern end of Akweskwa 
Lake; the white chert layers are concentrically folded; the dark magnetite layers have flowed 
into fold apices; the scale is 6 inches long. 

Very commonly the iron formarion bedding is folded. The chert layers usually form 
parallel folds whereas the magnetite and silicate layers tend to thicken in the noses of 
the folds and become attenuated on the limbs (Photo 6). The silicate-rich layers in the 
iron formation are usually complexly folded with flowage of the dark green silicate 
material evident. In many places the thin cherr layers inrerbedded with the silicate layers 
are boudinaged and fragmented locally to such an extent that the rock becomes a fold 
breccia with fragments of chert isolated in a groundmass of green amphibole and chlorite. 
Chert breccia of apparent sedimentary origin is also present, as seen in one outcrop 6,650 
feet west, and 3,500 south from the bridge on the Kamiskotia River near the Kenog-
aming-Sewell township boundary. In this outcrop an undeformed 6-inch wide band of 
layered chert-carbonate-magnetite is sandwiched between two wide bands of brecciated 
chert cemented by quartz and carbonate (Photo 7). 

Locally, iron formation, made up of banded chert-carbonate-magnetite and pyritic 
graphitic slate, is exposed. Slaty material is abundant on the northern side of the iron 
formation south of Benbow Lake in the folded section just east of Crawford River. Inter
bedded graphitic slate and chert is especially plentiful on the northern limb of this fold. 
Graphitic slate sections, some with blobs of syngenetic pyrite (D.D.H. log No. 1, 
ODMNA file T.669, Timmins) were observed in drill holes in the area between the 
Crawford River and the Nat River. Scattered outcrops of banded sideriric carbonate-
chert iron formation were noted east of the Nat River and west of Akweskwa Lake. 
Ferruginous carbonate is reported (H.S. Gerson 1961) intercalated with the magnetite 
and chert in drill holes between the Nat River and Akweskwa Lake. 

Sulphide minerals are common throughout the Nat River iron formation zone. The 
sulphide minerals are mainly pyrite and pyrrhotite but, in some places, trace amounts of 
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Photo 7-Six-inch wide band of laminated magnetite-chert iron formation bounded on both sides by a 
chert breccia presumably of primary sedimentary origin; Nat River iron formation, west of 
Akweskwa Lake. 

chalcopyrite are present. Pyrite is characteristic of the slaty formations but sulphide 
minerals also occur in the banded magnetite-chert as disseminations, fracture fillings, 
associated with chloritic shear zones, and as large massive lenses. The occurrence of the 
sulphide minerals as fracture fillings and in chloritic shear zones indicates that they are 
mainly of secondary origin. The most noticeable development of sulphide disseminations 
and massive lenses was observed in the southern limb of the Z-shaped fold east of 
Crawford River, in the outcrops just west of the Nat River, and in drill holes cutting 
the iron formation northwest of Montgomery Lake. The high sulphide content in these 
areas is probably due to the close association of the iron formation with large masses of 
serpentinite and amphibolite. Sulphide minerals, pyrrhotite and pyrite, associated with 
interesting amounts of chalcopyrite occur in the iron formation south of Crawford Lake. 
In this area the sulphide mineralization seems to be associated with a diabase dike. 

The iron formation contacts are poorly exposed but one good exposure of the 
southern contact is found south of Benbow Lake. An exposure believed to be at the 
north contact outcrops on the eastern bank of the Crawford River, in north-central 
Kenogaming Township. 

The section at Benbow Lake exhibits very clearly a gradual transition from pyro
clastic rocks to iron formation, and a slight grading in grain size in some of the magnetite 
bands indicate that the tops of the formations may face north. A top determination in 
a tuff exposure 500 feet to the south indicates tops here also face north. The iron forma
tion would thus appear to be younger than the pyroclastic rocks to the south and older 
than the mafic metavolcanic rocks to the north. 

There is some similarity to the Radio Hill iron formation in the transitional relation
ship to the pyroclastic rocks and, although not exposed, drilling indicates that slaty rocks 
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are present at the upper and lower contacts. However, nowhere does the Nat River iron 
formation appear to reach maximum thicknesses comparable with the Radio Hill iron 
formation and drill hole information generally shows that the economically interesting 
magnetite-chert material is interbedded with considerably more slate, carbonate, chert, 
quartzite, and metavolcanic material and most drill holes intersected appreciable quan
tities of feldspar porphyry and mafic intrusive material. 

East of the Nat River, between Montgomery Lake and Hanrahan Lake, nothing is 
known of the iron formation as no detailed geophysical or drill hole information is avail
able and no exposures were found. Iron formation is exposed farther east, between 
Hanrahan Lake and Crawford Lake, south of the Crawford River, but here the exposures 
are few and scattered and the iron formation thin. The best exposures are located about 
3,000 feet south of Crawford Lake in two northeast-trending bands about 250 feet apart 
(see the section on "Dunvegan Mines Limited [1965}, Hoodoo Lake Mines Limited"). It 
is the author's opinion that in this region the iron formation is not continuous but con
sists of impersistent lenses. 

Early Mafic Intrusive Rocks 

Sheets, pods, dikes, and irregular stocks of amphibolite intrude the mafic meta
volcanic, felsic metavolcanic, and metasedimentary rocks throughout the map-area. 
Intrusive relationships are apparent in many places, e.g., in the pillowed mafic meta
volcanic rocks 1,500 feet east of Crawford River about 600 feet south of the Kenog-
aming-Seweli township boundary; in the pyroclastic rocks north and south of Napier 
Lake; in the iron formation east of the Crawford River; and in the metasediments north 
of the eastern end of Jehann Lake. However, as noted in the section on "Mafic Meta
volcanics" some difficulty is encountered in distinguishing coarser phases of the volcanic 
rocks from the amphibolitic rocks and where the relationship has not been clear the 
coarser phases have been mapped as mafic intrusive rocks. 

Hand specimens of the amphibolites are predominantly equigranular, and through
out the map-area all grain sizes from fine to very coarse grained were encountered. In 
a few locations, e.g., in some small irregular stocks or bosses (too small to show at map 
scale) intruding metavolcanic rocks southwest of Sewell Lake, some of the smaller 
intrusive masses have a porphyritic texture with medium-grained amphibole grains 
scattered in a fine-grained to aphanitic matrix. In most of the amphibolites, dark green 
to light green amphibole, feldspar, fine-grained blue quartz grains, and scattered grains 
of pyrrhotite and pyrite are recognizable in hand specimen. The amphibole generally 
constitutes more than 40 percent of the rock. Many of the amphibolites are dark green 
or grey-green but light grey or light green-grey coloured varieties are present in the 
vicinity of faulting, carbonatization, mineralization (gold and quartz veins), or serpen
tinite contacts, e.g., in the area between Jehann Lake, West Creek, and the Nat River, or 
adjacent to the serpentinite contact in Reeves Township. The amphibolites are massive 
to poorly foliated except in areas adjacent to granitic contacts where they are strongly 
foliated and gneissic or in areas of shearing where they may be flasered or schisted as 
in some parts of the large mass south of the Reeves Mine. 

The typical amphibolite is composed of: pale to strongly coloured actinolitic to 
tremolitic amphibole, ranging from 40 to 65 percent; highly saussuritized plagioclase 
now of albitic composition, varying from 25 to 55 percent; quartz, in some specimens as 
individual fine grains but most commonly in granophyric intergrOwths; sphene; epidote; 
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and chlorite. Secondary carbonate is important in some locations and magnetite, pyrite, 
and pyrrhotite are common accessory minerals. In the porphyritic textured varieties, 
fine- to medium-grained ragged blades of pale green aainolitic or tremolitic amphibole 
are scattered in a very fine grained groundmass of amphibole, zoisite, chlorite, albitic 
plagioclase, with minor sphene and pyrite. 

Near serpentinite contacts, such as a half mile south of the Reeves Mine, the 
amphibolite is generally light grey-green and tremolitic. At the contacts it may be 
altered to a predominantly zoisite-talc rock with minor remnants of plagioclase, sphene, 
chlorite, and quartz. In areas of shearing the amphibolite may be dark green, rusty buff, 
or light green, e.g., about 1,200 feet north of the Reeves-Penhorwood township boundary 
and 1 mile east of the Nat River the rock is a dark green, strongly foliated, flasered 
chloritic amphibolite (sheared amphibolite); at the eastern end of Jehann Lake the 
amphibolite is altered to a dark green to rusty buff, flasered, chloritic rock with abundant 
disseminated ferriferous, rusty weathering carbonate; and in the area of faulting and 
mineralization between West Creek and the Nat River, north of Jehann Lake, the 
amphibolite is usually a pale carbonatized, in places schistose, rock. In the area of 
arsenopyrite-gold mineralization north of Jehann Lake the rock is light coloured, sheared 
and feldspathic, highly carbonatized, and cut by numerous quartz veins. 

As the contacts of the intrusive granitic masses are approached the amphibolites 
exhibit changes similar to those described for the mafic metavolcanics and in the imme
diate contact areas they are converted to dark green hornblende-albite-epidote gneisses 
(hornblendic aainolitic amphibolites) containing, in addition, quartz and accessory 
apatite, magnetite, and sericite. 

Some large masses of hornblendic aainolitic amphibolite are isolated in the trond-
hjemitic and granodioritic intrusive masses, mainly in Sewell Township. On the Ground
hog River, just north of Highway 101, an equigranular, medium-grained, massive to 
poorly foliated amphibolite appears to be largely enclosed by trondhjemitic gneiss. The 
rock consists of hornblende, albitic plagioclase, quartz, and epidote with minor sphene 
and chlorite. In the Akweskwa Lake area masses of amphibolite are rafted in the 
granodiorite, e.g., at the northern end of Akweskwa Lake a large mass of garnetiferous 
amphibolite juts out into the lake on the eastern side as a small headland and island. 

In the area between Lap Lake and Misty Lake, in Sewell Township, there is only one 
small area of ou taop consisting of coarse-grained amphibolite, granodiorite, and syenite 
with a variety of mixed hybrid rocks. Geophysical surveys of the area suggest that large 
masses of amphibolite are mixed with the granodiorite in an agmatitic mixture. A thin 
seaion shows the amphibolite to be composed of coarse-grained subhedral to anhedral 
plagioclase, with coarse-grained interstitial augite. The plagioclase is largely altered to 
sericite or carbonate with tremolite and chlorite and the pyroxene is altered to horn
blende. Minor magnetite and quartz are also present. 

With one exception the amphibolite occurs as small irregular stocks, short narrow 
lenses, or long concordant sheets no thicker than about 1,000 feet. The exception is a 
large mass of amphibolite outcropping south of the Reeves serpentinite. This mass is 
dislocated by several east-west-trending faults but, ignoring these, the surface form is 
roughly anchor-shaped with a large boss, approximately 4,500 feet in diameter, lying 
south of the Reeves Mine and extending a 1,500-foot wide shaft south-southwestwards 
10,000 feet to the eastern shore of Jehann Lake. One arm of the anchor shape extends 
east from Jehann Lake for about 9,000 feet to the esker road at the Nat River and the 
other arm extends north-northwest from Jehann Lake 8,000 feet, almost to the junction 
of the Nat River and West Qeek. This large body of amphibolite is in contact with 
serpentinite over a great part of its length but nowhere is the contaa exposed. On the 

27 



Kukatush-Sewell Lake Area 

basis of outcrop distribution and drill hole information there is no indication of a 
gradational relationship. There is an abrupt lithological change from the large, relatively 
uniform, serpentinite mass to the homogeneous amphibolite mass. The amphibolite and 
serpentinite appear to be two distinctly separate intrusive masses. Drill hole inter
sections along the north contact of the amphibolite in Reeves Township indicate that 
the amphibolite dips northwards beneath the serpentinite. However, it is possible that 
the northern contact is marked by an east-west-trending, north-dipping thrust fault 
similar to the Reeves Mine Footwall Fault (see Figure 3, Chart A, back pocket). 

The amphibolite is obviously younger than the metavolcanic and metasedimentary 
rocks and older than the felsic intrusive rocks and the regional metamorphism. The 
relationship between amphibolite and serpentinite is not so clear but the following 
features seem to indicate that the amphibolite is older: 

(1) In contact with the serpentinite the amphibolite exhibits alteration features 
similar to those seen in the mafic metavolcanics in contact with the serpen
tinite, i.e., the rock may be converted to a tremolitic actinolitic amphibolite 
or to an epidote-rich rock. Metasomatism responsible for these effects was 
most probably associated with the intrusion of or the serpentinization of 
the ultramafic bodies. It is argued later (see section on "Ultramafic Intru
sive Rocks, Contact Relationships") that the epidote-rich rock is related to 
metasomatism at the time of intrusion of the ultramafic rocks. Thus the 
amphibolite would necessarily be older than the serpentinite. 

(2) Near Napier Lake, a number of thin, fine-grained dikes of amphibolite, 
emanating from a coarse-grained amphibolite sheet, intrude pyroclastic and 
felsic flow rocks. Outcrop distribution suggests that the serpentinite in this 
vicinity intrudes the amphibolite and truncates the dikes mentioned above. 
However, contacts between serpentinite and amphibolite again are not 
exposed. 

Pyrite and pyrrhotite are scattered throughout the amphibolite but are present in 
small amounts only. There is a gold-arsenopyrite occurrence located about 1 mile north 
of Jehann Lake, in Penhorwood Township. This mineralization, however, is associated 
with fracturing, carbonatization, and quartz veining related to faulting in the region. 

Ultramafic Intrusive Rocks 

Serpentinized ultramafic intrusive rocks outcrop in all four townships. In almost all 
of these rocks the original olivine and pyroxene minerals have been completely altered 
to serpentine or tremolite. Many of the ultramafic masses have been extensively carbon-
atized and locally steatitized. The serpentinites intrude the mafic and felsic metavolcanics, 
detrital metasediments, iron formation, and early mafic intrusive rocks. The serpentinites 
in turn are intruded by feldspar porphyry, leucocratic trondhjemite, and by diabase dikes. 

The ultramafic intrusive masses have a variety of forms and several are large. In the 
Hanrahan Lake Complex area the serpentinites occur as conformable sheets, paralleling 
the country rock foliation and apparently conforming to the major folding. Some of the 
smaller lens-shaped masses may be pipes or pencils of serpentinite separated from larger 
sheets by boudinaging consequent on folding. The sheets range in thickness from as thin 
as 2 feet up to about 1,700 feet and some of the sheets in Kenogaming Township are 
extensive, possibly exceeding 25,000 feet in length. In Penhorwood Township the ser-
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pentinite masses are more irregular in shape but are generally elongated parallel to the 
country rock foliation. The Reeves Township serpentinite is in part conformable and in 
part, where it extends south into Penhorwood Township, crosses the trend of the country 
rock schistosity, although in this region the serpentinite may lie in the nose of a major 
fold and parallel the bedding of the country rock. 

The fresh colour of the ultramafic rocks may be black, any shade of grey from light 
to dark with light green mottling, or light yellowish grey. Texture is equigranular and 
very commonly the rock has a characteristic honeycomb texture consisting of green-grey 
to black polygonal grains enclosed in a white, light blue-green or black, fine interstitial 
mesh. Most of the polygonal grains are equidimensional but prismatic forms occur. 
Most grains are less than inch in diameter but some of the prismatic grains range up 
to inch long. Even in the thinnest intrusions the relict grain outlines are coarse 
grained. The polygonal grains are pseudomorphic after euhedral olivine crystals, which 
have been replaced by antigorite serpentine. The original grain outlines are defined by a 
thin interstitial network of antigorite and chrysotile serpentine, carbonate, and magnetite. 
This texture is best seen on the weathered surface. On fresh surfaces the rock generally 
appears to be very fine grained with little indication of the coarse honeycomb texture 
except for rare, highly reflecting, coarse sized, cleavage planes. On the weathered surface 
the ultramafic rocks may be white to blue-green, grey, brown, or rusty orange, and the 
soft surface is easily scored by the sharp end of a pick. All colour types may be present 
in any one location and this is particularly so in the Hanrahan Lake Complex area. 
Generally, however, the ultramafic masses west of Horwood Lake station, between 
Jehann Lake and the esker road, and on the northwestern side of Akweskwa Lake, are 
dark grey to black in colour. 

Thin sections indicate that the colour differences in the ultramafic rocks are due to 
differences in metamorphism or metasomatism. In the areas of predominantly dark 
coloured rocks mentioned above the ultramafic rocks are partly or completely replaced by 
aggregates of tremolite and chlorite and minor serpentine. The tremolite and chlorite 
impart a dark colour to the rock. Carbonate is minor or absent and magnetite may be 
very finely disseminated or clustered and granular. Where the magnetite is finely dis
seminated the rock colour is particularly black. The light to dark grey rocks in the other 
parts of the area are composed essentially of serpentine minerals, magnetite, and car
bonate. The very light coloured rocks are generally high in carbonate content whereas 
the slightly darker rocks may owe their colour to low carbonate content or to the manner 
in which the magnetite is disseminated in the rock. 

There are at least two types of carbonate alteration in these rocks. Many of the grey 
serpentinites contain disseminated carbonate throughout and weather white to light blue. 
Other highly carbonatized serpentinites are rusty weathering and these may contain rusty 
weathering rhombohedral carbonate porphyroblasts. White weathering and rusty weather
ing carbonate veins also cut the serpentinites. The rusty weathering carbonatized rocks 
are usually visibly related to carbonarization along joints or in schistose talc-beraing shear 
zones. 

An unusual texture was observed in the ultramafic intrusions southeast of Jehann 
Lake and west of Horwood Lake station. The rock in these localities is black to dark grey 
and consists of randomly oriented blocks ranging in size from less than 1 inch up to 1 
foot in diameter. The blocks are characterized by a well developed platy cleavage to the 
extent that each block has a weathered appearance resembling a fine grating. The blocks 
have angular outlines due to termination against the platy cleavage in adjoining blocks. 
This rock was designated as "Pine Needle Rock" by the Canadian Johns-Manville Com-
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Photo 8—Primary mintralogical layering in serpentinite at the eastern 
end of the Reeves orebody; view looking west, before min
ing commenced. 

pany Limited geologists because of the distinctive texture and for brevity this term will 
be used in the following text, but on Map 2230 (back pocket) this rock is called chicken 
track rock. The texture appears to be compositionally controlled as outcrops were located 
in which the pine needle rock and equant grain, honeycomb textured rock are inter-
layered in a manner suggesting derivation from a mineralogically layered ultramafic body. 

Estimating on the basis of pseudomorphic crystal forms, the olivine content of the 
ultramafic rocks must, in general, have been greater than 60 percent and in some of the 
honeycomb textured rocks the olivine content was probably much higher. Thus original 
compositions ranged from peridotite to dunite. The interpreted original olivine content 
of the pine needle rock indicates that it was probably a peridotite. 

PRIMARY STRUCTURES 

Most commonly the ultramafic rocks are massive but a number of structures of both 
primary and secondary origin were observed. One structure, of major importance in 
determining the origin of these serpentinite bodies, is mineralogical layering and this 
type of layering was noted in four regions: 

(1) At the eastern end of the Reeves asbestos orebody, and in the serpentinite 
about 1,500 feet southwest of the orebody, Reeves Township. 
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Photo 9—Close up view of mineralogical layering illuitrated in Photo 
8; the black specks are magnetite grains; the pen is about 
5 inches long. 

(2) In the serpentinite north of Crawford Lake, Kenogaming Township. 
(3) In the serpentinite west of Horwood Lake station, Penhorwood Township. 
(4) And 4,000 feet south of the eastern end of Jehann Lake, Penhorwood Town

ship. 

In areas 1 and 2 the serpentinite is the typical honeycomb textured, light to dark 
grey type. The layering is evident on the weathered surface either as alternating bands of 
white and dark grey (Photos 8 and 9), or as differentially weathered units. On fresh 
surfaces the layering is apparent as slighdy different grey shades in the rock but these are 
much more difficult to detect. The layered rocks are completely serpentinized, consisting 
of serpentine minerals, magnetite, and carbonate. The only apparent mineralogical differ
ence now evident is a difference in the magnetite content of alternate layers, with light 
layers containing less than 5 percent magnetite and dark layers between 5 and 10 percent 
magnetite. Dark layers range from Yi inch to 3 inches thick, lighter layers range from 3 
inches to 7 inches thick and in many places the pseudomorphed olivine grains in a light 
layer are slighdy coarser grained than those in the adjacent dark layers. No grain grada
tions were detected. 
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Photo 10—Ribbon asbestos vein at eastern end of Reeves Mine orebody; the dark central vein is largely 
magnetite; asbestos fibre Alls the parallel veins on either side; a light alteration zone about 
4 inches wide occurs on both sides of the vein, 

In the Reeves asbestos zone the mineralogical layering is largely destroyed or masked 
by alteration associated with the asbestos veining. Many of the asbestos veins are multiple 
and have a layered appearance themselves (Photo 10) . Near area 2, south of Crawford 
Lake, carbonatization along fracture planes has created a secondary layering very similar 
in appearance to the mineralogical layering but the restriction of this type of layering to 
narrow zones, the crosscutting and convergence of these zones, and an obvious relation
ship to jointing in many outcrops, serves to distinguish the secondary carbonate layering 
from the mineralogical layering. 

In areas 3 and 4 the mineralogical layering is visible as alternating layers of honey
comb and "pine needle textured" rock, as described above. These rocks are dark and 
contain a high proportion of tremolite with chlorite in addition to serpentine, magnetite, 
and rare remnant olivine. 

Another structure of apparent primary origin was noted in one outcrop at the north
eastern contact of the Reeves asbestos orebody. In this outcrop the serpentinite possesses 
a flow structure or fluxion banding (Photos 11, 12) that is visible on a weathered surface 
as wavy, pale green-grey and orange coloured laminae. Small, rounded, light grey, ser-
pentinized mafic xenoliths are scattered in the serpentinite causing disturbance of the 
fluxion banding. On fresh surfaces the layering is not readily apparent. The rock is 
composed essentially of reticulated blades of antigorite, with granular magnetite streamed 
parallel to the foliation. There is no indication of the form of the original grains now 
replaced by the serpentine. There is no visible orientation of the serpentine blades and 
apart from the streaming of the magnetite grains the only indication of foliation is the 
presence of parallel, planar dislocations, indicating sheeting of the serpentine ground-
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Photo 12—Clot* up view of the fluxion structure illustrated in Photo 11; the whit* oval beside the 
hammer point is of completely different texture to the surrounding serpentinite, being very fine 
grained and massive, but it is also composed of serpentinite. 
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mass, only visible microscopically under crossed nicols. Carbonate replacement has 
occurred along the foliation planes in many places. The carbonate shows rusty weather
ing that gives rise to the orange laminae that accentuate the foliation on outcrop sur
faces. The dislocations probably developed subsequent to serpentinization due to late 
fracturing and minor gliding on these planes, but it is possible that original olivine grains 
were oriented in laminae due to flowage during intrusion, and the serpentinization, con
trolled by the original olivine grains, inherited the sheeted structure. 

SECONDARY STRUCTURES 

Other structures seen in the serpentinite rocks are mainly associated with meta
morphism, carbonatization, asbestos mineralization, or shearing. As mentioned above, 
zones of layering may be developed in the serpentinite by asbestos vein formation and 
by carbonatization controlled by joints and fractures. 

Asbestos veining is usually accompanied by alteration selvages parallel to the veins. 
In areas where asbestos veins are plentiful the veins commonly have different attitudes 
and many veins branch and split. As a result, the main serpentinite mass is broken into 
smaller oval-shaped masses of serpentinite by alteration selvages (Photo 13). These 
masses commonly resemble pillow structures of volcanic origin. The core areas of these 
masses weather light brown to buff whereas the selvages adjacent to the asbestos veins 
weather white. The selvages are characterized by short fractures essentially perpendicular 
to the asbestos veins that rarely penetrate the cores of the balloon- or oval-shaped masses. 

The asbestos veins bordered by light alteration selvages almost invariably have 
magnetite-rich laminae either splitting the veins in the centre or bordering the veins 
along one wall, and the alteration selvages generally appear to contain less magnetite than 
the core areas of the balloon- or oval-shaped masses. The simplest inference is that the 
magnetite in the asbestos veins was derived largely from the adjoining alteration selvages. 
Many of the features described above have been observed in the ultramafic rocks of the 
Thetford-Disraeli area in Quebec. These have been described in detail and examined by 
chemical analyses by H.C. Cooke (1937). The results of his analyses indicate that the 
total ferrous and ferric iron content in the serpentinized vein walls is about 35 to 45 
percent lower than in the partly serpentinized country rock away from the veins, which 
indicates that iron does move out of the alteration selvages and therefore could be the 
source of the magnetite in the asbestos veins. 

A similar balloon-like structure, but in this place associated with carbonatization, 
was noted in serpentinite exposures south of the Crawford River, 4,500 feet west of 
Crawford Lake. The structure consists of round, oval, or triangular-shaped masses of 
rough pitted weathering material enclosed by a zone of short radial fractures in smooth 
weathering serpentinite (Photos 14, 15) . In some outcrops the shapes of the rough 
weathering masses are obviously joint controlled. In thin section, the rock is composed 
of antigorite and magnetite pseudomorphic after olivine, and in turn replaced by car
bonate and cut by carbonate veins. Carbonate is more abundant in the smooth surfaced 
rim area than in the core. Adjacent to areas where the antigorite has been replaced by 
carbonate the serpentine is altered to a glassy yellow serpophitic material. A few inter
stitial and en echelon gash veins of chrysotile occur in the core section and appear to be 
partly replaced by carbonate. This suggests that the balloon-like structures may origin
ally have developed due to formation of asbestos veins, as described above, and that sub
sequently the rock was carbonatized by solutions utilizing these early veins and fractures. 
Certainly, in the Reeves Mine, there are indications that carbonatization solutions have 
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Photo 14-Corbonatization related to fractures, showing typical pitted weathering and the development 
of short tension cross fractures; Kenogaming Township, south of the Crawford River about 
4,500 feet west of Crawford Lake. 
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Photo 15—Same locality at Photo 14; carbonalized serpentinite showing typical development of radial 
tension fractures. 

utilized asbestos veins as channelways, usually without modifying the asbestos in the 
veins. 

During folding the serpentinites seem to have behaved as rigid bodies round which 
the country rock foliation has deflected. They have adjusted to folding by jointing and 
localized shearing internally and by shearing around the contacts. Within the interior of 
the various serpentinite masses the pseudomorphed polygonal olivine grains show no 
sign of deformation; however, around the margins of most of the serpentinite bodies 
the principal rock type is massive and schistose talc-carbonate rock. This schistose talc-
carbonate rock commonly has a high content of rusty weathering ferruginous carbonate, 
in places in the form of rhombohedral porphyroblasts. 

The "pine needle texture" described above may also be a secondary structure although 
controlled by original or primary mineralogical differences. A texture similar to that 
observed in the pine needle rock is described from the pyroxenites in the Dundonald and 
Clergue Townships area (A.J. Naldrett and G.D. Mason 1968, Figure 10a, p.122) and 
referred to as "bird track" or "herringbone" rock. Naldrett and Mason relate this texture 
to crystallization of dendritic crystals under supercooled conditions at the margins of the 
ultramafic intrusions although equant crystal grains accumulated in the cores of the 
intrusive bodies. It is difficult to explain the "pine needle" rock by this means since in 
Penhorwood Township the "pine needle" rock and equant honeycomb textured rock are 
interlayered. Thin sections indicate that the equant olivine grains in the honeycomb 
textured layers were medium to fine grained although the olivine grains in the pine 
needle rock are coarse grained and elongated. The pine needle texture seems to have 
developed as a result of replacement of the long olivine grains by tremolite along parallel 
bands or in a herringbone pattern that suggests replacement along crystallographic zones 
in the olivine grains (Photo 16). 
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Photo 16-Herringbone alteration pattern in olivine in the "pine needle" textured serpentinite from the 
ultramafic intrusion % mile south of Jehann Lake. The dark material Is magnetite, the light 
areas consist of tremolite and antigorite (plane polarized light, x 250). 

CONTACT RELATIONSHIPS 

Contacts of the serpentinite intrusive bodies with older country rocks are rarely 
exposed. Commonly the serpentinite in any contact area has been converted to a massive 
or schistose talc-carbonate rock, indicating that many of the contacts are sheared and the 
rocks are highly altered. The contact shearing of the serpentinites is essentially con
formable with the country rock foliation. Despite the shearing in the contact areas the 
interior of the serpentinites are massive, with undeformed relict textures, although joint
ing is prevalent and local shear zones, conformable with the regional shear pattern, 
occur. The country rocks adjacent to the sheared, talcose serpentinite contacts are usually 
chloritic schists, or tremolitic and ralcose amphibolites. In the area east of Hanrahan 
Lake, particularly south of the Crawford River, although actual contacts are not seen, the 
amphilbolites commonly grade into chloritic schists near the serpentinite contacts or they 
locally grade into pyritic, carbonatized hornblende, or tremolite-carbonate gneisses. 

Throughout the Hanrahan Lake Complex there is a common association of serpen
tinite with amphibolite. In a number of locations, e.g., 4,700 feet west of the Kamiskotia 
River bridge and 400 feet south of the Kenogaming-Sewell township boundary, small 
thin remnants of amphibolite occur sandwiched between serpentinite and metasedi-
mentary and felsic metavolcanic rocks, suggesting that the serpentinite, in some instances, 
has favoured intrusion into positions previously intruded by amphibolitic rocks. No 
gradational relationships were observed anyhere in the area between the serpentine and 
the amphibolite and in some areas the serpentinites probably intrude the latter (see the 
end of the section on "Early Mafic Intrusive Rocks"). 

37 



Kukatush-Sewell Lake Area 

O D M 8 5 6 5 

Photo 17—Northeastern contact of the Reeves Mine serpentinite; the hammer lies on metasomatically 
altered epidote-rich matte metavolcanic rock; a few inches to the right of the hammer handle 
it the contact with carbonatized serpentinite; wispy ramifying masses of white tremolite and 
carbonate penetrate the serpentinite from the contact. 

One unsheared contact between serpentinite and mafic metavolcanic country rock is 
exposed on the northeastern side of the Reeves asbestos orebody. The serpentinite at the 
contact is usually carbonatized and is essentially massive except for one fluxion banded 
exposure (see section on "Primary Structures"). Both the serpentinite and the country 
rocks are invaded by thin fibrous veins, and large irregular white masses of tremolite 
(Photo 17). The country rocks in the general area enclosing the serpentinite are mafic to 
intermediate pillowed metavolcanic flows metamorphosed to lower greenschist facies 
and composed essentially of albite, chlorite, quartz, epidote, and carbonate with accessory 
magnetite and pyrite. The metavolcanics are pale green and are commonly very finely 
laminated. Schistosity is poor and only locally developed. More widely developed is a 
fracture cleavage that crosscuts the schistosity. The metavolcanic rock in contact with 
the serpentinite is rich in epidote and is cut by many quartz veins and stringers. Some of 
the quartz veins utilize the fracture cleavage and give rise to a laminated light and dark 
green rock (Photo 18). In addition, irregular masses, up to 1 foot in diameter, and dark 
green streaks of amphibole, are present in the metavolcanics at the contact. Coarse 
aainolitic amphibole, quartz, and feldspar occupy the vuggy cores of the larger of these 
dark green masses. 

In thin section the serpentinite near the contact is composed of antigorite, magnetite, 
and carbonate, with veins of tremolite and disseminated grains of tremolite replacing the 
antigorite. The metavolcanics near the serpentinite contact consist of epidote, chlorite, 
tremolitic or aainolitic amphibole, minor sphene, magnetite, pyrite, and pyrrhotite, and 
secondary carbonate and quartz although immediately at the contact, as exposed north
east of the Reeves orebody, the metavolcanic rock is made up almost entirely of epidote 
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Photo 18—Hand specimen of altered mafic volcanic rock from the northeast contact of the Reeves Mine 
serpentinite. Large grey areas are largely epidote. The dark horizontal lines are stringers of 
dark green quartz; the colour is probably due to the presence of some tremolite In the 
stringers. The dark vertical streaks are stringers of tremolitic amphibole. 

or epidote and chlorite with minor sphene. The epidote or epidote-chlorite rock is cut 
by quartz veins and stringers and partly replaced by actinolitic amphibole that appears to 
emanate from the quartz veins (Photo 19). Fibrous tremolite veins also cut the epidote 
rock. 

In the epidote-chlorite rock the epidote occurs as poikilitic euhedral porphyroblasts 
in wavy foliated chlorite and in the epidore rock as oriented ragged prismatic well-
oriented grains causing a strong foliation. The quartz stringers and veins parallel or 
crosscut this foliatioa At some points along the serpentinite contact a fracture cleavage 
has developed in the metavolcanic country rock and the quartz veins have invaded these 
fractures. Photo 19 shows a thin section of part of the rock illustrated in Photo 18. This 
thin section clearly illustrates the following sequence of events: 

(a) Conversion of andesitic or basaltic rock to a foliated epidote rock (desilication plus prob
able carbonatization); 

(b) Formation of a fracture cleavage (folding or faulting); 
(c) Invasion by quartz veins containing minor albitic plagioclase (silificarion); 
(d) And invasion of the rock by fibrous tremolite veins and conversion of epidote to actino

litic amphibole by the introduction of materia] from the quartz veins (magnesium 
metasomatism). 

From field experience the writer thinks that event (a) probably occurred at the time 
of intrusion and crystallization of the parent magma from which the ultramafic rock 
was derived; possibly in the same manner as epidosite is developed in the country rock 
adjacent to many diabase dike contacts. Serpentinization of an ultramafic rock, of con
stant volume, entails the removal of silica and magnesia and events (c) and (d) may 
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Photo 19—Thin section photomicrograph of th* specimen illustrated 
in Photo 18. The white bands are composed of quartz 
grains, and the parallel grey bands of epidote. Wispy 
lath shaped grains of tremolite are streamed at right 
angles to these bands (plane polarized light, x 80). 

have occurred during the general serpentinization of the Reeves ultramafic intrusion. 
However, because the quartz veining utilizes a late fracture cleavage associated with 
faulting, and because the tremolite commonly forms cross-fibre veins similar in appear
ance to the chrysotile veins, it is more probable that the quartz veining and tremolitiza-
tion occurred at the time of asbestos formation. 

The ultramafic rocks are intruded by many diabase dikes and in places by small 
granitic dikes. Contact relationships with the felsic intrusive rocks are described in the 
next section. 

Swarms of north-south- and north-northwest-trending diabase dikes strike through 
the area and many of the ultramafic masses are intruded by these dikes. The ultramafic 
rock in contact with the diabase is generally darkened and converted to a hard hornfels. 

The Reeves Mine asbestos orebody is bisected by a 50- to 80-foot wide diabase dike. 
The dike margins are chilled and the contact is marked by a YA-inch wide hematite-rich 
red zone. In a zone 20 to 30 feet wide on either side of the dike the asbestos ore in the 
serpentinite has been destroyed and the serpentinite is darkened. Thin sections indicate 
that the serpentinite was converted from: (a) a reticulated mass of antigorire with dis
seminated magnetite and carbonate oudining original olivine grain forms, cur by chryso
tile asbestos veins; to (b) a microcrystalline matte of antigorite with much disseminated 
hematite, magnetite, carbonate, and minor pyrite, with coarse-grained stellate knots of 
antigorite usually coalesced into veins, possibly representing original chrysotile veins. 
Other veins, originally chrysotile asbestos, have been converted to fine-grained reticulated 
antigorite. The hornfelsed serpentinite is cut by fibrous carbonate veins that are cut in 
turn by granular carbonate veins. Hematite is especially plentiful at the diabase contact. 
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Disseminated pyrite is commonly developed in the serpentinites adjacent to diabase 
dikes. In addition, copper-bearing sulphide minerals were noted on the western side of 
the diabase cutting the Reeves Mine orebody in the area just north of the Footwall Fault. 
This mineralization consists of disseminated bornite and chalcopyrite in the serpentinite 
and as chalcopyrite coating fractures. A second north-trending mafic dike cuts the 
Reeves orebody. This dike is a biotite amphibolite and is about 40 feet wide. It lies 
between 100 and 200 feet east of the diabase dike described above. Darkening and 
hornfelsing of the serpentinite and elimination of the asbestos mineralization, similar to 
the effects seen at the diabase dike contacts, occurs adjacent to this dike. The major 
constituents of the dike rock (see section on "Late Mafic Intrusive Rocks, Biotite Amphi
bolite") are largely secondary minerals. The dike has been designated as a biotitic 
amphibolite developed (by alteration and assimilation) from a diabasic or pyroxenitic 
intrusion. 

METAMORPHISM OF THE ULTRAMAFIC INTRUSIVE ROCKS 

As stated earlier the metamorphic grade of the mafic metavolcanics increases as the 
contacts of the trondhjemitic and granodioritic intrusive rocks are approached. A similar 
trend is apparent in the ultramafic intrusive rocks although the effects are less obvious 
due to the scattered distribution of the ultramafic bodies and to compound effects pro
duced by metamorphism, serpentinization, asbestos formation, and carbonatization. 

Near the contacts of the large felsic intrusive masses the ultramafic rocks are usually 
dark grey to black. Two thin sections, one from each of the ultramafic intrusions north 
and west of Horwood Lake station, show that these rocks are composed of remnant 
olivine grains now largely replaced by colourless tremolite, chlorite, and magnetite. 
Serpentine is absent in the groundmass of the rock but is present, accompanied by 
magnetite, in late stringers cutting the tremolite, chlorite, and remnant olivine. In one 
of the sections the serpentine stringers are cut by thin veins of carbonate. The presence 
of remnant olivine and absence of serpentine except in the late veining suggests that the 
original olivine and pyroxene of the rock were converted directly to tremolite, chlorite, 
and magnetite. The ultramafic mass north of Horwood Lake station is in contact with 
hornblende-biotite granodiorite of the Late Felsic Intrusive rocks and with quartz 
porphyry of the Early Felsic Intrusive rocks and, in addition, is not too far from 
trondhjemitic gneiss of the Early Felsic Intrusive rocks. The ultramafic rock may have 
been metamorphosed by any or all of these intrusions. 

In comparison with the ultramafic intrusions of the Horwood Lake station region the 
two ultramafic bodies southeast of Jehann Lake are at a considerably greater distance 
from the trondhjemitic gneiss of the Early Felsic Intrusive rocks, and although they are 
intruded by small masses of leucocratic trondhjemite they are slightly farther from the 
main mass of the Kukatush Pluton of the Late Felsic Intrusive rocks. The rocks south
east of Jehann Lake are dark coloured. They contain scattered remnants of olivine but most 
of the olivine has been pseudomorphed by antigorite and magnetite. The pseudomorphs 
are enclosed in a groundmass of tremolite, chlorite, and magnetite, and are penetrated by 
bladed grains of tremolite and tremolite veins. All of these minerals are cut by sub
sequent veins of chrysotile serpentine associated with magnetite and carbonate. These 
rocks contain more serpentine than the Horwood Lake station rocks and thin sections 
indicate a sequence of events in the following order: (a) serpentinization; (b) tremoliti-
zation; (c) chrysotile veining. 
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Finally, in the interior of the metavolcanic-metasedimentary belt, away from the felsic 
intrusive rocks, the ultramafic rocks are usually light to dark grey with various green 
shadings. These rocks are composed essentially of antigorite serpentine and magnetite 
with or without late carbonate and chrysotile asbestos veins. 

The variation of metamorphic mineral assemblages in the ultramafic bodies relative 
to their position with respect to the felsic intrusive rocks, in the same manner as in the 
metavolcanic rocks, indicates that the granitic intrusions were the metamorphic agents. 
The separation of effects due to the Early and Late Felsic Intrusive rocks requires more 
detailed work but some general conclusions are evident. 

It is highly probable that the general serpentinization (but not the chrysotile asbestos 
formation) of the ultramafic rocks in the interior of the "greenstone" belt reflects a 
response by these rocks to lower greenschist facies metamorphism. In support of this 
conclusion are the following: (a) the ultramafic masses were not intruded as serpen
tinites (see "Summary" of this section); (b) serpentinization by autometamorphic pro
cesses (Barth 1965) could conceivably have occurred, prior to the general metamorphism 
in the area, but it was observed (see above) that, in the ultramafic rocks west of Hor-
wood Lake station the presence of remnant olivine and the absence of serpentine, except 
as late veins, indicates that the original olivine and pyroxene of the rock were converted 
directly to tremolite, chlorite, and magnetite. The survival of olivine relicts and absence 
of serpentine after two phases of alteration, serpentinization and tremolitization, seems 
unlikely; and (c) the equivalence of metamorphic rank of the ultramafic rocks with the 
enclosing country rocks. 

It is readily apparent that the asbestos veins are later than the antigorite serpentine 
and tremolite, i.e., later than the main metamorphic events affecting the ultramafic rocks. 
In the rocks southeast of Jehann Lake the olivine has been pseudomorphed by antigorite 
that has in turn been replaced and veined by tremolite and subsequently both have been 
veined by chrysotile asbestos. The asbestos vein formation is associated with late or post-
metamorphic shearing and britde fracturing. This clearly defines the general serpentin
ization of the rock and the asbestos vein formation as two distinctly separate events in 
time. 

If the asbestos is developed by hydrothermal solutions permeating serpentinite, dis
solving the antigorite phase, and redepositing the material as chrysotile in fissures, then 
the ultramafic bodies composed largely of the tremolite and chlorite assemblages will be 
unfavourable locations for the development of economic asbestos mineralization, due to 
the minor importance of antigorite in these. 

SUMMARY 

The ultramafic intrusive rocks are of magmatic origin having formed by differentia
tion and crystal accumulation in situ. They probably represent the residue of former 
volcanogenic magma reservoirs. These conclusions are supported by the presence of 
mineralogical stratification, the undeformed nature of the pseudomorphed olivine grains 
in most of these rocks, the unsheared contact northeast of the Reeves orebody, and the 
apparent infolding of the serpentinites with the metavolcanics. 

The ultramafic rocks have been altered to serpentinites, and to tremolite-chlorite-
serpentine rocks, and this alteration is compatible with the general metamorphic rank of 
the enclosing country rocks. It is considered that the serpentinization of pyroxenitic and 
dunitic ultramafic rocks occurred in response to lower greenschist facies conditions during 
the general metamorphism of the country rocks by the Early Felsic intrusions. 
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Asbestos vein formation appears to have been a postmetamorphic event completely 
separate from the general serpentinization process. The mineralization is associated with 
late fracturing and faulting and post-dates the tremolitic metamorphism produced by the 
felsic intrusive rocks. The asbestos could have developed through the agency of hydro-
thermal solutions derived from the Late Felsic Intrusive rocks; these solutions migrating 
through a fault and fracture system developed as a result of intrusion of these felsic 
rocks and folding. 

The ultramafic rocks have been modified by at least two periods of carbonatization. 
The last phase consisted of invasion along joints and shear zones by rusty weathering 
ferriferous carbonate similar in character to the iron carbonate alteration associated 
with gold mineralization in the faulted and sheared volcanic rocks of the area. The earlier 
stage of carbonatization is represented by white veins and widespread disseminations of 
carbonate. The existence of two stages is witnessed by the fact that some asbestos veins 
are carbonatized whereas some asbestos veins were observed cutting carbonatized 
serpentinite. 

Early Felsic Intrusive Rocks 

This group includes biotite trondhjemite gneiss, feldspar porphyry, quartz-feldspar 
porphyry, quartz porphyry, chlorite-hornblende-feldspar porphyry, hybrid granodiorite 
gneisses, and migmatite. The trondhjemite gneisses form large masses of batholithic 
dimensions that extend beyond the limits of the map-area, north and south of the 
metavolcanic-metasedimentary belt. Migmatites and hybrid rocks are associated with 
some parts of the trondhjemite gneiss-metavolcanic contacts. The feldspar porphyry, 
quartz-feldspar porphyry, and quartz porphyry form large and small intrusive sheets 
and dikes within the metavolcanic-metasedimentary belt and a few scattered chlorite-
hornblende-feldspar porphyry dikes were also found intruding these rocks. The 
porphyritic intrusive rocks are generally foliated conformably with the country rock 
foliation. 

BIOTITE TRONDHJEMITE GNEISS 

Biotite trondhjemite gneiss outcrops south of the mafic metavolcanic rocks between 
Tionaga and Hardiman Bay in Penhorwood Township, in much of the southern part of 
Kenogaming Township, and in northern Reeves Township. 

The typical rock is white to pink weathering, with a light grey colour and well 
developed foliation. Texturally the rock consists of a fine-grained biotitic quartz-feldspar 
groundmass enveloping abundant coarse-grained plagioclase feldspar augen. Slight 
variations in the biotite content of layers and the presence of rare, thin, leucocratic, 
aplitic laminae impart a gneissic banding to the rock. Biotite is the predominant mafic 
mineral and its content in the rock varies between 5 and 15 percent. Quartz is plentiful 
and other minerals that can usually be observed in hand specimen include epidote, 
sphene, and rarely specks of pyrite and pyrrhotite. 

In both the northern and southern parts of the map-area the trondhjemite gneiss 
is in contact with mafic metavolcanic gneisses. On the northern side of the metavolcanic 
belt exposure is very poor and the position and nature of the contact is uncertain. In 
general, the trondhjemite gneiss exposures just north of the interpreted contact contain 
many mafic xenoliths, and hybrid trondhjemitic rocks containing hornblende are present 
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in some places (the field name for these rocks is hybrid granodiorite, see Maps 2230 and 
2231, back pocket). In some locations along the northern contact it is difficult to 
distinguish between these hybrid rocks and foliated phases of the later biotite-hornblende 
granodiorite intrusions. 

South of the metavolcanic belt exposure is relatively good in much of Penhorwood 
Township, and in Kenogaming Township just west of Kenogaming Lake. However, the 
actual contact is known to outcrop at only one location in the map-area; in a railroad 
cut about 7,500 feet west of Tionaga. This is the outcrop illustrated in E.W. Todd's 
(1924, p.10) report. In this location the trondhjemite gneiss contact is chilled. The 
trondhjemite gneiss 10 feet from the contact is slightly finer grained than the typical 
gneiss, having medium- to coarse-grained plagioclase augen in a foliated, biotitic, fine
grained groundmass. Moving towards the metavolcanic contact the trondhjemite 
becomes finer grained with anhedral, fine- to coarse-grained, plagioclase phenocrysts in 
a biotitic, microcrystalline groundmass in which the foliation is difficult to discern. 
Beyond the contact with the metavolcanic rocks sheets of very fine grained trondhjemite 
gneiss, with medium- to fine-grained phenocrysts, are interlayered with the metavolcanic 
rocks and these gradually decrease in number away from the contact. The sheets of 
trondhjemite gneiss intruding the metavolcanic hornblende gneiss at the contact resemble 
the feldspar porphyry sheets in the interior of the metavolcanic belt. 

The strike and dip of the trondhjemite gneiss foliation is conformable, all along the 
southern contact, with the foliation in the adjacent metavolcanic hornblende gneiss. 
Thus except for the exposed contact west of Tionaga, and intrusive sheets of trondhjemitic 
feldspar porphyry in other locations, the intrusive nature of the contact is not obvious. 

MODAL ANALYSES OF EARLY AND LATE FELSIC INTRUSIVE ROCKS FROM THE 
KUKATUSH-SEWELL LAKE AREA 

SAMPLE 
NUMBER 1 2 3 4 5 6 7 

Quartz 33 34 34 12 29 34 28 
Plagioclase 47 50 50 44 61 50 43 
Microcline 1 1 2 27 8 5 25 
Hornblende .. 15 
Biotite 15 10 9 1 1 1 1 
Muscovite 3 2 1 10 1 
Chlorite 1 1 2 
Epidote 4 4 3 1 1 1 
Sphene 1 1 1 1 1 
Magnetite 1 1 1 
Apatite 1 1 1 1 1 
Zircon . . .. 1 
SAMPLE LOCATIONS 
1-Sample 66-23-10, trondhjemite gneiss; 2.5 miles north of Highway 101, m >l e east of Reeves-

Sewell township boundary. 
2-Sample 66-80-1, trondhjemite gneiss; about 1 mile east of Hardiman Bay, and % mile north of 

Penhorwood Township south line. 
3-Sample 66-84-3, trondhjemite gneiss; Canadian National railway, Penhorwood Township, 1.5 

miles east of Horwood Lake station. 
4-Sample 66-64-6, biotite-hornblende granodiorite; Kukatush Pluton, about % mile southwest 

of Far Lake. 
5-Sample 66-36-1, Leucocratic trondhjemite; about 1 mile southeast of Jehann Lake. 
6-Sample 66-84-7, muscovite-albite trondhjemite; about % mile southeast of Horwood Lake 

station. 
7-Sample 66-86-6, biotite quartz monzonite; Canadian National railway, Penhorwood Township, 

between Great Lake and Nat River. 

Table 3 
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Microscopically the trondhjemite gneiss consists of strongiy zoned oligoclase, quartz, 
and biotite with minor muscovite, microcline, epidote, sphene, apatite, zircon, magnetite, 
and pyrite. Three modal analyses are given in Table 3. Plagioclase phenocrysts range 
from euhedral to anhedral with the majority anhedral. A number of the subhedral grains 
have a corroded appearance. Most of the plagioclase grains show normal zoning but 
some grains exhibit oscillatory zoning; in particular a thin section of the rock 10 feet 
from the metavolcanic hornblende gneiss-trondhjemite gneiss contact, west of Tionaga, 
contains several euhedral plagioclase grains showing oscillatory zoning. Slight sericitiza-
tion of the plagioclase is common. Microcline is a minor constituent of the trondhjemite 
gneiss and occurs interstitially or as scattered exsolved patches in the large plagioclase 
grains. Quartz is present as large grains that invariably show strain. A few of the large 
plagioclase phenocrysts have euhedral boundaries adjacent to quartz but the finer grained 
feldspar and quartz have anhedral interlocking contacts and myrmikitic quartz-plagioclase 
intergrowths are not uncommon. 

The mineral textures, plagioclase zoning, and the features observed at the contact 
exposure support the conclusion that the trondhjemite gneiss is of intrusive origin. In 
addition, the relationship of the metamorphism of the metavolcanics to the trondhjemite, 
the conformity of the trondhjemite gneiss and metavolcanic hornblende gneiss foliation, 
and the development of hornblende lineations in the metavolcanic gneisses conformable 
with the regional structure, indicates that the intrusion of the trondhjemite gneiss, 
folding, and metamorphism were quasi-contemporaneous events. The aureolic nature of 
the metamorphism and greenschist facies metamorphic rank of the country rock indicates 
that the trondhjemite gneiss is an intermediate level intrusion of the mesozone 
(Buddington 1959). 

PORPHYRITIC INTRUSIONS 

Throughout the metasedimentary-metavolcanic belt, there are many thin sheets and 
dikes of feldspar porphyry, quartz-feldspar porphyry, quartz porphyry, and chlorite- or 
hornblende-feldspar porphyry. These hypabyssal rocks range in colour from light to 
dark grey and are all characterized by the presence of medium- to coarse-grained euhedral 
to subhedral white phenocrysts of plagioclase in a light to dark grey fine-grained to 
aphanitic felsic groundmass. These rocks may weather white, light grey, or pink. 

Dikes and sheets of feldspar porphyry are the most common of this group and in 
these rocks the phenocrysts of plagioclase are plentiful, constituting up to 30 percent of 
the rock. In the quartz-feldspar porphyries the feldspar phenocrysts are still plentiful 
but scattered phenocrysts of coarse bluish quartz are also readily apparent. In the quartz 
porphyries, feldspar phenocrysts are few and medium- to coarse-grained phenocrysts of 
quartz predominate. However, these generally constitute less than 10 percent of the 
whole rock. Only a very few hornblende- or chlorite-feldspar porphyry dikes were 
located. These rocks are usually dark grey with anhedral medium- to fine-grained 
feldspar phenocrysts and scattered fine- to coarse-grained mafic spots that are most 
commonly chloritic but may, in places, be hornblendic. All these porphyritic rocks are 
foliated. 

Most of the porphyry dikes and sheets are between a few inches and a few feet in 
width but one mass of feldspar porphyry and another of quartz porphyry, both located 
in Penhorwood Township, attain considerably larger dimensions. The large feldspar 
porphyry mass is exposed along the northern boundary of Penhorwood Township. It is 
roughly lens shaped with a maximum thickness of about 5,000 feet. On the western side, 
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the lens splits into many apophyses, which are interdigitated with the metasedimentary 
country rock. On the eastern side, exposure is poor but the porphyry extends at least 4 
miles east from the northwestern corner of Penhorwood Township and is very probably 
continuous with the feldspar porphyry mass between West Creek and the Nat River. 
South of the bend in the Groundhog River, at the Reeves-Penhorwood township 
boundary, the porphyry is comparatively uniform in appearance, being massive to 
weakly foliated, medium grey, weathering white, light grey, pink, or buff and composed 
of 30 to 40 percent euhedral to subhedral medium-grained plagioclase phenocrysts set 
in a fine-grained chlorite-quartz-feldspar matrix. A few rounded mafic xenoliths are 
present locally and in part rusty weathering rhombs of siderite are developed in the rock. 

In the outcrops east-northeast and south of the West Creek-Nat River junction the 
feldspar porphyry is massive with coarse to very coarse plagioclase phenocrysts, up to 
Vi inch in size, scattered sparsely in an aphanitic matrix. In this region most of the rocks 
are carbonatized to some degree and the rock colour varies from dark grey in the 
relatively unaltered rock to light grey and rusty buff in the highly carbonatized rocks. 

The quartz porphyry mass in Penhorwood Township is located just north of 
Horwood Lake station and is much smaller in dimension than the feldspar porphyry 
mass. The quartz porphyry has an irregular shape elongated east-northeast with a 
maximum length of about 7,500 feet and a maximum width of about 2,500 feet at the 
northeastern end where it terminates against the intrusive biotite-hornblende grano-
diorite of the Kukatush Pluton. The porphyry is uniform in character, being light grey, 
weathering pink to white and well foliated with medium-grained elongate quartz 
phenocrysts and fine chlorite streaks in an aphanitic quartzo-feldspathk groundmass. 

In thin section the feldspar porphyries are composed of sericitized euhedral to sub
hedral albitic phenocrysts in a groundmass of plagioclase, quartz, and chlorite with 
accessory apatite, magnetite, and pyrite and secondary epidote, carbonate, and sericite. 
The plagioclase phenocrysts are generally zoned. 

In the quartz porphyry the quartz is present as anhedral medium- to coarse-grained 
phenocrysts. Sericitized albite phenocrysts are also present but these are fine grained 
with a few attaining medium grain size and as a result are not readily apparent in hand 
specimen. The groundmass, as in the feldspar porphyry, consists of quartz, albite 
plagioclase, and chlorite with secondary epidote, carbonate, and sericite. In the quartz 
feldspar porphyry coarse phenocrysts of quartz and albite are present and both exhibit 
corroded euhedral forms. 

The groundmasses of the various porphyries are composed of the same constituents 
and the plagioclase phenocrysts in them all are albite in composition. The main differ
ence lies in the relative proportion and grain size of the quartz and feldspar phenocrysts. 
This similarity in appearance and composition suggests that all these porphyry dikes are 
of related origin and that the differences between them may be the result of geologically-
small differences in time of intrusion, depth of intrusion, or in crystallization history. 

A thin section photomicrograph of a feldspar porphyry sample from the Groundhog 
River is shown in Todd's (1924, p.7) report. A partial analysis of the rock is also given 
and is compared with a similar analysis of a feldspar porphyry from Timmins. Todd 
(1924, p.8) concluded that: 

From the appearance in the field and the chemical and microscopic characteristics, it 
appears that this rock is similar to Algoman porphyries occurring at Porcupine and in other 
districts. 

Carbonatization of the porphyrinic intrusive rocks occurs locally throughout the 
map-area and has two principal forms: 
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(a ) The porphyry is converted to a light grey or buff with carbonate disseminated 
throughout; 

(b ) Or, the porphyry is spotted throughout with medium-grained rhombs of rusty 
weathering sideritic carbonate. 

In addition to the extensive carbonatization the feldspar phenocrysts and ground-
mass of the porphyries between West Creek and the Nat River are extensively replaced 
by aggregates of tremolite, zoisite, carbonate, and chlorite. This area is traversed by 
several east-west-trending faults and the tremolite-zoisite alteration may have been 
produced by hydrothermal solutions channelled by these faults from the sepentinite 
intrusion. 

Except for widely disseminated specks of pyrite in the porphyries, sulphide mineral
ization is generally absent. A trace of interesting sulphide mineralization was noted in 
the first feldspar porphyry outcrop on the eastern side of West Creek, south of the Nat 
River. In this exposure the feldspar porphyry is carbonatized and in the rock on the 
river bank scattered, white carbonate lenses, up to V2 inch long, contain minor amounts 
of pyrrhotite and chalcopyrite. 

Late Felsic Intrusive Rocks 

In this group are included large masses of biotite-hornblende granodiorite, biotite 
granodiorite and biotite quartz monzonite, hybrid diorite, syenite, and migmatite, and 
smaller sheets and dikes of muscovite-albite trondhjemite, leucocratic trondhjemite, 
aplite (locally), and pegmatite. Rocks of this group underlie most of Sewell Township 
north of Highway 101; the area between Akweskwa Lake, Crossover Lake, and the 
eastern boundary of Sewell and Kenogaming Townships; parts of southern Kenogaming 
Township; and Penhorwood Township in the vicinity of Great Lake and south and east 
of Kukatush station. 

A large mass of biotite-hornblende granodiorite intrudes the metavolcanic belt in 
the Kukatush-Far Lake-Armstrong Lake region underlying an area of about 10 square 
miles. This pluton extends westwards and probably underlies an area of similar 
dimensions in Keith Township around Groundhog Lake. For ease of description this 
intrusion has been designated as the Kukatush Pluton. 

The whole of the Kukatush Pluton, within the map-area, is megascopically uniform 
in texture and composition. The typical rock is pink, massive, medium grained, and 
equigranular, consisting of between 80 to 85 percent quartz and feldspar mixed 
homogeneously with between 15 to 20 percent mafic minerals. Hornblende is easily 
recognized in hand specimen and is the predominant mafic mineral. Fine epidote grains 
are visible throughout the rock and scattered sphene and magnetite grains are also 
apparent. A modal analysis of a typical sample from the Kukatush Pluton is shown in 
Table 3 (Sample 4). 

Compositionally the rock ranges from granodiorite to quartz monzonite. The essential 
constituents are quartz, oligoclase, microcline, and hornblende with biotite in some 
areas. Sphene and epidote are the major accessory minerals with less important magnetite, 
apatite, and zircon. The plagioclase, microcline, and quartz grains are anhedral, inequi-
granular with large, ragged, fractured and rewelded, plagioclase grains in a medium- to 
fine-grained matrix. The plagioclase is usually inhomogeneous with large patch areas of 
microcline that may have been exsolved but is more probably the result of replacement 
of the plagioclase during post-consolidation fracturing and recrystallization. Individual 
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microcline grains are slightly perthitic with minor amounts of plagioclase strings and 
blebs. The sphene is euhedral but otherwise the mafic minerals are anhedral and all are 
associated with the fine-grained groundmass. 

An exposure of the Kukatush Pluton contact outcrops in Keith Township about 
100 feet west of the Penhorwood township boundary and 250 feet north of the 
Canadian National railway tracks. In this outcrop the granodiorite is in contact with 
mafic metavolcanic hornblende gneiss and at the contact the granodiorite is fine grained 
and well foliated. The grain size of the granodiorite increases away from the contact 
and the rock has a sheared appearance with coarse-grained flasered plagioclase augen in a 
fine-grained, well foliated matrix of chlorite, epidote, quartz, and feldspar. The grano
diorite contains xenoliths of mafic material elongated parallel to the foliation, and 
scattered medium-grained porphyroblasts of plagioclase are common in these xenoliths. 
The contact rock is composed of oligoclase, microcline, quartz, epidote, and chlorite 
with accessory sphene, pyrite, apatite, sericite, and carbonate. Grain boundaries are 
granulated and grains fractured and rewelded. Chlorite and pyrite are concentrated in 
the shear zones with granulated quartz and feldspar and the margins of the sphene 
grains show alteration to black iron oxide. 

Granodiorite similar to that in the Kukatush Pluton is exposed in the area between 
Weston Lake, Akweskwa Lake, and the eastern boundary of the map-area. In the region 
along the contact between Akweskwa Lake and Weston Lake the granodiorite contains 
a great many xenoliths of country rock. This is well illustrated in outcrops between 
Crossover Lake and Weston Lake. Rock exposures between Lap Lake and Akweskwa 
Lake are very rare but geophysical information, and a limited amount of drill hole 
information, indicates that the granodiorite is mixed with a great deal of mafic xenolithic 
and hybrid material in this region. North of Beaucage Lake the granodiorite is pre
dominantly biotitic and in addition is generally less mafic than the typical granodiorite, 
and the texture is generally porphyritic with plagioclase phenocrysts up to Vi inch long. 

In Sewell and Reeves Townships, north of Highway 101, there are very few 
exposures but the few that exist have a dioritic appearance, unlike the typical grano
diorite south of the highway and in the Kukatush Pluton. The rocks north of the 
highway are medium to dark coloured, coarse grained, with mafic minerals, predominantly 
hornblende, making up between 30 and 40 percent of the rock. Epidote, chlorite, and 
pyrite are commonly recognizable in hand specimen and quartz is usually present but 
is fine grained and usually difficult to see. These rocks are composed of coarse-grained 
sericitized or saussuritized plagioclase feldspar now of albitic composition, with pale 
hornblende and interstitial quartz together with secondary epidote, chlorite, carbonate, 
sericite, and pyrite and accessory sphene, magnetite, and apatite. They are very similar 
to hybrid dioritic and syenitic rocks exposed in the outcrop area between Lap Lake and 
Misty Lake and it is probable that the rocks north of Highway 101 are also hybrid 
granodioritic rocks contaminated by abundant mafic xenoliths derived from the adjacent 
metavolcanic belt. The granodiorite generally and the mafic dioritic phases particularly 
have a markedly higher magnetic response than the surrounding trondhjemitic gneisses 
and mafic metavolcanic rocks owing to metamorphism and the recrystallization of the 
magnetite. Because of the poor outcrop the contacts of these rocks have been interpreted 
very largely from Aeromagnetic Maps (GSC 1965; ODM-GSC 1963a and b; 1964). 

Along the Canadian National railway line in Penhorwood Township, between the 
Nat River and Great Lake, the rock in general appearance, colour, and texture is similar 
to the Kukatush Pluton rocks. However, the major mafic mineral is biotite and the mafic 
mineral content is less than 5 percent. The rock is massive, inequigranular with coarse-
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grained plagioclase in a medium- to fine-grained groundmass without the texture 
being obviously porphyritic in hand specimen. A modal analysis (Table 3, Sample 7) 
indicates that the rock is a biotite quartz monzonite. The main components are 
oscillatory zoned oligoclase, microcline string perthite, and quartz with minor biotite and 
muscovite. Inequigranular anhedral grains of the two feldspars form a network with 
large intervening aggregates of coarse quartz. The biotite is interstitial and largely 
altered to chlorite. Accessory sphene, magnetite, and apatite and secondary sericite and 
epidote are present. 

There are several massive granitic intrusive bodies within the main metavolcanic-
metasedimentary belt. The majority of these are white to light pink weathering leuco
cratic biotitic or chloritic trondhjemite. 

One lenticular mass in Penhorwood Township, just east of Horwood Lake station, 
is exceptional in that it contains a high proportion of muscovite. The lens-shaped 
intrusion trends northeast, parallel to the foliation of the mafic metavolcanic country 
rock; it has a maximum width of 700 feet and a length of about 11,000 feet. A modal 
analysis (Table 3, Sample 6) indicates that the rock is a muscovite-albite trondhjemite. 
Except for granulation, the texture is similar to that of the biotite quartz monzonite 
near Great Lake. Grains of quartz and feldspar are comminuted along the grain 
boundaries and the plagioclase grains are factured. Muscovite is concentrated in the 
comminuted or cataclastic zones, mixed with ground quartz and microcline, and also 
invades the plagioclase and quartz along fractures. There are traces of biotite, largely 
converted to chlorite and epidote, and a small quantity of carbonate is mixed with the 
comminuted intergranular material. Quartz veining is prolific in the muscovitic intrusion 
north and south of the Canadian National railway line and one large vein just south 
of the tracks has been quarried as a source of high purity silica. North of the tracks the 
muscovitic intrusion is cut by a large barite vein and small specks of fluorite were noted 
locally. The muscovitic intrusion is a satellitic extension of the granodiorite of the 
Kukatush Pluton and has been modified by granulation and pneumatolysis associated 
with the formation of late quartz and barite-fluorite veins. 

Stockwork quartz veining is associated with several smaller leucocratic, muscovite-
chlorite or biotite granitic sheets intruding the Hanrahan Lake Complex, e.g., east of 
Lown Lake; 2,500 feet west of Akweskwa Lake-Mindedo Creek junction; and 2,500 feet 
south of the iron formation, 4,000 feet west of Akweskwa Lake. Some of these stock-
work quartz veins carry minor pyrite and a number of these have been sampled by 
prospectors, probably for gold, but no economic mineralization has been recorded. 

More typical of the massive granitic rocks intrusive into the metavolcanic-
metasedimentary belt is the large mass exposed about 5,000 feet southeast of Jehann 
Lake. This rock is leucocratic, medium to fine grained, equigranular and massive and 
compositionally borders on trondhjemite-granodiorite (Table 3, Sample 5). The pre
dominant feldspar is zoned oligoclase occurring as euhedral to subhedral, equant to lath 
shaped, grains with intersitial quartz and microcline and minor mafic minerals. Biotite 
is the major mafic mineral but it has largely altered to chlorite. Secondary epidote and 
sericite are also present. This type of rock is also present throughout the metavolcanic-
metasedimentary belt as conformable sheets and crosscutting dikes and irregular masses. 
The intrusion southeast of Jehann Lake and these sheets, dikes, and masses are related 
to the massive intrusive rocks of the Late Felsic Intrusive group rather than to the older 
trondhjemitic gneisses. 
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Late Mafic Intrusive Rocks 

DIABASE 

Swarms of late diabase dikes intrude all the previously described rocks. These dikes 
fall into two distinct groups on the basis of attitude and composition. 

In the first group, which includes about 99 percent of the dikes, strikes range from 
northwest to east of north (some trend almost east-west but this is where the dike 
follows the strike of the enclosing rock) but the majority trend north-northwest. The 
dikes follow joints and faults and strikes are more consistent in the granitic areas. In 
the metavolcanic-metasedimentary belt the strike of the diabase dikes is affected by 
structural trends and particularly sharp deflections occur, in some places, at serpentinite-
country rock contacts. Dips are steep to vertical and most of the dikes are between 30 
and 100 feet wide although a few range up to 250 feet in width. Individual dikes 
cannot be located accurately from Aeromagnetic Maps but the general presence of these 
dikes is discernible, particularly in granitic areas, as broad north-northwest-trending 
magnetic lineaments. The dikes have aphanitic chilled margins and range up to coarse 
grained in the interiors. The rocks are dark grey to black, massive, and an equigranular 
diabasic texture is most common although very coarse plagioclase phenocrysts occur as 
scattered individuals or as local clusters in some dikes. 

Thin sections of samples from this group of diabase dikes reveal typical diabasic 
textures with felted masses of zoned labradorite laths accompanied by interstitial augite. 
The plagioclase phenocrysts of the porphyritic diabase dikes are oscillatory zoned 
labradorite with corrosion outlines on early zones. Quartz and granophyric material, in 
amounts generally less than 5 percent, are present interstitially in the porphyritic and 
non-porphyritic diabases, and are particularly evident in the coarse-grained parts of the 
dikes. Accessory minerals include magnetite, ilmenite, apatite, pyrite, and pyrrhotite. 
The pyroxene is altered slightly to uralite, biotite, or chlorite. Leucoxene developed 
from the ilmenite and the plagioclase is invariably sericitized to some degree. Minor 
amounts of carbonate are present in some sections. 

There are only two dikes in the area belonging to the second group. One dike is 
exposed on Ant Island Lake in Penhorwood Township and on Kenogaming Lake in 
Kenogaming Township. The presence of the other dike is interpreted from Aeromagnetic 
Maps (GSC 1965; ODM-GSC 1970) and it strikes through Misty Lake in Sewell 
Township. Both these dikes trend east-northeast. On Aeromagnetic Maps (ODM-GSC 
1963a; GSC 1965) the dikes have a higher magnetic response than the first group of 
dikes and they show up very clearly as steep magnetic lineaments. The axes of these 
magnetic lineaments can be used to locate the dike position accurately. The dikes are 
wide, between 300 and 400 feet, and very long. The southern dike, through Ant Island 
Lake, is at least 75 miles long and possibly several hundred miles long, extending as far 
west-southwest as Rollo Township, and east-northeast at least as far as Eldorado Town
ship, southeast of Timmins (ODM-GSC 1965; 1970). 

The fresh rock colour of these dikes is light grey but fresh rock is difficult to find 
as outcrops are deeply weathered to a rusty rotten rock that crumbles easily to a coarse 
sand. The central parts of the dikes are very coarse grained, diabase textured, with 
plagioclase laths up to IV2 inches long by V4 inch wide and coarse-grained black 
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interstitial pyroxene. Biotite, magnetite, and olivine are usually visible in hand specimen. 
The grain size decreases towards the contacts of the dike but no actual contacts were 
seen. Thin sections show that the rock is composed of a felted mass of subhedral 
labradorite laths with interstitial strongly coloured titanaugite, and fresh olivine. Biotite 
is associated with accessory magnetite, and euhedral accessory apatite is present as 
inclusions in all the mafic minerals. The primary minerals are very fresh, the only 
alteration being minor uralitization of the pyroxene. 

No age dating has been done on the rocks in this area but the sharp contrast in 
composition and attitude of the two dike groups makes it easy to accept these two 
groups as being of different ages. The possibility also exists that the first group of dikes 
includes mote than one age of dike, but if so, they are not distinguishable lithologically. 
The age relationship between the two dike groups is difficult to establish in this area 
since no exposures were found illustrating the mutual relationship, however, the con
tinuity of the magnetic lineaments corresponding to the second group of olivine-bearing 
dikes, where these lineaments cross the magnetic lineaments representative of the other 
group, suggests that the second group of dikes is younger. 

Regional Aeromagnetic Maps indicate a correlation between the olivine diabase 
dikes of group 2 and the east-northeast-trending dikes north of Lake Abitibi (ODM-
GSC 1965; 1970). The Abitibi dikes have been investigated by Fahrig et d. (1965) and 
are considered to belong to a distinctive swarm intruded about 1,230 million years ago. 
The north-northwest-trending group 1 diabase dikes compare texturally and mineral-
ogically with the glomeroporphyritic quartz diabase type of the Matachewan dike swarm 
described by Fahrig et al. (1965) and dated as 2,485 million years old. The quartz diabase 
dikes in the map-area differ from the Matachewan dikes however in that their major 
trend is north-northwest whereas the Matachewan dikes trend north-south. 

Correlation of diabase dikes on a detailed scale solely on the basis of attitude is 
hazardous. X-shaped dikes occur in some areas (Milne 1967) and dikes are commonly 
deflected by structural trends within "greenstone" belts. Examination of the accompany
ing maps (Maps 2230 and 2231, back pocket) shows that the first group of diabase dikes 
tend to have a more northerly trend within the metavolcanic-metasedimentary belt than 
in the granitic areas, controlled possibly by regional fractures refracted at the interfacies 
between different lithological units. The dikes also curve on structural trends and, in 
places, bend sharply parallel to serpentinite contacts. 

The diabase dikes are important economically in that they are younger than the 
asbestos mineralization in the area, and where they cut fibre zones the chrysotile is 
generally destroyed. In addition, copper-bearing sulphide minerals appear to be related 
to group 1 diabase dikes in two localities. Bornite and chalcopyrite mineralization occurs 
in the serpentinite on the western side of the diabase dike cutting the Reeves asbestos 
orebody and chalcopyrite-pyrrhotite mineralization is associated with diabase in the iron 
formation outcropping south of Crawford Lake. One other occurrence of sulphide 
mineralization associated with diabase was observed in the southwestern corner of 
Sewell Township. In this occurrence scattered veinlets of stibnite were found cutting 
pillowed metavolcanic rocks on the eastern contact of a diabase dike. 

BIOTITE AMPHIBOLITE 

One dike of biotitic amphibolite was recognized in the area. This dike trends north-
northeast and cuts the Reeves asbestos orebody just east of a typical north-trending 
diabase dike of group 1. Alteration of the asbestos ore in contact with the diabase and 
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with the amphibolite is similar. The dike therefore appears to be a late mafic intrusion, 
but any extension of the dike beyond the ore pit was not seen so that the relationship 
of this dike to the granitic rocks is unknown. 

In hand specimen the rock is dark green, massive, and equigranular, but grain size 
varies in the dike from coarse grain to medium grain. The predominant minerals are a 
dark green amphibole and biotite. Thin section examination indicates that the rock is 
composed predominantly of secondary biotite and colourless to pale green tremolitic 
amphibole, with remnants of primary diopsidic pyroxene and albitic plagioclase and 
minor chlorite and magnetite. 

An estimate of the original proportions of plagioclase and pyroxene suggests that 
the unaltered rock was of gabbroic composition. There is no indication of a diabasic 
texture but in all probability the amphibolite section examined represents a gabbroic 
textured part of an altered diabase dike. 

C E N O Z O I C 

Pleistocene and Recent 

The topography over much of Penhorwood and Kenogaming Townships consists of 
gently rolling ridges with rare large swamp areas, whereas in Sewell and Reeves Town
ships great sections are covered by flat spruce swamp. Sharp esker ridges are the only 
exception to the otherwise gently rolling hills. Strong fluting trending south-southwest 
is apparent on aerial photographs and this parallels the general trend of all glacial striae 
and esker ridges observed in the area. 

The area is bisected by a continuous south-southwest-trending esker extending from 
about the 5-mile post on the northern township line of Sewell Township to Slim Lake 
on the southern boundary line of Penhorwood Township. Some parts of this ridge rise 
over 200 feet above the surrounding country. Sand and gravel from this esker is being 
used by the Canadian Johns-Manville Company Limited in their Reeves Mine operation 
and the Ontario Department of Highways have used material from the esker on 
Highway 101. Two similar trending but less continuous esker ridges cross the area. One 
of these follows the western boundary of Reeves Township and the other trends north
eastwards from Sewell Lake to the northern boundary of Sewell Township. The Pleisto
cene material is unexposed other than in gravel pits cut into the eskers. 

A map of the surfkial Pleistocene deposits in the Algoma-Cochrane area (A.N. 
Boissonneau 1965) indicates that the swampy northern part of the map-area, which 
includes most of Reeves and Sewell Townships, is underlain by varved clay and silt 
deposited in glacial Lake Barlow-Ojibway; the higher areas in the south, most of 
Penhorwood and Kenogaming Townships, are covered by silty and sandy till ground 
moraine. 

REGIONAL METAMORPHISM 

On a regional scale the metamorphic effects in the rocks of the metavolcanic-
metasedimentary belt show a definite spatial relationship to the large masses of intrusive 
granitic rocks north and south of the belt. The relationship is most apparent in the 
mafic metavolcanics, which range from poorly foliated lower greenschist facies quartz-
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albite-chlorite-epidote rocks in the centre of the belt to well foliated upper greenschist 
facies quartz-oligodase-hornblende-epidote rocks in contact with the granitic intrusions. 
The effects due to the Early and Late Felsic Intrusive rocks could not be differentiated 
without more detailed work. 

The concordance of the early trondhjemitic gneiss foliation (gneissosity) with that 
of the adjacent metavolcanics; the obvious aureole relationship of metamorphism to the 
gneisses; and the development of hornblende lineation in the higher rank metamorphic 
rocks, conformable in plunge with the regional structures; indicates that folding, 
intrusion of the trondhjemitic gneisses, and metamorphism overlapped in time and 
might be regarded as geologically synchronous. On the other hand the massive character 
of the late hornblende granodiorite and the marked divergence of the country rock 
foliation (gneissosity symbols) from the regional trend due to intrusion of the grano
diorite, e.g., south of Weston Lake and about 1 mile east of Far Lake, reveals that the 
granodiorite and its associated metamorphic effects are younger than the regional 
folding. 

Metamorphic-metasomatic effects are common adjacent to the ultramafic intrusions 
in the area. Only one contact was actually observed, at the Reeves orebody, and at this 
contact the metavolcanics and serpentinite are unsheared. The metavolcanics in the 
region are lower greenschist facies quartz-albite-chlorite-epidote rocks but at the contact 
with the serpentinite the metavolcanic rock is composed entirely of epidote or of 
epidote and chlorite indicating that these rocks have been at least, desilicated. Subse
quently the metavolcanics at the contact were invaded by quartz veins and magnesium-
bearing solutions that produced partial replacement of the epidote by tremolite. Most 
commonly ift other parts of the area ultramafic contacts are not exposed. The ultramafic 
rocks near the contact are sheared and converted to talc-carbonate schists (talcose 
serpentinite). The country rocks are altered to chlorite-tremolite schists. 

Metamorphic changes superimposed upon the main metamorphic scheme were 
observed at the contacts of diabase dikes. The light coloured lower greenschist facies 
metavolcanics are altered to dark hornblendic hornfelses in contact with the diabase 
dikes and biotite develops in the felsic pyroclastic rocks. As described earlier (in the 
section on "Ultramafic Intrusive Rocks, Contact Relationships") where the diabase 
intrudes serpentinite the serpentinite is darkened and hornfelsed and any asbestos fibre 
present is destroyed. 

Extensive carbonatization and schisting of all the rocks is characteristic of fault 
zones in the area. The carbonate is commonly sideritic, weathering rusty brown, and 
may take the form of medium-grained rhombohedral porphyroblasts in a schistose 
matrix. Quartz veining usually accompanies carbonate in these fault zones and gold is 
associated with some of these. 

STRUCTURAL GEOLOGY 

F O L D I N G 

Key structural information in the large areas of mafic and felsic metavolcanics is 
generally lacking. In most outcrops there is no indication of original stratigraphy and 
even the metamorphic foliation may be difficult to determine. A few graded beds and 
pillow top determinations were made (see Maps 2230 and 2231, back pocket) but since 
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folding in the area is generally isoclinal and outcrops are sparse these few scattered 
observations cannot be given much weight. On the other hand the Nat River iron 
formation provides a valuable horizon marker and there are scattered exposures of 
small-scale fold structures and lineations. From these and information on the regional 
foliation trends (schistosity and gneissosity) some general statements can be made about 
the structure in the area. 

The general foliation in the metavolcanic-metasedimentary belt undulates between 
northeast and east-southeast with the predominant trend in Penhorwood Township being 
northeast to east-northeast and in Reeves, Sewell, and Kenogaming Townships east-west 
to east-southeast. On a gross scale the trend of the belt seems to hinge about a north-
northwest-trending line approximately in the position of Montgomery Lake. Local devia
tions of the foliation from the general trend occur in contact with rocks of the Late 
Felsic Intrusive group and adjacent to faults. Dips of bedding, schistosity, and gneissosity 
are with few exceptions northerly between 35 and vertical with the majority ranging 
from 65 to vertical. This indicates that in general the folding in the area must be over
turned to the south. 

The Nat River iron formation lies at the boundary between the mafic metavolcanic 
rocks and the Hanrahan Lake Complex and delineates a northwest-plunging, east-west-
trending antiform fold that is cut off on the east by faulting and a hornblende grano
diorite intrusion. Both limbs of the fold dip steeply northwards. The general form of 
the fold is that of a tightly appressed isoclinal fold overturned to the south. The parallel
ism of bedding and cleavage in most outcrops where both were observed and the char
acter of the few small-scale folds exposed, supports this conclusion. However, within 
the chert-magnetite iron formation, for example, concentric, open nexural folding of the 
chert may accompany isoclinal, similar shear folding in the iron-rich layers (Photo 6). 
The fold style may also differ between the metasedimentary-felsic metavolcanic rocks and 
the mafic metavolcanic rocks. For example, north of Jehann Lake an outcrop of inter
bedded argillite and arkosic sandstone is cut across obliquely by a well developed cleavage 
in the nose of a small fold and the same condition exists in a bedded lapilli tuff west of 
the Crawford River, both indicating shear folding in these units, whereas, in an exposure 
of pillowed volcanic rock southwest of Sewell Lake the metavolcanic rock is tightly 
folded but only a very poor cleavage is developed, the pillows are stretched into long 
sausage shapes and bent around the nose of the fold indicating that nexural folding had 
predominated in these rocks. Thus throughout the area folding is isoclinal but whether 
shear or flexural folding operated depended upon the rock type and stratigraphic environ
ment. In the narrow migmatitic areas adjacent to the granitic intrusions in the meta
volcanics, the country rocks have behaved plastically and complex, disharmonic, small-
scale folding is encountered in these areas. 

The plunge attitudes on small-scale folds (some drag folds are shown on Maps 2230 
and 2231, back pocket) and primary lineations throughout the area, other than in 
granitic contact areas, range between west and northwest with very few exceptions, 
although it should be noted that no measurements were obtained from Reeves Township 
or northern Penhorwood Township. Plunges in Sewell and Kenogaming Townships 
range between 20 and 75 with most between 40 and 60. In Penhorwood Township 
small-scale folds in the Radio Hill iron formation indicate a northwest plunge of between 
50 and 60 in the area west of the Kukatush Road, and possibly as shallow as 30 in the 
area east of the road. 

The very limited outcrop in western Penhorwood and Reeves Townships makes it 
difficult to determine the relative importance of facies changes, folding, or faulting as 
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the controlling influence on the distribution of the rock units. Drilling, surface mapping, 
and geophysical information indicate that the Radio Hill iron formation has been folded 
into a tightly isoclinal, S-shaped, northwest-plunging fold. In addition, east-west facies 
changes, thinning of the iron formation to the east, and splitting of the iron formation 
into two seams to the west, suggest that the iron formation overlaps pyroclastic rocks, 
which lie to the south, onto a mafic metavolcanic shore to the east. Thus the disappear
ance of pyroclastic and metasedimentary rocks eastwards from the Groundhog River may 
be due essentially to facies changes. However, it is also possible that an east-west-
trending, northwest-plunging synclinal fold is centred on the metasedimentary rocks 
north of the Radio Hill iron formation and the disappearance of metasediments to the 
east is due to plunge of this fold. The existence of such a fold is suggested by: 

(a) The abruptness with which the metasedimentary and pyroclastic rocks dis
appear east of the Nat River; 

(b) The form of the feldspar porphyry intrusion between West Creek and the 
Nat River; 

(c) And the cleavage-bedding relationships in the outcrops northwest of Jehann 
Lake that indicate northwest-plunging folds in this area. 

Secondary Cleavage, Kink Bands 

In addition to the primary cleavage developed throughout the area, later cleavages 
are developed in some rocks and these are of two types. The first of these is a close-
spaced fracture cleavage that produces a crenulation on the primary schistosity. This 
crenulatory cleavage is most widely developed in southern Reeves Township, in the 
southwestern corner of Sewell Township associated with sideritic carbonate shear zones, 
and in the vicinity of the gold-zinc showing at the southern end of Akweskwa Lake in 
Kenogaming Township. The fracture cleavage is usually horizontal to very flat dipping 
and has given rise to shallow-plunging crenulation lineations on the primary schistosity. 
The distribution of this cleavage within the area suggests that it is a pinnate cleavage 
(Hills 1963) associated with east-west-trending faults. 

The second type of late cleavage occurs in kink bands and is best developed in the 
area between Mindedo Creek and Chabot Lake in Kenogaming Township. These kink 
bands have a major strike trend north-northwest and dip very steeply. This trend is 
similar to the strike trend of many of the diabase dikes in the area and to the north-
northwest-striking faults in Kenogaming Township. The attitudes and displacements 
observed in these kink bands indicate that they are related to the north-trending faults. 

J O I N T I N G 

Except in the vicinity of shear zones and faults, joints and fractures are poorly de
veloped throughout the area (joint symbols are not shown on Maps 2230 and 2231, back 
pocket). A stereographic plot of the few joint attitudes observed indicates two sharp 
maxima of steeply dipping joints striking N 6 0 W and N75E and another broad zone of 
steeply dipping joints striking between N 3 0 W and N25E with a maximum about north-
south and subsidiary maxima at N 2 5 W and N20E. Thus there appear to be two joint 
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sets, one with joints trending N75E and N 6 0 W and a second with joints trending 
N 3 0 W and N25E. Most of the faults in the area also conform to these four trends. 

Fracturing and jointing has developed in the serpentinite intrusions adjacent to 
shear zones and faults and these locations are important as sites of asbestos mineraliza
tion. Fracturing in the serpentinite is usually so prolific that the fractures appear to be 
unsystematic and no clear pattern is evident. 

F A U L T I N G 

There are four major fault trends: north-northwest; north-northeast; west-northwest; 
and east-northeast. Northerly trending faults may strike north-south locally and simi
larly the easterly trending faults may strike east-west, and the west-northwest faults may 
strike northwest. The easterly trending faults are essentially strike faults. Few of the 
faults are exposed and most have been interpreted from a combination of geological, 
geophysical, and airphotograph information. Fault dips in general appear to be very 
steep but a number of the easterly trending faults have dips of between 70 and 45 to 
the north. Fault displacements in most areas cannot be determined, particularly in the 
easterly trending strike faults. In the northerly trending faults right-hand and left-hand 
strike separations were observed but in general the strike separation on the north-
northwest faults is left handed. In some places, minor drag folding in shear zones 
associated with the easterly trending strike faults indicates the direction of strike separa
tion movement. 

There have been repeated movements on some of these faults so that age relation
ships are complex. However the north-northwest-trending faults in the Sewell-Kenog-
aming Townships area are probably the youngest and certainly the latest movement on 
the Tanton Lake Fault post-dates the intrusion of the east-northeast-striking Abitibi 
group of diabase dikes. 

North-Northwest Faults 

A number of north-northwest-trending faults have been interpreted in Kenogaming 
and Sewell Townships on the basis of geological and geophysical information. Many of 
the diabase dikes trend north-northwest in these two townships and some appear to 
occupy faults. Since just as many diabase dikes follow the same trend in Reeves and 
Penhorwood Townships it is probable that more north-northwest-trending faults occur 
in these townships than have so far been discovered. 

Many but not all of the north-northwest-trending faults have left-handed strike 
separations. All of these faults clearly post-date the intrusion of the trondhjemitic 
gneisses and those faults, which can be traced over long distances, e.g., the Tanton Lake 
Fault, illustrate that there has been repeated movement on these faults, the latest move
ment post-dating intrusion of the east-northeast-trending olivine diabase dikes of the 
Abitibi Group (Fahrig et d. 1965), which have a probable age of about 1,200 million 
years. On the Tanton Lake Fault the mafic metavolcanic-felsic metavolcanic contact has 
a possible left-handed strike separation in the order of 10,000 feet although the olivine 
diabase dike has a left-handed strike separation of about 500 feet. Major upwards vertical 
movement on the eastern side of the Tanton Lake Fault, combined with a northward dip 
of the metavolcanics might accommodate the difference in strike separations but although 
the dip of the metavolcanics ranges between 70N and vertical the predominant dip is 
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near vertical and it is more probable that the different strike separations are due to 
repeated movements on the fault. 

The major north-northwest-trending faults in Sewell and Kenogaming Townships 
correlate with the swarm of north-northwest-trending regional faults centred on Gogama 
and are shown on an ODM Compilation Map (Ginn et al. 1964). As indicated on the 
Compilation Map most of these faults produce a left-handed strike separation in the 
"greenstone" belt south of Gogama. Regional Aeromagnetic Maps (GSC 1965) indicate 
a north-northwest-trending fault extending from Childerhouse Township through the 
northeast corner of Sewell Township and it is concluded that the Keefer Township 
metavolcanic belt is the left-hand offset equivalent of the Sewell Township volcanic 
rocks. Also the Keefer and Denton Townships metavolcanic belts may have been offset 
in a similar fashion. If this hypothesis is correct then the Destor-Porcupine Fault could 
strike through Sewell and Reeves Townships and it is conceivable that the easterly 
trending faults in these townships are manifestations of the Destor-Porcupine Fault zone. 

North-Northeast Faults 

Only a few north-northeast-striking faults have been recognized and none of these 
has been traced over any great distance. One of the most interesting faults of this group, 
the Gosselin Fault, is located in the mafic metavolcanics at the boundary between Reeves 
and Sewell Townships. This fault dips vertically. The metavolcanics in the fault zone 
are converted to dark green carbonatized chlorite schists containing many medium-
grained, rusty weathering, rhombic porphyroblasts of sideritic carbonate. The area has 
been prospected (see the section on "Economic Geology, Lamport-Lumbers Property") 
and gold-bearing quartz veins are present in the carbonate-chlorite schist fault zone. This 
fault dislocates a north-trending diabase dike producing a left-handed strike separation 
of about 500 feet. To the south, the fault may swing southwest and connect with the 
east-northeast-trending fault south of Chubb Lake (this is a local name for the oval lake 
about lL/4 miles east of Reeves Mine) in which the volcanic rocks are similarly con
verted to carbonatized chlorite and sericite schists. 

The other north-northeast-trending faults in the area are located in a group pro
ducing small right-hand and left-hand offsets of the Nat River iron formation between 
the northern end of Akweskwa Lake and the Crawford River. These faults have all been 
interpreted from ground magnetic survey data from Canadian Johns-Manville Company 
Limited. The sharp northwards swing of the iron formation in this region, and the 
dose-spaced multiple faulting suggests that the rocks in this locality have been bent 
northwards and dislocated due to intrusion of the hornblende granodiorite and to move
ment on the Tanton Lake Fault. 

West-Northwest Faults 

Three west-northwest-striking faults were mapped; one south of Sewell Lake; an
other striking through the mutual corner of the four townships; and the third about 2,000 
feet west of the southern end of Akweskwa Lake (this fault appears to swing into the 
strike of the country rocks). South of Sewell Lake the fault is exposed as a 20-foot wide 
zone of intensely sheared and drag folded mafic pillowed flow rock, now converted to 
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carbonatized chlorite schist with minor disseminated pyrite and cut by quartz stringers 
that are usually black due to the presence of abundant magnetite. Drag folding in the 
schist zone indicates right-handed strike movement on the fault. 

In the area between Chubb Lake (the oval lake about 1V4 miles east of Reeves 
Mine) and Deerfoot Lake there are several highly sheared, rusty weathering, carbonatized, 
chlorite-sericite schist zones developed in the mafic pillowed volcanic rocks. These zones 
are exposed in several outcrops and in a series of trenches in Reeves and Kenogaming 
Townships. In some of the trenches in Reeves Township the schist is hematitized. South 
of Chubb Lake and in the vicinity of the mutual corner of the four townships a close 
spaced, flat to shallow dipping fracture cleavage is developed, which produces horizontal 
crenulation of the primary schistosity. This cleavage is also developed in other westerly 
and easterly trending fault zones in the area and probably developed as a local pinnate 
cleavage in response to thrust movements in these faults. Low gold "values" are reported 
(E. Dupont 1967, personal communication) to have been obtained from the fault south 
of Sewell Lake and in the shear zones at the corner of the four townships. 

A northwest-trending fault has been interpreted as truncating the serpentinite 
intrusion just west of the southern end of Akweskwa Lake. The reasons for postulating 
a fault in this location are (a) the abrupt termination of the serpentinite at the creek, 
(b) the cataclastic texture of the serpentinite exposed in the two small outcrops at the 
southern end of the fault, and (c) the development of a shallow-dipping fracture cleavage 
that causes crenulation of the primary schistosity in the pyritic, silicified pyroclastic rocks 
on the northeastern side of the fault. Two vertical drill holes on the nickel showing at 
the southern end of the postulated fault indicate that a thin, shallow, south-dipping 
capping of serpentinite overlies silicified pyroclastic rocks. This suggests that the fault 
may be a shallow southwest-dipping thrust. Some gold is associated with disseminated 
pyrite and thin massive sphalerite veins are found in the pyroclastic rocks northeast of 
the fault. In the nickel showing the rock is a dark aphanitic tremolitic serpentinite with 
fine- to medium-grained rounded spots of pyrrhotite disseminated throughout. It is 
possible that the nickel mineralization associated with the pyrrhotite in the serpentinite, 
and the gold-pyrite mineralization in the pyroclastic rocks, is related to sulphurization 
(Naldrett 1966) adjacent to the fault zone. 

East-Northeast Faults 

There are several east-northeast- to east-west-trending faults in the map-area. The 
majority of these faults were interpreted from magnetometer data (from Company files) 
together with limited outcrop information, and the apparent concentration of these 
faults in the Reeves-Penhorwood Townships area is probably more an indication of the 
extent of detailed magnetometer coverage than of the absence of this type of fault in 
other parts of the area. Many of the faults strike east-northeast but several trend more 
east-west. However, some of the variation in strike in plan view is due to effects of 
fault dip and topography, e.g., the Footwall Fault of the Reeves orebody dips north 
between 75 and 45 (see Figure 3, Chart A, back pocket). Limited outcrop and top
ographic control makes it difficult to interpret extension of these faults. 

There are two east-northeast-striking faults in Sewell Township. The northernmost 
of these two faults strikes through Crossover and Eastman Lakes. On the trail between 
Eastman and Crossover Lakes the fault is exposed as a 50-foot wide shear zone in xeno-
lithic granodiorite and its extension west of Crossover Lake is interpreted from magnet-
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ometer data (from Company files). The second fault is located southeast of Lap Lake. 
Drill hole information indicates a steep dipping, east-northeast-striking chlorite-quartz 
shear zone carrying gold-copper "values" over a length of about 1,000 feet. 

There is no doubt as to the existence of the Footwall Fault through the Reeves 
Mine. Outcrop and drill hole data indicate that this fault trends east-west and dips north
wards between 70 and 45. "Reverse movement is suggested by drag folding" (H.K. 
Conn 1967, personal communication). Several subsidiary west-northwest-striking faults 
emanate from the Footwall Fault and cut the orebody. The northwest contact between 
the ore zone serpentinite and the mafic metavolcanic country rock is marked by a near 
vertical east-northeast-striking fault. The latter fault has been interpreted as a northeast 
extension of the Footwall Fault. A close-spaced fracture cleavage, appearing as a weak 
crenulation on the primary schistosity, is developed in many outcrops north, east, and 
west of the Reeves Mine and this feature is believed by the writer to be a pinnate 
cleavage related to widespread thrust faulting in the mine area. The extension of the 
Reeves Mine Footwall Fault east of the mine is based upon apparent offsets in north-
trending diabase dikes interpreted from ground magnetic surveys; some of the movement 
on these faults may be rotational. On the western side of the mine there is little informa
tion other than a regional Aeromagnetic Map (ODM-GSC 1963a); this map indicates 
the possibility that the contact between the metavolcanic and metasedimentary rocks in 
southwestern Reeves Township is a comparatively straight linear feature on strike with 
the Footwall Fault. This in conjunction with the presence of a flat fracture cleavage and 
crenulation in the phyllitic metasediments exposed on the Groundhog River and east of 
the Nat River imply that the metasedimentary-metavolcanic contact may be a fault 
contact and a possible extension of the Reeves Mine Footwall Fault. 

Another east-trending fault has been indicated about V4 mile north of the Reeves 
Township southern boundary. The existence of this fault is based largely upon local 
shearing in the metagabbro on the east and ground magnetic information that indicates 
offset of north-south diabase dikes. It is highly probable that other east-striking faults 
are present between this fault and the Reeves Mine Footwall Fault to the north, cutting 
this region into a whole series of fault bounded slices. The possibility that these easterly 
striking faults are the western extension of the Destor-Porcupine Fault is discussed earlier 
in the section on "North-Northwest Faults". 

In Penhorwood Township the existence of several easterly trending faults has been 
interpreted largely from ground magnetic surveys with the support of limited drill hole 
and outcrop information. The fault located about 2,500 feet south of the West Creek-
Nat River junction is interpreted from magnetometer information covering the Canadian 
Johns-Manville property. The extension of this fault westwards beyond West Creek is 
based upon an interpretation of metasomatic effects noted in the metasediments east of 
the Kukatush Road (see the section on "Metasediments"). Metasomatic replacement of 
plagioclase fragments in the rocks results in the development of large mafic spots of 
aggregated tremolite, chlorite, and biotite. This spotting effect diminishes in intensity 
north and south from the interpreted fault location. 

Two faults are shown between Jehann Lake and the Nat River. The rocks exposed 
between these two faults are intensely sheared, carbonatized, and fractured. To the west 
these two faults converge and it is interesting to note that a magnetic anomaly (ODM-
GSC 1963a) is located on the strike extension of these faults at the junction of West 
Creek and the creek out of Jehann Lake, and that lead-silver-copper-gold mineralization 
is found in quartz ladder veins south of Primer Lake. It is possible that the metasedi
mentary-metavolcanic contact west of Jehann Lake is a fault contact. 
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ECONOMIC GEOLOGY 

The area has a long history of mineral exploration going back to the end of the 19th 
Century. Iron formation along the Groundhog River first attracted attention but subse
quently gold, asbestos, and base metal showings stimulated prospecting interest. The 
most important developments to date have been the initiation of asbestos production 
from the Canadian Johns-Manville Company Limited, Reeves Mine in 1968 and the 
outlining of a potential iron orebody at Radio Hill by the Kukatush Mining Corporation 
(Ontario) Limited. In addition, interesting nickel, gold, and copper mineralization has 
been reported from other properties in the area. A list of assessment work reports sub
mitted to the Ontario Department of Mines, to the end of 1967, is given in Table 4. 
These reports are on file in Toronto at the Mining Lands Branch Office, and reports and 
drill logs are filed in the Resident Geologist's office in Timmins. 

There are several economically interesting mineral deposits in the area. In the 
following section these are grouped according to the principal economic element present 
in each deposit and a general description of their mode of occurrence is given. A more 
detailed description of the various properties, and areas of assessment work is given in 
the last section. 

On Maps 2230 and 2231 (back pocket) only selected drill holes are shown; where 
the geology is complex, and surface information is available, the drill holes have not 
been added to the maps. 

ASBESTOS 

There are more than a dozen known asbestos showings scattered throughout the 
serpentinized ultramafic rocks of Reeves, Penhorwood, and Kenogaming Townships. The 
most important to date (1968) is the Reeves Mine property of the Canadian Johns-
Manville Company Limited. Many of the showings were located by the Canadian Johns-
Manville Company during systematic prospecting of the general area after the company 
optioned the Reeves Mine property from J.G Bromley in 1951. 

Geological, ground magnetometer, and electromagnetic surveys have been carried out 
over most of the areas of asbestos mineralization and many of the showings have been 
tested by drilling. With the exception of the Reeves Mine property, and possibly the 
Jehann Fibre Zone, the asbestos showings appear to be small. Listed below are a number 
of conclusions developed in the earlier part of this report that have a bearing upon the 
origin of the asbestos mineralization: 

(1) The ultramafic rocks formed in situ from silicate melts by crystal accumu
lation processes. 

(2) The general serpentinization of the ultramafic rocks occurred during the 
general lower greenschist facies metamorphism of the surrounding country 
rocks. 

(3) Asbestos mineralization is always associated with faulting and in several 
of the small showings the relationship of the asbestos-filled fractures to 
local sheer zones is very obvious. 

(4) The formation of asbestos veins was a completely separate event from the 
general serpentinization. 

(5) The asbestos showings in the tremolitic, upper greenschist facies, ultra
mafic rocks near granitic intrusions are small. This may be related to the 
fact that the asbestos formation post-dates the main metamorphism. 
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Table 4 
A S S E S S M E N T W O R K D A T A O N F I L E W I T H T H E O N T A R I O D E P A R T M E N T O F M I N E S 

A N D N O R T H E R N A F F A I R S A S O F 31 D E C E M B E R 1967 F O R T H E K U K A T U S H - S E W E L L 

L A K E A R E A . 

F I L E N A M E 
T I M M I N S 

F I L E 
T O R O N T O 

F I L E 
T Y P E O F 

W O R K 

Brewis and White P.R T154 DD 
Canadian Johns-Manville Co. Ltd. K T647 63.826 GL;GP 
Canadian Johns-Manville Co. Ltd. K T647 63.946 GL;GP 
Canadian Johns-Manville Co. Ltd. K T647 63.1326 GP 
Canadian Johns-Manville Co. Ltd. K T647 63.1707 GL;GP 
Canadian Johns-Manville Co. Ltd. K T647 63.1808 GL;GP 
Canadian Johns-Manville Co. Ltd. K T648 GL;GP;DD 
Canadian Johns-Manville Co. Ltd. P T506 63.469 GL;GP 
Canadian Johns-Manville Co. Ltd. P T506 63.805 GL;GP 
Canadian Johns-Manville Co. Ltd. P T506 63.1669 GP 
Canadian Johns-Manville Co. Ltd. P,R T506 63A.373 GL;GP;DD 
Canadian Johns-Manville Co. Ltd. P T669 63.843 GP 
Canadian Johns-Manville Co. Ltd. S T647 63A.339 GL;GP 
Canadian Johns-Manville Co. Ltd. S 63A.341 GL;GP 
Canadian Johns-Manville Co. Ltd. s 63.833 GL;GP 
Canadian Johns-Manville Co. Ltd. s 63.861 GL;GP 
Canadian Johns-Manville Co. Ltd. s 63.872 GL;GP 
Canadian Johns-Manville Co. Ltd. s 63.1665 GL;GP 
Canadian Johns-Manville Co. Ltd. s 63.1895 GL;GP 
Consolidated Thor Mines Ltd. s T608 DD 
Delmico Mines Ltd. K T992 63.1504 GL;GP 
Dunvegan Mines Ltd. K T527 63.325 GP;DD 
Dunvegan Mines Ltd. K T527 63.653 GP;DD 
Falconbridge Nickel Mines Ltd. K T527 GL;GP;DD 
Fallmac Nickel Mines Ltd. K 63.653 GP;DD 
Fawcett Claims S T288 DD 
Hoodoo Lake Mines Ltd. K T527 63A.44 GL 
International Nickel Co. of Canada Ltd., The K T861 DD 
International Nickel Co. of Canada Ltd., The P T862 DD 
International Nickel Co. of Canada Ltd., The R T863 DD 
Jade Oil and Gas Co. Inc. K 63.1739 GP 
Jonsmith Mines Ltd. K T622 63.1924 GP;DD 
Jonsmith Mines Ltd. S T651 63.834 GP;DD 
Keithgold Mines Ltd. K T206 63A.42 GL 
Kukatush Mining Corp. (Ontario) Ltd. K.P T669 63.1052 GP.DD 
Kukatush Mining Corp. (Ontario) Ltd. P T669 63.1234 GL;GP;DD 
Lapierre, L. S T1005 DD 
Little Long Lac Gold Mines Ltd., The K T187 63A.35 GL;DD 
Mclntyre Porcupine Mines Ltd. P.R T84 63.107 GL;GP;DD 
McRae group K T164 ST;TR 
Mining Corporation of Canada Ltd., The S T162 63.129 GL;GP;DD 
Mining Endeavour Co. Ltd. (Nib Yellowknife Mines Ltd.) P T191 63A.9 GL 
Mining Endeavour Co. Ltd. (Nib Yellowknife Mines Ltd.) P 63 A. 11 GL 
Mining Endeavour Co. Ltd. (Nib Yellowknife Mines Ltd.) P 63A.23 GL 
Norduna Mines Ltd. K T527 63.325 GL;GP;DD 
Penko Gold Mines Ltd. (Kalbrook) K,R,S T145 GL 
Penko Gold Mines Ltd. (Bragagnola property) P T145 GL 
Pen-More Prospecting Syndicate P 63.145 GL;GP 
Pen Star Prospecting Syndicate P 63.146 GL;GP 
Penwood Gold Mines Ltd. P T669 DD 
Purdy Mica Mines Ltd. P T144 DD 
Texas Gulf Sulphur Co. P T506 DD 
Transhorwood Mines Ltd. P T669 63.147 GL;GP;DD 

Abbreviations: 
GL — Geological K — Kenogaming Township 
GP — Geophysical P — Penhorwood Township 
DD — Diamond drilling R — Reeves Township 
ST —Stripping S —Sewell Township 
TR — Trenching 
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(6) Magnetite veining usually accompanies the asbestos in the lower green
schist facies area serpentinites, and light coloured alteration selvages border 
the veins. Asbestos veins in the tremolitic ultramafic rocks of the upper 
greenschist facies areas are rarely accompanied by magnetite veining or 
alteration selvages. 

(7) Thread veins of asbestos were noted cutting magnetite veins in the Reeves 
Mine. 

(8) Quartz sheeting and cross-fibre tremolite veins have invaded the country 
rocks at the northeastern contact of the Reeves Mine serpentinite via a 
post-folding close-spaced fracture cleavage. Tremolitization of the country 
rock is younger than the quartz in these veins. It is highly probable that 
the quartz-tremolite veining in the country rock developed at the time of 
asbestos formation in the serpentinite, thus the asbestos mineralization 
may be related to post-folding fault movements. 

(9) The last movement of the Reeves Mine Footwall Fault post-dates the 
asbestos vein formation. 

(10) The diabase cutting the Reeves serpentinite is clearly younger than the 
asbestos mineralization. 

Exploration Considerations 

The conclusions listed above suggest a number of possible limiting conditions that 
might be useful in exploration for asbestos. Obviously ultramafic intrusive rocks with 
associated multiple fracturing and faulting must be present and the size and extent of 
post-mineralization carbonatization of the intrusion will be important. Experience in the 
Kukatush-Sewell Lake area suggests that the following factors may also be useful in 
assessing the potential of an area in which ultramafic rocks are present: 

(1) The metamorphic condition of the intrusion. Unmetamorphosed ultramafic 
rocks and those metamorphosed to lower greenschist facies may be favour
able whereas ultramafic rocks metamorphosed to upper greenschist facies 
or higher rank may be unfavourable. 

(2) Multiple faulting or wide fault zone conditions might result in the wide
spread development of pinnate cleavage (Hills 1963) in the country rocks. 
In folded metamorphosed areas such as Reeves Township this may take the 
form of a secondary cleavage producing crenulation of the primary folia
tion. 

(3) The mobilization of magnetite, from the serpentinite, into veins, appears 
to be more extensive in well mineralized, lower greenschist facies serpen
tinites than in the more highly metamorphosed or unmineralized rocks. 
Presumably the magnetite in these veins would retain a remnant magnetism 
of a different character from that of the nonveined rocks. If this veining 
is extensive enough the magnetic response of mineralized areas of serpen
tinite may differ significantly from unmineralized sections of the same 
intrusion or other intrusions in a region. 
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(4) Felsic intrusions accompanied or preceded by faulting may be essential. In 
the Kukatush-Sewell Lake area dilatant intrusion of the post-tectonic Late 
Felsic Intrusive Rocks was very probably accompanied by some faulting. 
Hydrothermal solutions derived from these felsic intrusions (C.W. Burn-
ham 1967) could have acted as asbestos forming agents. Presumably these 
granites would have to be close enough to the ultramafic bodies to be 
effective sources of hydrothermal solutions but distant enough not to 
produce high-rank metamorphism. 

C O P P E R 

Copper showings have been located in all four townships. Details of the copper 
mineralization are given in the following property descriptions: 

Canadian Johns-Manville Company Limited-Reeves Mine Property 
Canadian Johns-Manville Company Limited-South Hanrahan Lake-Crawford 

Lake Property 
Consolidated Thor Mines Limited 
Jonsmith Mines Limited-Sewell Township Claim Group 
Mining Corporation of Canada (1964) Limited 
Radio Hill Mines Limited-Primer Lake Area 

Chalcopyrite is the principal copper-bearing mineral in all these showings but bornite 
is also present on the Reeves Mine property. At the Reeves Mine and South Hanrahan 
Lake-Crawford Lake showings the copper mineralization is located adjacent to diabase 
dike contacts. The host rocks are serpentinite and magnetite-chert iron formation respec
tively. The possibility exists that the mineralization is related to faults now occupied by 
the diabases, but more probably the copper is genetically related to the diabase. 

The Mining Corporation of Canada (1964) Limited and Radio Hill Mines Limited 
showings occur in regions of carbonatization, silicification, quartz veining, and faulting. 
Gold mineralization is associated with the copper in these areas and lead, zinc, and silver 
are also present at the Radio Hill Mines Limited property. The host rocks are either 
sheared mafic metavolcanics or intrusive felsic porphyries. There appears to be a relation
ship between the copper-gold mineralization, carbonatization, and faulting. The Con
solidated Thor Mines Limited and Jonsmith Mines Limited occurrences are known only 
from drill cores but these may also be associated with shear zones in the mafic meta
volcanics. 

G O L D 

Being not too distant westwards from the Porcupine gold area and located on a 
major canoe route, the Groundhog River, the area drew the attention of gold prospectors 
at an early date. 

Gold mineralization in the area is apparendy related to faulting. All the gold show
ings reported to date are found in quartz or carbonate veined and pyritized shear or 
fracture zones. In the gold showings in mafic metavolcanics the country rocks locally are 
converted to ferriferous carbonate or pyritic chlorite schists, and in the felsic meta
volcanics, to pyritized, carbonate-sericite schists. The gold occurrence, about 1 mile north 
of Jehann Lake is associated with quartz stringers in a shattered, carbonatized, chloritized 
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amphibolite containing much disseminated arsenopyrite. The mineralized zones are 
associated with faults having a variety of strike trends. 

Economically interesting gold mineralization has been reported in the following 
properties and occurrences: 

Jonsmith Mines Limited-Hoodoo Claim Group 
Kalbrook Mining Company Limited-Reeves Township 
Lamport property-Reeves-Sewell Townships 
Mining Corporation of Canada (1964) Limited-Sewell Township 
Nib Yellowknife Mines Limited-Penhorwood Township 
Radio Hill Mines Company Limited-Penhorwood Township 

I R O N 

There are two important zones of iron formation in the area. These two zones are 
known as the Radio Hill iron formation and the Nat River iron formation. The geology 
of these has already been described in detail. Both are located in regions of lower green
schist metamorphism and are very fine grained throughout. 

An economically interesting thickness of magnetite-chert is located in the Radio Hill 
area due to original depositional thickness and to isoclinal folding of the formation. 
Ferruginous carbonate and minnesotaite are plentiful throughout, and jasper bands are 
common in the lower sections. Local pyritic chlorite shear zones cut the material and 
pyrite is commonly present in graphitic slates above and below the main magnetite-chert 
unit. A potential orebody of about 158 million tons grading 20.8 percent magnetic iron 
has been outlined. Details are described under Kukatush Mining Corporation (Ontario) 
Limited. 

The magnetite-chert section of the Nat River iron formation appears to be very 
persistent but thin. However, thickening of the zone is apparent in a number of 
localities due to folding (east of Crawford River), en echelon arrangement of lenses (east 
of Nat River), or to be depositional thickening (southwest of Benbow Lake), and these 
regions require further investigation. Silicate and carbonate minerals are common in the 
Nat River iron formation. Pyrite is present in graphitic slates associated with the iron 
formation and large masses of pyrite and pyrrhotite replace the iron formation in some 
sections. The sulphide minerals in the iron formation are most plentiful in areas near 
amphibolite or serpentinite. This feature, plus the fact that the Nat River iron forma
tion lies at the interface between a felsic metavolcanic complex and mafic metavolcanic 
rocks suggests that this zone deserves examination as a possible site of base metal 
mineralization. Detailed descriptions of parts of the Nat River iron formation are 
given in descriptions of the Kukatush Mining Corporation (Ontario) Limited property, 
Canadian Johns-Manville Company Limited, Montgomery Lake property, and South 
Hanrahan Lake-Crawford Lake property. 

I N D U S T R I A L M I N E R A L S 

Barite and silica have been produced from veins near Horwood Lake station in 
southwestern Penhorwood Township. A muscovite-albite trondhjemite sheet about 500 
feet wide and 11,000 feet long trends northeastwards from the northern end of Hardi-
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man Bay, parallel to the foliation of the mafic metavolcanic country rock. The muscovite-
albite trondhjemite strikes across the Canadian National railway line about 500 feet east 
of Horwood Lake station. 

Northeast-striking barite veins cut the trondhjemite about 700 feet north of the 
railway on two patented claims, S4419 and S4421, owned, in 1967, by Falconbridge 
Nickel Mines Limited. There are many quartz veins associated with the barite veins and 
in the trondhjemite outcrops to the southwest. Horwood Mining Limited has quarried 
silica from one of the larger of these veins outcropping about 300 feet south of the rail
way on claims S119676 (patented) and S132430 (unpatented). The contacts of this 
quartz vein are not exposed but schlieren of chlorite schist country rock are present on 
the southeastern side and it is probable that the quartz vein lies near the contact between 
the trondhjemite and mafic metavolcanic country rock. 

The muscovite-albite trondhjemite is probably a cupolatic extension (see the section 
on "Late Felsic Intrusive Rocks"), originally high in volatiles, of a larger underlying 
granitic mass. The barite and quartz veins formed from late hydrothermal solutions 
derived from this granitic mass. 

N I C K E L 

Three surface showings of nickel mineralization are located in north-central Kenog
aming Township. In all these showings the nickel is associated with disseminated 
pyrrhotite in serpentinized ultramafic intrusive rock. The most interesting showing is 
located on the Norduna property of Falconbridge Nickel Mines Limited, in the north
eastern corner of patented claim S58335. Pyrrhotite is disseminated in carbonatized 
serpentinite adjacent to talc-carbonate-magnetite shear zones, which range up to 4 feet 
wide. A grab sample taken by the discoverer of the showing, N. Elieff, indicated a nickel 
content of 2.5 percent (ODMNA file T527, Timmins). 

The other two showings are small. One is located about 1/4 mile south of the No. 3 
post of patented claim S49025, on unsurveyed claim S114789 of Jonsmith Mines Lim
ited. A grab sample taken by M. Gouvreau of Norduna Mines Limited is reported to 
have assayed 1 percent copper and 0.9 percent nickel (ODMNA file T527, Timmins). 
The mineralized outcrop is about 15 feet in diameter and consists of black, hornfelsed 
tremolitic ultramafic rock containing disseminated rounded spots of pyrrhotite up to 
inch in diameter. The third showing is located about VA mile north of the No. 1 claim 
post on patented claim S58573 (on S58570c). A grab sample taken by the writer and 
analysed by the Laboratory and Research Branch, Ontario Department of Mines and 
Northern Affairs, was found to contain 0.20 percent nickel. The mineralization consists 
of disseminated microcrystalline pyrrhotite in grey carbonatized serpentinite. 

The first two showings are closely associated with shear zones and faulting and a 
fault has been interpreted in the vicinity. In addition, the felsic pyroclastic rocks in the 
area adjacent to these showings are extensively pyritized and carbonatized. From this it 
is inferred that the nickeliferous sulphide minerals may have developed as a result of 
sulphurization associated with faulting and shearing (Naldrett 1966). The third northern 
showing occurs in close proximity to a diabase dike that could have acted as a source 
of sulphur or metal sulphide mineralization. Copper mineralization is associated with 
north-trending diabase dikes in the Dunvegan Mines property south of Crawford Lake 
in Kenogaming Township and in the Canadian Johns-Manville Company Limited, Reeves 
Mine property. 
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Throughout the area, but particularly within the Hanrahan Lake Complex, there 
are large expanses of unexposed ultramafic rock. In addition, sulphide minerals abound 
in the Nat River iron formation belt in areas adjacent to ultramafic and mafic intrusive 
bodies, and the iron formation marks the boundary between mafic and felsic volcanic 
accumulations. The area warrants intensive investigation for base metals. 

D E S C R I P T I O N O F P R O P E R T I E S , O C C U R R E N C E S , A N D 
E X P L O R A T I O N AREAS 

Bragagnola (Bromley) Property (9)* 

Primer Lake, Penhorwood Township, lies in the northeastern claim of a block of 
four patented claims, S35288 to S35291, owned, ( in 1967), by R.C. Bragagnola of 
Timmins. These claims were originally part of a block of 12 claims staked by J.C. 
Bromley and optioned to the Kalbrook Mining Company Limited, in 1946. Geological 
mapping, trenching, and drilling were done on the property in 1946 and 1947. Two 
holes, totalling 320 feet in length, were drilled just north of West Creek in the north
eastern corner of the property, about *4 mile northeast of No. 1 claim post of patented 
claim S35289. No drill logs are available but maps in the assessment files indicate that 
the hole intersected conglomerate, greywacke, and quartzite. The Kalbrook Mining 
Company Limited dropped the claims and in 1948 four claims were patented by J.G 
Bromley. The claims have since been transferred to R.C. Bragagnola and the area is 
now under investigation by the Radio Hill Mines Company Limited (see the section on 
"Radio Hill Mines Company Limited"). 

B R E W I S A N D W H I T E [ 1 9 4 6 ] * 

In 1946, geological mapping and diamond drilling was carried out on a 46-claim 
group straddling the Groundhog River in northwestern Penhorwood Township and 
southwestern Reeves Township. The area is underlain by metasediments and feldspar 
porphyry intrusions. 

Two diamond drill holes, with a total length of 1,100 feet, were drilled about 1,300 
feet and 2,000 feet south of a point, 2,000 feet east of the Groundhog River on the 
northern line of Penhorwood Township. There is no report of economic mineralization 
having been encountered. 

The area was investigated, by some drilling, in 1964 by The International Nickel 
Company of Canada Limited (see the section on "The International Nickel Company of 
Canada Limited"). 

•Number in brackets refers to property number shown on Maps 2230 and 2231, back 
pocket. 

*Date in square brackets refers to date of last major work. The property locations for 
properties without numbers in round brackets are not shown on Maps 2230 and 2231, back 
pocket. 
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Canadian Johns-Manville Company Limited (1, 3,4,10,11,15) 

The Canadian Johns-Manville Company Limited became interested in the area in 
about 1951. The company now (1967) holds 39 patented claims in Reeves Township 
and 76 patented claims in Penhorwod Township, plus over 150 unpatented claims spread 
almost equally between Reeves, Penhorwood, Sewell, and Kenogaming Townships. Since 
1951, the company has examined large areas in all four townships and much geological, 
geophysical, and drill hole information is available in the Ontario Department of Mines 
and Northern Affairs assessment files as a result of this work. A large proportion of the 
work has been concentrated in south-central Reeves Township, which is the site of the 
Reeves Mine. 

REEVES MINE PROPERTY (1,10) 

The Reeves Mines property consists of 102 contiguous patented claims, lying mosdy 
to the east of the Nat River, and extending south from about Highway 101 in Reeves 
Township to Gee Lake in Penhorwood Township. This block of patented claims is an 
amalgamation of parts of various claim groups examined by the company since 1951. 
An additional 75 unpatented claims, located around the periphery of the patented group, 
are also held by the company at present (1967). The patented claim numbers are listed 
below: 

Reeves Township 

S58288 S59036 
S58474 S59046 
S58863 to S58872 S59719 to S59722 
S59015 to S59032 S63908 to S63910 

Penhorwood Township 
S639H to S63914 S90126 to S90130 
S60442 S90144 to S90146 
S64063 to S64064 S90148 
S82787 to S82805 S90758 to S90759 
S90101 to S90110 S94199 to S94200 
S90113 to S90114 S94204 to S94206 
S901l6toS90119 S94211 
S90121 to S90124 

Within the patented claim group five asbestos fibre deposits have been located. These 
are: in Reeves Township, the Reeves Mine, East and West Zones located within claims 
S58288, S58474, and S58866, and the "75" Zone, lying on the boundary between claims 
S58866 and S58868; and in Penhorwood Township, the Jehann Fibre Zone in claims 
S59017 (partly in Reeves Township) and S63911, the Nat River Fibre Zone in claims 
S90123 and S90124, and the Dupont Fibre Zone in claim S90148. Detailed geological 
mapping and ground magnetometer and horizontal loop electromagnetic surveys at a 
scale of 1 inch to 200 feet have been carried out over the entire claim group. Drilling in 
excess of 50,000 feet has been concentrated in the mine area but more than 17,000 feet 
of drilling has been carried out elsewhere in the claim group. 
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Reeves Mine 

The Reeves Mine asbestos mineralization was originally discovered by J.C. Bromley 
who optioned the property to the Canadian Johns-Manville Company Limited in 1951. 
The orebody is located about 1 mile south of Highway 101 at the northern end of a 
large, mineralogically layered, ultramafic intrusive mass of original dunitic to peridotitic 
composition. The ultramafic rocks have been almost completely serpentinized and 
layering is only locally preserved (Photo 8). 

In plan, the asbestos mineralization occupies a roughly wedge-shaped area, elongated 
N60W, with a length of about 2,100 feet, and width varying from about 750 feet on 
the west to about 200 feet on the east. A north-trending diabase dike essentially bisects 
the mineralized area dividing the orebody into the East and West Zones. Ore reserves 
are estimated to be 20 million tons, with a total fibre content of between 3 and 3.5 per
cent, consisting of Fibre Groups Nos. 4, 5, 6, and 7 (H.K. Conn 1967, personal com
munication, Exploration Manager, Canadian Johns-Manville Company Limited). 

The orebody is enclosed on the north, east, and west by a zone of barren serpen
tinite about 100 feet wide, in contact with mafic metavolcanics. On the northeast the 
contact is unsheared but in the few exposures observed the contact is occupied by large 
white-weathering masses of tremolite-carbonate material which extends as wispy rami
fications into the serpentinite (Photo 17). On the northwestern contact the serpentinite 
and metavolcanics are strongly sheared and appreciable pyrrhotite with minor chalcopy
rite is present as disseminations and fine stringers in the schisted zone. The meta
volcanics are also brecciated. On the south, or footwall side, the orebody is bounded by 
an east-trending, 45 to 70 north-dipping fault, referred to earlier in the text as the 
Footwall Fault (see Figure 3, Chart A, back pocket). 

The asbestos ore on the northern side of the Footwall Fault is contorted. Asbestos 
fibre veins are rotated, smeared to slip fibre, carbonatized, or altered to picrolite, and 
some parts of the fault zone are occupied by 6- to 10-foot thick zones of picrolitic schist 
(Photos 20, 21). Several subsidiary west-northwest- to northwest-trending faults branch 
from the Footwall Fault, cutting the orebody; associated with many of these is a rusty 
weathering, ferriferous carbonate alteration. These are referred to in the mine as 
"oxidized faults" (Figure 3, Chart A, back pocket). 

Within the ore zone the overall fresh surface colour is dark grey but greenish, 
yellowish, and lighter grey variations are widely developed. Several factors appear to 
influence the rock colour but the most widespread effects seem to be related to the 
intensity of carbonatization of the rock. Other factors include, (1) the magnetite content 
and the manner in which the magnetite is distributed in the rock, (2) the extent of 
picrolitization, and (3) the intensity of the ferruginous carbonatization. The light to 
dark grey colour variation appears to be associated with a homogeneous, pervasive type 
of carbonatization and a possible relationship between the intensity of this type of 
carbonatization and the original rock composition has been suggested by J.D. Kerr 
(1965): 

The basic [mafic] and ultrabasic [ultramafic] intrusion is mineralogically layered and 
these mineralogic horizons appear to be conformable with the general structure of the intru
sion. Hie most dominant mineralogical variation in the sequence is carbonate alteration. This 
is a post-intrusive feature, but may have some significance as to the original mineralogy. 

The sequence as now noted from top to bottom (north to south) is as follows. Samples 
examined megascopically. 

1. Highly altered serpentinite. This layer is a contact feature of the ultrabasic [ultramafic] 
rock, varying in thickness up to 100 feet. A variation of the altered serpentinite along the 
contact is local pods of pure carbonate rock along the flanks of the anticline. 
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ODM856B 
Photo 20—Footwall Fault, Reeves Mine, near the eastern end of the orebody; the dark grey rock to the 

right is unmineralized massive serpentinite; the light rock on the left is fractured mineralized 
serpentinite; asbestos veins are broken, rotated, and in places smeared in the fractured rock 
to the left of the fault boundary. 

O D M 8 5 6 9 

Photo 21—View of a larger section of the fractured asbestos 
ore north of the Footwall Fault in the same location 
as Photo 20; the hammer in both photos is in the 
same position. 
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2. Dark green-black, massive, fine-grained serpentinite. Minor carbonate alteration in 
rock mass, but carbonate and brucite veins are quite common in this horizon. Generally high 
content of secondary magnetite disseminated in rock mass. Surface variation of this rock type 
is a light green, mottled dunitic serpentinite. In the flanks of the anticline, this layer appears 
to be less serpentinized and, in places, the rock is almost a pure dunite. Average thickness is 
estimated at 100 feet. Fibre occurs in this horizon, but is generally poor and medium grade. 
There is a high to medium content of thread veins. There is some indication that fibre veins 
have been subjected to carbonate and brucite alteration. 

3. Light and dark grey-green, massive, medium-grained, partially . . . [carbonatized] ser
pentinite. Degree of carbonate alteration varies from 15% to 30%. Moderate magnetite content 
concentrated in zones of high fracturing and shearing. Surface variation of this horizon is a 
pale green carbonate and iron oxidized serpentinite. Average thickness is approximately 150 
to 200 feet. This horizon is the major fibre-bearing rock type and is generally medium to good 
grade. Quality of the fibre is good with little or no evidence of carbonate alteration. 

4. Dark grey, massive, medium- to coarse-grained, highly . . . [carbonatized] serpentinite. 
Degree of carbonate alteration is 30% to 50%. Coarse grains of carbonate give rock a mottled 
appearance. Secondary serpentinization in fractures and faults. Fibre occurrence of this 
horizon is only found in these re-serpentinized fractures and faults, yielding only poor and 
medium grade. The fibre is somewhat harsh and britde. Average thickness varies from 100 
to 200 feet. 

5. Light grey, impure, massive, coarse-grained, totally . . . [carbonatized] peridotite or 
pyroxenite. This zone is not continuous and has maximum thickness of approximately 100 feet. 
There is some evidence of totally replaced fibre veins in this zone. 

6. Pyroxene-olivine-hornblende gabbro. Coarse-grained, massive, partially serpentinized 
and . . . [carbonatized], approximately 100 feet thick. 

7. Coarse-grained, massive, hornblende gabbro, in places dioritic in nature. There is a 
minor content of olivine and pyroxene with chloritic alteration in zones. Thickness is approxi
mated at 200 feet. This sequence suggests an overturned, differentially settled, basic [mafic] 
and ultrabasic [ultramafic] magmatic complex. The original sequence would be as follows, 
with these considerations: 

(1) The dark green serpentinite was originally a dunite (greater than 90% olivine). 
This has become entirely sepentinized in the vertex of the anticline and only 
partially serpentinized in the flanks. Dunite the earliest crystallizing layer of 
an intrusive complex. 

(2) The grey-green, partially . . . [carbonatized] serpentinite was originally perido
tite (approximately 50-50 olivine-pyroxene). 

(3) The grey serpentinite is a highly . . . [carbonatized] pyroxene-rich peridotite. 
Evidence of pyroxene-rich rock is that coarse grains of carbonate appear to have 
remnant structure of pyroxene crystals. Dr. D.B. Findlay has suggested it is 
feasible that carbonate entirely replaced pyroxene crystals. Pyroxene would be 
the second mineral to crystallize in an intrusive complex. 

(4) The pure carbonate rock was originally a pure pyroxenite, with possibly some 
minor feldspar and olivine. Intense carbonate alteration has totally altered the 
pyroxene. 

(5) Pyroxene-amphibole-olivine gabbro. Feldspar and amphibole would be the next 
minerals to crystallize. 

(6) The amphibole-rich gabbro. 

Other colour variations are associated with asbestos and magnetite veining and with 
alteration associated with faulting. A yellowish colour is common in areas of ferruginous 
carbonatization or picrolitization adjacent to faults. Asbestos-magnetite veins are usually 
accompanied by alteration selvages parallel to the veins and of a lighter grey colour than 
the main rock mass (Photos 10 and 13). In areas where the asbestos veins are plentiful, 
and closely spaced, these selvages merge and the whole rock is light grey. Megascopic 
examination reveals that the alteration selvages generally contain less magnetite than the 
unaltered rock. A thin section of one vein selvage indicated that it is made up of 43 
percent carbonate and 11 percent magnetite, whereas the dark grey serpentinite beyond 
the selvage contains 25 percent carbonate and 21 percent magnetite. The magnetite in the 
dark grey rock occurs as fine-grained aggregates and stringers. In the light selvage the 
magnetite occurs as slightly coarser, discrete disseminated grains. This association of 
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colour differences with vein alteration indicates that the relationship of rock colour to 
original composition should be applied cautiously. 

The mineralogical layering observed in the Reeves orebody is most evident on 
weathered surfaces but a slight difference in grey shades is apparent on fresh surfaces. 
However, this is not a very strong colour difference and would be easily overlooked. 

The general structural environment of the orebody and the character of the East 
and West Fibre Zones have been described by J.D. Kerr (1965) as follows in the next 
three sections. 

GENERAL STRUCTURE 

The Reeves ultrabasic [ultramafic] and basic [mafic] complex is a layered sheet approxi
mately 400 to 1,000 feet thick. Subjected to tight folding and faulting, the body takes the 
form of a tightly folded anticline plunging, on the average, 50° to the northeast. The west 
flank dips approximately 40° and the dip of the east flank is undeterminable at present [1965]. 
There is some evidence that the east flank is locally overturned. It has been suggested by Dr. 
Findlay that the complex takes the form of a dome structure. This is substantiated by basic 
[mafic] and ultrabasic [ultramafic] rock located in Penhorwood Township. The Jehann Fibre 
Zone, Penhorwood Township, would represent the southern vertex of the dome. The hanging 
wall of the complex is basic [mafic] volcanics and the footwall is acid [felsic] volcanics. 

A N.60°W. trending major fault or shear zone crosses the northern apex of the anticline 
or dome. The dip of the fault is approximately 55° at the surface, and tends to flatten with 
depth. This dip is quite conformable with the plunge of the anticline. Drag folding, caused 
by the fault, indicates reverse movement of the fault. 

The Fibre Zone appears to conform with the general trend of the northern vertex of the 
complex and has three dominant structural controls: 

1. Apex of a rightly folded anticline or dome. 
2. Drag folds caused by a steep angle, reverse fault. 
3. Major fibre occurrence appears to be confined to particular geologic horizon in 

the basic [mafic] and ultrabasic [ultramafic] complex. This horizon is a light and 
dark grey-green, massive, medium- to coarse-grained, partially . . . [carbonatized] 
serpentinite. 

. . . For exploratory purposes, the fibre zone has been arbitrarily sectioned into two ore 
zones. Fibre east [and west] of Line 5+50E [which] is the approximate line of the diabase 
dyke and thus the dyke divides the fibre zone into two separate zones. 

The dykes have no geological significance on fibre formation, but there is a distinct differ
ence in the nature of fibre in each zone. 

EAST ZONE 

The fibre in this zone is found in a network of complex veins. At least six main trends 
indicate the three fibre controls, and possibly many periods of fibre formation. The fibre veins 
appear to be quite continuous. The fibre zone is conformable with and confined to the 
grey-green, partially . . . [carbonatized] serpentinite. 

Each fibre vein contains at least one parting. This affects the continuity of fibre length 
and gives rise to minor carbonate and brucite alteration. Secondary magnetite is associated 
with fibre veins. 

WEST ZONE 

The fibre in this zone is found in a very complex network of lenticular veins. No major 
trend is evident as fibre veins occur in all directions. Fibre counts are very erratic due to the 
discontinuity of fibre veins. 

The West fibre zone is not confined to the grey-green serpentinite, but is found also in the 
dark green-black serpentinite and dark grey, highly . . . [carbonatized] serpentinite. This gives 
a much broader ore zone than the East zone, but the alteration of the fibre is much more 
extensive. 
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As in the East zone, the fibre veins are parted but are generally much higher altered by 
carbonate and brucite. Evidence of totally . . . [carbonatized] and brucite-altered fibre veins 
are common in this zone. 

EAST AND WEST ZONES 

Many of the asbestos fibre veins are composite with magnetite occurring either as 
a sandwich between two parallel veins of asbestos or as a selvage on one wall of the 
asbestos vein. Ribbon veins, consisting of a central magnetite-asbestos vein bordered 
on both sides by several parallel asbestos veins, also occur and one such vein consists of 
a central, Vi inch thick, magnetite core vein with at least 11 veins of asbestos from VJ 
inch to % 6 inch wide contained within a 4-inch zone on either side of the core (Photo 
10). In other veins the alteration selvage on either side of the central magnetite-asbestos 
vein is occupied by swarms of en echelon gash veins of short fibre sticking at an acute 
angle to the central vein. Small rotated horses of serpentinite were observed enclosed in 
a magnetite vein at the centre of an undeformed asbestos vein and, in the area where 
mineralogical layering in the serpentinite was observed, small offsets, in the order of 6 
inches, were noted adjacent to undeformed asbestos cross-fibre veins indicating that 
fracture formation and small scale movement on these fractures occurred prior to the 
formation of the asbestos. In areas where the asbestos veins are widely separated (Photo 
13) large blocks of unmineralized serpentinite occur between the veins but in highly 
mineralized sections the blocks between the large persistent veins are cut by swarms of 
short thread-fibre gash veins. In one locality some of these thread veins were observed 
cutting through the large main magnetite vein. These asbestos veins would thus seem 
to be younger than the magnetite vein and it is also possible that there is more than one 
age of asbestos veining. 

In the East Fibre Zone two strike trends were apparent in the veining, one between 
N45E and N55E and the other between N 8 5 W and N75W. In the West Fibre Zone 
veining is so prolific that trends are not apparent, however faulting in the West Zone 
strikes N65E, N90E and N 6 5 W (see Figure 3, Chart A, back pocket). The main Foot
wall Fault has a slightly different strike trend on either side of the diabase dike splitting 
the orebody. On the western side the Footwall Fault trends about east-west, and on 
the east side the trend is N80W. Also subsidiary faults trend N 6 5 W in the West Zone 
and N 4 0 W in the East Zone. It is probable that the diabase dike occupies a fault plane 
about which there was some rotation of the East and West Fibre Zones. 

Where the diabase dike cuts the orebody, asbestos fibre is destroyed in a zone at 
least 10 feet wide on either side of the dike. The alteration effects are described in the 
section on "Ultramafic Intrusive Rocks, Contact Relationships". In addition bornite and 
chalcopyrite mineralization was noted in the serpentinite on the western side of the 
diabase dike, just north of the Footwall Fault (Figure 3, Chart A, back pocket). The 
mineralization consists of disseminated bornite and chalcopyrite in the serpentinite and 
as chalcopyrite coating fractures. A grab sample of the disseminated type submitted by 
the writer to the Laboratory and Research Branch, Ontario Department of Mines and 
Northern Affairs, was found on analysis to contain 0.78 percent copper and 0.17 percent 
nickel. 

There is insufficient evidence to clearly define the structural form of the ultramafic 
intrusion. As indicated previously in the section on "Early Mafic Intrusive Rocks", the 
large amphibolite mass south of the Reeves Mine is probably a separate intrusion. Fault
ing is the main ore control. The Footwall Fault has splayed in the mine area and this 
may have been caused either by refraction of the fault on passing from the mafic meta-
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volcanic rocks into the serpentinite, or by the fact that the foliation of the metavolcanic 
country rocks warps around the serpentinite in this region and the Footwall Fault is 
essentially a strike fault. 

"75 " Zone 

The "75" Zone is located in Reeves Township about mile south of the main 
Reeves Mines orebody, on claims S58866 and S58868, east of the north-trending diabase 
dike that cuts the main orebody. The mineralization is unexposed. Conn (1965) stated 
that: 

. . . it ["75" Zone] was discovered by blind drilling, based on interpretation of ground 
magnetic results. The zone appears to be a gently dipping lens pinching on three sides 
[Figure 4]. 

About 8,000 feet of drilling, in 10 holes, has been done on this zone (see Figure 3, 
Chart A, back pocket). 

J e h a n n Fibre Zone 

Two small outcrops of highly carbonatized serpentinite containing a minor amount 
of short fibre are exposed in Penhorwood Township, one on patented claim S59017 (this 
claim is partly in Reeves Township) and the other on claim S639H. The showing is 
about IVi miles southwest of the Reeves Mine. Between 1953 and 1956, about 15 
diamond drill holes, totalling 6,525 feet in length, were drilled north of the Nat River 
in the vicinity of the Jehann Zone (see Map 2231, back pocket). H.K. Conn, Explora
tion Manager, Canadian Johns-Manville Company Limited stated (1967, personal com
munication) that 

insufficient work has been done to specify dimensions or grade. 

N a t River F ibre Zone 

Minor asbestos fibre was located in an outcrop on patented claim S90122 in Pen
horwood Township, about 1 mile east-southeast of Jehann Lake. The outcrop is cut by 
small shear zones and is situated at the western end of a IVi-mile long northeast-trending 
tremolitized serpentinite body. Geological, ground-magnetic, and horizontal loop electro
magnetic surveys were carried out over the area in 1956 and 1957. Three holes were 
drilled on the showing and three more were drilled to the northeast along the length of 
the serpentinite intrusion, for a total drilling length of 2,350 feet. The best hole, drilled 
southwards at an angle of 45 from a point just north of the showing, intersected 45 
feet of asbestos fibre-bearing serpentinite. 

D u p o n t F ibre Zone 

Magnetite and asbestos veining are present in an exposure of mineralogically layered, 
tremolite-chlorite-serpentine, ultramafic rock on patented claim S90148, about YA mile 
south of Jehann Lake and 1 mile southwest of the Nat River Fibre Zone. The asbestos 
is very locally developed and occurs generally as very thin thread veins, but some %Q 
inch long fibre is present. Magnetite veining is plentiful. The area was surveyed at the 
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same time as the Nat River Fibre Zone. Information is available for one drill hole, 500 
feet long, drilled in I960, just about 150 feet southwest of the showing. No fibre was 
reported in the hole. 

Horwood Lake Claim Group [1971] 

In 1955, the company staked 23 claims in southwestern Penhorwood Township, 
about Vi mile west of Horwood Lake station, and 18 of these claims were retained in 
1956. The claim group was aligned in a northeasterly direction for about 1 mile on 
either side of the Canadian National railway. The claim group enclosed two masses of 
layered ultramafic rock, intruding mafic pillowed flows metamorphosed to tremolitic and 
hornblendic schists and gneisses. The ultramafic rocks were intruded in turn by quartz 
and feldspar porphyry dikes, biotite-hornblende granodiorite, and diabase dikes. The 
ultramafic rocks are composed principally of tremolite and chlorite with remnants of 
olivine largely replaced by tremolite and minor magnetite. A few late serpentine veins 
cut the tremolite and olivine. 

Geological mapping was completed in 1956 and a ground magnetometer survey was 
completed in 1957, at a scale of 1 inch to 400 feet. The area was remapped geologically 
in 1957 at a scale of 1 inch to 200 feet. No mineralization was reported. 

Montgomery Lake Property (11) 

Two claim groups, the Montgomery Lake Fringe Group and the Northeast Extension 
Group, totalling 47 claims, were mapped geologically and tested by a ground magne
tometer survey in 1956. The Northeast Extension Group of claims extended northeast 
along the Nat River iron formation in the area now covered by leased claims of the 
Radio Hill Mines Company Limited. The Montgomery Lake Fringe Group covered the 
Nat River iron formation in the area where it folds in the nose of a regional anticline 
about 1 mile north-northwest of Montgomery Lake. This area is now partly covered by 
13 patented claims of the Canadian Johns-Manville Company Limited, Montgomery 
Lake property, claims S67747 to S67755 and S75578 to S75581. 

The iron formation and metavolcanic country rocks in the area are intruded by 
highly carbonatized serpentinite and amphibolite. Outcrop is very poor, consisting 
generally of a few small outcrops near the Nat River. One small outcrop of carbonatized 
serpentinite on claim S75581 contains a little asbestos fibre associated with a small shear 
zone. 

Six holes totalling 2,825 feet were drilled on the Montgomery Lake property in 
1955. Two holes are located on claim S67752, one on claim S67751, one on S75578, 
and one just west of claim S75580, and one on claim S67750 that was drilled 132 feet in 
overburden and is not shown on Map 2231 (back pocket). Hole ML3, on claim S67751 
cut two serpentinite sections of 1 foot and 2 feet containing minor fibre. The other holes 
intersected mainly metavolcanic rocks and iron formation. The iron formation sections 
were usually found to be mineralized with pyrite and pyrrhotite, with some sections 
containing up to 30 percent of these minerals. 
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Nat River and Burtho Claim Groups [1956] 

Burtho Gold Mines Limited staked 30 contiguous claims, in 1946, covering a 
rectangular area about V/i miles from east to west and about 1 mile north to south, 
centred 2 miles north-northeast of Tionaga in Penhorwood Township. The area was 
prospected for gold and a geological map, at a scale of 1 inch to 200 feet, was prepared 
in 1947. Several mineralized shear zones were located but no gold values higher than 
0.03 ounces per ton were found (ODMNA files T506, T171, Timmins). 

Thirty-two claims designated the Nat River and Burtho Groups, covering essentially 
the same area, were subsequendy staked by the Canadian Johns-Manville Company 
Limited and in 1956 this company completed a geological, ground magnetic, and 
horizontal loop electromagnetic survey of the area; the map is at a scale of 1 inch to 400 
feet. N o major anomalies were noted and no further work was carried out on the 
property. The claims were allowed to lapse. 

East Nat River Claim Group [ 1965] 

A ground horizontal loop electromagnetic survey and magnetometer survey at a 
scale of 1 inch to 200 feet was carried out on a 14 claim group extending east-west along 
the Nat River in Penhorwood Township, just east of patented claim S90108, in 1965. 
Some very weak, discontinuous electromagnetic anomalies were noted. N o further work 
was done and the claims were dropped. There are no exposures in the area. 

Radio Hill Claim Group [1957] 

In 1957, the Canadian Johns-Manville Company Limited conducted geological and 
ground magnetometer surveys, map at a scale of 1 inch to 200 feet, over a 12 claim 
area, 3 claims wide in a north-south direction and 4 claims long east-west, extending 
eastwards from Second and Third Lakes (Company names for Leadbeater and Gee Lakes) 
in Penhorwood Township. The magnetometer survey delineated the large folded mass 
of the Radio Hill iron formation. The claims were dropped and the area subsequently 
staked late in 1958 by the Kukatush Mining Corporation. 

SEWELL TOWNSHIP CLAIM GROUPS 

The Canadian Johns-Manville Company Limited has examined eight different claim 
groups in Sewell Township since about 1956. Geological mapping, ground magnetic, 
and horizontal loop electromagnetic surveys were done over all these claim groups. Of 
the eight groups two are still held by the company and these are the North Weston 
Lake Group and the South Crossover Lake Group. The various claim groups are 
described below. 
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Crossover Lake Claim Group [1957] 

This claim group consisted of 21 contiguous claims extending southwards from 
Crossover Lake to Lap Lake and westwards to Deerfoot Creek. The company examined 
the area in 1957. There are very few outcrops but the underlying rocks are believed to 
be largely migmatitic and hybrid granodiorite. N o further work was done. 

North Sewell Claim Group [ 1957] 

This group of 20 claims was located IVi miles north of Highway 101, west of 
Weston Lake. The area was surveyed in 1957. There are no exposures in the area. The 
underlying rocks were interpreted as essentially intermediate to mafic metavolcanics and 
there were no indications of ultramafic or mafic intrusive rocks. The claims were 
dropped. 

Sewell Lake Claim Group [ 1957] 

The 31 claims of this group extended from Sewell Lake, west to the patented claims 
of the Lamport-Lumbers property, and south to within 1 mile of the southern boundary 
of Sewell Township. Surveys, in 1957, indicated that the rocks in the area are pre
dominantly pillowed mafic metavolcanic flows intruded by minor amphibolite. A 
number of pyritic quartz veins were located and low gold "values" have been reported 
from some of these (E. Dupont 1967, personal communication). A quartz vein in the 
northeastern corner of this claim group had previously been trenched and drilled for 
gold in 1947 (see section on "Fawcett Property"). No further work was done. 

Weston Lake Claim Group [1957] 

This group consisted of seven claims centred on Weston Lake. The area is covered 
by sandy overburden and there are no exposures. The area was mapped in 1957. The 
underlying rock is believed to be migmatitic and hybrid granodiorite. The claims were 
dropped. 

Lap Lake Claim Group [ 1965] 

Fifteen claims located on the northwest and west of The Mining Corporation of 
Canada (1964) Limited patented claims (property 7) were examined by the Canadian 
Johns-Manville Company Limited in 1964 and 1965. There are no exposures in the 
area. Interpretation of the geophysical surveys indicated that much of the area is under
lain by a large body of granodiorite with minor mafic volcanic and dioritic rocks. The 
claims lapsed in 1966. 
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West-Central Sewell Claim Group [ 1965] 

This group consisted of nine claims located about 1 mile west of Weston Lake and 
extending north from Highway 101 for about 1 mile. The area was first examined in 
1957. No exposures were located and geophysical interpretation indicated predominantly 
mafic metavolcanics underlying the area. The claims were dropped but later, six claims 
covering the northern half of the original group were restaked and in 1965 one diamond 
drill hole, 414 feet in length, was drilled. The hole intersected mafic metavolcanics over 
most of its length and a minor graphitic shear zone in chloritic schist. The claims 
lapsed in 1966. 

North Weston Lake Property (3) 

In 1957, the company held 14 claims, essentially in a 2-claim wide block elongated 
north-south, centred about 1 mile northwest of Weston Lake. Geological and geophysical 
surveys were carried out in the area. There are no exposures. These claims were dropped 
but subsequently five unpatented claims, S124748, S124750 to S124751, and S124756 to 
S124757, were staked over the northern half of the original group. In 1965, two holes 
were drilled on unpatented claim S124757. One hole was stopped after 112 feet in over
burden. The second hole cut 102 feet of overburden and then continued to 650 feet 
essentially in granodiorite. The company still holds these claims. 

South Crossover Lake Property (4) 

This property is made up of 18 claims located west and north of Deerfoot Lake, 
just north of the southern line of Sewell Township. The claims are in two blocks. One 
square block of four unpatented claims, S124736 to S124739, is centred 1 mile north of 
Deerfoot Lake and is tied to the other block at the southwest corner. The other group 
of 14 claims, S129154 to S129164 and S129166 to S129168, is essentially in the form 
of a 3-claim wide rectangular block extending north from the southern line of Sewell 
Township and including the northwestern bay of Deerfoot Lake. The 14 claim group 
was examined by ground magnetic and horizontal loop electromagnetic surveys in 1965. 
There are very few exposures but the underlying rocks were interpreted as being pre
dominantly andesitic metavolcanics. One hole was drilled in 1965 on unpatented claim 
S124737. The hole is 507 feet in length and intersected mainly andesitic volcanic rock 
with minor chlorite schist and tuff. Two percent disseminated sulphide minerals were 
noted in a silicified andesitic section between 206 and 214 feet in the hole. The claims 
were still held in 1967. 

KENOGAMING TOWNSHIP CLAIM GROUPS 

Since 1957 the Canadian Johns-Manville Company Limited has investigated four 
large claim groups in the northern half of Kenogaming Township. The company still 
holds a large block of claims in the township enclosing one of these groups and part of 
another. 
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Nest Lake-Benbow Lake Claims Group [1957] 

Fourteen claims lying between Benbow Lake and the northern end of Hanrahan 
Lake and extending west to the boundary of Kenogaming Township were examined by 
a ground magnetometer survey and geologically mapped, in 1957. A strong magnetic 
zone corresponding to the Nat River iron formation strikes through the area. Scattered 
outcrops indicate that an east-northeast-striking band of lean magnetite-chert, pyritic 
slate, and garnet-hornblende-magnetite iron formation ranging in thickness from 50 to 
200 feet, is bounded on the south by coarse pyroclastic rocks, and on the north by 
tremolitic mafic metavolcanics. N o further work was done by the company and the 
claims were dropped. The area was later staked, in 1959, by the Kukatush Mining 
Corporation. 

Crawford River Claim Group [ 1959] 

In 1957, the company held a group of claims, about four claims wide, covering most 
of the Nat River iron formation between Akweskwa Lake and Benbow Lake. Geological 
and ground magnetic surveys, maps at a scale of 1 inch to 200 feet, were made over the 
area. Between Benbow Lake and the Crawford River there are very few exposures but 
the continuity of the Nat River iron formation is readily apparent from the magnetic 
survey plans. Three asbestos fibre occurrences were discovered in small serpentinite 
outcrops between the Crawford River and Akweskwa Lake. One showing is located 
about Vz mile east of the Crawford River, just east of a large fold in the iron formation, 
in an outcrop of dark serpentinite less than 5 feet in diameter. The asbestos mineraliza
tion consists of a few veins, generally less than 1 foot in length, with fibre less than % 6 

inch in length. The veins are roughly parallel in an east-west direction, and slip surfaces 
have developed parallel to the veins producing some minor slip fibre and pectolite. The 
other two showings are located near Akweskwa Lake. The northernmost showing is 
Vi mile west of the lake and 1,000 feet south of the township boundary. Mineralization 
in this showing occurs in a 300-foot long, 50-foot wide, northeasterly trending outcrop 
area. The asbestos is present in short gash veins cutting dark grey to black serpentinite 
in a variety of attitudes but two dominant strike trends, N5E and N60E, are apparent. 
In the northern part of the outcrop area the asbestos veining is best developed adjacent 
to a narrow, N10E striking shear zone. The asbestos fibre is generally very short but a 
few small veins of inch fibre were observed. Another showing is located 2,000 feet 
southwest of the above showing. The mineralization in this southern showing is in a 
150-foot by 40-foot outcrop of dark grey to black serpentinite. Minor asbestos veining 
occurs throughout the outcrop, usually as short gash veins, but one well-mineralized 
zone, about 15 feet wide and trending N40E, contains short gash veins with fibre up to 
VA inch in length. 

In 1959, the company carried out detailed magnetometer, horizontal loop electro
magnetic, and geological surveys, maps at a scale of 1 inch to 50 feet, over a six-claim 
area enclosing the two Akweskwa Lake showings. These surveys indicated that the two 
showings were located on the same continuous magnetic zone and, in 1959, six holes, 
totalling 1,180 feet in length, were drilled to test the magnetic zone between the show
ings and to test other magnetic zones in the area. Asbestos mineralization was cut in all 
three holes drilled on the surface showing, but the veins in these were generally widely 
spaced, the mineralized sections short, and the fibre did not exceed % 6 inch in length. 
Disseminated sulphide minerals were noted in the country rocks in contact with the 
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serpentinite in the holes. The area was later restaked by the Kukatush Mining 
Corporation. 

South Hanrahan Lake-Crawford Lake Property (15) 

In 1957, the company held 13 claims extending along the Crawford River from the 
southern end of Hanrahan Lake, halfway to Crawford Lake in Kenogaming Township. 
Geological, ground magnetic, and horizontal loop electromagnetic surveys, maps at a 
scale of 1 inch to 200 feet, were completed in 1957. The area is underlain by large 
serpentinite bodies intruding felsic metavolcanics interbedded with local, thin iron 
formation bands. These claims lapsed but were restaked by the company together with 
additional claims to the north, extending half way up Hanrahan Lake, and with another 
large block of claims to the east, designated the Crawford Lake Group, in all totalling 
38 claims. An airborne magnetometer survey was flown over these claims in 1963. The 
survey indicated large bodies of ultramafic intrusive rocks underlying much of the area. 
Another 26 claims were staked to the northeast of the Crawford Lake Group, extending 
across the Crawford River to Chabot Lake. These latter claims were designated as the 
Crawford River Group but do not correspond to the Crawford River Group examined 
in 1957 and described in the section on "Crawford River Group [1959]"- Detailed, 1 
inch to 200 feet, geological mapping began on this large block of claims in 1965 and 
continued in 1966. In 1965, 11 holes, 2,727 feet in total length, were drilled on the 
Hanrahan Lake Group claims, 10 of these between the cabins on the southeastern 
shore of Hanrahan Lake and the Crawford River, and the 11th south of the Crawford 
River in the same region. All of these were drilled almost entirely in serpentinite. N o 
mineralization was reported. A number of asbestos showings were noted during map
ping. Most of these are small and the rock in each is partly carbonatized, but in the area 
northeast of Crawford Lake, east and west of the Crawford River, there are showings 
of asbestos over a large area in the same mass of serpentinite. A large part of the claim 
group was dropped in 1967 and at present the company holds 30 unpatented claims, 
S120522 to S120526, S120528, S120530 to S120537, S120540, S120543, S133381 to 
S133386 and S145990 to S145997, covering most of the former Hanrahan Lake Group 
and the southern part of the Crawford Lake Group. 

Consolidated Thor Mines Limited [ 1956] 

In 1956, Consolidated Thor Mines Limited held a block of 64 contiguous unpatented 
claims located in Sewell Township. The southern limit of this claim group extended 
eastwards from Crossover Lake almost to the northern end of Beaucage Lake, and the 
group extended northwards for about 1 mile north of Highway 101. The area is under
lain by mafic metavolcanics, biotite-hornblende granodiorite, and a number of diabase 
dikes. Much of the area is covered by sand and outcrop is very limited. 

Assessment file information is available for seven diamond drill holes with a total 
length of 3,744 feet. All these holes were drilled north of Highway 101; six are located 
just east of the Crawford River and the seventh is about 8,000 feet east of the river. 
Sulphide minerals were encountered in the group of four holes located about 1,000 feet 
north of the highway just east of the Crawford River. The sulphide minerals noted were 
predominantly pyrite and pyrrhotite but minor chalcopyrite was also reported. Pyrite 
with minor chalcopyrite was also reported from one of the holes located about 2,000 
feet farther north. No assays are available. 
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Consolidated Tungsten Mining Corporation 
of Canada Limited [1956] 

This company held a block of 18 claims, in 1956, located on the eastern side of the 
Consolidated Thor Mines Limited claims mentioned above, and extending to the eastern 
boundary of Sewell Township. The logs of two diamond drill holes, 790 feet in total 
length, were submitted as assessment work. 

The drill holes are located almost on the east line of Sewell Township, about 3,300 
feet north of Highway 101, and they are approximately 700 feet apart in an east-west 
direction. These holes intersected mafic metavolcanics over most of their length but a 
magnetite-rich zone occurs in both holes, having a thickness of 16 feet in the eastern 
hole and 4 feet in the western hole. Minor chalcopyrite and pyrrhotite are associated 
with the magnetite in the western hole. A drill core assay indicated only low copper 
mineralization. 

Pyroclastic tuffs and agglomerates outcrop just west of the drill locations and it is 
possible that the magnetite-rich zone represents a thin band of iron formation between 
mafic flows. 

Delmico Mines Limited [ 1965] 

A 15-claim group, located between Akweskwa Lake and the Crawford River, south 
of the Nat River iron formation, was held under option in 1965 by Delmico Mines 
Limited. The claim group was elongated in a northwesterly direction and centred on 
Napier Lake. These claims covered parts of claim groups formerly held in 1947 by The 
Little Long Lac Gold Mines Limited (see the section on "The Little Long Lac Gold 
Mines Limited [1947]") , in 1952 by Dunvegan Mines Limited (see the section on 
"Dunvegan Mines Limited [1957]") , and in 1953 by Norduna Mines Limited (see the 
section on "Falconbridge Nickel Mines Limited, Norduna Property"). Three diamond 
drill holes located within about 1,000 feet of the northern end of Napier Lake were 
drilled by Dunvegan Mines in 1952 and intersected serpentinized peridodite with nickel 
values ranging from 0.18 percent to 0.30 percent Ni (ODMNA file T527, Timmins). 

A ground magnetic and horizontal loop electromagnetic survey was conducted on a 
300-foot grid, in 1965, by Delmico Mines Limited, and submitted as assessment work. 
No electromagnetic anomalies were noted and magnetic anomalies were related to mafic 
rock types. Recommendations were made that any drilling should be preceded by 
additional geological mapping and geophysical surveys including possibly a vertical loop 
electromagnetic survey over selected areas. N o further work was undertaken. 

Dunvegan Mines Limited [ 1957 ] 

HOODOO LAKE MINES LIMITED 

Gold Mineral izat ion 

The discovery of gold in Keith Township, in 1946, stimulated widespread prospect
ing interest in the adjoining townships. In 1947, N. Elieff discovered gold on the 
Hoodoo Lake Mines Limited property in Kenogaming Township (ODMNA file T527, 
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Table 5 
A S S A Y S A N D A N A L Y S E S O F M I N E R A L I Z E D S A M P L E S F R O M D U N V E G A N M I N E S 
L I M I T E D P R O P E R T Y O D M N A F I L E T527, T I M M I N S F O R K U K A T U S H - S E W E L L L A K E 
A R E A 

S A M P L E N O . S A M P L I N G A U A G 
L O C A T I O N S H O W N W I D T H I N O U N C E S I N O U N C E S Z N 

O N F I G U R E 5 I N F E E T P E R T O N P E R T O N P E R C E N T 

4081 12 0.01 Nil 
4082 25 Nil Nil 0.17 
4083 8 Nil Nil 0.14 
4084 15 Nil Nil 0.14 
4085 10 Nil 0.16 0.42 
4086 20 Nil 0.20 0.19 
4087 8 Nil Nil 0.84 
4088 10 Nil Nil 0.24 
4089 7 Nil Nil 3.19 
4090 1 Nil Nil 0.21 
4091 2 Nil Nil 12.33 
4092 10 Nil Nil 0.79 
4093 20 Nil 0.40 0.39 
4094 20 Nil Nil 0.49 
4095 5 Nil Nil 0.54 
4096 4 0.24 0.20 0.24 
4097 6 0.02 Nil 1.04 
4098 5 Nil Nil 0.34 

Timmins). Trenching and stripping were done in 1947, and in 1948 a geological survey 
of an unpatented 29 claim group was completed. The claim group extended north
westwards across the southern end of Akweskwa Lake. Within the claim group the rocks 
consist predominantly of sericitized, carbonatized, pyritized tuffs and agglomerates 
intruded by serpentinite, feldspar porphyry dikes, and diabase dikes. The schistosity of 
the sericitized tuffs and agglomerates is finely crenulated by a second, close spaced, flat-
dipping fracture cleavage. Sphalerite and chalcopyrite mineralization was found in one 
trench. Sporadically distributed visible gold was recognized in some pyritic shear zones 
and gold was panned by N. Elieff from oxidized surface material but assays of fresh 
trenched rock returned only low gold "values" (Figure 5, Chart A, back pocket and 
Table 5). 

Work stopped on the property in 1948 and in August 1950 the name of Hoodoo 
Lake Mines Limited was changed to Dunvegan Mines Limited. In 1951, an increase in 
the price of zinc encouraged Dunvegan Mines to re-examine the property with regard 
to its combined gold-zinc potential. At the same time the Canadian Johns-Manville 
Company Limited had prospectors in the Crawford Lake area looking for asbestos and 
this led to renewed staking by Dunvegan Mines Limited, extending their claim group 
west and northwest to the Crawford River and to a total of 126 claims. While inves
tigating the| serpentinites for asbestos, N . Elieff sent out samples for nickel analyses. 
This led to the discovery of two nickel showings, one now on the property of Falcon
bridge Nickel Mines Limited in the northeastern corner of patented claim S58335 (see 
the section on "Falconbridge Nickel Mines Limited, Norduna Property"), and the other 
now covered by claims of Jonsmith Mines Limited and located about mile south of 
the No. 3 post of patented claim S49025 (see the section on "Falconbridge Nickel Mines 
Limited, Norduna Property"). One of N. EliefFs grab samples from the showing on 
claim S58335 was reported to contain 2.5 percent nickel and 0.01 ounces of platinum 
per ton (ODMNA file T527, Timmins). 

In 1951, old trenches were deepened and new trenches excavated, and all were 
sampled for zinc. A plan of the trenches is shown in Figure 5; related assay and analytical 
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information is shown in Table 5. A description of the mineralization on the Dunvegan 
Mines Limited property as exposed in 1951 is given by Nelson Hogg (ODMNA file 
T527, Timmins): 

Gold values appear to be present in local strong shears within the sheared volcanics. 
Trenching has been carried out where the oxidized material from those shears yielded best 
results, but there are numerous other places within the volcanics where gold can be panned 
from the rust. 

Quartz is quite rare, and where it does occur it is in small stringers which do not carry 
sulphides. The greatest concentration of sulphide mineralization and gold values appears to 
be in narrow quartz-sericite schists. These carry a large percentage of pyrite in fine, powdery 
form, disseminated throughout; and the oxidized material on top of them pans very well. 
However, those exposed to date do not exceed 2 feet in width. The remaining sheared and 
silicified volcanics carry coarser disseminated pyrite with some concentrations along fractures. 
This material apparently carries only low gold values. 

In a couple of trenches, dark brown sphalerite occurs in stringers of quartz and carbonate, 
along with granular pyrite. This material also carries only low values. 

Zinc occurs in the form of dark brown sphalerite, generally associated with quartz and 
sericite alteration. It is erratically distributed and was observed in four of ten trenches along 
the mineralized zone. In these places, the sphalerite is in massive form in pods and branching 
veinlets, up to an inch in width. Some sphalerite may also occur in finely disseminated form 
with the pyrite. 

Chip sampling carried out on this zone by Hollinger Exploration indicates that the gen
eral tenor of zinc and gold contents is [see Table 5] in the order of 0.5 percent zinc and less 
than 0.1 ounces per ton, of gold. Assays of more than 12 percent zinc over 2 feet (or 2.5 
percent over 20 feet), are reported from the trench showing most abundant sphalerite [see 
Figure 5, Chart A, back pocket]. No gold values were obtained in those samples. 

Nickel Mineral izat ion 

Hogg's report (ODMNA file T527, Timmins) continues: 
. . . The outcrop from which nickel values were obtained by E. MacLeod and N. Elieff, 

[on northeast corner of claim S58335, Map 2231, back pocket] is a highly serpentinized and 
carbonatized peridotite, or dunite, about 100 feet by 150 feet in size. Volcanics outcrop less 
than 50 feet to the south, indicating that the nickel values occur rather close to the peridotite-
lava contact. The peridotite is a soft, pale green variety, that has been altered to serpentine, 
carbonate and locally to talc. It weathers to a smooth, dark surface, characterized by numerous 
joints and narrow shears. No evidence of gossan or surface oxidation greater than the normal 
weathering of a serpentine rock is present. The freshly broken rock contains, generally, a dis
semination of very fine sulphides, including both pyrrhotite and pyrite; but in the best mineral
ized rock, combined sulphides would not constitute more than 3 or 4 percent (estimated). 
Close to surface, the joints and slips are coated with a powdery yellow mineral, and also a 
green mineral, which is probably nickel bloom. The green mineral reacts to dimethyl glyoxime, 
indicating that it does contain nickel. It seems probable that there is some concentration of 
nickel values within the upper six inches of rock, and that the importance of this occurrence 
will depend on the results of sampling the fresh rock below this zone. 

Asbestos Occurrences 

Hogg (ODMNA file T527, Timmins) discussed asbestos: 
Chrysotile fibre has been located in the serpentine rocks in several places on the Dun

vegan property. 
A limited amount of work has been done on an exposure of fibre on an outcrop on the 

Crawford River [Milne found outcrop a short distance away from the river] about half a 
mile from the east end of Crawford Lake. A second occurrence is about half a mile to the 
east of this point. . . . In both cases, a few shallow holes have been blasted to expose the 
fresh fibre. The fibre is a pale amber colour, and of good quality. However, it occurs over 
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narrow widths, and the fibres are short. In some cases veinlets up to a half inch were observed, 
but in these veinlets, the fibre is jointed. No individual fibre longer than %e inch was observed. 
Fibre exposed to date is in areas of small lateral extent, too small to be considered as ore-
bodies. However, there are relatively few outcrops of serpentine rock, which presumably 
underlies a large part of the area between Crawford and Akweskwa lakes. 

Explora t ion History 

After 1951 most of the exploration effort was concentrated upon the nickel potential 
of the property. In 1952, 57 claims covering the area between Akweskwa Lake and 
Crawford River were investigated by a ground magnetic survey. Several anomalies were 
oudined and these corresponded with areas of ultramafic rock. The anomalies were 
tested, in 1952, by 16 drill holes totalling 4,800 feet of drilling. One other hole, 270 
feet in length, was drilled on the gold-zinc showing. Minor disseminated pyrite and 
pyrrhotite was reported in most holes but no analytical data is available for these. 

In 1953, Norduna Mines Limited (see the section on "Falconbridge Nickel Mines 
Limited, Norduna Property"), a subsidiary of Falconbridge Nickel Mines Limited, 
acquired 135 claims from Dunvegan Mines Limited, and further exploration was carried 
out. 

Dunvegan Mines Limited still retained claims in the area adjoining the Norduna 
Mines Limited property. The company held 18 claims and optioned four others from 
Fallmac Nickel Mines Limited (see the section on "Fallmac Nickel Mines Limited 
[1955-1964]") to form a two-claim wide block extending from the southeastern shore 
of Hanrahan Lake to V2 mile beyond Bilbe Lake. The claim group enclosed a copper 
showing in iron formation just south of Crawford Lake. A ground magnetic and 
electromagnetic survey was completed in 1955 and outlined concordant magnetic and 
electromagnetic anomalies over the mineralized iron formation, and a number of 
magnetic anomalies over ultramafic intrusions in the area. 

The iron formation south of Crawford Lake consists of two bands striking N45E, 
about 250 feet apart, and dipping northwest at 45. This trend cuts sharply across the 
local country rock foliation. The true thickness of either band probably does not exceed 
35 feet and to the northeast the iron formation thins to 6 feet or less. Chloritic mafic 
metavolcanics occur to the northwest and agglomerate to the southeast. The bands are 
of similar lithology, consisting of recrystallized chert layers up to 2 feet wide, persistent 
magnetite layers up to 5 inches wide and green ferruginous amphibole and chlorite 
layers. Minor drag folds are common in the iron formation. Intense folding has caused 
brecciation of the chert layers and mobilization of the magnetite to fill fissures and 
interstices, and causing thickening of the magnetite in the noses of folds. Sulphide 
minerals are present in almost all outcrops and commonly consist of sub-massive 
pyrrhotite containing small blebs of chlorite and amphibole. In two exposures sub
ordinate chalcopyrite occurs with the pyrrhotite and is especially noticeable close to 
thin diabase dikes cutting the iron formation. The pyrrhotite veins exhibit crosscutting 
relationships and the spatial relationship of the chalcopyrite to the diabase dikes suggests 
that the sulphide minerals are of replacement origin. Drill hole information indicates 
that pyrrhotite with chalcopyrite occurs in the mafic metavolcanics northwest of the 
iron formation where these are in contact with diabase. 

Nine holes were drilled with a total footage of 2,065 feet. Eight of these were 
located along the strike of the iron formation over a distance of about 1,000 feet, the 
most northerly hole being just northeast of a large diabase dike cutting the iron 
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formation. The ninth hole was located about 1,600 feet east of the northern end of the 
iron formation in agglomerate and tuff. The best drill hole analyzed section consisted of 
4.75 feet of mineralized iron formation containing 0.37 percent Cu per ton (ODMNA 
file T527, Timmins). No further work was done. 

In 1956, Dunvegan Mines Limited drilled 6 holes totalling approximately 1,500 
feet in length on a magnetic anomaly located on the western shore of Akweskwa Lake, 
about 1 mile north of Norma Lake. This anomaly had been tested with one hole in 
1952. All these holes intersected altered peridotite over most of their length. The 
peridotite contained only minor disseminated sulphide minerals. 

In 1957, Norduna Mines Limited dropped all but 9 claims which were patented. 
Dunvegan Mines Limited re-staked some of the open ground and drilled six holes, 
totalling about 450 feet, in serpentinite about mile south of the No. 2 post of 
patented claim S49025. Dunvegan Mines Limited also held 13 claims extending from 
Akweskwa Lake east to the Mindedo Creek and drilling was done in 1957. About 1,200 
feet of core, in 15 holes, were drilled in serpentinite about half way between Akweskwa 
Lake and Mindedo Creek. Very minor disseminated sulphide minerals were encountered. 
Dunvegan Mines has been inactive in the area since 1957 and has held no claims since 
1965. 

Falconbridge Nickel Mines Limited (12) 

CRYDERMAN OR RAVENA PROPERTY 

The barite deposit located northeast of Horwood Lake station in Penhorwood 
Township has been described in detail by E.W. Todd (1924) and by G.R. Guillet 
(1963). There has been no change in the status of the deposit since the time of Guillet's 
report. The following quotations and Figure 6 are from Guillet's (1963) description: 

The vein, at one time known as the Ravena deposit, lies on patented property consisting 
of two claims, S.4419 and S.4421. 

Following the discovery of the vein and staking of the property by Russell Cryderman 
in 1917, development work was carried out by C.H. Hitchcock for the Barite Syndicate. 
Exploration by stripping and trenching was followed by diamond-drilling in 1920. Six holes 
were drilled, totalling 1,012 feet. In 1923, 200 tons of hand-cobbed lump barite were shipped 
from an open-cut. In 1933, Weaver Minerals shipped 20 tons. Working the same open-cut, 
Ben Meen shipped 222 tons of lump barite in 1940. At the time of the writer's [Guillet] visit 
in 1962, five deep trenches had been dug at intervals in the low swampy ground east of the 
vein over a distance of 800 feet. The property was lately controlled by Ventures Limited until 
it merged with Falconbridge Nickel Mines Limited; as a result of the merger of these com
panies in 1962, Falconbridge Nickel Mines Limited now controls the property. . . . 

Barite was deposited in an erratic fracture system that pinches and swells from mere 
stringers to widths of 16 feet. The vein reaches its greatest width at the northeast end of the 
granite ridge and disappears in the swamp to the east. Here an open-cut . . . follows the 
vein into the ridge for 100 feet, attaining a maximum depth of 40 feet and an average width 
of 6 feet. At this point the vein strikes N.45°E. and dips vertically approximately parallel 
to a poorly-developed jointing system in the granite. Striations on the walls of the cut dip 
at a moderate angle to the east. Severe fracturing of the granite, which occurred previous 
to the shearing that localized the deposition of barite, is marked by numerous stringers of 
milky-white quartz. The vein pinches abruptly at the southwest end of the cut and is only 
seen as stringers elsewhere on the property. A second vein, 2-4 feet wide, is also exposed in the 
northeast face of the ridge at a point 40 feet west of the mouth of the open-cut. Commenting 
on the drilling and trenching in 1920, C.H. Hitchcock . . . states that the vein structure is 
traceable for a length of 1,600 feet and to a depth of 130 feet. His map shows an 8- to 12-
foot width of vein-material near the southwest end of the ridge, 400 feet from the open-cut, 
but the vein is now covered by overburden at this point. More recent trenching in swampy 
ground northeast of the open-cut has completely caved and has concealed any bedrock that 
might have been reached. 
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Figure 6—Sketch of the barite vein, Penhorwood Township, Kukatush-Sewell Lake area, showing results of surface sampling by C. H. Hitchcock in 1920; 
sketch modified from H. S. Spence (see Guillet 1963, p.16). 



Kukatush-Sewell Lake Area 

Except for horses of wallrock, which are relatively common, the vein-material is almost 
entirely barite. Impurities are virtually restricted to the wallrock zone where alternating ribs 
or laminae of barite and calcite, V4- to 1-inch thick, occur in a zone up to 6 inches wide. This 
zone is sometimes preceded by a 1-inch zone of white quartz and purple fluorite in immediate 
contact with the wall. The barite is predominantly a massive, snow-white, fine-grained variety, 
but scattered coarse tabular crystals are present throughout the finer groundmass. Only near 
the contacts does the barite occasionally show tints of brown and green. In a few places, 
tabular laths of barite can be seen in contact with the wallrock; their flat surfaces are oriented 
at right angles to the surface of the wallrock. Traces of chalcopyrite are associated with 
fluorite in the wall zone. 

The results of surface sampling by Hitchcock . . . are shown in Figure 6. The average 
of ten channel samples is claimed to be 95.5 percent BaSO*, but the sampling excludes fingers 
and horses of wallrock. Concerning Hitchcock's sampling, Spence . . . states: 'The writer's 
[Spence] examination showed, however, that the leads, as indicated, are not to be taken as 
carrying uniformly clean barytes; the veins, especially in their widest portions, are inclined to 
finger out into a number of barytes stringers, separated by either granite or white quartz. In 
mining these zones, therefore, a considerable amount of cobbing would have to be done, in 
order to secure clean barytes.' With regard to the diamond-drilling, Hitchcock . . . states: 
'Boreholes 1, 2, 3 and 5 cut a total of 38.6 feet of vein matter; of this 29.3 feet was classified 
as barite and averaged 85.0 percent of barium sulphate.' It is further stated that a 1,200-
pound bulk sample was analyzed by the St. Joseph Lead Company of New York with the 
following result: barium sulphate 96.14 per cent; silica 1.89 percent. Spence . . . reports that 
a ground sample tested for colour against a standard sample of prime-white grade is 'clear 
white, and is equal if not superior to the standard.' 

There is good evidence in this case for relating the barite genetically with the Keweena-
wan, because dikes of diabase were encountered in the drilling and are known to be exposed 
a short distance south. However, the competency or relative mrittleness of the rock was the 
main factor in determining whether or not openings suitable for barite deposition were formed. 
It seems likely to the writer [Guillet] that veins of economic interest will be restricted to the 
britde Algoman granite. 

Falconbridge Nickel Mines Limited (16) 

NORDUNA PROPERTY 

Falconbridge Nickel Mines Limited held, in 1967, nine patented claims, S49021 to 
S49022, S49025 to S49026, S49039, S58335, and S58572 to S58574, in Kenogaming 
Township, about Vi mile west of the southern end of Akweskwa Lake. These claims 
have a complex history. At least five of these claims, S49021 to S49022, S49025 to 
S49026, and S49039, were first staked in 1946 as part of the Hoodoo Lake Mines 
Limited property that was examined at that time as a gold prospect. The property lay 
dormant from 1947 until 1950 when the name of Hoodoo Lake Mines Limited was 
changed to Dunvegan Mines Limited. Dunvegan Mines acquired additional claims and 
re-examined the property as a possible zinc-gold prospect. In the process of this 
examination interesting nickel "values" were obtained from pyrrhotite-bearing ultramafic 
rocks on the property. In 1953, Norduna Mines Limited, a Falconbridge Nickel Mines 
Limited subsidiary, acquired 135 claims from Dunvegan Mines Limited. The claim 
group extended from Logie Lake in the south to the Nat River iron formation in the 
north, and from Akweskwa Lake to the Crawford River. Prior to acquisition by Norduna 
Mines about 5,000 feet of drilling, a ground magnetic and geological survey, trenching 
and stripping had been done on the property and surface showings of gold, zinc, and 
nickel mineralization had been uncovered. 

Two nickel showings were known, the smaller one in serpentinite on the northern 
side of a small creek about VA mile south of the No. 3 post of patented claim S49025, 
and the larger showing in serpentinite in the northeastern corner of patented claim 
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S58335. Dunvegan Mines Limited reported a grab sample analysis of 2.5 percent Ni per 
ton from the larger showing (see the section on "Dunvegan Mines Limited [1957]") . 
In 1953, Norduna Mines Limited completed a ground magnetic, geological, and geo-
chemical survey of the claim group and in 1954, 25 holes were drilled with a total 
length of 3,986 feet. Fourteen of these holes were vertical holes, on 25-foot centres, 
located within an area of 75 feet by 100 feet, enclosing the main nickel showing on 
claim S58335. The total length of these holes was 1,349 feet. The serpentinite in this 
location is cut by several talc-magnetite filled shear zones and is carbonatized and talcose. 
On surface, disseminated pyrite and pyrrhotite are present in the rock but never exceed 
5 percent. The best mineralized intersection was obtained in hole N10, located in the 
centre of the group of 14 holes. A section between 15 and 40 feet in the hole gave on 
analysis 0.88 percent Ni and 0.156 percent Cu with one section between 35 and 40 feet 
analysing 1.25 percent Ni and 0.24 percent Cu (ODMNA file T527, Timmins). 
Analyses from other drill hole samples generally ranged from 0.45 to 0.04 percent Ni. 

A grab sample taken from the small nickel showing south of patented claim S49025 
by M. Gouvreau of Norduna Mines Limited is reported to have analyzed about 1 per
cent Cu and 0.9 percent Ni (ODMNA file T527, Timmins). Two holes were drilled to 
test this showing. These were both vertical holes just over 100 feet long, and about 20 
feet apart in a north-south direction. Both holes passed through about 30 feet of dark 
serpentinite into felsic metavolcanics containing disseminated pyrite and pyrrhotite. 
Another hole was drilled in serpentinite about 600 feet north of the showing. No 
analyses were given for these holes. The remaining holes were drilled at scattered points 
throughout the property to test magnetic highs associated with ultramafic and mafic 
intrusive rocks in the area. Norduna Mines Limited did no further work on the property 
and in 1957 the nine claims listed above were patented and the remaining claims 
dropped. 

In I960, Jonsmith Mines Limited staked 12 claims southeast of the patented group, 
covering the former Dunvegan Mines Limited gold-zinc showing, and undertook explor
ation in this area (see the section on "Jonsmith Mines Limited, Hoodoo Claim Group"). 
In 1966, Falconbridge Nickel Mines Limited optioned six of the Jonsmith Mines claims 
and conducted ground magnetic, horizontal loop, and self-potential electromagnetic 
surveys over these claims and the 9 patented claims plus 12 further claims staked to the 
west and southwest by Falconbridge. No worthwhile electromagnetic anomalies were 
observed. The magnetometer survey clearly outlined the ultramafic intrusive bodies. 
About 3,100 feet of drilling was done in 1966 wholly within the Jonsmith Mines claims 
and details of this are given in the section on "Jonsmith Mines Limited, Hoodoo Claim 
Group". Falconbridge Nickel Mines still retains ownership of the nine patented claims. 

Fallmac Nickel Mines Limited [ 1956] 

In 1954, Fallmac Nickel Mines Limited staked 31 claims in Kenogaming Township 
in an area south of Crawford Lake. In 1955, seven unpatented claims were retained and 
four of these, S65262 to S65263, and S65266 to S65267, were optioned to Dunvegan 
Mines Limited. Two of these claims, S65262 and S65263 lay between Crawford Lake 
and Bilbe Lake, and claim S65267 tied to the west side of claim S65263 covered the 
central part of the mineralized iron formation south of Crawford Lake. In 1955, 
Dunvegan Mines Limited (see the section on "Dunvegan Mines Limited [1957]") did 
ground magnetic and electromagnetic surveys over a 22 claim block that included the 
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four Fallmac Nickel Mines claims. In 1956, nine holes were drilled in the iron forma
tion, five of these totalling 1,073 feet in length on unpatented claim S65267 and one 
375 feet in length on unpatented claim S65263. Drill logs (ODMNA files, Timmins) 
indicate that the best mineralized section consisted of 5 feet of mafic gneiss containing 
40 percent pyrrhotite with a few chalcopyrite stringers, which analyzed 0.33 percent 
Cu, a trace of Co, and no Ni or Zn (ODMNA file T527, Timmins). No further work 
was done. Four claims were retained by Fallmac Nickel Mines Limited until 1957 at 
which time one claim was dropped. The remaining three claims were retained until 
1964. Part of the area is now covered by claims of the Canadian Johns-Manville 
Company Limited (see the section on "Canadian Johns-Manville Company Limited, 
South Hanrahan Lake-Crawford Lake Property"). 

Fawcett Property [1947] 

In 1947, some trenching and drilling was carried out on a quartz vein in mafic 
metavolcanics in southwestern Sewell Township, about Vi mile west of Sewell Lake and 
Vi mile south of Highway 101. Eight holes were drilled ranging in length from 41 feet 
to 108 feet and totalling 467 feet in length. The holes intersected carbonatized mafic 
metavolcanics cut by thin quartz stringers associated with sparsely disseminated pyrite. 
No assays or analyses are available and no further work was recorded. The area was 
later covered by claims of the Canadian Johns-Manville Company Limited in 1957 (see 
the section on "Canadian Johns-Manville Company Limited, Sewell Lake Group"). 

Horwood Mining Limited [1965] 

In 1964 and 1965, this company operated a silica quarry east of Horwood Lake 
station in Penhorwood Township. The quarry was examined by G.R. Guillet in 1965 
(Guillet 1965, unpublished ODM report). He stated: 

Horwood Mining Limited, Box 534, Sudbury, produces quartz chips from a vein at 
Horwood Lake in the southwest corner of Penhorwood Township, Sudbury mining division. 
Edward Blanchard is the manager, and his brother Harvey is the superintendent at the 
property. The writer [Guillet] visited the property on September 16, 1965. 

The quarry is located 100 yards south of the C.N.R. track just east of Horwood Lake 
station. It can be reached by road from Timmins via Highway No. 101 and private roads of 
the Kukatush Mining Company [Kukatush Mining Corporation (Ontario) Limited], or by 
seaplane, landing in Hardiman Bay. The property is connected by road from Wade's Camp 
at the north end of Hardiman Bay. 

The quarry is opened at the north end of a vein of massive quartz that forms a ridge 30 
feet high and 40-50 feet wide at this point. The vein strikes N.25°E. and dips steeply west. 
It can be traced with diminishing size for Vi mile in a southwesterly direction. 

The vein has been stripped for 100 feet at its north end, and the quarry opening is 20 
feet wide and 10-15 feet high. The quartz is massive, barren, and pink-white in colour when 
fresh, altering to opaque white after a short exposure to the sun. It is closely fractured in 
several directions, and readily produces rectangular fragments when broken. The vein cuts 
green volcanic rock and contains occasional irregular blue-green schistose stringers of the 
country rock. 

The quarry is worked by portable compressor, jackhammer, and blasting. A bulldozer 
front-end loader loads trucks for the 2-3 mile haul to the crusher. The crushing and sizing 
plant is located on a siding 1 mile west of Tionaga station. Equipment consists of jaw crusher, 
rolls crusher, and screens. 
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Three sizes of chip are produced: 
minus % plus 7AQ inches 
minus %e plus %e inches 
minus %e plus % inches 

The products are bagged and shipped by rail. At the time of the writer's [Guillet] visit 
they had no sale for their minus % inch sizes. 

The operation has been closed down since 1965 and the company has removed its 
quarrying and crushing equipment. 

The International Nickel Company of Canada Limited [ 1964-1965] 

From October 1964 to January 1965, The International Nickel Company of Canada 
Limited drilled 11 holes distributed over a number of claim groups scattered throughout 
Reeves, Penhorwood, and Kenogaming Townships. These claim groups generally appear 
to be located on magnetic anomalies. 

One hole, No. 26665, was drilled in Kenogaming Township in a 6 claim group 
extending west from the Crawford River along the Nat River iron formation. The hole 
was drilled southwards at 45 through the iron formation about V2 mile west of the 
Crawford River. The hole is 188 feet long and about 68 feet of iron formation was 
intersected in the hole between 100 feet and 172.5 feet, with "greenstone" and "meta-
sediments" on the north side and "metasediments" on the south. 

Five drill holes are located in Reeves Township. One hole, No. 26700, is located a 
few hundred feet east of Highway 101, about V/2 miles along the highway southwest 
of the Groundhog River Bridge, approximately at the crest of a weak magnetic ridge 
apparent on Aeromagnetic Map 2263G (ODM-GSC 1963a). There are no outcrops in 
the area. The drill hole bears north at an angle of 60, and intersects mafic metavolcanic 
"greenstone" and "graphitic schist" over a length of 326 feet. Hole No. 26664 was drilled 
on the northern side of the Groundhog River, just north of the Reeves Township south 
boundary, and farther east 3 holes, Nos. 26692, 266%, and 26698 were drilled on 
the eastern side of the Groundhog River, between VA mile and YA mile north of the 
Reeves Township south line. The four holes have a total length of 1,376 feet. The only 
notable mineralization encountered was an 11-foot section of massive pyrite in hole 
No. 26664. The remaining 5 holes are widely scattered throughout the northeast quarter 
of Penhorwood Township. Four of these holes were drilled in the Nat River iron 
formation in the section west of the Nat River and these have a total footage of 1,965 
feet. The fifth hole is located about 7,000 feet northeast of the eastern end of Jehann 
Lake and is 398 feet long. Massive pyrite-pyrrhotite sections were encountered in two of 
the holes drilled in the iron formation. No further work was done in any of these areas 
by the company. 

Jade Oil and Gas Company Incorporated [ 1965] 

A group of 50 claims extending from the northern half of Hanrahan Lake eastwards 
to the Crawford River was examined by the Jade Oil and Gas Company Incorporated 
in 1965. Exposure in the area is poor. Geophysical surveys on northeast-trending picket 
lines spaced at intervals of 400 feet included a vertical loop electromagnetic survey, total 
intensity nuclear procession magnetometer survey, and a gravimeter survey over selected 
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parts of the claim area. The results of the surveys were not encouraging and no further 
work was done. 

Jonsmith Mines Limited [ 1957] 

SEWELL TOWNSHIP CLAIM GROUP 

In 1956, Jonsmith Mines Limited acquired 45 claims in Sewell Township. A group 
of 13 claims, extending south from Weston Lake to Crossover Lake, was surveyed in 
1956 using ground magnetic and electromagnetic methods. A north-south-trending 
magnetic anomaly, about 1,200 feet long and 400 feet wide at its widest, was outlined 
between Highway 101 and the southeastern corner of Weston Lake in an area underlain 
by migmatite composed of hybrid diorite and xenolithic granodiorite containing large 
blocks of amphibolite, mafic pillowed volcanic flows, and "quartzo-feldspathic gneiss". 
Some of the large blocks contain appreciable disseminated pyrite and pyrrhotite. Seven 
holes were drilled on this anomaly in the spring of 1957. The total length of the holes 
is 1,891 feet. Drilling indicated that the main part of the magnetic anomaly is due to 
an unexposed diabase dike. A smaller but more intense magnetic peak on the south
western side of the main anomaly appears to be due to a large block or blocks of 
amphibolite included in the granodiorite and containing sparsely disseminated pyrite 
and pyrrhotite and very rare chalcopyrite (information from ODMNA assessment files). 
No further work was done and the claims were dropped. 

Jonsmith Mines Limited (17) 

HOODOO CLAIM GROUP 

Jonsmith Mines Limited held 12 claims covering the old Hoodoo Lake Mines Limited 
property (see the section on "Dunvegan Mines Limited [1957]") in I960. Some drilling 
was done late in I960 and three holes located on claim SI 14788 were submitted as 
assessment work. Each hole was just over 100 feet long and the total length was 306 feet. 
The holes are located on the western side of a diabase dike just over 1,000 feet east-
northeast of the original gold-zinc showing (see Map 2231, back pocket). The principal 
rock intersected in the holes was "sericitized tuff' cut by thin veins of lightly pyritized 
quartz. Gold mineralization was associated with the heavier pyrite mineralization and 
the highest gold "values" were obtained from a drill core sample containing some 
chalcopyrite and galena in addition to the pyrite. The best intersection was cut in hole 
No. 1, and consisted of 5 feet of "sericitized, well pyritized tuff" cut by an 8-inch wide 
quartz vein mineralized with pyrite, chalcopyrite, and galena. This section assayed 0.92 
ounce of Au per ton. One other 5-foot section in the same hole assayed 0.16 ounce of Au 
per ton. All other assayed sections in the three holes registered well below 0.1 ounce of 
Au per ton (ODMNA file T622, Timmins). No further work was done in this location. 

In 1966, Falconbridge Nickel Mines Limited optioned part of the property and 
examined it by magnetic and electromagnetic methods (see the section on "Falconbridge 
Nickel Mines Limited, Norduna Property"). About 3,100 feet of drilling was done 
within the Jonsmith Mines Limited claims on the original Hoodoo Lake Mines Limited 
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gold-zinc showing. A plan of the drill hole locations is shown in Figure 5, Chart A, back 
pocket. Thin sphalerite stringers were cut in holes No. 3, 7, and 8, and disseminated 
pyritic sections in all holes. In hole No. 7, one section between 303 and 306.7 feet in the 
hole analyzed and assayed 1.21 percent Zn, 0.51 ounce of Ag per ton, and 0.03 ounce of 
Au per ton and another between 407 and 421.2 feet analyzed and assayed 1.03 percent 
Zn, 0.55 ounce of Ag per ton, and 0.01 ounce of Au per ton. In general all the assays 
indicated gold content of less than 0.05 ounce per ton (ODMNA file T527, Timmins). 
Work on the property has been suspended, but some of the claims are still held (1967). 

Kalbrook Mining Company Limited [1946] 

Gold was reported on a claim staked by M. Therrieault at the southeastern corner 
of Reeves Township in 1935. A number of claims were staked at the time along the 
east-west township line between Reeves-Penhorwood and Sewell-Kenogaming Town
ships. Eight of these claims were examined by D.K. Burke for Erie Canadian Mines 
Limited in 1935, and he reported that: 

. . . visible gold samples were exhibited from the western claims in Reeves Township but 
these were obtained from a rusty quartz rubble which was evidendy float material. No sign 
of this quartz in place has been found. . . . Due to the condition of the trenches and the 
amount of time at disposal, the sampling was limited to the taking of grabs and chip samples 
of representative material. Of the twelve samples taken for assay, ten registered trace or nil. 
A grab of quartz from the Float trench returned $4.80. [ODMNA file T145, Timmins (gold 
at approximately $35.00 per ounce)]. 

In 1946, the Kalbrook Mining Company limited examined 82 claims straddling the 
mutual corner of the four townships, Reeves, Penhorwood, Sewell, and Kenogaming, 
including the area covered by the claims previously held by M Therrieaulr. Part of the 
property was optioned from Penko Gold Mines Limited. A geological map was prepared 
and at least 13 drill holes are indicated on the map but no drill logs are available. Most 
of the holes are concentrated in the vicinity of the "Float" trench in the southeastern 
corner of Reeves Township. Apparently no mineralization of economic interest was 
encountered. 

Keithgold Mines Limited [ 1947] 

In 1947, Keithgold Mines Limited held 18 claims in Kenogaming Township, 
extending from the Kamiskotia River, just north of Norma Lake, east to Mindedo 
Creek. These claims lay east along strike of the Hoodoo Lake Mines Limited gold-zinc 
showing. The geology of the claim group was mapped in 1947 and one small outcrop 
in the northeastern corner of the group was considered: 

. . . similar to the material in the Hoodoo Lake shear. It shows sheared silicified tuff 
striking S72°E, dipping 75° South, with less than 5% disseminated pyrite. about 15 feet of 
width is exposed. Thirty feet to the south there is a large outcrop of typical Ut-par-Ut gneiss, 
to the north is a wide swamp. The mineralization can be picked up under heavy moss for 
about 50 feet along the edge of the outcrop. [P. Eckman 1947, ODMNA files, Timmins]. 

The remainder of the area west of Mindedo Creek is underlain by migmatitic tuff 
and agglomerate with serpentinite on the northern boundary of the former claim area. 
A major fault strikes north-northwest along Mindedo Creek and east of the creek the 
rocks are mafic metavolcanic hornblende gneisses. No other mineralization was located 
on the property. 
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J. Knight (5) 

A patented claim S6711 on the eastern shore of Beaucage Lake in Sewell Township 
was held, in 1967, by J. Knight. Only one outcrop was found on the claim and this is 
on the shore of Beaucage Lake. The outcrop consists of foliated, cataclastic, coarsely 
porphyritic biotite granodiorite, which weathers a rusty ochre colour due to slight 
carbonatization by ferriferous carbonate. The granodiorite is cut by a lV^-foot wide 
quartz vein striking N 5 W and dipping 75W. There is no work recorded on this claim. 

Kukatush Mining Corporation (Ontario) Limited (13) 

The Kukatush Mining Corporation was incorporated in 1958 and in that year 
acquired properties in Penhorwood, Kenogaming, and Keith Townships. In November 
I960, the assets of the Kukatush Mining Corporation were acquired by the Kukatush 
Mining Corporation (I960) Limited. Subsequently in August 1963, the Kukatush 
Mining Corporation (I960) Limited transferred all its properties in Penhorwood, 
Kenogaming, and Keith Townships to the Kukatush Mining Corporation (Ontario) 
Limited, a wholly owned subsidiary. 

Most recently, in 1967, the Kukatush Mining Corporation (Ontario) Limited 
transferred all properties in Kenogaming and Keith Townships and all properties in 
Penhorwood Township other than 74 patented claims, S107969 to S107973, S107976 to 
S107980, S107983 to S107991, S108001 to S108006, S108010 to S108014, S108313, 
S109496 to S109505, S109674 to S109681, S109687 to S109691, S109731, S111575 to 
S111589, S111712 to S111713, and S111722 to S111723, and 10 leased claims, S114061 
to SI 14067 and SI 14055 to SI 14057, to the Radio Hill Mines Company Limited 
(formerly the Kukatush Mining Ontario Exploration Limited). 

History 

The Radio Hill iron deposit is the eastern folded extension of a band of iron 
formation that outcrops on the Groundhog River and was first reported on by Miller in 
1903 (Miller 1903). At that time O.E. Telgmann held claims on the iron formation in 
Keith Township and had prospected at least 3 miles east of the Groundhog River on 
the iron formation. 

In the succeeding years of the early 20th Century, prospecting in the region was 
primarily a surficial search for gold and since the area north of Kukatush station is 
largely unexposed, it did not attract much attention. During the general post-war gold 
prospecting surge, gold was discovered in 1946 on the Joburke Gold Mines Limited 
property in Keith Township. Staking in 1946 spread outwards from the Joburke 
property over a large part of the adjoining region and at that time Purdy Mica Mines 
Limited, Transhorwood Mines Limited, Penwood Gold Mines Limited, Mclntyre 
Porcupine Mines Limited, and Castle-Trethewey Mines Limited held claims over much 
of the present Kukatush Mining Corporation (Ontario) Limited and Radio Hill Mines 
Company Limited properties. 

A minor amount of drilling and geophysical work was done by these companies. 
Details of this development work are given in the respective property descriptions. The 
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Radio-Hill-Nat River areas were examined by the Canadian Johns-Manville Company 
Limited in 1957 (see the section on "Canadian Johns-Manville Company Limited, East 
Nat River Claim Group [1965]) , Radio Hill Claim Group [1957]") as part of their 
regional search for asbestos. 

In November 1958, the Kukatush Mining Corporation recorded claims in Keith 
and Penhorwood Townships. Fifty-five of these claims on the Radio Hill iron deposit 
were designated the Radio Hill Group. A further 86 claims were added to the Radio 
Hill Group in 1959, 5 of these in Keith Township, and 37 claims were staked on 
the Nat River iron formation, extending from Penhorwood Township into Kenogaming 
Township, and this group was designated the Nat River Group. In I960, the properties 
were transferred to Kukatush Mining Corporation (I960) Limited and in turn trans
ferred to Kukatush Mining Corporation (Ontario) Limited in 1963. One hundred and 
eighteen claims of the Radio Hill Group were patented in 1964 and in 1966, 21-year 
leases were obtained on 22 claims in the Radio Hill Group and 46 claims in the Nat 
River Group. In 1967, all of the Nat River Group and all but 74 patented claims and 
10 leased claims of the Radio Hill Group, enclosing the Radio Hill iron deposit, were 
transferred to Radio Hill Mines Company Limited. 

Development Work Since 1958 

Kukatush Mining Corporation began preliminary surface sampling in November 
1958. Diamond drilling started in January 1959 and a total of 68 holes were drilled on 
the Radio Hill Group during the year with a total footage of 52,952 feet (see Figure 7, 
Chart A, back pocket). Drilling commenced on the Nat River Group of claims in May 
1959 and five holes were completed in 1959 with a total footage of 4,053 feet. These 
five diamond drill holes were located in Penhorwood Township on the eastern side of 
the Nat River (see Map 2231, back pocket). During 1959, 10 trenches totalling 4,000 
feet in length, were excavated on the Radio Hill Group and sampled, and analysis of 
core and concentration tests were conducted by Lerch Brothers and Lakefield Research 
of Canada Limited. Detailed ground magnetometer surveys were completed on both the 
Radio Hill and Nat River Groups of claims and also detailed geological mapping of out
crops and trenches on the Radio Hill Group. 

Dravo of Canada Limited excavated a 46.34 ton sample from 9 trenches, represent
ing 1,699 linear feet of trenching, on the Radio Hill deposit during 1959. In I960, this 
sample was shipped to Lakefield Research of Canada Limited for metallurgical and 
concentration tests. The concentrate produced from the sample was submitted to 
Strategic-Udy Processes Incorporated for smelting tests. Another sample was supplied 
to the Klockner-Humboldt-Dentz A.G. in Germany for metallurgical testing. Late in 
I960, Dravo of Canada Limited removed a further 3,000 ton sample of " F ' type ore in 
the vicinity of picket line 16+00E (see Figure 7, Chart A, back pocket), Trench No. 4. 
This sample was stockpiled along the railroad siding at Kukatush. 

Behre Dolbear and Company Incorporated were retained in 1961 as consultants in 
the preparation of a feasibility report for Koppers Company Incorporated. Under the 
direction of Behre Dolbear and Company Incorporated a representative 70 ton sample 
of "F" type ore was split from the stockpiled 3,000 ton sample, and a 50 ton sample of 
"F'type ore was excavated from Trench No. 5 (see Figure 7, Chart A, back pocket). 
These samples were shipped to the ore dressing laboratory of the Department of Mines 
and Technical Surveys, Ottawa, for testing. In addition, a total of 784 feet of trench 
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was sampled and 3,928 feet of diamond drill core was split and this material was 
forwarded to Lakefield Research for further metallurgical testing. Remapping, core 
logging, and re-estimations of reserve tonnages were also undertaken on behalf of the 
company. A report on reserves, beneficiation, and capital and operating costs, was sub
mitted by Behre Dolbear and Company Incorporated in December 1961 and a report on 
the Shipping and Port Investigations was submitted by Mr. J.C. Dumbrille (1961). 

A feasibility study that included an estimate of the capital and operating costs for 
the production of 2,000,000 tons of pellets per year, was submitted by Arthur G. McKee 
and Company of Canada Limited in 1962. In the same year no field work was carried 
out on the Radio Hill Group of claims but five holes were drilled in the Nat River 
Group. A total footage of about 2,000 feet was drilled on claims in Kenogaming Town
ship. Three of the drill hole sites are located between Benbow Lake and the Kenogaming-
Penhorwood township boundary, another is located on the iron formation between 
Benbow Lake and the Crawford River, and the fifth is located about Vi mile west of 
Akweskwa Lake and V4 mile south of the Kenogaming-Sewell township boundary. 

A total of 5,949 feet of vertical drilling was completed on the Radio Hill Group in 
1963 to confirm the ore continuity between 13+00E and 18+OOE (see Figure7, Chart 
A, back pocket). In the same year Geocon Limited conducted mill site soil investigations 
and Lakefield Research of Canada Limited undertook autogenous grinding and concen
tration tests on a 160 ton sample from Trenches No. 2, 3, and 4, and a 30 ton sample 
from Trench No. 5. Various blends of material were tested and tests continued in 1964. 
Late in 1964, 62 shallow, vertical holes, with a total footage of 3,324 feet, were drilled 
on the Radio Hill deposit to test the distribution of the different types of material at 
the surface. A report was submitted by the Foundation of Canada Engineering Corpora
tion Limited (Fenco) in 1965 (Neal and Riddell 1965). The report included a reassess
ment of the ore reserves and operating costs, pit design, and mining operation, and 
metallurgy in the light of the additional drilling and testing since 1961. N o further field 
work has been done on the Radio Hill deposit. 

Work continued on the Nat River Group of claims in Kenogaming Township and 
two holes, both 500 feet in length, were completed in 1965. One of these holes is 
located on the Nat River iron formation about 700 feet east of the Crawford River and 
the other is situated on the iron formation Vi mile west of Akweskwa Lake and Vi mile 
south of the Kenogaming-Sewell township boundary (see Map 2230, back pocket). One 
more hole, 200 feet in length, was drilled in Kenogaming Township in 1966. This hole 
is located about 1,000 feet south of the Kenogaming-Sewell township boundary and 1 
mile west of the northern outlet of Akweskwa Lake. 

A number of magnetic anomalies and occurrences of sulphide mineralization are 
present within the Radio Hill and Nat River claim groups and it was considered that 
these were worthy of further investigation. In 1965, the Kukatush Mining Corporation 
(Ontario) Limited transferred all of the Nat River claim group and a large part of the 
Radio Hill Group, other than an area requisite for the establishment of a mining 
operation on the Radio Hill iron deposit, to Radio Hill Mines Company Limited. The 
latter company has since undertaken exploration in the area (see the section on "Radio 
Hill Mines Company Limited"). 

Geology 

A detailed geological description of the Radio Hill and Nat River iron formations is 
given in the section on "Iron Formation" and a detailed geological plan of the Radio 
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Hill iron deposit is given in Figure 7 (Chart A, back pocket). The iron formation has 
the characteristics of a typical Algoma-type iron formation (Gross 1965) and all iron 
formation fades types appear to be present; oxide, carbonate, silicate, and sulphide 
facies. The presence of jasper bands in the more economic magnetite-chert sections of 
the deposit indicates that these sections represent oxide facies deposition. Magnetite-
siderite-chert, siderite-chert, siderite-minnesotaite-chert sections representative of carbon
ate and silicate facies are common and interbedded chert-siderite and pyritic slate sulphide 
facies association is typical of the upper and lower sections of the iron formation. The 
succession across strike of the iron formation, from south to north, i.e., bottom to top, 
in the southern limb of the folded iron formation at about picket line 10+OOE (Figure 
7, Chart A, back pocket) can be generalized as in Table 2. Figure 7 is from Company 
files; the text and Table 2 represent the author's interpretation of the area. 

Lateral facies changes also occur. Progressing westwards along strike from about 
picket line 4+00E, the jasper-chert-magnetite facies ("E" type) thins and disappears, 
and the magnetite-chert-siderite-minnesotaite facies ("F* type) thins. The siderite-
minnesotaite-chert facies ("H" type) thickens between picket lines 6 + 0 0 W and 20+00W 
but thins farther west and is interbedded with increasing amounts of pyritic slate and 
tuff. Bedding thicknesses do not appear to differ markedly anywhere along the iron 
formation thus the thickening section of iron-bearing rocks from west to east would 
appear to be due to a more prolonged maintenance of iron depositing conditions to the 
east, than to thicker contemporaneous deposition. Also oxide facies depositional con
ditions developed for a more prolonged period eastwards from Leadbeater Lake. The 
eastwards thickening is further enhanced economically by folding. The iron formation 
becomes thinner again east of picket line 50+00E and disappears completely near 
Primer Lake. 

The facies distribution suggests that somewhat shallower, more oxygenated, water 
conditions prevailed in the Radio Hill area than in the area west of Radio Hill. In 
conjunction with this the pyroclastic and metasedimetary unit south of the iron forma
tion thickens from east to west and the iron formation itself splits into two seams west 
of Leadbeater Lake (this Lake is called Second Lake by Kukatush). This indicates that 
relative to the present folded position of the rocks, the iron formation accumulation 
was influenced by a basinal shallowing or shoreline to the east and more rapid sinking 
and clastic accumulation to the west. 

The geology of the Nat River iron formation is described in detail in the section 
on "Iron Formation, Nat River Iron Formation". A persistent zone of iron formation 
lies at the boundary of the Hanrahan Lake Complex, a heterogeneous accumulation of 
intermediate to felsic flows and pyrodastic rocks, and a relatively homogeneous forma
tion of pillowed mafic metavolcanic flow rocks. Banded magnetite-chert sections are 
present in all exposures of the iron formation, and carbonate-chert, iron silicate-chert, 
and pyritic slates are exposed at various localities. The iron formation is commonly less 
than 100 feet thick but locally may reach 200 feet. Pyrite and pyrrhotite mineralization 
is common along much of the Nat River iron formation belt. 
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Radio Hill Iron Formation 

STRUCTURAL GEOLOGY 

The structure of the Radio Hill deposit has been described in the Behre Dolbear 
Report (Banfield and Counselman 1961, p.17-18,23). Their report stated: 

. . . At the west end of the deposit at Coordinate 2600 West the formations stand almost 
vertical, a condition that continues eastward to Coordinate West. The formations in this area 
appear to lie on the south limb of a syncline, the bottom of which has not been intersected in 
any of the holes this far west. 

On Coordinate 300 East there is evidence that the iron formation is flattening at depth. 
On Coordinate 700 East the iron formation lies in synclinal form, both limbs of the syncline 
having been cut by the drill holes and indicated on surface by the magnetometer survey. 
[Figure 7] is representative in broad outline of this synclinal structure throughout the major 
part of the deposit. Eastward the bottom of the syncline rises and must come within 300 feet 
of surface around Coordinate 3800 East. The pitch of the syncline is thus about 30° West. 
The structure east at Coordinate 3800 East is not clear. There is evidence at Coordinate 4300 
East that the syncline is beginning to pitch to the east. The magnetometer survey gives no 
indication of the iron formation east of Coordinate 5000 East. Additional exploration is 
required in this eastern area to determine whether there is a possibility that the iron forma
tion might continue to the east at depth or whether shallow erosional remnants which might 
be important are left in this area. 

There is no evidence as to conditions at depth of the north limb of the syncline on 
Coordinate 700 East. The iron formation in that area appears to pitch very steeply to the 
west and the beds to dip to the north. 

In broad outline the deposit has the shape on the surface of the letter "J" with the long 
side oriented east-west and the hook part facing northwest. In detail, however, the beds have 
been intensely contorted and displaced by numerous major and minor faults, . . . The com
plexity of the folding and the intensity of faulting and accompanying contortion are well shown 
in Trench 4 on Coordinate 1600 East. 

The present map interpretation (see Map 2231, back pocket) is in agreement with 
the above interpretation, with the exception that the northern section of the iron 
formation eastwards from 4+00E is represented as the two limbs of a northwest-plunging 
anticline, so that the fold is considered to be essentially S-shaped in plan. The northern 
limb of this anticlinal fold is interpreted as extending eastwards on the basis of a weak 
but discernible continuation of the magnetic anomaly and the reported occurrence of 
iron formation in a trenched area (see the section on "Mclntyre Porcupine Mines 
Limited and Castle-Tretheway Mines Limited [1946-1947]") on claim S107990 (this 
claim was held by Mclntyre and is now, in 1967, held by Kukatush). Farther east the 
iron formation ultimately thins out. 

A different interpretation seems to be implied by H.E. Neal and W.J. Riddell (1965, 
p.19-21) in the report by Foundation of Canada Engineering Corporation Limited. They 
stated: 

The synclinal fold near the base line with the nose of the fold at 5E is interpreted as a 
wide band of slate under the iron formation. The slate between sections 0 and 10E and 6S 
to 8S is also interpreted as an unusually wide band underlying the iron formation and over
laying the basal tuff. 

Slate and chert also appear to overlie the iron formation, between sections 12E to 20E. 
The band of tuff with a narrow band of underlying slate, between sections 4E to 12E is 
difficult to explain. This tuff is either a second younger formation or it is part of an overturned 
fold of lower tuff which normally occurs under the iron formation. The younger slate and 
chert overlying the iron formation has not been differentiated from the lower slate on the 
geological plans due to insufficient evidence. . . . 

The orebody has the general outline of a reclining letter J with the main arm lying in the 
east-west direction and the hook forming the north limb facing west. The iron formation and 
ore occur within a series of folds with east-west axes. A later set of cross folds with axes in a 
general north-south direction have complicated the structure and help to explain the widening 
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of the ore zone [Neal and Riddell are referring to E, F, and iron formation areas on Figure 7 
as the ore zone] and the deep downfolding of the ore between sections 3E to 25E. 

The general plunge of the east-west trending synclines is toward the west as shown by 
the fold at 48E. An area of F ore between sections 10W to 18W forms a canoe-shaped zone, 
plunging from both ends towards the centre. The syncline near the base line, with the nose 
of the fold at section 5E, plunges steeply eastward. The dips of the formations are steep, as 
found in the outcrops and trenches. The iron formation and ore are highly crumpled with 
variable strikes and dips as observed in trenches 2, 3, 6, 8, 9 and 10. 

In this interpretation, the iron formation appears to be viewed as a synclinal fold, 
refolded about a west-northwest-trending axis and ultimately cross-folded about a 
north-south-trending axis. There are two major points that do not appear to be satisfied 
by this interpretation and these are (1) throughout the south zone, between coordinates 
20-f- 00W and 4-f-00E, the iron formation facies shows a consistent asymmetry ranging 
from the jasperoid oxide facies on the south to carbonate and sulphide facies on the 
north, indicating that this zone represents a single limb rather than a double fold limb, 
and (2) the minor fold structures observed in all trenches and outcrops plunge consistently 
west or northwest. 

IRON DEPOSIT CHARACTER AND DIMENSIONS 

Detailed calculations of reserves of the Radio Hill deposit were undertaken by Behre 
Dolbear and Company Incorporated in 1961 (Banfield and Counselman 1961), and by 
the Foundation of Canada Engineering Corporation Limited (Fenco) in 1965 (Neal and 
Riddell 1965). These calculations were based upon drill hole and trenching information, 
and metallurgical and concentrations referred to in the section on "Development Work 
Since 1958". The deposit is not homogeneous and various types of material were 
established to facilitate estimation of reserves. 

The 1961 Behre Dolbear and Company Incorporated report (Banfield and Counsel-
man 1961, p.27-28) stated: 

TYPES OF ORE 

During the early stages of drilling, attempts were made by geologists of the Kukatush 
Mining Corporation (1960) Ltd. to distinguish numerous individual beds or types of ore and 
these were designated A to H. In this report the ore-bearing beds have been consolidated into 
two types-type E and type F. Future work may provide a basis for identifying additional 
sub-divisions but for the purpose of this report the E and F categories are sufficient. 

E type of ore is characterized by bands of bright massive magnetite which range up to 4 
inches wide, with a common width of about one quarter of an inch. The gangue mineral is 
almost entirely chert. E type ore is most abundant along the south limb of the deposit. Jasper, 
in bands up to several inches wide, usually occurs in the higher grade E type of ore. It is not 
clear whether the jasper represents a stratigraphic horizon or whether it was deposited by local 
springs because it is difficult to trace from hole to hole. Banding in E type of ore is generally 
more uniform and consistent than that in the F type ore, possibly because it is a stronger rock 
and thus more resistant to deformation. 

F type of ore is characterized by finely disseminated grains of magnetite. The magnetite 
occurs as individual grains even though the rock may contain as much as 25 percent magnetic 
iron. In rock of such grade, the grains of magnetite are so numerous that they appear to form 
bands. Most of the magnetite grains are less than 325 mesh, though they do coalesce to form 
small masses. Minnesotaite and chert are the common gangue minerals, with minor amounts 
of siderite. Because of the high amount of minnesotaite present, F type material may contain 
over 30 percent soluble iron and only a small amount (5 to 10 percent) of magnetic iron. 
Material of F type below a grade of 14.5 percent magnetic iron but above 9.2 percent has 
been called L type material. 
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Banfield and Counselman (1961, p.39) continue their discussion of types of ore: 
Three types of ore were segregated for estimation as follows: 
E type ore to a minimum of 12.5 percent magnetic iron. 
F type ore to a minimum grade of 14.5 percent magnetic iron. 
L type material ranging from 14.5 down to 9.2 percent magnetic iron (13.7 percent 

soluble iron). This is a low grade type of F ore which will have to be mined and may 
possibly be treated sometime. 

Banfield and Counselman (1961, p.4l-42) continue their definition of ore: 
While the magnetic iron-bearing material intersected by the diamond drill holes on the 

individual vertical sections can be classified as Proved Ore, the projection up and down dip 
and along strike to adjoining sections 300 to 600 feet distant where it might be classified as 
Probable, is uncertain because of the deformation caused by close folding and faulting. An 
additional factor is the lack of data on the deviations of the drill holes in the horizontal plane. 
While dip tests were taken at regular intervals, there is no method presently available for 
determining the strike of a hole in magnetic formations. The ends of some of the deeper holes 
may be several hundred feet from the initial vertical plane in which the hole was started. While 
it can be assumed with a reasonable degree of certainty that the total tonnage and average 
grade of ore developed on each vertical north-south section by drilling may be representative 
of a block bounded to the east and to the west by points midway to the adjacent vertical 
sections, there may be radical local differences in both tonnage and grade because of the 
deformation of the formations. 

For this reason, no attempt has been made to classify reserves into categories. It is 
believed that by projecting data on a geological basis up and down the dip of the formations 
and horizontally to points midway to adjacent drilled vertical sections, the estimate of overall 
tonnages and grade of magnetic material so obtained is representative of the tonnage and grade 
of ore contained in the orebody. 

ESTIMATE OF ORE RESERVES 

Banfield and Counselman (1961, p.42) discuss their estimates of ore reserves: 
A summary of the estimated ore reserves is given [in Table 6]. . . . 
It is probable that additional ore will be available for mining immediately below the 

bottom of the open pit used in ore reserve estimates. . . . 
Further exploration may develop additional reserves east of Coordinate 5000 East and at 

depth west of Coordinate 300 East. 
The Fenco (Neal and Riddell 1965) report in 1965 incorporated additional informa

tion derived from drilling in 1963 and 1964 and from further sample testing by Lake-
field Research of Canada Limited. The report (Neal and Riddell 1965, p.24-26) stated: 

The division of ore types is based on a combination of magnetic iron content, texture and 
liberation. The latest testwork at Lakefield on the 1964 drill core was based on Davis Tube 
tests at a grind of 97 to 99% —325 mesh, which is within the liberation range of most of the 
ore. Earlier magnetic tests were made at a standard grind at 100% —200 mesh which gave 
lower grade concentrates. By grinding to 97% to 99% —325 mesh, it is possible to differen
tiate E and F types by the grade of the Davis Tube concentrate and the weight recovery. The 
present basis at the fine grind is: 

E Type F Type 
Davis Tube Concentrate in percent +65 Fe +65 Fe 
Percent Magnetic Iron +14.5 +14.5 

Testwork on composite samples, using three stages of grinding, followed by magnetic 
separation and flotation showed lower weight recovery and final grade for F than E type. The 
use of the terms E and F in field mapping and logging can only be tentative with the final 
type based on metallurgical testwork. Some coarse grained, well-banded ore can be classified 
in the field as E ore and some very fine grained disseminated magnetite with abundant green 
silicate can be called F ore. Between these two extremes lie about 50% of the ore which is 
difficult to classify visually. 
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Table 6 
S U M M A R Y O F O R E R E S E R V E S * A S O F N O V E M B E R 1961, F O R R A D I O H I L L I R O N 

F O R M A T I O N I N T H E K U K A T U S H - S E W E L L L A K E A R E A 

S U R F A C E T O 570' 

D E P T H S 
570' T O 1000' S U R F A C E T O 1000' 

"E" Type Ore 
Long Tons 
Percent Magnetic Iron 
Percent Soluble Iron 

"F" Type Ore 
Long Tons 
Percent Magnetic Iron 
Percent Soluble Iron 

Total Ore 
Total Long Tons "E" 

and "F Type Ore 
Average Percent Magnetic Iron 
Average Percent Soluble Iron 

"L" Type Material 
Long Tons 
Percent Magnetic Iron 
Percent Soluble Iron 

Waste Rock 
Long Tons 

Glacial Drift 
Cubic Yards 

Ratios 
Waste Rock plus Type "L" 

Material to Total "E" 
and " F " Type Ore 

Cubic Yards Glacial Drift 
to Total Long Tons "E" 
and " F " Type Ore 

E L E V A T I O N A B O V E S E A L E V E L 

1400' T O 800' 800' T O 400' 1400' T O 400' 

67,900,000 
23.3 
30.1 

57,800,000 
17.7 
25.3 

125,700,000 
20.7 
27.9 

26,700,000 
11.5 
21.6 

107,300,000 

1 : 1.066 

1 : 0.083 

10,700,000 
26.2 
31.1 

21,800,000 
18.3 
25.3 

32,500,000 
20.9 
27.3 

6,800,000 
13.0 
22.3 

17,000,000 

1 : 0.731 

78,600,000 
23.9 
30.2 

79,600,000 
17.9 
25.4 

158,200,000 
20.8 
27.8 

33,500,000 
11.8 
21.7 

124,300,000 

10,486,000 

1 : 0.997 

1 : 0.066 

•(Unclassified. Based on projections to east and west of drilled north-south vertical sections 
halfway to adjacent vertical drilled sections). This is a direct quote from Banfield and Counsel-
man 1961, p.43. 

E TYPE ORE 

This ore is a relatively coarse-grained magnetite and chert. Banding of dark magnetite 
and light grey chert is characteristic with the width of the bands ranging up to 4 inches. 
Locally bright red jasper bands alternate with the magnetite bands. Generally the E type 
ore has a higher magnetic iron content and contains only minor carbonate and silicates. Field 
identification of E type is reliable only in the coarse grained variety where separate magnetite 
grains are visible. After fine grinding, the E type of ore produces magnetite concentrates with 
about 67% Fe. 

F TYPE ORE 

This ore is characterized by finely disseminated magnetite in a cherty groundmass, with 
less distinctive banding than the E type ore. The F type ore frequendy contains green silicate 
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(minnesotaite) and carbonate. The magnetic iron content is generally lower than in the E 
type, although the soluble iron content is usually close to 30%. Fine grinding and magnetic 
concentration produce a concentrate with 60 to 65% iron. The two ore types grade into each 
other and may form sections a few inches wide or several tens of feet in width. . . . 

DISTRIBUTION OF ORE 

Neal and Riddell (1965, p.26) discuss ore distribution: 
. . . widening and greater continuity of the ore at depth is apparent; partly due to the 

structural control and also due to surface oxidation as shown on the surface plan. . . . 

GRADING OF ORE 

Neal and Riddell (1965, p.33) mention grading of ore (see Table 7) : 
. . . Drill hole analysis were used in all cases except when trench data was available. In 

blocks of ore immediately beneath the trenches, the analysis from both the drill hole and the 
trench were combined to give the grade for the block. . . . 

A dilution factor has been integrated into the reserve estimate and the tons and grade 
calculated represent the results of a normal mining operation. . . . 

S U M M A R Y O F O R E R E S E R V E E S T I M A T E , R A D I O H I L L I R O N F O R M A T I O N , I N T H E 

K U K A T U S H - S E W E L L L A K E A R E A ; F R O M N E A L A N D R I D D E L L 1965, p.29 

(Surface to elevation 680 feet) 
E-type ore 

Long tons 56,039,000 (62.1 percent) 
Percent magnetic iron 23.86 

F-type ore 
Long tons 34,206,000 (37.9 percent) 
Percent magnetic iron 18.06 

Total ore reserves 
Long tons 90,245,000 (100.0 percent) 
Percent magnetic iron 21.66 

Waste rock 76,104,368 
Stripping ratio (excluding overburden) 0.843 
Overburden (in cubic yards) 6,214,454 

METALLURGY 

Neal and Riddell in their report to Kukatush (1965, p.14) discuss metallurgy: 
Grinding to 98% —325 mesh is required on a blend of E and F ore to obtain a concentrate 

grade of 67 to 68% Fe using magnetic separation followed by carionic silica flotation. 

CHEMICAL ANALYSIS OF FLOTATION CONCENTRATE 

Neal and Riddell (1965, p.53a) comment on chemical analyses of flotation concen
trate: 

The following chemical analyses [see Table 8] were made by Lerch Brothers Inc. of 
Hibbing, Minnesota on a sample of flotation concentrate from the Lakefield Testwork. The 

100 



sample analysed is a flotation concentrate obtained by regrinding a pilot plant concentrate, 
ground in the cascade mill, pebble mill and treated by magnetic separation. . . . 

Determinations for arsenic, lead and zinc were run by another firm by spectographic 
methods. 

Table 8 
C H E M I C A L A N A L Y S E S O F F L O T A T I O N C O N C E N T R A T E O N K U K A T U S H S A M P L E 
935-178 ( I N P E R C E N T A G E S ) F R O M R A D I O H I L L I R O N F O R M A T I O N I N T H E 
K U K A T U S H - S E W E L L L A K E A R E A ; F R O M N E A L A N D R I D D E L L 1965, p .53A. 

Total Iron 
Soluble Iron 
Ferrous Iron 
True Silica 
Total Phosphate 
Manganese 
Aluminum 
Fusion CaO 
Fusion MgO 

68.38 
68.30 
21.51 

4.09 
0.018 
0.06 
0.22 
0.07 
0.10 

Sulphur 
Gain on Ignition 
Copper 
Nickel 
Vanadium 
Titanium 
Arsenic 
Lead 
Zinc 

0.064 
2.24 

Nil 
Nil 
Nil 

less than 0.01 
less than 0.01 
less than 0.01 
less than 0.01 

Nat River Iron Formation Grades and Estimated Dimensions 

Three cross sections were drilled on the Nat River iron formation just east of the 
Nat River in Penhorwood Township (see Map 2231, back pocket). These drill sections 
indicate that the northern band of iron formation contained between 15 and 17 percent 
Fe (acid soluble), the southern band between 25 and 35 percent Fe (acid soluble). A 
metallurgical sample was composited from the two most northeasterly holes: 

. . . there was no coarse cobbing of the head sample; the heads analyzed 35.16 percent 
Fe (total) and 30.68 percent Fe (acid-soluble); the concentrate analyzed 63.80 percent Fe 
(acid-soluble); 30.9 percent recovery by weight and a ratio of concentration of 2.75 : 1 [Gerson 
1961, p.56]. 

A similar sample was taken from the two central holes: 
. . . the head sample analyzed 23.45 percent Fe (total) and 21.08 percent Fe (acid-

soluble); the concentrate analyzed 66.5 percent Fe (acid-soluble); 22.5 percent recovery by 
weight and a ratio of concentration of 4.44 : 1 [Gerson 1961, p.57]. 

Gerson (1961, p.57) discussed the potential of the deposit: 
The potential of the Nat River Group is estimated at 30,000,000 gross tons of crude for 

every 100 feet of depth below the surface. This is based on the magnetite-bearing iron forma
tion delineated by the ground magnetometer survey. 

Prospecting Suggestions 

(1) Whether the Radio Hill iron formation is folded in an S-shaped or J-
shaped fold, the predominant plunge of the structure is west or northwest, 
and as suggested by Banfield and Counselman (in the section on "Struc
ture"), possible ore may lie beneath the surface westwards of about 
coordinate 5+00E on the base line. No holes have been drilled in this 
area to date. The amount of possible ore amenable to open pit mining in 
this area would be highly dependant upon plunge of the structure, which 
may range between 30 and 50. 

(2) With an S-shaped structure, blocks of possible ore-grade material on the 
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northern side of the S-fold in the Radio Hill deposit may have more 
continuity in depth than was previously estimated on the basis of a 
synclinal structure. 

(3) The Nat River iron formation is generally thin but some areas warrant 
further attention, e.g., east of the Nat River in Penhorwood Township, 
Benbow Lake area, and the area just east of the Crawford River in 
Kenogaming Township. 

(4) Base metal sulphide deposits associated with the Nat River zone should be 
investigated, especially in areas where the iron formation is closely associ
ated with mafic and ultramafic intrusions, e.g., west of the Nat River in 
Penhorwood Township and northwest of Akweskwa Lake in Kenogaming 
Township. 

Lamport-Lumbers Property (2, 6) 

One of the first gold showings discovered in the map-area is located within a group 
of five patented claims, P4803 to P4805, P4807 to P4810, situated on the western 
boundary of Sewell Township, about 3,000 feet south of Highway 101. These claims 
were owned, in 1967, by N.W. Lamport and J. Lumbers. 

The claims are part of a group of six known originally as the Gosselin Claims and 
described by E.W. Todd (1924, p.14-15) as follows: 

. . . They were originally staked by . . . [D.] Arkell. Gold was found in a quartz vein on one 
of these claims in 1916 by T.L. Tanton, who reports an assay of 0.02 ounces per ton from a 
sample taken across the vein. 

The rocks in this neighbourhood are chlorite carbonate schists resulting from the alteration 
of Keewatin volcanic and intrusive rocks, principally basalt, andesite, and diabase. A prominent 
ridge of fresh diabase intrudes the schists on claim 4808. 

Extending north and south across claims 4810, 4807, and 4805 is a well-defined faulted 
zone which is largely filled with irregular masses of quartz. The vein material mixed with 
country rock in places reaches a width of fifty feet. Associated with the quartz are pyrite, 
pyrrhotite, chalcopyrite, calcite, tourmaline, and mariposite, a chrome mica. 

The rocks enclosing the quartz are liberally impregnated with sulphides, resulting in the 
development of much iron oxide in proximity to the fault. No porphyry is observed in the 
area shown on the sketch map, but one-half mile to the south a number of dikes of fresh 
feldspar porphyry intrude the Keewatin rocks. These dikes are probably of Algoman age. 
[These dikes were not found by Milne.] 

Some surface work has been done on the deposits: the vein has been cleared and stripped 
for a distance of half a mile, and three pits have been sunk to a depth of about eight feet. 
[Pits were not found by Milne.] 

The rocks within the claim area are pillowed mafic flows intruded by a 150-foot wide 
diabase dike. Strong shearing has converted the flow rocks to dark green, rusty weather
ing, chlorite-carbonate schist. Much of the rusty iron oxide weathering is due to 
alteration of the carbonate, which is sideritic, and this ferruginous carbonate usually 
occurs as brown, Y% inch, rhombohedral porphyroblasts in the dark green chlorite schist. 

There is no record of any further work on these claims and the stripping and 
trenching is now overgrown. 
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L. Lapierre [1964] 

A large area in Sewell Township between Weston Lake, Crossover Lake, and Sewell 
Lake was staked in 1964 by L. Lapierre, who operates a lumber mill on Weston Lake. 
Four diamond drill holes totalling 1,255 feet in length were drilled. Three of these holes 
are located just south of Crossover Lake and the fourth is about 500 feet east of Sewell 
Lake outlet bay. All four holes intersected mainly light coloured mafic metavolcanics 
and minor felsitic and rhyolitic material. Small quartz veins and stringers are present in 
all the holes and minor pyrite, with traces of chalcopyrite, is reported in the drill hole 
east of Sewell Lake and in the northern hole of the group located south of Crossover 
Lake (ODMNA file T1005, Timmins). No further work was reported. 

The Little Long Lac Gold Mines Limited [ 1947] 

Late in 1946, G.S. Willson and W.F. Morrison staked 35 claims in Kenogaming 
Township, for The Litde Long Lac Gold Mines Limited on the eastern side of the Craw
ford River, extending from the Nat River iron formation on the north side to Chabot 
Lake in the south. Subsequently eight of the claims were dropped. A geological recon
naissance of the remaining 27 claims was carried out at the time of staking and in 1947 
more geological mapping and 1,900 feet of diamond drilling was done. 

Six holes were drilled. Holes No. 1 and 2 were drilled in the Nat River iron forma
tion about 2,000 feet east of the Crawford River; holes No. 3 and 4 about 1,000 feet 
west of hole No. 1; and holes No. 5 and 6 about 2,000 feet southeast of hole No. 1 (see 
Map 2231, back pocket). No. 1 and 2 holes were drilled in the iron formation near a 
magnetite-chert outcrop containing a large lens of massive pyrite and pyrrhotite. Pyrite 
and pyrrhotite sections were cut in the holes but no economic mineralization was indi
cated. There was no indication of economic mineralization in any of the other holes. 

An unpublished report by L.G. Phelan (ODMNA file 63A.35) concluded that: 

. . . No mineral deposits approaching commercial size have yet been found on the 
property. Massive pyrite and pyrrhotite were found in widths up to 5 feet along the iron 
formation contacts. These, as did small quartz veins in the iron formation and porphyry, 
carried a few low gold values (0.04 ozs. per ton). 

The section of the Nat River iron formation covered by this claim group was later 
covered by claims of the Canadian Johns-Manville Company Limited (see the section on 
"Canadian Johns-Manville Company Limited, Crawford River Claim Group £1959}") 
and is now covered by Radio Hill Mines Company Limited claims (see the section on 
"Kukatush Mining Corporation (Ontario) Limited" and "Radio Hill Mines Company 
Limited"). The area to the south of the iron formation was later examined by Dunvegan 
Mines Limited (in 1952) (see the section on "Dunvegan Mines Limited"), Norduna 
Mines Limited (in 1953) (see the section on "Falconbridge Nickel Mines Limited, 
Norduna Property"), and Delmico Mines Limited (in 1965) (see the section on "Delmico 
Mines Limited"). 
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Mclntyre Porcupine Mines Limited and 
Castle-Trethewey Mines Limited [1946-1947] 

A group of 105 claims, lying mainly within Penhorwood Township but extending 
northwards into Reeves Township, was examined in 1946 and 1947 by Mclntyre Porcu
pine Mines Limited. Twenty-seven of these claims were held, in 1947, by Castle-
Trethewey Mines Limited. 

The general area covered by the claim group included: the eastern half of the feld
spar porphyry in northwestern Penhorwood Township; the area between the Kukatush 
Road and West Creek, as far south as Primer Lake; and a % mile wide strip south of 
Jehann Lake extending as far east as the esker road. 

A number of maps were made of the whole claim group, including a topographic 
map, a geological map, and a vertical intensity magnetic map. Self potential electro
magnetic surveys were carried out in selected parts of the claim group and 10 holes, 
totalling 4,575 feet in length, were drilled in Penhorwood Township. Iron formation 
was located east of Radio Hill. In an unpublished company report (ODMNA file T84, 
Timmins) A. Brant stated: 

The extreme southwest claim (S43778) [unpatented] contains a band of iron formation 
about 50 feet wide. Its extent beyond the central part of the property to the east is not 
evident. 

J.A. McRae [1947] 

After the discovery of gold on the Hoodoo Lake Mines Limited property in Kenog
aming Township (see the section on "Dunvegan Mines Limited [1957]") in 1947, J.A. 
McRae and D. Ludlow staked 14 claims south of the discovery property. 

In 1947, N . Hogg (ODMNA file T164, Timmins) reported: 

Prospecting by Don Ludlow and Jim McRae had disclosed a mineralized zone [this zone 
not shown on Map 2231, back pocket] lying south of the north bay of the Kenogaming Lake, 
just west of the diabase dyke shown on the Groundhog River Sheet [Todd 1924, map]. The 
showing consists of a zone of quartz stringers at least 20 feet wide in one trench. The quartz 
stringer zone is within sheared volcanics, but it includes a narrow dyke of feldspar porphyry 
[not found by Milne], and about a foot of soft green sericite schist. The strike of the zone 
appears to be slightly north of east. Mineralization consists only of pale brassy yellow pyrite 
in cubes and grains close to the quartz stringers. 

No gold has been panned. 
To the north of the lake, and west of the river, probably about 1500 feet, stripping has 

uncovered a series of closely spaced dykes over a width of 3 or 4 hundred feet. There are 
granitic dykes up to 10 feet wide, pink aplite dykes, and a few narrow porphyries, all follow
ing closely the strike of the sheared volcanics. There are also a few basic dykes, largely of 
dense basaltic texture, but in one case granular and dioritic, and in another case a rather 
coarse biotite lamprophyre. 

The volcanics in this area show stretched fragments and are quite similar to some of the 
agglomerate on the Hoodoo property. These showings lie about 2 or 3 hundred feet south of 
the Hoodoo boundary. 

The workings on this former property are now completely overgrown. 
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Mining Corporation of Canada (1964) Limited (7) 

The Mining Corporation of Canada (1964) Limited held, in 1967, five patented 
claims, S36915, S36916, S36940, S36941 and S38613, in Sewell Township located 
between Lap Lake and Misty Lake. These claims represent part of a 28 claim area 
examined by the company in 1946 and 1947. A vertical component ground magnetic 
survey was completed in 1946 on north-south picket lines at 400-foot intervals. Geo
logical mapping, trenching, and drilling were also carried out. 

There is only one area of outcrop in the claim group and this is largely located within 
claim S36916. The rocks are coarse-grained, dark green, massive amphibolite intruded 
by white to pink, coarse-grained hornblende syenite with, in addition, a whole range of 
hybrid rocks intermediate between these two rock types. In the area north of Lap Lake 
the hornblende granodiorite of the Late Felsic Intrusive group contains a great many 
large and small xenolithic blocks of hybridized mafic rocks. On the basis of the limited 
outcrop and drill hole information (ODMNA files) it is concluded that the same condi
tion exists in the area south of Lap Lake. 

The geophysical survey (ODMNA files) indicates a very marked linear break in the 
magnetic contours, trending north-south, just east of the outcrop area on claim S36916, 
and this has been interpreted as the continuation of the Tanton Lake Fault. The high 
magnetic response of the area west of the lineament is interpreted as being due to a high 
content of mafic xenoliths in the granodiorite. 

Trenches were excavated at several points in the outcrop area but these have since 
filled in and are now largely overgrown. N. Hogg (ODMNA file T162, Timmins) visited 
the property in 1947 and gave the following description: 

Only outcrop seen is one containing showing. It consists of fine grained green-red syenite 
or syenitized greenstone and coarse, granitic textured basic syenite approaching a gabbro in 
places. These rocks occupy irregular masses, and narrow dykelets of the f.g. syenite and red 
feldspathic syenite cut the coarse intrusive. 

Several rock pits have been excavated on a sheared zone containing quartz veins in the 
granite. 

The walk of the shear are soft, chloritic schist, derived from the coarse syenite and gabbro. 
The derivation is more obvious in the drill core than on the ground where it is weathered 
and schisted beyond recognition. 

The zone strikes about N40°E and is at least 50 feet wide, with a series of more or less 
parallel quartz veins and schist separated by sheared syenite. Most of the quartz is barren but 
one of the quartz veins in the main pit, about 2 feet wide, is well mineralized with pyrite and 
chalcopyrite. The pyrite occurs in granular form and the chalcopyrite in fine, feathery seams 
near the pyrites. A litue visible gold was also noted. 

Unfortunately, the strike is limited on both ends by covered ground, swamp to the north, 
and sand to the south. 

Eight diamond drill holes, numbered from 1 to 8, were completed in 1946 and 
seven holes, designated A to G, were drilled in 1947. Total footage drilled was 4,009 
feet. Twelve of the holes were concentrated on the shear zone and are distributed gener
ally east-west over a distance of about 700 feet. Holes number 1 to 5 indicate the 
presence of a fairly continuous quartz veined chlorite schist zone carrying variable 
amounts of pyrite with minor chalcopyrite, and in hole No. 3 some visible gold was 
reported by the company. Three adjacent chlorite-quartz sections in hole No. 5 returned 
assays as follows: 
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2-foot section with 0.115 ounce Au per ton 
1.5-foot section with 0.105 ounce Au per ton 
1.3-foot section with 0.11 ounce Au per ton 

equivalent to a 4.8-foot section of 0.11 ounce Au per ton. Another 2-foot section in hole 
No. 5 contained 0.27 ounce Au per ton. All other assays reported contained less than 
0.1 ounce Au per ton (ODMNA file T162, Timmins). 

Nib Yellowknife Mines Limited [ 1947] 

In 1947, Nib Yellowknife Mines Limited prospected for gold in a 14-claim area 
between West Creek and the Nat River, north of Jehann Lake in Penhorwood Town
ship. The claim group was mapped and stripping and trenching carried out (the trenches 
are not shown on Map 2231, back pocket). In most of the material examined gold 
"values" were very low, ranging from 0.01 to 0.02 ounce of Au per ton, but on one of 
the northern claims assays up to 0.20 ounce of Au per ton were obtained from a 
mineralized fracture zone in massive amphibolite (ODMNA file T191, Timmins). 

A pit about 10 feet square and 12 feet deep was blasted in the amphibolite (see 
Map 2231, back pocket). The mineralization consists of fracture-filling quartz veins up 
to 1 inch wide carrying arsenopyrite and with arsenopyrite disseminated in the adjacent 
amphibolite. F. Joubin (ODMNA file T191, Timmins) reported that "the mineral 
fractures and diorite between carry gold", and that "assays from the pit contain up to 
0.20 ozs. Au per ton with selected samples going higher". No further work has been 
done on the showing. 

Pen-More Prospecting Syndicate [ 1947] 

Geological mapping and a ground magnetic survey were carried out in 1947 on a 
group of 12 claims located in Penhorwood Township, by the Pen-More Prospecting 
Syndicate. The northwest corner of the claim group was located at about the 3Vi-mile 
post on the north line of Penhorwood Township. Diamond drilling was recommended 
but no further work was done. Part of the area is now covered by patented claims of the 
Canadian Johns-Manville Company Limited. 

Pen Star Prospecting Syndicate [1947] 

This group held 12 claims in 1947, in a three-claim wide block, extending four 
claims south from about the Penhorwood Township north line. The northeastern corner 
of the claim group was located at about the 3Vi-mile post on the township boundary. A 
geological and ground magnetometer survey were conducted in 1947 and drilling was 
recommended to test possible faults and schist-serpentinite contacts. No more work was 
done. The area is now largely covered by patented claims of the Canadian Johns-
Manville Company Limited. 
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Pen wood Gold Mines Limited [ 1950] 

This company held 16 claims in Penhorwood Township, which, relative to the 
present patented claims of the Kukatush Mining Corporation (Ontario) Limited, 
extended north-south from about claim S107971 to S109674 and westwards to the 
boundary of Penhorwood Township. The company drilled four holes in 1950 totalling 
3,083 feet in length. The sites of these four holes are located in patented claims S109496 
and S108303. No mineralization was reported. 

Purdy Mica Mines Limited [ 1947] 

During the gold prospecting activity in Keith Township, in 1947, one hole was 
drilled in Penhorwood Township about 2,076 feet south of the 7Vi-mile post on the 
Keith-Penhorwood township boundary and 68 feet east. V.K. Prest (1950, p.39) re
ported: 

The Inspiration Mining and Development Company . . . completed a hole for Purdy Mica 
on a Mosher claim in Penhorwood township, close to the Keith-Penhorwood boundary. . . . 
This hole, with a dip of 45 degrees, intersected 52 feet of drift and then sediments to its end 
at 499 feet. 

Radio Hill Mines Company Limited (8,14, 18) 

In 1967, the name of Kukatush Mines Ontario Exploration Limited was changed to 
Radio Hill Mines Company Limited and in the same year the Kukatush Mining Corpora
tion (Ontario) Limited transferred all properties in Keith, Kenogaming, and Penhor
wood Townships, other than the Radio Hill iron deposit (see the section on "Kukatush 
Mining Corporation Limited"), to Radio Hill Mines Company Limited. 

Radio Hill Mines Company Limited owned, in 1967, 44 patented claims in Penhor
wood Township, claims S109506 to S109509, S109682 to S109686, S109717 to S109718, 
SI 11724 to SI 11728, S109732 to S109734, S108000, S108007 to S108009, S108015 to 
S108024, S107967 to S107968, S107974 to S107975, S107981 to S107982, S107992, 
S107996 t6 S107999, and held 21 year leases on 31 claims in Penhorwood Township, 
S111714 to S111721, S111729, S114058 to S114060, S108417 to S108435; 26 claims in 
Kenogaming Township, S108415 to S108416, S109707 to S109714, S109719, S109722, 
S109724 to S109728, S109730, S116800 to S116802, S116806 to S116809, S116811, 
and 1 claim in Sewell Township, SI 16814. 

The extensive exploration for iron over the region, prior to 1967, uncovered indica
tions of possible base metal deposits. Two areas of particular interest in Penhorwood 
Township are under investigation. Galena, sphalerite, chalcopyrite, and pyrite mineral
ization accompanied by gold and silver in quartz veins has been exposed on the Bragag-
nola (Bromley) claims (see the section on "Bragagnola (Bromley) Property") south of 
Primer Lake. Also K.A. Hart reported in the company prospectus in 1967 that: 

Hunting Survey shows an E. M. high in the middle of claim 107997. . . . Another poten
tial zone lies north of the east end of Jehann Lake. Hunting Surveys have located an area 
about 1000 feet long that shows high conductivity on the north side of claim 108024. 
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The central area of the Bragagnola claim group, claims S35288 to S35291, is under
lain by sheared, highly carbonatized metavolcanic and feldspar porphyry intrusive rocks. 
Disseminated pyrite mineralization and quartz veining occurs in these rocks. In 1967, 
three zones of quartz veining were trenched on the Bragagnola claims. The southern
most of these trenches is located on the boundary of claims S35288 and S35290. The 
trench is about 400 feet long and strikes N55W. Small-scale, westward-plunging drag 
folds are evident in the schisted, carbonatized country rocks along most of the trench 
and quartz veins, lenses, and stringers pinch and swell along the zone. The maximum 
width of the quartz veins is about 4 feet. Minor pyrite mineralization occurs along the 
trench, but in the last 40 feet at the northwestern end of the trench, chalcopyrite is 
readily apparent. The quartz vein in this part of the trench ranges from 8 inches to 2Vi 
feet in width. The sulphide minerals, principally pyrite, constitute less than 5 percent 
of the vein. Small chloritic inclusions of country rock are isolated in the quartz or 
occur as flame-like masses penetrating the quartz from the contact. The sulphide minerals 
are generally associated with these inclusions but do not occur to any extent in the 
country rock outside the veins. In general the pyrite tends to be concentrated along the 
southern contact side of the quartz vein, whereas the chalcopyrite is almost always located 
3 to 6 inches away from this contact. A small amount of sphalerite is associated with 
the chalcopyrite. 

A second trench is located near the boundary of claims S35291 and S35289, about 
600 feet north of the southern trench. This second trench is about 40 feet long and 
trends N85W. Quartz and quartz-carbonate stringers and lenses cut carbonatized feld
spar porphyry intrusive and metavolcanic rocks. These appear to dip flatly south. 
Chloritic inclusions are present in the veins and large chalcopyrite spots are associated 
with these. 

About 100 feet north of the second trench, a third trench trends N75E and is 
approximately 30 feet long. The rock in the trench is in part chloritic schist and in part 
massive, fine-grained dioritic intrusion. A narrow shear zone striking N70E and dipping 
85N, lies on the northern side of the trench. A quartz vein stockwork lies on the southern 
side of the shear zone. The quartz stockwork is about 4 feet wide at its maximum and is 
exposed over a length of 15 feet in the centre of the trench. The stockwork thins out 
to a single vein about 1 foot wide both east and west. Mineralization is concentrated in 
the stockwork area and consists of pyrite, chalcopyrite, galena, and sphalerite. The 
chalcopyrite, galena, and sphalerite tend to occur together in rich massive pods separate 
from the disseminated pyrite. Carbonate lines the walls of the quartz veins but is absent 
in the interior of the veins except as a fracture filling in the quartz. Galena and chal
copyrite occur rarely in some coarse carbonate patches. At the eastern end the quartz 
vein strikes N70E and dips 65S. 

During mapping an old trench was located (not shown on Map 2231, back pocket), 
south of Primer Lake, on claim S35289, which exposed a 3- to 4-foot wide aphanitic 
dioritic dike (too small to show at map scale) striking S70E, dipping 75N, cutting 
carbonatized feldspar porphyry. Quartz ladder-veins occupied the whole exposed strike 
length of the dike. Minor scattered pyrite and galena were observed in the quartz. The 
same or a similar dike cuts the feldspar porphyry on the southern shore of Primer Lake 
and again quartz ladder-veins are confined to the dike. No mineralization was observed 
in this location. It is possible that these are part of a single intrusion and are equivalent 
to the intrusion in the third trench described above. 



The Northern Miner (1967a) reported: 
. . . Initial drilling on the south vein [equivalent to the first trench described above] has 

returned values around $4.50 in gold (about 0.13 ozs. [/ton]) and 3 ozs. [/ton] in silver over 
widths of two feet. 

Later in November, 1967, (Northern Miner 1967b) it was further reported: 
Diamond drilling is just getting started on a newly discovered zone on the Bromley 

claims [Bragagnola (Bromley) property] of Radio Hill Mines Co. The company holds a large 
group of claims in Keith and Penhorwood Twps., Groundhog River area, some 48 miles south
west of Timmins. 

The new zone, known as the R.F. zone, is represented by a quartz stockwork about three 
feet wide, on each side of which is a quartz vein about three inches wide. The veins carry 
galena and argentite, and grab samples have run as high as 72-80 ozs. of silver per ton with 
moderate gold values. 

There is little known about the new zone at present. It occurs in a fracture zone of 
unknown width which strikes N 30° E and dips to the northwest at about 60°. No lengths are 
indicated at present. 

There is an electromagnetic anomaly, about 800 ft. to the northeast along strike, which 
will be investigated. 

The exploration program, being carried out on the No. 1 and No. 2 veins has been 
temporarily suspended in favor of a test of the R.F. zone, which appears to be a more attrac
tive proposition. 

The R.F. zone is about 650 ft. northwest of the No. 2 vein, which is about 700 ft. north 
of the No. 1 vein. These veins strike roughly east-west. Three diamond drill holes have been 
drilled through the No. 1 vein, and two through the No. 2 vein, but results on this drilling 
are not available. 

The electromagnetic anomolies on claims S108024 and S107997 and the mineraliza
tion on the Bragagnola claims may all be associated with a westward extension of 
westerly striking faults indicated at the eastern end of Jehann Lake. The rocks at the 
eastern end of Jehann Lake between these two postulated faults are intensely sheared and 
extensively carbonatized. It is possible that the metasedimentary-metavolcanic boundary 
at the northern end of Primer Lake is in fact a fault contact. 

Texas Gulf Sulphur Company [1960] 

One vertical hole, 79 feet in length, was drilled about 1,000 feet north of the 
eastern end of Jehann Lake. The hole intersected graphitic sedimentary rocks contain
ing between 2 and 5 percent pyrite. No further work was reported and the claims were 
allowed to lapse. 

Transhorwood Mines Limited [1950] 

In 1946, Transhorwood Mines Limited staked 19 claims in Penhorwood Township. 
In relation to the present patented claims of the Kukatush Mining Corporation (Ontario) 
Limited, these claims extended east-west approximately from claim S107988 to S108002 
and north-south from claim S108002 to the northern end of the lake in claim S109674. 
In 1947, geological and ground magnetic surveys were completed and a major fold was 
interpreted in the Radio Hill iron formation. In 1950, one hole was drilled 707 feet in 
length, bearing south, on the southern side of the iron formation at a site now located 
within patented claim S108003 (see the section on "Kukatush Mining Corporation 
(Ontario) Limited"). The hole is reported to have intersected tuff, agglomerate, and 
greywacke. 
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FIGURE 3. Canadian Johns-Manville Company Limited, Reeves Mine area; surface plan. 

1 s?" / ' \,8b° 

2-0 ft.-l-93%Zn, 0-11 ozs. Ai 
6-0 ft.-0-70% Zn, 0-40 ozs. Ag^ 

40syT>G 
4090/i/ u 

409! (y 

Detail of drill hole 

and trenching area 

at a scale of 1" to 200 ' 

N O T E S 

F1 to F11 are Falconbridge Nickel Mines DDH numbers. 
1966, on Jonsmith Mines Ltd. option. 

#1and #2 are Norduna Mines Ltd. DDH numbers, 1952. 

N14 and N15 are Norduna Mines Ltd. DDH numbers, 
1954. 
W1 to W6 are Dunvegan Mines Ltd. DDH numbers, 
1957. 
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FIGURE 5. Dunvegan Mines Limited area, surface plan. 

Kukatush-Sewell Lake Area 
Chart A, Figures 3,4, 5 and 7. 
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FIGURE 4. Vertical sections A-B and C-D, on Figure 3. 

The map is from the Foundation of Canada Engineer-
Basalt, andesite. ing Corporation Limited report (Neal and Riddle 1965) 
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FIGURE 7. Kukatush Mining Corporation (Ontario) Limited, Radio Hill iron deposit; surface plan. 








