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Preface

A Symposium on Red Lake Geology was held in Winnipeg the 
morning of October 19, 1965. This meeting was a part of the 1965 
Annual Western Meeting of the Canadian Institute of Mining and 
Metallurgy. The program was as follows:

Geology Division, C.I.M., Royal Alexandria Hotel 
Symposium on Red Lake Geology

Chairmen: J.C. Davies, A.R. Byers

9:00 A.M. - Geology of the Red Lake Area
S.A. Ferguson (Ontario Department of Mines) 

9:25 A.M. - Geology of the Campbell Mine
W.L. Jarvis (Campbell Red Lake Mines Limited) 

9:50 A.M. - Geology of the Dickenson Mine
D. Buchholz (Dickenson Mines Limited) 

10:15 A.M. - Geology of the Cochenour Willans Mine
D.A. Hutton (Cochenour Willans Gold Mines Limited) 

10:40 A.M. - Geology of the Madsen Mine
F. Harriman (Madsen Red Lake Gold Mines Limited) 

11:05 A.M. - Geology of the McKenzie Red Lake Mine
S.A. Ferguson and Alex Watt 

11:30 A.M. - Discussion

As these papers have not been published it was considered 
desirable to collect as many as possible and release them in this 
form. R.A. Riley Resident Geologist Red Lake, Geological Branch 
approached the companies and authors and secured their permission 
to include the articles in this open file report. An additional 
paper by members of the staff of Cochenour Willans Gold Mines 
Limited has been included.

As part of the Symposium on Red Lake Geology, underground 
and field trips were conducted and the description of the surface 
localities is included. R.A. Riley has also described some ex 
posures visited in the Geological Branch Field Trip 1970 to the 
Red Lake Area.

Cftu —* tOjlllvY'S P P*P cr *J fr'^' Cr*" t on
- "ee*f**e Ae IT .

Stewart A. Ferguson, Chief,
Data Retrieval 6 Education Section,
Geological Branch*

Queen's Park, 
Toronto. Ontario 
April 14, 1972
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ABSTRACT

Five gold mines are currently in production in this area of 
northwestern Ontario. " The layered rocks consist of three major 
groups in a superimposed sequence which from the oldest to the 
youngest are metabasalt, an acid to intermediate tuff and breccia 
unit and sediments. Intrusive rocks within the volcanic-sediment 
ary complex are altered basic to ultrabasic dikes and sills, one 
stock of metagabbro, granitic stocks, and late dikes. Granitic 
rocks outside the volcanic-sedimentary complex contain large areas 
of foliated rocks, parts of which are considered to be granitized 
volcanic and sedimentary rocks.

The shape of the volcanic-sedimentary complex was established 
by means of a gravimetric survey. Chemical, mineralogical, sulphur 
isotope and statistical studies and age determinations were made 
on the granitic rocks from the stocks and batholiths to provide 
additional data on their composition, relationships and origin. 
The early Precambrian layered rocks are believed to have been 
deposited in an epicontinental sea lying on a primitive crust that 
existed 3*2 billion years (3*2 x lo") before the present and that 
the Kenoran orogeny, about 2.4 billion years ago was the last 
major period of granitic intrusion*



STRATIGRAPHY, STRUCTURE AND GEOLOGICAL HISTORY
OF THE 

RED LAKE AREA, ONTARIO

By 

Stewart A. ferguson^

INTRODUCTION

Red Lake is 60 miles east of the Manitoba border and 171 
miles by road east and north of Kenora. Production of gold and 
silver from the area began in 1930 at the Howey mine and to 
date 12 properties have produced these metals and 5 properties 
are in production for part or all of the current year. To the 
end of 1963 the total production has been 7*072,652 ounces of 
gold and 1,058,049 ounces of silver with a combined value of 
$250,059,052 from which $40,037>933 has been paid in dividends. 
During this period 22,740,981 tons of ore have been milled and 
the average recovery is $11.01 per ton*

Scope of the Present Study

Surface geological, geophysical and drilling information 
available from mining companies was compiled and the adjacent 
areas of greatest economic interest were remapped and magnetic 
traverses made in the more strongly magnetic zones. Only limited 
work was done in Balmer township as detailed mapping and a report 
on this part of the area by Chisholm (1954) had previously been 
published. Surface plans at selected levels were compiled from 
company information, as well as a series of cross sections. A 
reconnaissance traverse was made on the Chukuni River system 
to the north of Red Lake and on Highway 105 to the south of 
Red Lake to examine the granitic rock types and to collect rock 
specimens for laboratory investigation. A longitudinal and 
transverse gravity traverse was made by a geophysical field 
party from the University of Toronto in order to determine the 
shape of the volcanic-sedimentary complex. Chemical analyses, 
mineralogical analyses, isotopic age determinations and sulphur 
isotope studies have been carried out by various investigators.

Geologist, Ontario Department of Mines, Toronto.
Published by the permission of the Director, Ontario Department
of Mines.



GENERAL GEOLOGY

Layered Rocks

The layered rocks comprise three main rock ^nits which are 
motabasalt, succeeded by volcanic rocks of a tuff and breccia 
unit, which in turn is overlain by sediments (Fig. 1). Locally 
a metabasalt unit overlies the tuff breccia unit.

Basic Lavas

The metabasalts are estimated to be at least 1,900 feet 
in thickness and consist of a sequence of flows of similar 
composition. Mappable units in the metabasalts consist of units 
of pillow lava, uniform fine-grained or medium-grained lava, flow 
top breccia and variolitic lava. Particular flows can rarely 
be differentiated and the map units may divide a single flow into 
several parts.

Variolitic metabasalts are distinctive rocks which locally 
form marker beds. Generally the variolites are contained within 
pillows and the size and distribution of the variolites within 
the pillows is similar to that of amygdules. A few larger 
variolites up to two inches in diameter are found in the uniform 
lavas* In thin section some of the variolites show radial groupings 
and fan-like arrangements of quartz and albite. Chlorite and 
carbonate are usually present in small amount and carbonate is 
the most abundant constituent in some variolites. Quartz, 
chalcedony, zeolites, etc. are described by Walker (I960, p. 519) 
as the typical amygdular fillings of tholeiitic basalts. Harker 
(1939, pp. 103-104) pointed out that zeolites could be derived 
from feldspars by hydration. Presumably this type of metamorphism 
could be reversed* From the radial structures and the mineral and 
rock association, the writer suggests that the variolitic metabasalts 
are metamorphosed zeolitic lavas.

Chemical analyses indicate that these rocks are altered 
basalts rather than andesites. Metamorphism of the basalts to 
the greenschist facies has changed the original feldspar to 
albite or andesine and the pyroxene to amphibole and chlorite. 
Slightly higher grade metamorphism has produced biotite and 
fibrous amphibole in some places and some outcrops contain 
porphyroblasts of hornblende. Garnets occur in some of the mines 
and the garnet from an exposure on the Consolidated Brewis Minerals 
property in Balmer township has been identified as almandite.

Interflow sediments consist of banded cherts, lean iron 
formations, and argillites and in Baird township some interflow 
rocks are called tuff* The argillites at Cochenour Willans have 
been described by Johnson (1949i pp. 5-9) as being dark grey to 
jot black, depending on tho carbon content. Individual bods



are up to { of an inch in thickness with dark carbonaceous beds 
associated with lighter grey, slightly coarser grained argillite 
or with thin layers of quartzite. Pyrite occurs in layers up to 
a half inch in thickness parallel to the bedding or as individual 
nodules that may be separated from the enclosing rock by concentric 
rings of quartz. A chemical analysis indicated that the carbon 
content was 1.8 percent and continued heating of a finely ground 
sample at 500 C C resulted in complete removal of the carbon. 
This heating test indicates that the carbon is present in an 
amorphous form-rather than as graphite.

Tuff and Breccia Unit

Austin Tuff. Banded Chert; The Austin tuff is about 200 
feet in average width and is of particular interest as it is the 
host rock for most of the ore at the Madsen property. It is a 
fine-grained greenish or brownish rock with banding which varies 
from faint to distinct, and individual bands are less than an 
inch in width. Some parts of the tuff contains angular fragments 
which generally are small and some lenses of brecciated chert 
are found near the lower contact. Butler (1955* PP* 39-43) 
gave the following approximate composition: plagioclase, 45 
percent; quartz, 15 percent; with smaller amounts of amphibole 
(hornblende or tremolite-actinolite), biotite, sericite, epidote, 
garnet, andalusite, carbonate, magnetite, tourmaline, pyrite 
and pyrrhotite. Staurolite and andalusite are more abundant 
near the top of the bed. Garnets are a common constituent and 
are more numerous near the ore but not in the ore.

**

Two analyses of the tuff bed were made from drill core 
which gave two complete cross sections of the bed. The silica 
content of the specimens was 54*0 percent and 54*7 percent which 
is intermediate in amount between the silica content of the 
underlying and overlying rocks. The silica content of a composite 
sample of the Madsen mill feed for one month was 51.66 percent 
which would indicate that there is no silicification of the rocks 
adjacent to the orebodies. The content of ferrie iron in the 
tuff is slightly higher than in the metabasalts and is consider 
ably higher than in the latites and quartz latites.

Banded chert overlies the metabasalt for more than two miles 
in Heyson township. It is up to 10 feet in thickness and consists 
of thin bands of chert alternating with chloritic or slaty bands 
of about equal width. A small amount of pyrite is disseminated 
throughout and in a fow localities pyrite is abundant* brecciated 
chert lonwos aro found noar tho lower oontaot of Cho Aunt in luff 
In the Madsen mine and presumably this is tho same ohort band.
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Porphyritic Latite, "Howey Diorito". Latite Breccia, Etc; 
Thoso rocks am cal Tod quartz la t i t os and lati.tos that undor 
other systems of iiomonc.l aturo aro somotJinoH ea l l od Hoda-rioh 
rhyolitos. Porphyritic latitos containing crystals of quartz or 
feldspar or both are widely distributed. Generally these rocks 
have a low content of mafic minerals and weather to a light 
colour but in some areas the content of hornblende, chlorite and 
biotite increases to more than 40 percent and this part of the 
latite was formerly called "Howey diorite". The fine-grained 
phases of these rocks are also generally siliceous but some 
darker coloured more chloritic rocks also are present.

Latite breccia is widely distributed in small amounts but 
nowhere is it known to form a persistent unit. The largest breccia 
fragments are generally less than 10 inches in diameter with the 
more abundant fragments in the l to 3-inch size range. Practically 
all the breccia fragments consist of fine-grained latite and 
porphyritic latite, but fragments of grey chert and jasper are 
found in a few places. The breccia fragments are generally 
angular but in a few places are rounded and the matrix of the 
fragments is generally siliceous.

Lapilli tuffs are well developed in a zone in Heyson township 
and in the adjacent part of Baird township where they persist 
along the strike for 4 miles and are not interbedded with other 
types of latite. Lapilli tuffs, as used in this paper, contain 
rounded rather than angular fragments and are in the size range 
from the head of a match to marbles. The lapilli are light coloured 
and weather in relief but generally cannot be seen on the fresh 
surface of the rock which appears to be uniformly fine-grained. 
The smaller lapilli have rounded to slightly irregular outlines 
but the larger lapilli are shaped like a miniature cigar. The 
lapilli form an estimated from 50 to 70 percent of the rock and 
consist of a fine-grained mosaic of quartz and feldspar with the 
matrix of hornblende, biotite, chlorite and quartz.

The chemical and mineralogical composition of these rocks 
shows wide variations. The silica for 10 analyses of specimens 
from Baird and Heyson townships ranged from 55*0 to 75.5 percent 
with an average of 66.1 percent. However, in Dome township more 
siliceous phases are present on the Cochenour Willans property 
where 10 analyses contain silica in the range from 75 percent 
to 85 percent. By staining methods it has been confirmed that 
the feldspar is plagioclase and that generally these rocks contain 
little if any potash feldspar, but in a few localities a consider 
able amount of potash feldspar is present. Parts of the latite 
are low in alkalis which is expressed mineralogically by the 
presence of andalusite rather than feldspar. Andalusite which 
has been identified by petrographic and X-ray methods has been 
identified at Cochenour Willans and at Dickenson. The andalusite 
forms porphyroblasts which may show crystal outlines but other



crystals are only partially developed and contain inclusions 
of fine-grained quartz and sericite.

Sedimentary and Metasedimentary Rocks

These rocks form the youngest group and as they weather 
more rapidly than most of the associated rocks they outcrop 
mainly on points and islands and are believed to underlie parts 
of the lake basins. Greywacke and argillite are the most abundant 
rock types. Phyllites occur on the south shore of Slate Bay and 
consist of sericite and chlorite with small knots which contain 
chlorite and quartz.

Conglomerate beds, up to 20 feet in thickness, arc exposed 
on both sides of the entrance to Slate Bay. The pebbles are well 
rounded and range in diameter from l to 2 inches with a few 
cobbles up to 6 inches in diameter. Over a section length of 
34*3 feet the conglomerate bed consisted of 51*1 percent pebbles 
enclosed in a matrix of greywacke with smaller amounts of quartzite 
and argillite* The pebble assemblage consists of the following: 
chert 34*5 percent; granodiorite 26.7 percent; latite 22.5 percent; 
quartz 12.7 percent with small amounts of greywacke, metagabbro 
and metabasalt.

Intrusive Rocks

Basic and Ultrabasic Sills, Dikes and Plutons

Metagabbro bodies with generally sill-like form, but with 
some crosscutting relationships are widely distributed and some 
of the larger bodies of these rocks persist for thousands of feet 
along the strike. The Wilmar stock is nearly circular in plan 
and has an outer zone of more basic rock surrounding a more 
acidic core.

Two of the largest serpentine intrusions occur in the 
northwestern part of Dome township and extend northeast into 
the adjacent townships. One of these serpentinites has been 
called the East Bay serpentinite and at the southwestern end 
extends into the Cochenour Willans and adjacent properties. 
A large body of serpentinite also occurs at and near the 
southwestern contact of the Dome stock, and several smaller 
bodies are found elsewhere in the area mapped.

The more highly altered phases of the serpentinite are very 
soft and appear to be fine-grained, but the less altered phases 
contain crystals of amphibole up to 3 mm* in length. Thread 
veinlets of asbestos and a few veins about a half inch in width



of cross-fibre chrysotile asbestos occur in these rocks. Antigorite 
and tremolite or talc and antigorite are the most abundant 
minerals in certain thin sections with smaller amounts of carbonate 
and magnetite. The outlines of crystals of olivine that formerly 
were enclosed in pyroxene have been preserved by the rims of 
magnetite dust. No evidence of the presence of olivine as an 
original mineral in the East Bay serpentinite was observed and 
it is considered to have been a pyroxenite rather than a peridotite.

Batholiths

Generally these rocks lie outside the area of detailed
mapping except for parts of Bateman, Balmer and Baird townships (Fig. 2) 
To the north of Red Lake a large area consisting mainly of 
granitic rocks has recently been mapped on a reconnaissance 
scale by members of the Geological Survey of Canada.

Duffell et al (1963) have divided the batholithic rocks 
into three major units of which the oldest and largest group is 
called foliated granitic rocks. In places these rocks appear to 
be derived from the granitization of volcanic and sedimentary 
rocks and show prominent gneissic and lit-par-lit banding. These 
rocks are medium- to coarse-grained and consist of quartz diorite, 
granodiorite and monzonite. The biotite and hornblende content 
varies from 5 to 30 percent. Porphyritic granite contains 
phenocrysts of potash feldspar up to 2 inches in length which 
form from 20 to 60 percent of the rock. The third group of 
rocks which appears to be the youngest are leucocratic, pink 
and white, massive granites.

Outcrops were examined and specimens collected at 2-to-4- 
mile intervals on the highway to the south of Red Lake for about 
100 miles. At 14 of these localities the rocks are gneissic; at 
three localities they are uniform granite containing inclusions; 
and at 8 localities they are uniform granite.
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The isotopic ages (Table 1) have been determined for rock 
specimens collected from the batholiths. The potassium-argon 
(K-Ar) age was determined on biotite and the strontium- 
rubidium (Sr-Rb) age by the whole rock method.

Table l Isotopic Ages of the Batholithic Rocks

No. Method Age Rock Type, Specimen Location, Reference

1. K-Ar

2.

4.

K-Ar

K-Ar

Sr-Rb

5. Sr-Rb

2,625 m.y.

2,375 m.y,

2,225 m.y.

2.26 b.y.

2.41 b.y.

Foliated granitic rocks, collected 32 
miles north of the Red Lake volcanic- 
sedimentary complex (Lowden 1961, 
p. 53).

Granitic rock with inclusions, collected 
near Perrault Lake on Highway 105 
(Lowden 1963, p. 78).

Paragneiss, collected immediately below 
the Ear falls dam, Highway 105 
(Lowdon et al 1963, p. 79).

Granitic gneiss, five determinations of 
specimens collected south of Red Lake 
including the same outcrop as No. 2 
above (Purdy 1964, pp. 45-46).

Uniform granitic rocks from two local 
ities south of Red Lake, one locality 
5a miles southeast of Heyson township 
(Purdy and York 1965 t unpublished).

Note. m.y. is million years ( 10**). 
b.y. is billion years ( 109).

Stocks

The McKenzie Island and Dome stocks are partially differentiated 
intrusions but the Faulkenham Lake stock appears to be more uniform. 
The smallest of the granitic stocks is the McKenzie Island stock, 
and on surface the augite diorite of the border phase partly surrounds 
the more acidic rocks with one lobe of the more basic rocks extend 
ing into the central part. Granodiorite is estimated to underlie 
2/3 of the surface area. The contacts between the two rock types 
are gradational but the transition is over a short distance and 
the two rock types are fairly distinct as the augite diorite



is darker coloured.

The Dome stock has a maximum diameter in plan of almost 6 
miles, and most of this stock consists of granodiorite with 
dioritic border phases on the northern and northwestern parts. 
These two phases have gradational contacts. Inclusions are 
widespread but are most abundant in the southern part of McKenzie 
Island, particularly in a zone 3*000 feet by 2,000 feet to the 
west of the prominent bay in the south shore. Generally the 
inclusions are less than six inches in diameter and are angular 
and dark coloured. Most of the inclusions show sharp contacts 
with the enclosing rock but others have gradational contacts 
and have less colour and mineralogical contrast.

Silica analyses for 21 localities within the stock indicate 
that there is a variation of 15 percent in the amount of silica 
from the eastern to the western ends of the stock. For the 
eastern 4? miles there is a gradual decrease in silica content 
from over 70 percent to 66 percent and from the 66 percent 
isopleth the decrease in silica content is much more rapid. 
With decreasing silica there is a corresponding rise in the 
amount of the basic oxides FeO, Feo^' ^^ anc*

Gross (1952) measured the distribution of radioactivity, 
zirconium and heavy metals in this stock and the higher intensity 
of radioactivity and larger content of zirconium is in the eastern 
part of the stock. Forsythe (1964) determined the composition 
of the plagioclase using X-ray methods. One of his diagrams 
shows a trough of more siliceous feldspar crossing the central 
part of the stock in a north-south direction, and dividing the 
remainder of the intrusion into two parts containing slightly 
more calcic feldspar. Forsythe also measured the amount of 
triclinity of the potassium feldspar. As orthoclase is 
considered to be the high temperature form and microcline the 
low temperature form the amount of triclinity is a measure of 
the relative temperature of formation. The conclusion from 
this triclinity study was that the outside part of the stock 
cooled at a lower temperature than the inside part of the stock, 
and the lower temperature was presumably related to the presence 
of volatiles which may be the active agents in the transport of 
mineralization.

Shima et al (1963, p. 2, 845) determined the sulphur isotope 
abundances of four composite samples from four areas which were 
representative of the stock. The delta S^* to S^4 ratio was 
found to be abnormally high and completely outside the range of 
igneous rocks. Consequently the authors suggest that the stock 
consists of regenerated sedimentary material. Gross and Thode 
(1965, pp. 587-588) give the sulphur isotope ratio* obtained 
for the individual samples and discuss the relationship of the 
stock to the adjacent gold deposits.
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Purdy and York (1965) dated two specimens from the Dome 
stock by the whole rock strontium-rubidium method and obtained 
an age of 2.41 billion years. Wells (unpublished data) determined 
the age of a specimen of lead taken from a shear in the McKenzie 
Island stock. This age was approximately 3.2 billion years and 
appears to be anomalous if the age of the stock is taken as 2.4 
billion years to correspond with the age of the Dome stock. 
Similar anomalous lead ages have been reported from other parts 
of the world and the lead is assumed to have come from a lead 
deposit that existed much earlier than the rocks with which it 
is now associated.

Quartz-Feldspar Porphyry, Sericite Schist

These dikes are up to 25 feet in width and some of them 
contain phenocrysts of quartz and feldspar in a fine-grained 
matrix of these minerals. In other dikes the feldspar has 
been completely altered to sericite so that the rock is a sericite 
schist.

Late Dikes

The late dikes are porphyritic metagabbro, fine-grained 
metagabbro and lamprophyre.

Dikes of porphyritic metagabbro, up to 200 feet in width, 
are very distinctive rocks as they contain clusters of 
porphyritic feldspar. ' These clusters of feldspar resemble the 
imprint of a bird*s foot and the rock is locally called "turkey- 
track". Dikes of fine-grained metagabbro cut the rocks of the 
stocks and also cut the porphyritic metagabbro*

STRUCTURAL GEOLOGY

Shape of the Volcanic-Sedimentary Belt

The Red Lake volcanic-sedimentary belt is one of the smaller 
belts in the Superior province with an overall length of about 
35 miles. The eastern part of the belt is a roughly rectangular 
area 16 miles in length and 11 to 17 miles in width which contains 
all the mines that have produced gold. The Killala-Uaird batholith 
divides the western part of the bolt into two parts which are 
respectively about 4 miles and a i mile in width.

A geophysical party under the direction of F. S. Grant of 
the University of Toronto made a transverse and longitudinal 
traverse of the volcanic-sedimentary belt and the adjacent
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granitic rocks. The purpose of the survey was to obtain 
information concerning the shape of the volcanic-sedimentary 
belt. Altogether 108 gravity stations were established at an 
average spacing of about a half mile. The calculated shape of 
the belt as deduced from the gravity profile shows a synclinal 
form with the maximum depth of the belt 4*7 miles or 25*000 feet 
(Fig. 3). The general dip of the contact of the syncline is 25* 
on the northern side and 40* on the southern side, which is 
considerably more gentle than the dips indicated by surface 
mapping.

Structural Determinations

Strike and dip observations can be made on pillow lavas, 
iron formation, breccia, interflow sediments and the beds of 
the sedimentary unit. These observations are supplemented by 
the trends of map units as pillowed zones or the medium-grained 
parts of flows which although not strictly bedding features 
tend to be approximately parallel to the bedding. Many of the 
basic and ultrabasic rocks have a general conformity with the 
structural trends. Geophysical observations using magnetic, 
and electrical methods have provided additional data on the 
shape and continuity of particular rock or mineral zones.

In a few places top determinations can be made using the 
shape of pillows and one determination was made using cross 
bedding in greywacke. On one outcrop lapilli tuff overlies 
pillow lava and fills in the depressions between pillows. By 
far the most important method of determining the facing of major 
rock units is by the superposition of beds. There are very few 
places on surface where the relative ages of the major rock units 
can be determined but mine workings have provided much additional 
information on the dip, continuity and shape of the rock units.

Folding

The two most prominent directions of folding are in an 
east to northeast direction and in a northwest direction. Whore 
these two directions of folding converge the strike of the rocks 
curves smoothly to conform with the adjacent trend and generally 
one direction of folding does not appear to be superimposed upon 
the other. However, in Balmer township it appears that cross 
folds striking in a northwesterly direction cut across earlier 
folds. A cross fold occurs in the northern part of McKenzie 
Island, and in Baird township fold axes are present that aro 
parallel to the axes of the cross folds in Balmer township. 
Throughout much of the area of these folds two parallel bands 
of pillow lava exist and an earlier fold axis may be present 
between the bands of pillow lava.



Relations of the Stocks to the Country Rocks

The McKenzie Island stock dips to the west at 70 0 in general 
conformity with the dip of the country rocks. At the Goldray mine 
an inclusion of greywacke about 900 feet in length and 400 feet 
in width dips 70 0 N. At the eastern end the Dome stock dips 
to the west at 70 0 and about a half mile southwest of the shore 
of Howey Bay the contact dips northwest at 60 0 . These two 
observations suggest that the Dome stock plunges to the west. 
Both these stocks are generally conformable with the surrounding 
rocks and are thought to be diapir structures that were able 
to pierce the overlying rocks somewhat in the manner of salt 
domes.

Faulting

The East Bay serpentinite is thought to have been intruded 
along a fault. This serpentinite trends in a southwesterly 
direction along East Bay and farther to the southwest. The dip 
of the serpentinite body on the Abino property is 60 0 W, on the 
Consolidated Marcus property is vertical and farther to the 
southwest is 75 0 S. The serpentinite appears to be conformable 
with the rocks on the western side but on the eastern side the 
strike of the country rocks is almost at right angles to the 
strike of the zone. No displacement can be seen beyond the 
western end of the serpentinite so that the zone would be a 
hinge fault.

Surface drilling and underground workings at Marboy mine 
have established the existence of three cross faults which 
strike northwest and dip at 47 0 to 65 0 to the southwest. The 
apparent horizontal displacement along these faults is up to 
100 feet in a left hand direction.

GEOLOGICAL HISTORY 

Environment for Deposition of the Layered Rocks

This area is in the Superior province which is one of 
two areas of Archean rocks in the Canadian shield. Metabasalts 
are the oldest known layered rocks in the sequence and are flood 
basalts of the tholeiitic type which were laid down in a 
generally conformable sequence. Deposition in water is 
indicated by the presence of pillows and bedding in the 
interflow sedimentary rooks, The m our c G of the sedimentary 
material may have been partly from hot springs, partly from 
volcanic ash and partly from the breakdown of volcanic rocks 
adjacent to the basin of deposition. The presence of carbon 
and pyrite in these rocks is characteristic of many early



Precambrian sediments which would indicate that the environment 
of deposition was deficient in oxygen. The lack of coarse 
clastic sediments and the presence of thin, lenticular 
sedimentary beds derived from clay, tuff and colloidal silica 
with a minor amount of small, detrital quartz grains would 
indicate streams of low gradient and presumably deposition in 
an epicontinental sea. Wilson et al (1965) made a series of 
rock analyses for 10 areas of volcanic rocks in the Superior 
province of the Canadian shield and concluded that these rocks 
are typical of continental orogenic belts or island arc systems.

Evolution of the Volcanic and Sedimentary Rocks

The stratigraphic relations of the volcanic rocks with 
basalt overlain by quartz latite and latite ("soda-rich rhyolites 11 ) 
appears to be a differentiated volcanic sequence. The formation 
of the tuff and breccia unit marked a change in volcanism from 
the fluid phase of basic lava flows to showers of tuff and 
fragments characteristic of viscous, acidic magma. Because 
of the viscosity of acidic lava flows they are of small extent 
but the tuff and breccia unit is a widespread stratigraphic 
unit and the materials for these rocks must have issued from 
a series of fissures rather than from individual volcanic 
vents. Either the formation of basalts or the more acidic 
fragmental rocks was the dominant process at any particular 
time. However, the presence of a few tuff beds in the upper 
part of the basalt sequence suggests that the change from 
effusive to explosive volcanism was a gradual one. No 
metabasalt is known to be interbedded with the tuff and breccia 
unit but in one locality metabasalt overlies the tuff and 
breccia. Banded cherts and one occurrence of crossbedded 
greywacke marked quiet periods between times of explosive 
activity.

The presence of andalusite rather than feldspar in the 
very siliceous phases of the quartz latites is an unusual 
occurrence and points to a deficiency of alkalis in the rock. 
This loss of alkalis could be due to quiescent periods of 
volcanism when normal weathering processes were active or 
could be due to alteration in the vicinity of hot springs. 
Similar processes may have been active to produce the 
andalusite and staurolite in the Austin tuff but these rocks 
have a much lower silica content.

On the eastern aide of the Bruce Channel a banded chert 
and lean iron formation mark the transition period from 
volcanism to sedimentation. Argillite and greywacke 
containing small rock fragments indicate a land surface 
of gentle relief. Conglomerate beds with well rounded
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pebbles including some pebbles of granitic rocks indicate 
more active erosion and the presence and exposure of dikes 
or larger areas of granite.

The period during which volcanic and sedimentary 
processes were active was followed by a period of folding 
accompanied by the intrusion of igneous rocks. During this 
orogeny mountain ranges were formed and the layered rocks 
were closely folded into steeply dipping folds. The early 
intrusive rocks were basic in character and were followed 
by more acidic rocks. In the batholiths the igneous rocks 
assimilated or partly assimilated the early crust and part of 
the layered rocks. Minor dikes followed the main period of 
intrusive activity. Since that time erosion has been active 
for long periods so that only the deeply folded parts of the 
layered rocks are preserved at the present land surface and 
the areas underlain by igneous rocks have also been cut down 
to the same level.

Source of the Basic and Ultrabasic Intrusive Rocks

The metagabbro intrusions are similar in composition 
to basalt and could have been supplied from the same magma. 
The serpentinites are similar to serpentinites from other 
parts of the shield and are presumed to have had a deep source 
within the mantle.

Source of the Rocks of the Batholiths and Stocks

Examination of the batholiths has shown that the oldest 
and largest group of rocks are foliated granitic rocks with 
zones of banded gneiss which appear to have been derived from 
the granitization of earlier volcanic and sedimentary rocks. 
Sulphur isotope determinations from the rocks of the Dome 
stock suggest that the stock consists of regenerated sedimentary 
materials.

Twenty-nine complete chemical analyses for rock specimens 
from the batholiths and stocks show that the analyses fit into 
a fairly restricted compositional field (Fig. 4). Maniw (1965* 
abstract) made a statistical study of these analyses and 
concluded that at a 95 percent level of confidence the 
average chemical composition of the group of analyses from 
the batholiths is not different from the average of the group 
of analyses from the stocks.
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Evidence for a Primitive Crust

Isotopic ages for granitic rocks from inside and outside 
the volcanic-sedimentary complex are generally similar with 
an approximate age of 2.4 b.y. This would date "Mie last 
major intrusive event as the Kenoran orogeny and the isotopic 
age of the rock by the methods used would be updated to that 
time. The only indication of an older age at Red Lake is for 
the analyses of two lead specimens which gave an age of 3 * 2 
b.y. by the load-load method. Slawson et al (1963) determined 
the age of lead specimens from Manitouwadge and the Cobalt-Noranda 
area and concluded that the Precambrian of North America is older 
than 3*2 b.y. The age of zircons from southwestern Minnesota 
was determined by Catanzaro (1963) as at least 3*3 b.y.

It would appear from the evidence from Red Lake and from 
other areas that a primitive crust existed 3*2 b.y. ago. This 
crust and the early volcanic and sedimentary rocks and some 
associated lead mineralization has been incorporated into the 
batholiths and stocks as shown by the presence of gneissic 
rocks, the evidence of sulphur isotope determinations and the 
age of some lead specimens. The metabasalts were laid down 
upon this crust or upon earlier volcanic and sedimentary rocks 
which overlay the crust.

HOST ROCKS FOR GOLD MINERALIZATION

Metabasalt is the host rock for the veins at the Campbell 
Red Lake, Cochenour Willans and Dickenson mines. The orebody 
at Marboy (McMarmac) consisted of quartz veins contained in a 
carbonate body in metabasalt. Madsen Red Lake and Starratt 
Nickel (Starratt-Olsen) have produced gold from orebodies 
within tuff beds with the largest production from the Austin 
tuff. The Hasaga and Teck (Howey) mines were in a stringer 
zone in a horse of country rock in the tuff and breccia unit. 
The Hasaga (Red Lake Gold Shore) and McKenzie Red Lake mines 
have produced from veins within the granitic stocks and the 
Goldray (Gold Eagle) produced from a vein that was partly 
within a stock and partly within an inclusion of sediments 
within the stock. This wide variety of host rocks for gold 
orebodies is further extended by mineral occurrences where 
gold is within slate, lean iron formation, quartz-feldspar 
porphyry or sericite schist.

Most of these orebodies occupy fracture zones and are later 
than the enclosing rocks. It is only at Madsen and Starratt 
Nickel mines that the ore is confined to a particular rock 
type and probably conforms with the bedding.
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THE GEOLOGY OF CAMPBELL RED LAKE MINE

by

W. L, Jarvis4"

Introduction

This paper is a brief description of the rock types, 

structural controls and ore in the producing area at Campbell 

Red Lake Mines Limited, located in the Improvement District of 

Balmertown, Ontario.

Rock Types

An accompanying plan of the fourteenth level (Fig. 5) 

shows the rock types and structure on this level of the mine. 

Subdivision of the rocks has been made into andesite, Campbell 

diorite, siliceous rock and altered rock. Andesite is host 

rock for nearly all of the vein ore and also contains low grade 

mineralized patches not shown on the map. A central band of 

andesite has been identified separately in order to point out

structure; but this is not meant to imply essential differences
\*

in the properties of the rock in separate parts of the map area.

Campbell diorite is probably a coarser, more massive 

phase of the andesite. It is more abundant on levels above 

the fourteenth and is penetrated by the "A11 vein near surface. 

Also, a few narrow, contorted blue quartz veinlets containing 

visible gold are found exclusively in this rock. Mineralized 

patches are not found in the Campbell diorite.

jst", Ccx/m^oc^ ^RjiA LcxVs. Hvt\*s LJw



The siliceous rock, which is of uncertain origin, 

consists of recrystallized quartz grains with some sericite and 

contains several bands of sulphide-type iron formation. The 

rock determines the western limit of the "F" vein and contains

only a few discontinuous gold-bearing quartz-carbonate veinlets 

which have thus far proved too narrow to be mined. It is 

brittle and breaks into thin slabs with sharp edges.

The relatively soft altered zone consists of carbonates, 

chlorite, talc and small amounts of quartz. Randomly distri 

buted within the zone are blebs and stringers of cherty quartz, 

flecks of white quartz-carbonate, quartz-carbonate stringers, 

irregular brown to yellow carbonated patches and widely varying 

degrees of brecciation and softness; but these many phases 

have been included in a single unit to produce a readable map. 

When veins enter the altered zone their grade increases, but 

they terminate a short distance inside the zone which contains 

only minor irregular patches of ore on strike.

Structure

The central band of altered rock is the south limb of 

an acute-angled fold which noses out approximately at the east 

property boundary. North and west from the nose, a broken line 

has been drawn between points "R" and "S" where the short limb 

of the fold has pinched out completely and the displaced material 

has moved into the prominent noses. On the twenty-first levol 

(the lowest level in the mine at -3100 feet) diamond drilling 

indicates that there is a strip of altered rock between "R"
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and MSM , probably due to increased width of the zone in the 

east part of the mine at depth. Points "R" and "S ff plunge at 

70 degrees to the southwest and have been traced from the first 

level down to the twenty-first level.

In the west part of the map area the band of siliceous 

rock is displaced at point "X", and because the rock is brittle 

this may represent faulting rather than folding. Similarly, 

at the east end of the band there may have been faulting along 

the line U-V. The east tip of the mass of siliceous rock, 

point "U", pitches south-southeast at 70 degrees from surface 

to the twenty-first level and point ffVM pitches south-southwest 

at 70 degrees in accordance with elongation of the nose of rock 

as it plunges south. In general, folds and structural features 

in the mine area plunge to the west, southwest, or south, at 

forty-five to eighty degrees.

Certain features have not been represented on the 

fourteenth level plan in order to avoid crowding. These 

include "black line11 faults which displace the ore short dis 

tances (maximum 60 feet), and narrow dykes of syenite porphyry, 

rhyolite porphyry, and lamprophyre. The dykes are post-ore 

and, with one possible exceptipn, are also later than the faults.

Orebodies

An accompanying plan of the major orebodies (Fig.t ) 

shows their disposition between the first level and the four 

teenth level - the lowest extensively developed level in the 

mine. The ore consists of quartz-carbonate containing gold as



well as pyrrhotite, pyrite, sphalerite, arsenopyrite and minor 

stibnite. Much of the gold is so fine-grained that it cannot 

be seen even under a lens, but arsenopyrite serves as an indi 

cator of ore grade material.

The bulk of the ore is obtained from two different kinds 

of bodies and these are represented on the accompanying plans. 

Reading from west to east, the veins lettered "F", MF2", "Al", 

"L" and "A 11 average only two to three feet in width and occupy 

steep shears which strike northwest. They contain abundant 

white quartz-carbonate, less blue quartz and moderate amounts 

of arsenopyrite. In contrast, the "G" zone orebody in the north, 

central part of the map area, occupies a tension break, attains 

widths of as much as thirty feet, strikes more northerly and 

dips at sixty degrees to the west. The ore contains a much 

higher percentage of arsenopyrite and cherty blue quartz than 

the ore in the narrow veins and it is more refractory to milling.

On the 14th level the !IA M vein, in the southeast part 

of the plan, shows improved grade at the west end where it 

penetrates the south side of the altered zone for a short dis 

tance. At the west end on higher levels the vein stops at the 

altered zone contact without penetration or, more often stops 

short of the contact without this increase in grade.

The flAl tf vein parallels the flA tf vein below the thirteenth 

level. Several diamond drill holes that cut this vein gave low 

to nil asaays where drifting later produced high grade ore. 

Also, channel samples cut across the vein tended to be either 

very high or very low .grade because of the erratic disposition



of gold in the vein.

The high grade "AU" orebody originates as a swelling 

near the west end of the "A" zone on the third level. It has 

an average horizontal length of less than 100 feet but has been 

traced downward for more than 2,000 feet to date. The "FI" vein, 

immediately to the west of the "AU" vein, is very narrow at 

depth and has not been mined below the fifth level.

The above mentioned orebodies, "A", "Al", "AU", and 

"FI", lie south of the band of altered rock which extends from 

west to east across the entire level. The remaining orebodies, 

which lie north of that band, include (from west to east) the 

"F" and "F2" veins, the several veins of the "L" zone and the 

"NC" vein. These veins are invariably high grade at their east 

ends where they enter the altered zone and they all terminate 

a short distance inside the zone. With the exception of the "F" 

vein they plunge to the southwest.

The steep "F" zone strikes northwest across the central 

band of andesite and enters the confining bands of siliceous 

rock and altered rock for only short distances. The bands of 

rock strike east-west and, on the upper levels of the mine they 

dip at 65 degrees to the south, causing ; the vein to plunge to 

the southeast. However, upon proceeding to depth, the bands of 

rock dip more steeply and the direction of plunge of the vein 

changes to due south.



At a point on the "F" vein near its east end, the "K" vein 

is in andesite where it branches off at a high angle a short 

distance below the fifth level. Upon approaching surface it 

enters the altered zone, 1-becomes high grade, and separates 

widely from the "F" vein. Similarly, in the northeastern part 

of the mine, andesite is host rock for the "J" vein where it 

branches off the "Hlf vein near the eighth level; but upward 

extensions of both veins enter the altered zone, become high 

grade and terminate near the fourth and fifth levels respectively.

Southeast of the "H11 vein, the "B" vein occurs exclusively 

in the andesite, plunges due west and comes to an end a short 

distance below the seventh level.

The three veins - MJlf , "H11 , and "B" lie above the "G" zone. 

On the fourteenth level, andesite is host rock for this ore zone 

which is essentially a single body with smooth, precise assay 

walls. However, at higher levels the ore penetrates the altered 

rock and divides into three intricately patterned bodies ("GA", 

MGBtf and "GC") with gradational assay walls. The dip steepens 

and the strike becomes more westerly as the "G" zone ore plunges 

to the southwest, suggesting probable conformity, at depth, with 

the siliceous rock contact U - V shown on the 14th level-plan.
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GEOLOGY OF THE COCHENOUR WILLANS. ANNCO. AND WILMAR 

GOLD - SILVER DEPOSITS. RED LAKE. ONTARIO

D.A.HUTTON

INTRODUCTION;

The deposits occur in a remnant Archean green 
stone belt in the Superior province of the Canadian Shield* 
The greenstone complex of volcanic and sedimentary rocks 
are considered eugeosynclinal accumulations related to an 
island arc orogenic system. Volcanicity is considered a 
possible genesis of these hydrothermal deposits.

LOCATION AND HISTORY;

The properties are situated in Dome Township, Red 
Lake Mining District, Ontario.

W.M. Cochenour and associates staked the original 
group of claims in 1925. Prospecting and limited diamond 
drilling followed, and in 1934, a shaft.: was sunk 31? feet. 
Lateral development on two levels did not provide conclusive 
results. Ventures and Hollinger dropped options on the 
property and only by the pcrseverence, faith, and financial 
risk of the Cochenour brothers and their associates did the 
mine finally come into production in December, 1939. Total 
preproduction costs were $824,460.00. Up to the end of 1964 
the Cochenour Mine has yielded 1,047,760 troy ounces of 
recovered gold from I,d0d,576 tons of rock, for a total 
value of $37,793,593*00,  ^5,723,668.00 of which has been 
distributed as dividends.

In the 1950 f s the Cochenour organization acquired 
control of the Consolidated Marcus property and the Martin 
McNeely property. The latter is now divided into the Annco 
and Wilmar properties.

GEOLOGY; REGIONAL

The Red Lake greenstone belt is approximately 37 
miles in length from oast to west and up to 20 miles in 
width. Depths of several miles ('4*7) have been postulated 
from gravity survey data.

The rock formations may be generally classified inta. - 
three groups; The Keewatin type, consisting predominantly 
of various volcanics and interflow sediments; The Temiskaming 
type, consisting of clastic and bedded marine sediments with 
minor intercalated volcanics; The Intrusives, consisting 
of acidic to basic types of several ages* the latest of which 
are considered Algoman.

STRUCTURAL;

The structural history is complex but several stages 
of folding and faulting arc evident*

Goc.Vve/ncru/Y' W'tffomS Cvc^ci V^VTUS



f From the east and west sections of the basin
folding trends range from East-west to North west-south east* 
In the central part of the basin, crossfolding along north 
east-south west axes is evident. The Dome stock is centrally 
located at the cross point of these folding trends.

Structural features giving rise to zonos of weak- 
nosa; for example faults, fold axes, and cross fold axes 
are considered to be of prime importance in influencing the 
emplacement of the gold-silver bearing mineralization. ;-

PROPERTY GEOLOGY;

COCHENOUR WILLANS. ANNCO, AND WILMAR .

Five of the present six operating mines in Red 
Lake are situated in Dome and Balmer townships, therefore, 
a description of the basic geological features of this 
area may assist in correlating the geology of these five 
mines.

Refer to

The mine properties lie to east of the central 
north east trending folding belt. Folding patterns of this 
nature are evident around McKenzie Island and Bruce Channel. 
The Temiskaming type series of sediments outline a group of 
south west plunging and striking anticlines and synclines. 
In the underlying Keewatin type volcanics and sediments to 
the north of the noses of these folds, there are east-west 
formation trends.

On the Cochenour and Annco properties, the Keewatin 
series of acidic to basic volcanics and the interflow 
sediments, strike east-west to north-west. These formations 
are overlain unconformably by the Temiskaming series of Bruce 
Chhnnel. On the Wilm^r, the Keewitin series strike south- 
west and again are overlain unconf ormably by the Temiskaming 
series. Comparing these rock trends 'rind folding patterns 
with those at Campbell and Dickenson, a mirror image 
relationship is apparent. This suggests a bro*ad anticlinal 
doming along a crossfold axis striking north east-south west 
through the Craibbe-Fletcher, consolidated Marcus properties*

Refer to Figures fc and ^

The Cochenour Willans and Annco ore deposits are 
related to -an overthrust fault zone in the Keewatin series 
of volcanics and sediments. The overthrust fault zone or 
ore horizon has an anticlinal outline. The Axial trend is 
south west-north east and plunges to the south west. This 
is similar to folding exhibited further to the west and 
compatible with the doming fold of Dome and Balmer townships. 
Block faulting is intense and there is both pre and post ore 
fault systems. ,



Pre alteration of the thrust zone and adjacent 
rocks consists of silicification, carbonatization, 
sericitization, and talcification.. A brilliant green 
micaceous mineral called mariposite (Chromium bearing) is 
often found associated with pre ore alteration.

Several stages of gold-silver mineralization have 
been recognized but the main stage is associated with a 
cherty silicification that was emplaced along faults and 
shears. May rock types act as hosts and the pattern of 
mineralization is extremely complex. Gold-silver values 
are intimately associated with arsenopyrite, pyrite, 
stibnite, sphalerite, and several other rarer and minor 
metallic minerals. .The ore is refractory and floatation 
and roasting are required for efficient mill recovery. The 
gold to silver ratio is approximately 10 to l for both the 
Anneo and Cochenour ores.

9

Refer to Fioore. "7

.The Wilmar deposit is quite unique in that con 
siderable amounts of the gold and silver occur as tillurides: 
Hessite (Ag2 Te), Petzite (Ag^ Au To), and Calaverite- (Au Te2 ). 
The silver content is high with a ratio of gold to silver 
of l to 7 indiicated.

The Wilmar deposit is presently undergoing depth 
exploration and development to test production fcasibilty. 
The ore can be treated by simple free milling techniques.

The Wilmar mineralization is contained in minute 
dalomite stringers which lace fractured competent rocks 
such as lava breccias, silicified-carbonatized zones, 
Dykes, etc.

Tillurides are generally considered low temperature 
minerals,therefore the Wilmar mineralization may be a "fossil" 
epithermal deposit.

UNDERGROUND TOUR;

The tour will commence on the 1675 level and proceed 
to the south west. The footwall'sequence of lavas and 
interflow sediments will be examined and several stopes 
will be made to illustrate the block faulting and. complex 
mineralization patterns*
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Geology of the McKenzie Red Lake Mine

Abstract

The McKenzie Island stock is a differentiated intrusion 

7,000 feet in length by 2,500 feet in width. On surface an outer 

ring of augite diorite forms a discontinuous ring around the north 

ern part of the stock, with the central part of the intrusion 

consisting of quartz diorite. Mine workings and diamond drilling 

show that the outer contacts of the stock are fairly regular 

but that the inner contacts between the two intrusive rock types 

have irregular lobes. The stock is concordant with the enclosing 

rocks and occurs in an anticlinal area near the contact between 

the acid volcanic rocks and sediments.

The quartz veins are in shear zones that are crescent-shaped 

in plan and dip toward the convex side of the curve. Within the 

stock the shear zones dip more gently than the margins of the stock 

but at the western side of the stock the dip of the shears and the 

associated dikes and veins steepens to join the dip of the contact 

of the stock. No veins were found to cross the contact of the 

stock into the adjacent volcanic rocks.

Small amounts of pyrite, sphalerite, galena, chalcopyrite, 

pyrrhotite, arsenopyrite, jamesonite and tellurides are present in 

the veins. Gold occurs as minute particles along fractures or 

crystal faces in quartz or sulphides.



Geology of the McKenzie Red Lake Mine

by 

Stewart A. Ferguson1 and Alex Watt 2

Discovery

M.L. Bouzan, a prospector employed by a syndicate, dis 

covered a quartz vein containing gold in the surface outcrop 

of the main shear zone in 1928. These claims had been staked 

in 1925 for a syndicate that was incorporated as McNeely Red 

Lake Holdings Limited and McKenzie Red Lake Gold Mines Limited 

took over the property from this company in 1933* McKenzie Red 

Lake is an associate of Little Long Lac Gold Mines and is the 

old. producing mine in the area as it has been in continuous 

production since 1935*

The south mine is the down dip extension of the original 

surface showing, together with adjacent hangingwall and footwall 

veins. The north mine zone was located by underground drilling 

in 1940 and was first developed on the 450- and 650-foot levels. 

Development and Production

No. l shaft is vertical, passes through the main (No.l) 

shear zone, and is 450 feet in depth. No. 2 shaft is inclined 

at 36O , connected with No. l shaft at the 250-foot level and 

extends to a vertical depth of 1,250 feet. No. 5 inclined shaft 

has a dip of 4?2 O and is the main service and hoisting shaft with 

a slope length of 3,363 feet. The deepest levels are the 2,100-, 

2,250- and the 2,400-foot levels in the north mine adjacent to 

No. 5 shaft, and the 1,950-foot level is the deepest level in 

the south mine area. Development headings consist of 25*3 miles

1. Geologist, Ontario Department of Mines

2. Manager, McKenzie Red Lake Gold Minoo r-,- m -:^~^



of drifts and crosscuts and 12.9 miles of raises and the under 

ground diamond drilling has a total length of 121.7 miles.

From 1935 until the end of 1964 the metal produced con 

sists of 525*806 ounces of gold and 177*720 ounces of silver 

from 2,249*519 tons milled. The value of the bullion produced 

was $22,748,531 for an average recovery of $10.11 per ton, and 

dividends paid amounted to $3,066,449- Milling began in 1935 

at 125 tons per day, which was increased to 230 tons per day in 

1936 and to 300 tons per day in 1963- The number of employees 

was 113 in 1963 and 85 in 1964* In the last calendar year the 

payroll amounted to $476,045* and the cost of supplies was 

$145,406. 

General Geology

Much of the land area of the property is underlain by an 

intrusive body called the McKenzie Island stock, (Fig.lo). This 

stock is in the contact area between volcanic rocks and sediments. 

The volcanic rocks to the west are mainly porphyritic latite or 

soda rhyolite with some interbedded iron formation in areas 

adjacent to the property. The sediments consist of interbedded 

greywacke and argillite, with individual beds up to 10 inches 

in thickness.
f

The McKenzie Xsland stock is elliptical in plan with a 

maximum diameter of 7*000 feet and a minimum diameter of 2,500 

feet and outcrops on the McKenzie property and on the Goldray 

Mines property which is adjacent on the southern side. The 

stock is a differentiated intrusion with 4aore basic rocks, 

augite diorite, forming a discontinuous ring around much of the

northern part of the stock, and one lobe of the augite diorite
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extending from the border area into the more central part of- 

the stock. The quartz diorite of the more acidic part of the 

stock is estimated to occupy two-thirds of the surface area.

The augite diorite of the western part of the stock 

weathers to medium-grey colour and consists of light-grey feld 

spar and dark ferromagnesian minerals about 2 millimetres in 

diameter. On the fresh surface the rock is dark grey to almost 

black in colour. The border phase rocks in the eastern part of 

the stock are more variable and in some areas there are abundant, 

tabular feldspars about 2jz centimetres in length -that are a faint 

pink colour, and also in some areas the rocks are partially carbon- 

atized. The augite diorite is cut by small dikelets^ a few inches 

in width, of fine-grained granitic rocks consisting mainly of 

quartz and pink feldspar. On the 1,600-foot level there is a 

zone about 10 feet in length where the augite diorite contains 

aplitic spheres up to 3 inches in diameter.

The quartz diorite is a medium to coarse-grained rock with 

crystals up to 5 millimetres in diameter, and in places there are 

phenocrysts up to 10 millimetres in length* The feldspars vary 

from grey to flesh coloured to pink with associated hornblende and 

biotite as well as quartz in some specimens. The contacts between 

the two rock types of the stock are gradational but the transition 

is over a very short distance and as the rocks of the border phase 

contain more abundant mafic minerals they are darker in colour.

A chemical and mineralogical study was made of a suite of 

specimens collected on a surface section of the stock which cor 

responds with the position of section No. 1. Analyses of the 

border rocks indicate that they are basic rocks with a silica 

content of less than 52 percent and that the quartz diorite has



a silica range from 54 to 61 percent which is well below the 

average silica content for granodiorites. (Fig.M) The most 

siliceous part of the stock is near the central part of the 

section and the silica content gradually decreases toward the 

borders of the stock, which are augite diorite on this section.

The albite content of the plagioclase feldspar varies sympathet 

ically and uniformly with the silica content for the rocks of 

the quartz diorite and the adjacent parts of the augite diorite. 

However, within the augite diorite irregularities in the compos 

ition of the feldspar occur. Orthoclase may be present in small 

amounts in the augite diorite and in the quartz diorite is from 

1/7 to 1/20 of the total feldspar. Augite, hornblende, biotite, 

chlorite and magnetite are generally in the range -of from 34 to 

43 percent in the augite diorite, and hornblende, chlorite, and 

magnetite form from 10 to 25 percent of the mineral content of the 

quartz diorite.

A dike of hornblende pyroxenite occurs within the augite 

diorite on surface and has not been differentiated on the under 

ground plans below the 850-foot level. (FigIO) This dike 

varies in width from 60 feet to 150 feet and dips steeply to the 

northwest. The dike contacts are poorly defined and short 

apophyses from the dike extend into the augite diorite. Dikes 

of quartz diorite cut the pyroxenite, indicating that it is 

older than the rocks of the central part of the atock. Augite, 

hornblende and magnetite form 95 percent of the mineral content.

Dikes of diorite of both pre-vein and post-vein age are 

present in the mine workings, where they occur mainly within the
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shear zones. Many of the pre-vein dikes are strongly altered 

to chlorite carbonate and talc. The post-vein dikes are dark 

grey to black in colour and generally are fine-grained, but many 

contain larger crystals of feldspar or calcite.

Structure

The general structure of McKenzie Island is believed to be 

an anticline located between the Parnell Islands syncline on the 

west and the Bruce Channel syncline on the east. Both these syn- 

clines are indicated by the presence of sediments which are the 

youngest group of rocks.

The McKenzie Island stock is generally concordant and occup 

ies the contact area between the porphyritic latites and the 

stratigraphically higher sediments on the western limb of the 

Bruce Channel syncline. The stock is elliptical in plan and 

elongated in a north-south direction. Both contacts of the stock 

dip toward the west at angles varying from 65O to 80O . The 

internal structure of the rock as revealed by surface mapping con 

sists of two major rock types where a ring of more basic rocks 

partially surrounds a core of more acidic rocks. Mine cross- 

sections show that the outer contacts of the stock are fairly 

regular but the inner "contacts between the two rock types may show 

irregular lobes (Figs, la,li) .

A crescent-shaped shear system is present in the mine, with 

the central part striking north and the northern part curving to 

the northeast and the southern part to the southeast. The dip 

of the shears is outward on the crescent, with the central part



dipping to the west in the vicinity of No. l shaft. The angle 

of dip of the shear varies from flat to 50O but generally is 

about 400 .

The individual shear zones usually are from 3 to 10 feet 

in width but in a fow places are up to 30 foot. Individual 

shear zones may branch or pinch out along the strike or down the 

dip, but the persistence of the zone is maintained by adjacent 

shears. The shear zones are marked by schist which consists of 

white mica, carbonate and chlorite. Vugs are fairly common and 

a typical vug is 6 by 6 by 4 feet and is lined with calcite 

crystals, and in some vugs the calcite is coated with small cry 

stals of pyrite. The veins occur within the shears and in the 

north mine section dikes also are present in the shear zones.

At the southern end of the 250-foot level and at the north 

eastern end of the 850-foot level veins in the shear system have 

been followed by drifting beyond the boundaries of the stock into 

the adjacent sediments. The shear system dips more gently than 

the margins of the stock and in the north mine reaches the 

western boundary at a depth of 2,200 feet where the shear turns 

along the contact of the stock (Fig. izj. Drilling below the 

2,400-foot level has shown that, the shear with the associated 

dikes and veins remains at the contact for at least 100 feet 

below the level. In the south mine some of the veins in the 

hangingwall of the main shear reach the boundary of the stock at 

about 1,500 feet below surface, and enter the shear which is 

present along the contact, but no veins were found to emerge from 

the shear into the adjacent volcanic rocks.

No. 2 shear is parallel to the main shear zone and at a



L.0!

distance of 900 feet vertically below it. Drifting on this 

shear on the 1,600-foot level located a strong quartz vein in 

the footwall of a diorite dike which is similar to the relation 

ships observed in the north mine, but the gold content of the 

vein was low. The shear has been tested by diamond drilling 

and has been found to be a strong structure but without ore grade 

mineralization. No major faults exist in the mine but there are 

numerous minor faults with displacements of less than three feet, 

with no regular pattern of dip or strike.

A tortion stress 'fracture theory was proposed by Kuryliw 

(1959) to explain the development of the shear systems. This 

theory suggests that the area has been subjected to a force couple 

with the force at the northern end of the stock acting in an 

easterly direction and at the southern end in a westerly direction. 

The competent rocks of the stock would be subj'ected to a torsional 

stress acting in a clockwise direction due to the flowage of the 

less competent adjacent rocks. Relief of the tortional stress 

within the stock could be by the formation of a helical fracture 

within the intrusion with the extremities extending into the 

adjacent rock and probably being repeated at more or less regular 

intervals. The locations of these fractures which form the shear 

zones would be modified by pre-existing zones of weakness, such as 

rock contacts. 

Vein Systems

The two main zones of mineralization are the north mine and 

the south mine zones. The ore of the south mine is partly within 

the main shear and partly within the hangingwall fractures. The 

ore zones are generally similar as they are all quartz voins in



well defined fracture systems. In the north mine many of the 

fracture systems were filled by diorite dikes which are now 

altered, and by later dikes which cut the earlier dikes and the 

quartz veins.

The average dip of the main shear is 35OW. and orebodies 

within the shear are lenses of quartz which are best developed 

above the 550-foot level (Fig./Z). The ore zones are located 

in the wider portions of the shear where there are changes in 

strike or dip, and particularly in the vicinity of the contact of 

the augite diorite and quartz diorite. Orebodies in the hanging- 

wall of the main shear have a parallel strike but dip more gently 

than the shear, and are associated with both augite diorite and 

quartz diorite.

The west mine is a part of the south mine that is adjacent 

to the western boundary of the stock. This zone has been 

explored on the 1,250- and 1,450-foot levels where a vein follows 

the western contact of the stock for 100 feet and then curves 

into the stock to join a vein system that is from 80 to 100 feet 

from the contact. An adjacent, parallel vein is at the sheared 

contact of the augite diorite and country rock for a length of 

400 feet.

The north mine zone has a fairly regular dip of about 400 

and is entirely within the augite diorite for a slope length of 

3,000 feet before it passes through quartz diorite to reach the 

western boundary of the stock (Fig.'3 ). Throughout much of the 

zone the hangingwall of the shear is occupied by a pre-vein dike* 

Where post-vein dikes exist they generally underlie the earlier 

dikes. The shear zone is 3 to 10 feet in width and contains
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numerous parallel stringers and quartz veins both above and 

below the associated dikes. In many places the quartz veins 

are from l to 2 feet apart and some lenses are up to 5 feet in 

width.

Ore shoots within the vein may have a rake but the direct 

ion of rake varies from place to place and there is no pattern 

for any section of the mine. The strength of^the shear zone 

with the associated veins and dikes became much weaker below 

the 2,100-foot level as the shear approached the western contact 

of the stock. Observations to date indicate that the shear on 

the contact of the stock is much less favourable for ore depos 

ition than the shear within the intrusive body.

Mineralization

Two ages of vein material can be recognized in both the 

north and south mine areas. The later variety of white quartz 

forms stringers in the earlier quartz and contains some associ 

ated ankerite but little gold. The earlier generation of 

quartz varies in colour from light grey to blue to black; and 

in many places albite forms part of the vein. Scheelite 

occurs in fractures in the vein quartz in the south mine, 

particularly between the 650-*- and 850-foot levels. Carbonates 

consist mainly of ankerite, with small amounts of calcite, and 

tourmaline has been identified microposcopically.

Metallic minerals are present in small amounts and of these 

pyrite is the most abundant, followed by sphalerite. Other 

metallic minerals that have been identified are galena, chalco 

pyrite, pyrrhotite, arsenopyrite, tellurides, jamesonite and gold. 

Pyrite forms finely crystalline masses in fractures



many places, are parallel to the walls of the vein. Sphaler 

ite is widely disseminated in the veins as anhedral grains or 

as small rods in quartz. Galena and chalcopyrite occur in small 

amounts associated with pyrite and sphalerite. Pyrrhotite, which 

is nickeliferous in some specimens, replaces pyrite or forms 

granular masses. Small amounts of galena occur in fractures 

in the earlier sulphides and the tellurides - krennerite, 

petzite and altaite - are associated with galena.

Much of the gold is present in minute particles associated 

with pyrite, sphalerite, galena and chalcopyrite, where it occurs 

in tiny fractures in these minerals or along crystal faces. 

However, many specimens that contain sulphides do not appear to 

contain gold. Specks of visible gold without other mineralizat 

ion are found in both generations of quartz.

Acknowledgments
S 

The works of previous writer^ have been freely used in

this article, particularly in the section dealing wa ^h mineraliz 

ation. Dr. Jack Satterly has read the manuscript to prepare 

it for publication. Chemical analyses were made by the Labor 

atory Branch of the Ontario Department of Mines and L.H. For- 

sythe determined the composition of the plagioclass feldspars. 

Statistics are partly from Statistical Files and partly from 

Company information* Surface mapping of the property and 

laboratory studies were supported by the Geological Branch of 

the Ontario Department of Mines, and the underground plan and 

cross sections were obtained from published and unpublished

Company information.



References and Sources of Information

Browne, D.J.

1961: Geology of the north mine McKenzie Red Lake Gold
Mines, Dome township, Ontario; unpublished B.Se. 
thesis, Univ. Western Ontario.

Greer, W.L.C.
1953J Report on McKenzie Red Lake Gold Mines Limited; private 

report, August 25, 1953*

Hopkins, P.E.
1941: Brief report on "North Vein", McKenzie Red Lake Gold Mines, 

McKenzie Island, Red Lake, Ontario; private report, 
September 29, 1941.

Horwood, H.C. and Keevil, N.B.
1943s Age relationships of intrusive rocks and mineral deposits 

in the Red Lake area; Jour. Geol., Vol. 51, 
No. l, pp. 17-21.

Horwood, H.C.
1945s Geology and mineral deposits of the Red Lake area;

Ontario Dept. Mines, Vol. XLIX, 1940, pt. 2. 
1948: McKenzie Red Lake Gold mine; Can. Inst. Mining and 

Metallurgy, Jubilee Volume, pp. 352-356.

Hurst, M.E.
1936: Gold deposits in the vicinity of Red Lake; Ontario 

Dept. Mines, Vol. XLIV, 1935, pt. 6.

Kuryliw, C.J.
1959: Report on McKenzie Red Lake Gold mine; private report, 

May 21, 1959.

Smith, T.S.
1951s Geology of the McKenzie Red Lake Gold Mines property;

Canadian Inst. Mining* and Metallurgy, Trans., Vol. LIV, 
1951, pp. 178-183-

Staff, The
1938: McKenzie Red Lake Gold Mines Limited; Canadian Instit 

ute Mining and Metallurgy, Trans*, Vol. XLI, 1938, 
PP. 343-357



MO FMI

PlOMfO II VOflotifM AliOI'OOI of MOlnff fttdfc MMttHtllAMll flf MlflfvftMl OPttUOA Bf UIAdMMM. Mill JllhiAI HJUJiltlit VfltiflflAA at HlA flllfeltAw

owotlMo MrtMtofl* hi jrtMtocloM ftUmor of M*dmwM from Hi* McKwitto lilond ilocfc. S**dm*M wcr* nlltctorf wl|oc*fit lo o 
ItetMII./A'l.llHWfkNo.lAoflofMckwittoNdtdkoOoMMImilM. Ownteol oMrfwhy iufcn BNi f JMMK OliNrt* O****-

M^^ flJ M^AA. M^Aa^^Al*^ 4^*^—^^*^^^ ^— a H* •A**ojA*.•"^•w w* liiH^Ht ivwivfvvo/Mw wt^vmnvi^HM wy M fi* r^vwymot



55

OPERATIONS AT COCHENOUR WILLANS GOLD MINES 

LIMITED AND ASSOCIATED PROPERTIES

By 

D.A. Hutton, J.F. Delaney, and J.D. Jeffries

A paper presented at the 25th Annual 
Mining Symposium, University of Minnesota, Duluth^

1964.



56

CONTENTS
Page

Abstract ............................................. 57
Introduction ......................................... 58
Location and History . ................................ 59
Geology .............................................. 59

Regional - General, Structural, Economic .......... 59
Properties - Geology 6e Exploration ................ 60

A. Cochenour Willans Gold Mines Limited ........ 60
B. Annco Mines Limited ......................... 63
C. Wilmar Mines Limited ........................ 64
D. Consolidated Marcus Gold Mines Limited ...... 65

Methods of Mine Development .......................... 65
Selective Mining Practices ........................... 66
Conclusion ........................................... 67
Bibliography ......................................... 68

FIGURES

14. Property Area Geology ........................... 69

15. Cochenour Surface Geology ....................... 70

16. Generalized Cross-section, Cochenour Mine ....... 71



ABSTRACT

"OPERATIONS AT COCHENOUR WILLANS GOLD MINES LIMITED
AND ASSOCIATED PROPERTIES" 

COCHENOUR, ONTARIO, CANADA

The Coclicnour Willans mine and associated properties of Consolidated 
Marcus Gold Mines, Limited, Annco Mines Limited and Wilmar Mines Limited 
are located in the gold productive townships of Dome and Balmer in the Red Lake 
Mining Division, Northwestern Ontario.

The regional Precambrian geology is discussed and the more important 
structural and economic features are outlined in detail. Relationships between ore 
structures and the complex geology afford excellent study and opportunity for the 
successful application of the geological sciences.

Methods employed for the efficient advance of development headings and 
their successful application to long exploration drives are outlined.

A brief description of the mine workings, discussing the size and nature of 
the ore structures and grade control resulting horn this selective mining operation, 
is given.

AUTHORS:

D. A. Hutton, B.Sc. Hon. .........................A........................................... Chief Geologist

J. F. Delaney, B.Sc. (Mining) ...................................................... Mine Superintendent

J. D. Jeffries, B.Sc. (Mining) .............. Chief Engineer 8c Supt. of Surface Operations

Presented by: 

J. E J. Fahlgren .....................................;1................ Vke President fit General Manager



INTRODUCTION

I laving just read "QUEST FOR ORE" by Russell H. Bennett, an eminent 
American engineer, well known in the Mcsabi Range, I was interested to re-read 
an excerpt by the American Research Council with respect to Gold Mining in 
Ontario as reported in a paragraph of Time Magazine, issue of August 27th, 1956.

"It seems that some 4,000 companies have been incorporated in Ontario to 
develop gold projxirties. Only 5%, or 200, ever went into production and 
not all of these were entirely profitable, for only 73 earned at a high enough 
rate to warrant paying a mining tax to the government. But not even this 
number generated enough steam to pay dividends, and there were only 51 
that got around to disbursing something to the hardy souls that had taken 
an equity in them. A mere 35 were all that paid as much in dividends as it 
cost to bring them into production." .

Notwithstanding this record, of which it is difficult to be proud, it illustrates 
the few economic deposits of this precious metal, which at no time has been found 
in any quantity that would tend to upset its position in the monetary field, in fact 
production has always lagged behind demand.

The province of Ontario is proud of its gold mines, and since inception of 
gold mining to December 31st, 1962 these mines have produced 94,425,805 ounces 
for a value of $3,053,500,698.00.

Normally the development of an efficient selling process and organization 
may be anything from 50 to 90 percent of the whole problem of business enterprise. 
The profitable sale of the product is the ultimate purpose, and if it fails, the business 
fails. In the case of a gold mine, it does not take an ounce of gumption to sell the 
product   Gold. There is no sales problem, no advertising of the product, no market 
research, no need for merchandising technique, and no fear that consumption will 
not fit production. There is one cost, the cost of production. However, with the price 
stade since 1933 at $35.00 per ounce U.S.S, there probably would not be a gold 
mine operating if the industry was also involved with sales costs. The inflationary 
post war operating costs across the board have pressed the gold industry into such a 
vice that survival of the Canadian gold mines and their respective communities was 
only possible by the introduction of the Emergency Gold Mining Assistance Act. I 
am happy to say this act has just been extended for another four years. Without this 
assistance all but seven gold mines in Canada would close.

The Cochenour Willans Mine is situated in the Red Lake Minin0 District 
where the first important mineral discoveries were made in 1925. Geologically the 
area is located 150 miles from the western boundary of the pre-cambrian shield. 
Relative to Minnesota the area is 300 miles north northwest of Duluth, 450 miles 
north of Minneapolis and 175 miles north of the international boundary.

Cochenour is in the class of 35 referred to who have paid as much in divi 
dends as it cost to bring it to production. It is also one of the class of 7 in Canada, 
not receiving Gold Mining Assistance. The intial cost of bringing the mine into 
production in 1939 was S824,460.00, including the cost of the claims, pre-production 
expense and construction of the mill and plant. At the end of 1963 production for 
all time had exceeded S35,500,000.00; this relatively small mine has paidS2,405,000.00 
in provincial and federal taxes, and returned in the form of dividends ^5,400,000.00 
to their shareholders. A further formidable sum for this mine exceeding ^l,500,000.00 
has been expended on outside exploration, especially the three adjoining properties 
which are now controlled by the company, where advanced work on two has been 
encouraging and favourable, suggesting their future position as producing mines.



The operations and geology of Coclicnour Willans Gold Mines Limited have 
been described in several published and private reports. Copies of recent papers 
concerning ventilation and drifting techniques have been appendaged to this paper 
for additional reference. The bibliography contains a nearly complete list of all prior 
reports.

The present paper* has incorporated information from past reports along with 
the information from the more recent Consolidated Marcus, Wilmar and Annco 
development programs.

The property of Cochcnour Willans Gold Mines Limited is located in Dome 
Township, Red Lake Mining District, Northwestern Ontario. The associated Con 
solidated Marcus Gold Mines Limited, Annco Mines Limited, and Wilmar Mines 
Limited, hold property contiguous to the.east, south, and south-southeast of Coche- 
nour, respectively.

W. M. Cochenour and associates staked the original group of mining claims 
in 1925. Prospecting, limited diamond drilling, followed by shallow shaft sinking 
and lateral development did not provide conclusive results. Both the Ventures orga 
nization and the Hollinger organization dropped options on the property. Only by the 
perseverence, faith, and financial backing of the Cochenour brothers and their 
associates did the mine finally come into production in December of 1939. The mine 
has been in continuous production since, and to December 1962, yielded 916,180 
ounces of gold from 1,600,032 tons of rock for a total value of 332,810,292.00   
35,009,761 of which has been distributed as dividends.

Past exploration on Cochenour's associated properties returned only scattered 
indications of mineralization. Surface exploration efforts are hampered by overburden 
and swamp cover. By proposing and financing exploration programs of mutual benefit 
Cochenour has been able to acquire control of these valuable properties.

Extensive underground exploration programs of long drifts and diamond 
drilling are now being carried out. From the Cochenour 1300 level horizon long 
exploration drifts have been driven into the heart of the Wilmar property and along 
the length of the Consolidated Marcus property. From the Cochenour 2050 level a 
long exploration drift has been driven into the Annco. Developments from this 
unusual method of exploration have been gratifying and similar methods are now 
being employed by other operating mines in the Red Lake camp.

GEOLOGY

REGIONAL:

(1) General
The gold deposits of the Red Lake area occur in a remnant basin of Precam 

brian extrusive, sedimentary, and intrusive rocks; surrounded by Precambrian granites 
and granitoid gneisses. The basin is approximately thirty-seven miles in length from 
east to west and up to twenty-three miles in width. The rock formations may be 
divided into three general groups; The Keewatin-type; The Timiskaming-type; and 
the Post-Timiskaming. Hie latter group is represented entirely by intrusions.

(2) Structural
The Keewatin and Timiskaming rocks have been tightlv folded into a series 

of anticlines and syncline*. The axial planes of these folds strike generally east-west
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except in the central part of the basin where cross-folding swings the axial trends to 
a northeast to northerly strike. Several periods of folding and attendant faulting are 
evident. The major fault systems strike approximately parallel to the axial planes of 
die folds and are therefore considered genetically related.

Superimposed folding deformation has created mirror image fold patterns in 

Dome and Balmer Townships.   Fi^ort. Uf

Structural features arc of prime importance in the Red Lake area. They are 
considered to be the control for the emplacement of the gold bearing ore bodies.

(3) Economic
The Red Lake gold deposits may be classified into two general groups with 

the Wilmar mineralization constituting a single representative of a third. Tne first 
group occur in the Keewatin rocks, and the geology and structural relations are 
usually complex. The gold-silver mineralization (Au to Ag more than 10 to 1) is 
intimately associated with arsenopyrite and, "to a lesser extent, pyrite, stibnite, 
sphalerite, and other minor metallic minerals. This associaion tenders the ores of this 
group refractory and roasting is required. The gold is usually contained in silicifica 
tion that has been em placed into pre-ore structural features, such as faults, shears, 
and alteration zones. The Cochenour, Campbell, and Dickenson Mines are examples 
of this group.

The second group occur in the more competent rock types which are com-v 
monly acid to intermediate intrusions. These intrusions are found enclosed in the 
deformed volcanics and sediments. The gold-silver mineralization (Au to Ag approxi 
mately 4 to 1) is usually contained in quartz veins which fill tension fractures and 
shears within the competent intrusive host rocks. Associated mineralization is com 
monly sphalerite, galena, pyrite, with lesser amounts of arsenopyrite and other 
metallic minerals. The gold particles are not so intimately associated with the 
accompanying metallic minerals and ores of this group are treated by "Free Milling" 
techniques. Mckenzie Red Lake Mine and past producers   Gold Eagle; Gold 
Shore; Hasaga; and Howey Mines are examples of this group.

A third group recently discovered is the mineralization of the Wilmar central 
zone. It is unique and unusual being comprised of silver and gold tellurides with 
only minor amounts of free gold. The gold to silver ratio is indicated as l to 11. The 
tellurides are hessite, petzite and minor quantities of calaverite. Associated minerali 
zation contains chalcopyrite, pyrrhotite, gersdorffite, pyrite, and rutile. The metallic 
compounds arc carried in minute dolomite stringers which lace highly brecciated 
competent structures. The host rocks vary 'from silicified carbonatized lavas and 
schists to fractured dykes.

The structural conditions are similar to the Campbell and Cochenour deposits.

Metallurgical studies are proceeding to determine recovery methods for this 
possible future producer.

PROPERTIES   GEOLOGY AND EXPLORATION F^ores 1^, 

(A) Cochenour Willans Gold Mines Limited

GEOLOGY
A comprehensive description of the Cochenour geology and ore structures 

requires considerable detail ana interpretation. The listed sequence of events that 
follows is a compilation and interpretation of the geological features observed at the 
Cochenour and adjacent properties. . . , ; *
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SEQUENCE OF EVENTS Oldest To Youngest

I. Vast thicknesses of marine volcanics, interflow bedded cherts, and argiilitcs, 
typical of deposition in a eugeosynclinal environment. These rocks are termed Kee- 
watin-type.

II. Folding; on a regional scale, probably several periods of activity. Com 
pressional forces are indicated from the south. Axial trends strike east-west, probably 
dip to the Routh, Overthrust Fault Zone* created at shallow angles to fold axial 
planes.

III. Uplift and subsequent erosion.

  Unconformity

IV. Deposition, burial, and consolidation of a thick series of bedded cherts, 
carbonaceous argillite*, and greywackes. These rocks are termed Timiskaming-type 
and are representative of sedimentation following priods of uplift and erosion in a 
continental shelf-marine environment.

V. Folding; both the Keewatin and unconformable Timiskaming rocks are 
folded into a series of anticlines and synclines by compressional forces from the 
southwest. Regional shearing striking N 60* W and dipping 75" south is developed. 
Recumbent anticlinal and synclinal folds are formed with their axial planes parallel 
to the regional shearing.   FVciurx 1^.

VI. Folding; forces from the northwest give rise to strong anticlinal and 
synclinal features in the central section of the Red Lake basin. Rock trends, both 
Keewatin and Timiskaming, swing to follow the axial strike of N 20* E.   Fi '90^*. |

The Cocjienour property is situated to the immediate east of this belt of 
intense deformation. Folding of earlier periods is still evident at Cochenour but 
broad superimposed synclinal and anticlinal folds, parallel to the strong trends further 
west, are also present. The Timiskaming rocks which lie on the south part of the 
Wilmar property are wrapped around the nose of a southwest trending, plunging 
anticline then proceed norm and cut across the Cochenour property striking N 20 
E and dipping 45* - 55* west, forming the east limb of a broad southerly plunging 
syncline. Parallel anticlinal deformation inthe Keewatin rocks situated to the east 
is not so apparent. The Keewatin rocks strike east-west and dip approximately vertical 
but Cochcnour's ore horizon, an Overthrust Fault Zone wnicn cuts through the 
Keewatin, is seen to have an anticlinal outline with the nose plunging to the south- 
south-west. This attitude is parallel to the comparable Timiskaming Syncline adjacent 
on the west. Proves l lv, '5"

Faulting patterns at the Cochenour indicate fault formation contemporaneous 
or closely following this period of folding. The fault-block displacement indicates 
counterclockwise, rotational forces when viewed down the south-west plunging axis. 
To the west of this axis, the predominate faulting is reverse type with the down dip 
blocks tossed up; to the east of the axis, normal faulting is predominate with the 
down dip blocks dropped down.   Pi'^ov-t /5"

VII. Intrusion of pre-ore dykes, plugs, and stocks of varied composition. 
Emplacement generally controlled by structural weaknesses such as faults and fold 
axes. At the Cochenour mine pre-ore quartz sericite dykes termed "Mottled Rhyolite 
Dyke" have intruded along the fault systems and the Overthrust Fault Zone. Ore 
mineralization appear* to be intimately associated with his dyke formation.

VIII. Gold-silver deposition — Several successive periods of hydrothermal 
activity are indicated. An alteration period of silicification and carbonization pre- 
ceeded actual gold bearing solutions. Mineralization at Cochenour is intimately
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related to cherty silicification with attendant arsenopyrite, pyrite, stibnite and sphaler 
ite.

IX. Intrusion of post-ore dykes   These dykes are commonly basic but several 
acid types are known. The dykes follow and cut earlier planes of structural weakness 
that is; faults, fold axes, shears, etc.

X. Open gouge filled Fault fractures. Shallow dips, with minor overthrust 
movement of n few feet.

XI. Erosion nml glacial action giving rise to the present typical pcncplaincd 
Precambrian Shield surface.

COCHENOUR ORE STRUCTURES

The ore horizon at the Cochenour Mine is classified as an Overthrust Fault 
Zone that was subsequently folded, sheared, refolded, and faulted to obtain its present 
attitude. Associated with this horizon are ore structures in (he immediate hanging 
wall and footwall Keewatin rocks. Some geologists have described this horizon as an 
erosional tuff and as a shear zone. The overthrust fault zone classification is more 
consistent with the present observed geological evidence. The identical attitude of the^ 
Keewatin rocks above and below the overthrust horizon, plus their different compo 
sition, is the most apparent feature supporting the overthrust classification. The 
overthrust movement is considered to be from the south to north with a displacement 
of several thousand feet.   fieo-rtit 1 5 1 1#

Pre-ore alteration of the thrust zone and adjacent rocks consists of silicification, 
carbonatization, sericitization, and talcification. A brilliant green micaceous mineral 
called mariposite is often found as an alteration product within the thrust zone rocks.

Cold bearing hydrothermal solutions selected fault systems to emplace gold 
mineralization in and around the thrust horizon. Many rock types are hosts to this 
mineralization. The following classification of structures illustrates the many varied 
ore situations and when considered in conjunction with the block faulting and 
folding substantiates Cochenour's reputation tor complexity.  

(1) Silicified-carbonadzed zones within the overthrust Fault Zone. Attitudes de 
pendent on anticlinal position.

(2) Banded carbonate veins within and parallel to the overthrust zone.

(3) Narrow shear veins conformable to the regional shearing in both hanging 
wall and footwall rocks to the overthrust zone.

(4) Replacement lava structures, mineralized "Mottled Rhyolite Dykes", and 
carbonate veins located parallel to the overthrust zone, and up to 100 feet in 
the footwall.

(5) West Zone   Silicified granular structures at the hanging wall and footwall 
of the talc schist portion of the overthrust horizon. Conformable attitudes. 
"Mottled Rhyolite Dykes" are often found between these structures and the 
hanging wall and footwall lavas. Mineralization commonly persists through 
the Dykes and into the lavas.

(6) Silicified, carbonarized ore lenses within the talc schist conformable to the 
regional shearing attitude.

(7) Mineralized silicified chert structures striking east-west to N 60* W and 
dipping 85* North.



(8) Fault-following silification structures, usually in the footwall of the thrust 
horizon. Strikes vary from N 20* W to EAV and dips are usually steep..

EXPLORATION

The exploration methods for the location of Cochenour's complex ore struc 
tures involves a considerable amount of diamond drilling and drift development. 
Several stages are involved before ureas ore considered fully explored and mined 
out".

The development of a new level would proceed through the following stages. 
Initial exploratory holes from the levels above serve to indicate locations of ore 
possibilities. Drift development then proceeds from the shaft to the nearest ore 
indicated. Diamond drills are then moved in to accurately locate and outline the 
ore structures. Drilling patterns must consider the multiple attitudes of the ore 
structures. Drifting then resumes with switches being driven off the main crosscut to 
allow the mining cycle to proceed. This pattern of drilling and drifting continues 
until such times as the whole length and width of the potential horizon has been 
explored.

The raising and subsequent mining operations are closely followed by the 
geologist as all information pertaining to faults, ore attitudes, and host rocks enable 
the fill-in stages of diamond drilling to locate any missing blocks of ore.

The final stage of exploration and mining is called the "clean-up" program. 
Starting from the upper levels and proceeding down in a systematic manner this 
program is designed to clean out any remnants left in old slopes and to eliminate 
any borderline* ore indications. Because of the complex nature of the Cochenour 
ore structures this program is occasionally successful in locating previously undetected 
ore blocks. Production has adequately compensated for the costs involved.

Periodically long exploratory "wild cat" holes are drilled away from the known 
and developed ore horizon. These holes are laid out to test geological theories, but to 
date, no additional ore horizons have been found on the Cochenour property.

(B) Annco Mines Limited
This company was recently created to control that part of the Wilmar property 

onto which the down dip extensions of the Cochenour West Ore Zone could be 
expected.

The geology and exploration methods are identical to that of the Cochenour 
mine. At the present time an intensive program of diamond drilling and drift develop 
ment is outlining ore structures from the 16th to the 20th levels. Results indicate 
persistance of both ore structures and grade of mineralization.

(C) Wilmar Mines Limited
The Wilmar property is located adjacent to Cochenour's south boundary. 

Martin McNeely Mines Limited were the previous owners and have retained a 
46.7% interest in Wilmar. Cochenour hold the remaining 53.3# interest and has 
management and milling rights.

The geological and structural environment, so important to the emplacement 
of ore in this area, is very favourable on the Wilmar property.

The mirror image relationship between the Balmer and Dome Townships 
folding has economic implications. Wilmar is situated in the heart of the southwest 
striking and plunging Dome Township anticline whereas the Campbell and Dickin- 
son properties are located on the southeast striking and plunging anticline.



Early surface exploration located gold mineralization on the central part of O 
the property. Results were inconclusive. The present underground exploration started 
in 1958. A drift 6,500 feet long was driven into the central part of the Wilmar from 
Cochenour's 1300 level. The drift was successful in locating gold bearing structures 
within the last 500 feet. Diamond drilling and lateral drifting has outlined gold and 
silver telluride mineralization along a strike length of over 1,500 feet. These structures 
have been traced up to the surface and down to the 2,000 level horizon. The zono 
remains ojien for extensions both down dip nnd along strike.

At the present time all results nrc being evaluated to consider future develop* 
mcnt plans. Shaft sinking to a depth of 2,000 feet will likely bc recommended from 
this evaluation.

(D) Consolidated Marcus Gold Mines Limited ^Yaovt II+
*

The property of Consolidated Marcus is favourably situated between the 
producing mines of Cochenour and Campbell Red Lake. It is significant to note that 
Cochenour, Campbell, and Dickenson Mines have produced gold exceeding one 
hundred and thirty four million dollars in value.

The geological and structural environment so important to the emplacement 
of ore in this area is similar on the Consolidated Marcus to that on the producing 
mines.

Exploration of the property has been pursued periodically over the past three 
decades. Results have been encouraging at times but never enough to warrant shaft 
sinking. One of the more potential areas explored was the northeast section of the 
property and thtee narrow mineralized structures were outlined here.

The present program of underground drifting and follow up diamond drilling 
was proposed as a method to gain an accurate appraisal of the complete property. At 
the time of this paper the Marcus drift, some 14,000 feet in length, has just been 
completed and diamond drilling will commence shortly. The diamond drilling explor 
ation will require drill holes to reach out from the drift for distances of up to 2,000 
feet.

To conduct a program of this nature with conventional air powered machines 
would require excessive expenditures for additional compressor installations. Faced 
with this outlay, the Cochenour staff reviewed the problem of power supply for the 
diamond drills. Since the drifts were to be "electrified" for ventilation a: J trolley 
equipment, consideration of electrically powered diamond drills was natural. Elec 
trically powered diamond drills had been used experimentally by several mining 
companies; these efforts for the most part were considered unsuccessful except for a 
report by Sherritt-Gordon Mines Limited at Lynn Lake, Manitoba, who in 1957-58 
had converted from compressed air to electric motor a diamond drill capable of 
drilling AX core to a depth of 2,500 feet. Following the successful application of this 
converted drill Boyles Brothers custom built a machine for their operation. Noting 
the success of this venture, Mr. Leonard Labine of Labine Brothers Diamond Drilling 
Limited, the Cochenour drilling contractor, visited the Sherritt-Gordon Mines with a 
representative of Boyles Brothers. Encouraged by their performance and the availa 
bility of electric power Labine Brothers purchased a custom built unit and following 
a few months operation purchased a second. These machines have been in use on 
the Cochenour and Wilmar properties for nearly two years and have performed 
excellently. It is recommended that other mining companies study the feasibility of 
utilizing machines of this type for their larger exploration drilling programs.



METHODS OF MINE DEVELOPMENT

MINING:
The Coclicnour Mine is serviced by a 3 compartment vertical shaft 2246 feet 

deep with level intervals at 125 feet. Ideally located, this shaft serves the southwest, 
north, and cast areas of the mine with a minimum of crosscutting to any one area.

A system of ore and waste passes connect to two loading pockets at the 1550 
and 2200 foot levels. Ore is then hoisted in 2Vi ton bottom dump skips.

As a result of the complex geology of the mine, the ore blocks, though com 
paratively high grade, are very small and irregular. In order to maintain a production 
of 300 tons per day, a very nigh rate of development must be maintained. Lateral 
development to date is 199,410 ifeet, some 37.8 miles while over the past five years a 
yearly average of 8,377 feet of lateral development and 4,446 feet of raising has been 
carried out. This is exclusive of development to neighboring properties. This repre 
sents a recovery of only 7Vi tons per foot* of advance. A continuous effort has been 
made over the years to improve the efficiency in the development cycles, and reduce 
the devlopment cost per ton.

LATERAL DEVELOPMENT:
Twelve years ago lateral development was carried out with the conventional 

leyner drill on a bar and arm and on a single shift basis. That is, the drilling and 
blasting was done by a two man crew on one shift, the mucking and track by one 
man on the cross shift. Advances of 2.6 feet per man shift were achieved witn this 
method. With the introduction of jackleg equipment the double head system of 
muck drill and blast in one shift was introduced. A two man crew was used and in 
a relatively short time advances of 3.9 feet per man shift were realized at a cost of 
$21.40 per foot advance. The two man crew were responsible for pipe, track and 
ditch in the muck, drill and blast cycle. Average tramming distance for this develop 
ment was 1200 feet.

In 1958 the Cochenour Mine undertook an exploration program on two 
neighboring properties on the 1300 foot horizon. The initial program called for 20,000 
feet of drilling with one of the headings to be 14,000 feet in length. This work 
has now been completed with an average advance of 3.3 feet per man shift, and at a 
cost of S35.76 per foot. The cycle set up for this long exploration work was based 
on the double head cycle employed in the mine. A two man crew was used through 
out on the muck, drill and blast cycle with a support crew on track, ventilation, etc.. 
Papers previously presented on this development work have been included for your 
general interest.

RAISE DEVELOPMENT:
Since the ore blocks at Cochenour are small very little ore is developed on the 

level horizons by drifting. Over the past five years 59b of the ore tonnage has come 
from lateral development. In view of this, raising is largely exploratory and is used 
to investigate diamond drill hole intersections. In general, the attitudes of the ore 
blocks can be anticipated and raises are laid out to take advantage of this attitude. 
Raise development over the past five year period has produced slightly over 3\Vfa of 
the ore tonnage. Raises in general are driven 5 ft. x 5 ft. in size and open at 47*. 
Over the past ten years, raise advances have increased from 3.9 feet [ter man shift 
to 6.2 ftrt jx-r man shift. This increase in advance per ninn shift is due lo the dimi 
nution of ninn hours nml to lighter more efficient drilling equipment. In general, 
raises are driven through from level to level, a distance of 165 feet. As stoping 
develops from the raise, the ore is drawn off from the bottom of the raise while the 
top is used as an entry.



STOPING:
The limited extent and complexity of the ore bodies make stoping conditions 

extremely difficult. Gcnernlly the small ore bodies cnnnot bc outlined economically 
by diamond drilling, and stoping boundaries cannot bc predetermined. Open stoping 
predominated in early years with developing and silling out the tops of the ore 
mocks and benching down on the remaining ore. Good ground conditions on the 
upper levels of the mine made this method of mining quite satisfactory. As mining 
progressed deeper, the ore bodies became steeper and ground conditions less stable. 
Shrinkage stoping became the predominant mining method. Problems arose as a 
result of cither faulting or raking of the small ore blocks which were not predeter 
mined by diamond drilling. As a result, stopes which were set up for shrinkage 
became open stopes to allow the removal of broken ore through original draw 
points. Until two years ago, these stoping conditions were present in reasonably 
competent lava host rocks which coula be controlled by rock bolting and minor 
amounts of timber. The migration of ore bodies into a highly talcose zone has further 
complicated stoping procedures. Shrinkage stopes* cannot be pulled open without 
an excessive amount of timber support. The talcose quality of the ore and the 
migration of the ore bodies away from initial draw points necessitates the scraping 
and following down of shrinkage stopes when primary breaking is completed. Though 
cut and fill mining would be ideal for such ground conditions, the small size of the 
ore blocks and their irregularity make the economics of the system questionable.

SELECTIVE MINING PRACTICES

It has already been illustrated that the mining staff are required to deal with 
eight different ore structures. Close union of both the mining and geological depart 
ments is therefore necessary, and members of the mining staff must oe kept aware of 
all conditions and facets peculiar to each of the many ore structures. The mining 
staff must be able to quickly recognize important features and facts such as faults 
affecting ore displacement and /or enrichment, the different ore occurrences, and 
make a visual evaluation of the mineralization present. Consequently a highly 
selective mining practice has developed at Cochenour rather than conventional bulk 
mining.

Over the past six years our stoping blocks averaged 2,460 tons each. The 
present rate of mining requires 43 stoping blocks per year. Mining on a one-shift 
oasis with an average of 16 tons per machine shift, some 22 developed stoping blocks 
are required to accomplish a production of 300 tons per day. This must be coupled 
with six development headings investigating potential ore horizons previously indi 
cated by diamond drilling. The overall average including all underground men is 4 
tons per man shift.

In our selective mining operations, we employ trained engineers and geologists 
to map, mark and direct daily mining, including the development headings. With 
strike lengths varying from 7 feet to 100 feet, and in many cases the potent gold 
bearing section Ix-ing narrow and tortuous, careful assessment of the structures had 
to become proficient and provide us with reliable guides for the continuation of 
mining. Each structure is quite unique in its own way; the mineralization generally 
has an average of 60& of the gold content associated with the arsenopyrite while 
the remainder occurs in the free state. In practice it has been found that it is possible 
to make a very close estimate of the true grade by visual inspection. Grab and muck 
samples are used to check the visual estimates.

This very close attention to daily mining has accomplished remarkable results 
with little or no overmining, and mine grade has stabilized in the .80 oz. per ton 
range over the past six years, compared with a .50 oz. per ton grade in earlier years. 
A reference to Table I shows the record of mine production.



The mine is now entering its 25th year of operation, and we find it is still 
virtually impossible to arrive at a tonnage estimate of ore reserves. Due to the severe 
faulting in our ore blocks, an unknown factor precludes any positive attempt to 
estimate reserves, and our shareholders have had to bc satisfied with our evaluations 
of indicated ore, related to the history of the mine. The nature of the structures arc 
such that a considerable time lapse is required as mining progresses, for exploring, 
mining and re-assessment to locate any faulted blocks and test all possible ore horizons. 
This is exemplified by the mining ot the sixth level, stretching over a period of nine 
years for a total production of 109,645 tons. Mining, as well as explorative drilling 
and study was continuous throughout this period.

Three tables with respect to costs and reduction record are included for 
reference.

CONCLUSION

While we have not included milling in this paper, in passing we might say 
that our problems continue through into metallurgy and our reduction plants include 
pretty well every process in the book to treat what is long recognized as one of the 
most refractory and complex gold ores in the world. Fortunately we have attained a 
relatively high extraction in the neighborhood of 94% through the use of jigs, 
James concentrating table, mobile blanket concentrators, flotation, roasting, amalga 
mation, cyanidation, with reclassification of the tailings which is returned to the 
cyanide circuit. The first Fluo-solid roaster was developed by the Dorr Company at 
Cochenour and is now used universally. We copied and constructed in our shops two 
mobile blanket concentrators designed in South Africa. We operate the first James 
concentrating table in Canada and presently are testing the James Jimmy Jig.

Gentlemen, should you chance to visit Red Lake, there are many practical 
innovations in operation at Cochenour both underground and in the plant which 
could be of interest to others.

Our problems have long ago set a motto at Cochenour to prepare us to accept 
the errors of enthusiasm to the complacency of wisdom.
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Introduction

THE RED LAKE AREA 

By R.A. Riley1

Although known to fur traders as early as 1777, prospected 

since 1897, and supported producing mines since 1930, the Red
*

Lake area is generally less familiar to geologists than the

i eastern Ontario gold camps. This stems in part from its remote
i . . i.
j location relative to Toronto and, until in more recent years,

j lack of easy access. Supported now by paved highways and a daily

i air service from Winnipeg, Red Lake has become in the past few
j
! years the marshalling center for most of the mining explorationi

i in the northwest corner of Ontario.
i
i i
\ The Red Lake area has a population of about 7200 scattered
!
l among the communities of Red Lake, Balmertown, Cochenour, Madsen, 
l 
McKenzie Island, and Ear Falls. Lack of far-sighted planning on

the part of the mining companies concerned and lack of government

control during the early days of the camp resulted in the pro-
*

l if era t ion of towns ites around the producing mines. Today this 

situation results in a fragmented community, costly duplication 

of services, and lack of a suitable central core around which 

growth can develop.

^ Resident Geologist, Red Lake.
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To date, the Red Lake area has supported sixteen producing 

gold properties from which the total production is valued at

about three hundred and thirty-five million dollars. The first.t .

mine, Howey Gold Mines Ltd., came into production in 1930 while 

gold production from development ore was begun by Robin Red Lake 

Mines Ltd. as late as .1969. The deepest workings in the camp to 

date are in Dickens on Mines Ltd. where the internal winze bottoms 

- at 4,614 feet. In 1968 production of iron ore pellets at a rate 

of about 2,600 tons per day began at Stelco's The Griffith Mine, 

located on the west shore of Bruce Lake about 35. miles south of -
y

; Red Lake. The fact that the first exploratory drilling of this 

iron formation was carried out in 1912 emphasizes the control 

that technology and favourable economic conditions have over any

 potential mining operation.

Next to mining, tourism is the area's second largest industry. 

Many tourist camps are located along the highway between Vermilion

 Bay and Red Lake and about twenty permanent fly-in camps are 

serviced out of Red Lake as well' as several tent camps. Mineral 

exploration has, particularly in the last three years, become a 

big contributor to the economy of Red Lake and will probably con 

tinue to become larger in the near future as the search for
i

 minerals is broadened in northwest Ontario. Lumber and pulp .and

commercial fishing- play minor rolls In the economy of the district.



As in Timmins and Kirkland Lake, the future of the gold

mining industry in Red Lake is not all sweetness and roses.
i i i . . . i . , . .

Production in the area presently (1970) comes from seven proper 

ties: Campbell, Dickenson, Robin (mined from Dickenson), Madsen,
. .' i ' i ,.. t . i

Cochenour, and Annco and Wilmar (both mined from Cochenour). 

Although Red Lake boasts* the only gold producer in Canada today
. ' ' * . . t l . ' ' - - '. . ' lv l l . . . . . l l i i i . . .'ill,

not receiving cost aid the situation with regard to the other
- i . i . . i . . i . .. . , i . , i

mines is not healthy. Costs are constantly increasing due both 

to deeper mining and inflation, and with the price of gold pegged
- ' l . ' i . . . . . j * t . , , l , l V , l l . . i l I.I lil. . ' l . . . i . y . . . y . l i l l V .11.4.1.1.

at S35.00 U. S. an ounce the companies are locked into a situation 

whereby cost increases cannot be alleviated by an increase in the 

price of their product to the consumer. The recent announcement 

by the federal government that the subsidies paid to gold mines will 

be continued until mid-1972 and possibly until 1975 has given the 

area only a short economic reprieve.

Geological History
.
i The first geological survey of the Red Lake area was made by
i 
D. B. Dowling (1896) of the Geological Survey of Canada in 1893.-

In 1922 E. L. Bruce (1924) examined the Red Lake area for the Ontario 

Department of Mines and it was his 1924 report which led the Howey 

brothers to the area and resulted in the 1925 discovery of the vein 

system that later became the Howey mine*' With the resulting influx 

of prospectors to the a rea, in 1925 and 1926, Bruce, accompanied by
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J. E. Hawley, returned to Red Lake in 1926 to examine the area 

in more detail. (Bruce and Hawley, 1928). Other geological 

investigations of the Department of Mines in the area include that 

of M; E. Hurst (1936) who examined the mineral occurrence' in the 

area in 1933 and 193A; H. C. Horwood (1945) who in 1941 completed

a comprehensive mapping project in the area, concentrating on its
* *

mineral deposits; E. O. Chisholm (1954) who mapped on Balmer Town- 

ship in 1947; S. A. Ferguson who mapped Dome and parts of Bateman, 

Heyson, Baird, McDonough and Fairlie townships in the period from 

1960 to 1964 (Ferguson, 1962, 1965a, l965b, 1966a, 1966b, 1968); 

and R. A. Riley (1969) who is presently engaged in remapping the 

west end of the Red Lake metavolcanic-metasedimentary belt.

General Geology

The Red Lake metavolcanic-metasedimentary belt trends east- 

west with maximum dimensions of about 42 miles by 25 miles. The* i

rock types found within are typical of most Archean "greenstone" 

belts. Mafic raetavolcanics consist of massive and pillowed basalts 

and andesites including coarse-grained, variolitic, and amygdaloidal
9

phases. Intermediate to felsic metavolcanics consists of fine to 

coarse pyroclastics and subordinant flows of andesitic to rhyolitic 

composition*
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Generally speaking, three varieties of metasedimentary rocks 

are present: (1) iron formation, found in either a sedimentary 

or volcanic association,-and present in one or more of oxide, 

sulfide or carbonate facies; (2) argillite, metasiltstone, raeta- 

sandscone (mainly greywacke),-and minor metaconglomerate, occurring 

generally in mixed units up to 1000 feet thick and often forming

topographic lows. The'argillites generally contain pyrite and (or)
*

pyrrhotite, often minor amounts of copper, zinc, and silver, and 

are excellent electrical conductors; (3) metasiltstone, metasandstone, 

and me taconglomerate consisting predominantly of intermediate to 

felsic volcanic material locally derived from the volcanic pile.

Metamorphosed mafic to ultramafic intrusive rocks are present 

1 as dikes, sills, and plugs, layered in part and ranging from gabbro

i to dunite in composition. Invariably, the ultramafic rocks are to
i
j some extent serpentinized, talcose, or carbonated while the mafic
i
intrusives have been regionally metamorphosed to the greenschist 

and locally, hornblende hornfels facies. Post tectonic dikes of 

. lamprophyre, diorite, and gabbro cut the metavolcanic-metasedimentary 

sequence.

; Considerable amounts of felsic porphyry, originally mappedt

j as intrusive, have recently been recognized as being of pyroclastic
i 
origin. Many narrow quartz-feldspar and feldspar porphyry dikes

5 \i *

and sills are present but to date no large subvolcanic bodies of
. * '
felsic porphyry have been differentiated from the pyroclastics.



Granitic rocks range from trondhjemite to quartz diorite 

and augite diorite and form dikes, sills, discrete stocks, and 

complex masses of batholithic proportions. Pegmatite dikes are 

common in some granitic areas bordering the greenstone belt.

Generally speaking metamorphism is of greenschist grade with 

albite-epidote and hornblende hornfels facies present in narrow 

metamorphic aureoles around the larger ultramafic, mafic, and

felsic intrusives. 1 '' ' '' ' - .

The primary fold trend is southeast at the west end of the
/~ ̂

belt, easterly in the center section of the belt, and northeasterly1 ' ' ' '* .. i ., i . ... .i . i ., ,

and easterly at the east end of the belt. A secondary fold trend, 

best developed in Balmer Township, trends northwest and is probably 

controlled by the emplacement of the various granitic stocks. 

i Several major fault zones are recognized in the eastern part 

of the area and are marked by northeast trending bodies of serpenti- 

nized and talcose mafic and ultramafic rocks. One large west- 

northwest trending mylonite complex cuts across Mulcahy Township. 

Other breccia and mylonite zones have recently been recognized at 

the western end of the belt but their significance is not yet 

apparent. ' . *

Economic Geology

Unlike many of the gold camps in the Precambrian of Canada 

gold is produced from a wide diversity of rock types and structures
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in the Red Lake area. These Include (a) broad silicified shear 

zones in a dacite tuff (Madsen, Starratt), (b) quartz veins at 

the intersection of two shear zones in granodiorite (Goldshore), 

(c) quartz veins and shear zones in quartz diorite, augite diorite, 

and metasediments (Gold Eagle, McKenzie), (d) quartz stockwork in 

a felsic quartz porphyry dike or welded tuff (Howey, Hasaga) 

(e) quartz veins and silicified zones in talc schist (Annco, Wilmar,
* - '

Madsen), (f) carbonate, quartz-carbonate, and quartz veins and 

replacement zones related to an overthrust zone (Cochenour), 

(g) mineralized chert (Cochenour), (h) cherty quartz stringers in 

conformable ferrodolomite zones (McMarmac), (i) and quartz-carbonate 

stringers and sulphide zones in mafic metavolcanics (Dickenson, Campbell)

Sulphide mineralization is widespread and occurs in several 

rock types. Iron formation in several areas contains copious 

amounts of pyrrhotite and pyrite and small amounts of chalcopyrite 

and sphalerite and galena. Argillite commonly contains pyrite 

and pyrrhotite and occasionally minor amounts of chalcopyrite, 

sphalerite, and galena. Disseminated to stringy chalcopyrite occurs 

in felsic porphyry dikes in the eastern part of the area and in. 

some zones of porphyritic felsic metavolcanics. Sphalerite and . 

galena are found in quartz veins in carbonate and metavolcanics. 

Sphalerite, chalcopyrite, and galena are common in narrow shear 

zones in various types of metavolcanic rocks. Pyrrhotite,
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chalcopyrite, and pentlandite occur in the basal sections of 

some metagabbro sills in the Trout Bay area.

; To date only one sulphide occurrence with economic potential 

has been investigated. This occurrence/discovered by Cochenour 

Willans Gold Mines Ltd., is located about one mile south of 

Trout Bay and consists of massive sulphides - including pyrrhotite, 

sphalerite, chalcopyrite, and minor galena - containing moderate 

silver and low gold values. The mineralization occurs in two 

zones about 800 feet apart on either side of an east-trending fault. 

It mainly occurs in and replaces medium-grained siliceous greywacke, 

although one lens is at leas t-partly enclosed by gabbro. The two 

bodies contain about 136,000 tons of high grade mineralization to 

a maximum depth of about 200 feet where the zones pinch out. Ex 

ploration down dip and along strike has not yet encountered morej . . - - : . . -
mineralization.



THE RED LAKE FIELD TRIP

The purpose of this section of the field trip is to permit

participants to view a rather wide variety of metavolcanic rocks
*

and metasediments composed predominantly of material derived 

from the volcanic pile. Most of the structures to be seen can 

be found in most sizable metavolcanic belts in the Superior 

province,, however in* some instances the rock types, are unique to 

the Red Lake area.

Although we are crossing a fairly broad section of the

east end of the belt, volcanic stratigraphy is not being stressed
i
! as it is still imperfectly known in detail. General stratigraphic
!
j relationships after Ferguson (1965b) are given in Figure 17 In

f'the "same'way little emphasis is placed on economic geology as there
i
l are no readily accessible mineralized surface showings. It is

hoped that any disagreements with regard to the descriptions in 

the road log will be brought to the attention of the field trip . 

leader. ' . ' - ' '  ''' ' . - -
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Mileage

STOP l

0.1

ROAD LOG - MCKENZIE ISIAND TO STARRATT OLSEN

Please refer to Figure l for Stop Locations 

Description of Stops

Outcrop behind McKenzie Island Post Office.

Metasediments cut by granitic dikelets* -

and quartz carbonate stringers. The 

metasediments consist of well-bedded, 

interbedded argillite, siltstone, and 

fine-grained sandstone with beds grading 

both easterly and westerly and providing 

inconclusive evidence as to top direction. 

Ripple marks indicate tops westerly how 

ever. Several of the beds contain locally 

derived lithic fragments indicating strong 

current action. The sediments are suggested 

.to have been deposited in deep water by 

turbidity currents.

Government dock at Cochenour at the end of Highway 

105.

Lakeview Ave. - Turn left and drive for 0.4 miles, 

turn right again and stop at far end of circle 

drive*



STOP 2 Outcrop near lake edge known as Cochenour

Point Rock and is a white to light grey 

mottled rock with andalusite porphyroblasts, 

scattered zones of disseminated pyrite, 

and patches and veinlets of recrystallized (?) 

silica. The SiO content of the rock varies

from about 77ft to 897., A1203 from 6.87. to 13.3ft,
1 ' ' ' j '' - ' - ' ' 

Na20 from 07. to*0.237., K,,0 from 0.207. to 0.647.,
i
CaO from 0.057. to 0.237., MgO from 07. to 0.237.,

and Fe203 from 07. to 2.007.. It has been 
i '

variously described as iron formation, quartzite,

quartz porphyry, highly silicified conglomerate, ~
*

silicified argillaceous sediment, welded quartz 

latite tuff, and an intrusive porphyry dike. 

The conglomeratic nature of the Point Rock on 

the 4th level of the Cochenour mine and the frag 

mental nature of at least one outcrop at Stop 2 

suggest the rock to be either a felsic pyroclastic 

or an autobrecciated felsic intrusion. The 

presence of recrystallized silica (probably 

. " originally colloidal silica), the presence of 

widely disseminated pyrite, and the lack of

alkalis in the rock strongly suggest that- the
o 

unit is hydrotherraally altered.
 ' o

Backtrack to Highway 125.



STOP 2a Take road to Cochenour Ski Hill, proceed across

tailings dam, park at edge of crushed rock c Trail 

tp be found on west side of road and a walk of 

about one minute discloses a large rock ridge 0 

West end of outcrop composed of coarse boulder 

conglomerate. The fragments are white to black, 

show evidence of fine bedding, and the darker ones 

are usually magnetic. Compos it ionally, the fragments

consist of recrystallized chert- (white) and layered
*O 

chert, magnetite, and grey/waeke. The matrix is

rusty and may also be locally magnetic. Overlying
jtss**k -j^S^^*1*jJ^ fi*^^** 

the conglomerateA is a chert -magnetite iron formation:

the outcrop exposed is probably a locally

reworked section of f hi s im4-f , 

A close examination of the rest of the outcrop will 

show it to be felsic, fine -to medium-grained, and to 

contain rounded rock fragments of several different 

felsic volcanic rock types ranging from sand to 

boulders in size 0 One dark sandstone bed about two feet 

thick occurs on the southeast side of the outcrop 

and displays well developed graded bedding suggesting 

tops west o Finely graded bedding in other sections 

of the outcrop strengthens the suggestion that tops 

face wes t o



 The wide range in fragment size (ie. poor

sorting), and the. heterogeneous nature of ' 

' '-''the sedimentary material suggests rapid 

' deposition of the unit. The predominance

of volcanic material suggests the material 

' to have been derived from a rapidly.eroding

volcanic terrain*- . .
. ' ' ' ' **. * ' . *

Backtrack to Highway 125* 

0.6 Airport corner. 

0.7 Airport wind sock.

STOP 3 fl, j Variolitic pillowed basalt, with tops .suggested

 oth southeast and northwest, cut by a fine 

grained quartz-feldspar porphyry dike, itself 

cut by auriferous quartz tourmaline veins. 

Underground exploration of this zone indicates 

approximately 5000 tons per vertical foot

containing approximately 0.10 oz/ton of Au,...t

1.4 Turn right down Rahill Beach Road and stop under, 

powerline, walk about 500 feet west on powerline.

STOP 4 . . Outcrop of sheared and contorted felsic

V ' (79*9X Si02) Co intermediate rock containing



predominantly felsic fragments but with a 

few scattered slightly rusty intermediate

fragments and several felsic types with well
. * 

developed layering. **

Contorted mafic dikes cut the outcrop.
r*

This outcrop can be interpreted either as a 

.tuff breccia (or pyroclastic) or a sediment, 

locally derived from a rapidly eroding volcanic 

terrain. The presence of several felsic 

volcanic fragment types within the units suggests, 

although not strongly, that the outcrop might 

be sedimentary in origin. At the east end of 

Rahill Beach, 100-175 feet west of the power- 

.line, a similar outcrop contains some fragments 

'of grey chert which is more indicative of a 

sedimentary origin for the unit, (if the two 

outcrops are part of the same unit)*

* 
Backtrack to Highway 125*

2.5 View of Campbell Red Lake Mines,and, in the.distance,
t 

Dickens on Mines Ltd. .

' ' Vv ' . ' .\ -v
2.8 Road to Pickle Lake. 

3.6 tMcNeeley Road.



3.8 Balmertown Corner* 

4.2 Cemetery Road.

On west side of road small outcrop of 

conglomerate containing at least five types 

of porphyritic metavolcanic clasts and rare 

clasts of well-bedded tuff*

6.0 Chukuni River.

Outcrop of porphyritic latite containing 

over 107o mafic minerals (Ferguson, 1966), 

formerly known as "Howey Diorite. 11 The 

outcrop on the road past the gate contains 

diffuse patches to angular blocks of a felsic
V

material consisting predominantly of feldspar 

with minor amphibole and, locally magnetite. 

One fragment of felsic material contains angular 

fragments of intermediate porphyritic latite 

- suggesting that the felsic material may have 

been picked up from the walls of the vent and in 

some cases partly remobilized by the more mafic 

l , lava. This outcrop is cut by a narrow lampro-

phyre dike while the outcrop near the highway



contains numerous epidote zones and is cut 

by two felsite dikes and a narrow mafic dike*

Turn in at cut-off to weigh scales.

Amygdaloidal pillowed metabasalt cut by a 

fine-grained feldspar porphyry dike. The

amygdules consist of quartz, quartz and carbonate,*
carbonate 9 and locally pyrite and are concentrated 

near the pillow rims. Well rounded clasts of 

amygdaloidal metabasalt are present but sub- 

ordinant to rounded andesitic clasts in the 

overlying (?) mafic cobble conglomerate. Note 

the amygdule s in the intermediate to mafic dike.

8.4 Junction of Highway 105* Turn right. ;

9.4 

STOP 8 Outcrop downstream along brook was thought by

. Horwood (1945) to be intrusive and he name.d it. ^  *

"Howey Diorite". Ferguson (1968) considered 

these rocks to be medium-to coarse-grained 

intermediate metavolcanics containing more than 

107. mafic minerals. Several zones of fragmental 

material are present in the outcrops downstream 

but the presence of such material is inconclusive 

evidence as to the origin of the rock. Complete



remapping of the Whole unit will be necessary 

before any definite conclusions as to the origin 

of the rock can be drawn* Several types of 

felsic to mafic dikes are present*

9.6 Highschool football field.

Outcrop on east side of highway consists of 

locally derived conglomerate with small area 

of fine-grained contorted, bedded pebbly sand 

stone. Outcrops on the west side of the highway 

suggest the conglomerate to be about 70 feet 

thick and sandwiched between a porphyritic 

intermediate tuff breccia on the north and an 

intermediate to felsic porphyritic lapilli tuff 

to tuff breccia on the south.

9.8 Turn left. Cement foundations on the north side of 

highway mark the former Howey mine site and the 

fenced off area the sill which was mined out just 

prior to the mine closing down. ,

10.1 Hasaga shaft location in area now occupied by 

Midland Fruit and Gulf Oil bulk plant.

1 . . * . ' - rf . 
10.3 Highway 618. Turn left.



11.0 Starratt St. - turn left and proceed up the street 

turning right at the corner and stop at outcrop at 

junction of roads.

STOP 10 Welded tuff composed of massive porphyritic

latite (Ferguson, 1968) containing abundant 

phenorcrysts of quartz and feldspar* Other 

geologists have* suggested that this outcrop 

may be sedimentary in origin due to a poorly 

developed intact framework and the presence 

of distorted bedding on the north side of the 

outcrop* .

Backtrack to Highway 618. 

12.0 Snib Lake.

12.7

STOP 11 Outcrop on southeast side of highway showing 

angular lapilli tuff, filling the depressions 

between pillows and overlain by a unit of

ovoid lapilli tuff cut by a metagabbro dike.
t

13.7 Coin Creek.
' - . \ -

13.8

STOP 12 ^ Outcrop consists of felsic metavolcanic flows 

(74.92, Si02 , 4.in Na20, 2.317. K20) containing



16.4
16.6

narrow layers of spherulites and some sections 

with well developed flow layering. There 

appears to be a flow contact near the road . ^ 

marked by large boulders of felsic metavolcanics 

in a finer grained tuffaceous matrix*

Wander off in open bush on north side of highway 

where coarse felsic pyroclasts overly massive 

to amygdaloidal metabasalt flows. The tuff

breccia contains several types of clasts including
f

porphyritic felsic metavolcanic clasts, angular 

clasts of amygdaloidal metabasalt, coarse-grained 

metagabbro, "turkey-track1' metagabbro, and rare

clasts of black chert and locally derived raeea-/—^
sediments. Two varieties of metagabbro and one 

lamprophyre cut the felsic unit.

14.6 

STOP 14 . "Turkey-track" metagabbro cutting and containing

inclusions of felsic pyroclasts.
. . ' . t

15.8 Road to Madten Mine. '

Madsen 1 s hanging wall porphyry thought to be



intrusive for years but mapped as a porphyritic 

quartz latite by Ferguson (1965). Small 

scattered clasts are present in the outcrop. .

16.8 Turn right on Flat Lake and proceed for 0.2 miles 

down this road.

STOP 16 Outcrop showing a good tectonic breccia zone

trending at about N 45O E and cutting me tabasalts 

which are in part pillowed. Talcose rocks occur

on the southwest end of the outcrop*
\ . - .

Backtrack to Highway 618.
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POINTS OP GEOLOGICAL INTEREST, RED LAKE, ONTARIO

by Stewart A. Ferguson, Ontario Department of Mines.

Part 1.

Outcrops near Highways 125* 105 and 618

Stop l

Location! Cochenour point, claim K.R.L. 7*607 in the backyard of 

the house occupied by the chief geologist at the Cochenour staff 

townsite or at Lover f s Cove on the north side of Jochenour point. 

Description: This rock has been called by many names as follows: 

iron formation (Bruce and Hawley); quartzite (Hurst and Chisholm); 

quartz porphyry (Horwood); in part a highly silicified conglomerate 

as seen in the fourth level working (Newland, Kuryliw); an 

argillaceous sediment that has been silicified (Johnson). The writer 

considers the rock to be part of the acidic volcanic rock sequence 

that originated as ash flow tuffs, and is a quartz latite or soda- 

rich rhyolite.

Three complete chemical analyses of this rock are 

available (Dome township geological report, unpublished November 

1965) and also five analyses for silica* These analyses show 

that the silica content varies from 75 to 90 percent and the 

alumina content from 6 to 10 percent* The most abundant minerals 

are quartz, andalusite and sericite. Andalusite occurs as 

porphyroblasts which have also been identified in specimens of 

diamond drill core from these rocks collected from Diokensen mine* 

Andalusite develops rather than feldspar because of a low content 

of Alkalies which may have resulted due to periods of weathering
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during an interval between deposition of the tuff beds or 

to the leaching of the ash rook by hot thermal waters*

Stop 2

Location* Windsook at the at the airport, claim K. R. L. 93

Pillowed variolitic basalt containing pillows 3 feet

by li feet with pillow rims 2 inches in thickness. The 

variolites are more abundant near the edges bf the pillows with 

a distribution similar to that of amygdules, and are rounded to 

oval in crosssection and up to i inch in diameter. A feldspar 

porphyry dike at the northern edge of the outcrop contains small 

phenocrysts of quartz and feldspar and contains narrow quartz- 

tourmaline veins*

Stop 3

Location i Power line at the northeast corner of Rahill Bay,

claim K. R. L. 94*

Descriptions A band of latite breccia contains angular fragments

of Mat it e l to 3 inches in diameter. The longer axes of the

fragments are in parallel alignment but there is no suggestion

of bedding in the matrix which is a uniform fine-grained quartz latite.

Other parts of the outcrop are uniform, structurless quartz

latite (79*94 percent silica) with a few narrow felsic dikes.

Stop 3A

Location! East side of Rahill Bay between the power line and the

bay, claim K. R. L. 18,897* 100*175 feet west of the power line.



Description i Latite breccia with some tabular fragments up to 

4 inches in length and some fairly well rounded fragments* The 

rocks of the breccia fragments are porphyritic latite, fine 

grained latite and some grey chert*

Stop 4

Location! Outcrop at the northeast corner of the parking lot

in front of the office at Dickcnson Mines Ltd.

Descriptiont "Campbell diorite" which is a medium-grained phase of the

metabasalt can be seen in contact with the fine-grained phase of

the metabasalt*

Stop 5 .

Locationi The east side of highway 105 in front of the Red Lake

and District Secondary School, about 300 feet south of Young

Street.
** 

Descriptiont A latite breccia with fragments fairly well rounded

or tabular with rounded corners. The fragments are mainly 

from l inch to 3 inches in diameter but range from 4 inch to 

6 inches and consist of porphyritic latite and fine-grained
* .

latite* The matrix is siliceous without any suggestion of 

bedding*

Stop 6

Location t 800 feet west of the junction of highway 105 and

Young street*

Description! Howey open pit which is backfilled with waste rock
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to within about 40 feet from surface and appears to be safe for 

travel. At the eastern end of the pit the sill can be seen which 

is about 15 feet in width with shears on both sides and containing 

a few quartz stringers* The western face of the pit may also be 

seen but appears to be less well mineralized. In the better grade 

sections of the mine quart* stringers were more abundant. Earlier 

investigators consider the mineralized zone to be a dike but 

the writer considers it to be a horse of country rook between 

two shears. An analysis of the rook from the mineralized 

zone from the 375 foot level (Hurst) contained 71*52 percent 

silica and the rocks from the survaoe have a silica content ranging 

from 55 to 72 percent silica (Heyson township geological report, 

unpublished November 1965)*

Stop 7

Location i Street west of the south end of Starrat street which is

reached from highway 618.

Descriptiont Porphyritic latite containing abundant phenocrysts

of quartz and feldspar*

Stop 8

Locationt Southeast side of highway 618, claim K.R.L. 10,248.
y-

Descriptiont Lapilli tuffs containing lapilli about 1/8 inch in 

diameter with some latite breccia with small angular fragments 

l inch to 3 inches in diameter. The tuff and breccia unit overlies 

pillowed basalt and f Ilia in the depression between pillows.



Stop 9

 Locatjtotu Small creek beside power line to Madsen, claim K. R. L. 

1,456, reached by trail from highway 618 through claim K, R. L. 

16,675.

.Description i The lapilli tuff i* composed of spherical or spindle- 

shaped lapilli with maximum diameters of about i inch* Lapilli 

fora from 50 to 70 percent of the rook. In thin section the 

lapilli are found to consist of fine-chained aggregate of quarts 

and feldspar in a matrix of hornblende biotite chlorite and quarts* 

The lapilli ara readily identifiable on the weathered surface of 

the rock but cannot be seen on the fresh surface* An analysis of 

a lapilli tuff (62-32-6) collected farther to the southwest iu 

Baird township contained 69*5 percent silica*

Stop 10

Location! Shore of Faulkenham Lake, claims K*R*L* 11,502, and

K. R* L* 12,633, and is reached by a road which leaves highway

618 nearly opposite .the Madsen road and by trails from the end of

this road*

ftescriy. fr fop i Porphyritic metafrabbro ;dike ("turkey track") containing

clusters of feldspar about a half inch in diameter r e* ambling the

imprint of a bird t a foot* The associated rocks are grandiorite of

the Falukenhan Lake Stock with some mafic inclusions*

Stop 11

Madsen property near end of road north of No. 2

(Main) shaft, claim K.R.L. 12,660, about 200 feet northeast of 

the mine ventilation fan and about half way up the face of
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a fairly steep outcrop of porphyritic quartz latite* 

Description! Pot hole about 18 inches in diameter and 3a feet 

in depth. Other smaller pot holes are reported to exist in this 

vicinity but have not been observed by the writer*

Stop 12

Locationt Pile of discarded diamond drill core behind the core

logging building at Madsen which is nearly opposite the mill on

the road from the mine office to the townsite.

Description i Specimens of Austin tuff are abundant, and many

of them are brownish in colour due to the presence of biotite

and are poorly banded* Other specimens of the tuff contain

pyrite and pink garnets*

Stop 13

Locationt Large outcrop at the southern end of Madsen townsite,

claim K.R.L. 12,522.

Description: Metagabbro, medium-grained consisting mainly of

feldspar and hornblende*

Stop 14
*

Locationt Outcrop near Flat Lake reached by Plat Lake road from

highway 618 and trail east of lake, claims K.R.L. 12,964* and

K.R.L. 12,601.

Descriptiont Metabasalt showing two directions of glacial

striae*



Stop 14A ,

.Locationt Outcrop on tho south side of the road about 600 feet

weat of tho junction of tho Flat Lake road and tho road along tho lake

shore, claim 12,963*

Descriptiont Pillowed motabasalt with small pillova containing

about a half inch of white interpillow material wh .eh nay be chert

although it i* quite soft*

Part 2

Stop A

Localioni Outcrop 2*000 feet north of Coohenour point, claim

K.R.L. 440.

Descriptiont Latite breccia containing fragment* of jasper*

Stop B

JLocationi Southeaet corner of ialand 3,000 feet north of Cochenour

point, claim K.R*L* 10,108*

descriptioni Latite containing a lense of interbedded greywacke

about 10 feet in thiokneaa which shows excellent croas bedding.

*

Stop C

locationt MoKensle Island about 100 feet west of the post office.

Description^ Well bedded argillite cut by narrow dikelets of

granodiorite*
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Stop D : 

MoKensie Island west of No. l shaft*

Along the trail west of the shaft there is a good

cross section of the MoKensie Island stock showing the augite 

diorite border phase near the contacts and the quarts diorite 

phase of the central part of the stock. v

Stop B

Location i KoKensie Island, east side, claim K.R.L. 10 , 635*

Description t Greywacke containing snail lithic fragments.

Stop P

.Location! White Horse Island, claim K. R. L* 11,325, 300 feet south of

the Cable (Or lac) shaft*

Description! About 20 feet up the hillside from the shore the

contact of the granodiorite of the Done stock with the country

rocks is exposed. The contact scae is about a foot in width

and greenish in colour.

i

Stop G

Location t The east side of McManus Island. 3,000 feet southwest of the 

Balmertown pump house*

Description! Well bedded greywacke with f elds which are considered 

to be due to slumping*



Stop H

Location! Bay in the north boundary of Dome township 6,000 

feet east of the northwest corner post of the township. 

Description t A conglomerate bed 22 feet in width contains well 

rounded pebbles from l to 2 inches in diameter with a few boulders 

up to 6 inches in diameter* The matrix of the pebbles is mainly 

greywacke with smaller amounts of agrillite and quartzite. In a 

cross section of this bed the pebbles consisted of chert 41.2 

percent; granodiorite 28.4 percentj latite 13*7 percent) quarts 

10.8 percent greywacke 2*9 percent; diorite 2.0 percent;basic 

volcanics 1.0 percent*

Stop I

Lo c at ion t North side of the headland on the western side of the

entrance to Slate Bay and 1,200 feet east of the western boundary

of Dome township.

Description i The sediments are metemorphased to a phillite of

spotted schist with small knots less than 1/8 inch in diameter

consisting of quarts and chlorite*

Stop J - 

Location i The western side of the entrance to Slate Bay near the 

central part of the headland and 1,400 feet west of the boundary 

of claim K.R.L. 19*590.
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Descriptioni Argillite and latite occur adjacent to one another 

in the cliff face and there ia little doubt but that the 

sediment* overlie the latite. Draff folds in the sediments 

indicate a plunge to the southwest*

Toronto, Ontario, 

November 22, 1965
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RESULTS OF A GRAVITY SURVEY ACROSS 
THE RED LAKE GREENSTONE FORMATION

By 

F.S. Grant*

Introduction

In June 1962, a field party from the Universi y of Toronto 

Geophysics Laboratory made a number of gravity traverses of Red 

Lake and of its immediate environs. The purpose of the survey 

was to obtain some information concerning the distribution in 

depth of the Keewatin volcanics (greenstones) which are suspected
 x *

to attain a great thickness in this area. Generally speaking, 

the greenstones are basic in composition and are more dense than

the adjacent rocks which are chiefly comprised of Algoman granites
*

and T "n i skarn In g sediments. Thus the volcanics j Aou/d produce a 

positive gravity effect, the amplitude of which should give some 

indication of their total thickness. The gravity results reveal 

that the greenstones taper strongly with depth, reaching a 

maximum thickness of about 25,000 feet* The interpretation 

indicates that the greenstone boundary has an asymmetrical 

synclinal shape, suggesting the eroded remnant of a deep fold.

Geology and Field U/ferk

The accompanying sketch map Indicates the distribution of 

the gravity stations. Altogether, 108 observations were taken 

along two Intersecting lines, the first running roughly north-south 

from the north end of Little Vermilion Lake to Highway 105 near 

ioc^ Lake; and the second running approximately we s t-east along 

the general axis of Red Lake itself. The rocks that were traventd

1 Geologist, University of Toronto Geophysics s 
Laboratory
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by these lines can. fee

(b) sediments, and (c) intrus/o/,5

The volcanics are Identified by H. C. Horwood 

consist largely of Keewatin lava flows which contain a few ~ 

pyroclastics and some interbedded sediment, which in turn 

contains some iron. These volcanics are essentially basic in 

composition and are given the name "greenstone". The sediments 

consist of greywacke, conglomerate and poorly sorted sand 

stones with small amounts of slate and ferruginous chert.

They are classified by Horwood as T/m i skarn in g. Gravitationally*-
they are less dense than the Keewatin rocks, and apparently lie 

unconforrnably on top of them* The entire Ti'miskarning-Keewatin 

sequence is steeply folded and metamorphosed -to varying degrees.

The irfbrusi*i^ are identified as Algoman, and occurJas 

a granite, granodiorite^and quartz diorite host that is generally 

concordant with the bedding of the volcanics; as dykes and stocks 

of quartz-feldspar porphyry that are strongly discordant with 

the sediments and volcanics,* and as a hybrid granitic rock 

which has assimilated greenstone within a framework of granodiorite

and of dlorltic gneiss, and which also contains some pyroxenite
 H*'"r*

and feldspar-gabbro p^^phyry. The Algoman*rocks are generally
trects**''* \

less dense than theA lavas*



- l//-

;Cerlier regional gravity work in this area by Garland 

in) Innei (4) revealed that the Keewatin volcanics produce a 

strong, positive gravity effect, although the work was not 

cirrlea out in sufficient detail to permit an interpretation 

of structure. Thu 'Agin objective of th/s survey was to 

ma':e a quantitative interpretation of a gravity profile to be 

taKen as nearly as possible at right angles to the axis of the 

greenstone formation and passing more or less through its 

centre. The obvious choice of route lay from the north end 

of Little Vermilion Lake down the Chukuni River, across Red Lake 

and down Highway 105 (see FVjafc li : ** An east-west line .along 

tne axis of-tltS volcanics was also '4-ra ^c*\je J in order to give 

sciue indication of their total strike length.

Tho water levol at Red Lake was used as a reference for

elevation reductions and road elevations were given by highway . ^
tench marks. Forty-eijjht, stations were occupied on this line, 

at an average interval of about three-quarters of a mile. Due 

to the obvious difficulties in base looping along such an 

extended line, some sacrifice was allowed in *he accuracy of 

tha corrections for instr-Jirumt drift. The lack of a bottom 

topographic map cf the lakes themselves, technically required 

for making the terrain corrections at lakeside observation sites, 

introduced additional uncertainties. Tfiep*fon e , it vas tHo^^^t- 

that the accuracy of the reductions was about Jib gravity units; 

and inasmuch as the amplitude of the gravity anomaly caused by 

Reference 0-j e J**s  *'" 4 *^
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tho greenstones proved to be about 3^ gravity units maximum, 

this errcr could be tolerated quite easily.. The main results 

are summarized in Figures /fand ^o which show profiles of the
0*0**'?

bouguer gravityA along the north-south and along the east-west 

traverses, respectively. The survey was not tied to a pendulum 

base, and se the datum is arbitrary.

Interpretation of Results

Figure Zo suggests that the greenstone body is at least
s

twenty-five miles long (roughly, the distance between the "half- 

maximum11 points on the gravity profile), o^J that the north-south 

line of traverse has intercepted it close to one end. Thus if 

we apply computational procedures which are based on two-dimensional 

models we can expect only qualitative accuracy in the Interpreta 

tions. In view of the objectives of the survey,-
* . 

it was felt that this was -, preferable to the use of

more complex numerical methods*

Referring now to figure /? we may regard this as a profile 

of the gravity effect across a two-dimensional body having an 

arbitrary cross-section, plus local disturbances due to
,lt *ej*^V. eFfe**'*

extraneous, near-surface masses. The latter^seem to be associated 

mainly with intrusion* belonging to the Algoman series, 

" " We remove them (thereby 

"replacing" the Algoman granites with Keewatin volcanics) by 

smoothing the profile in the manner indicated In the diagram.



To Interpret the smooth profile, we endeavour at* first to 

find a model whose gravity profile has roughly a similar shape,, 

and then to refine the model by numerical fitting until the 

two gravity profiles match.

The choice of structure is pretty much limited either 

to an anticlinal or to a synclinal form,

The gravity effect declines much too quickly on 

the flanks of the anomaly to allow an anticlinal 

interpretation* Given the width^of tne anomaly

it is possible to calculate the depth of the syncline 

quite readily. ,

Let us define

Ag majc s, the maximum amplitude of the Bouguer gravity 

anomaly, ^

1=1 Agdx s the total area under the anomaly 

profile (making whatever allowance is necessary for the truncated 

flanks),

2w s the width of the base of the syncline at the 

ground surface, as indicated by outcrops,

hw s the maximum depth of the syncline.

Then, assuming that the shape of the cross-section i* an inverted 

isosceles triangle, we have the dimensionless quantity 

f(h) *
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^ A plof of f i, ^ quantity gives h from a measurement of

i and w. Thus from the north-south gravity profile we have
um 4* VA**fo . miles

s 290V*v^y*and * s ^170 *r***'h A " The width 2w

indicated by outcrops is about 18 miles. Accordingly, 

f(h) s 0.98 and consequently h s OA93. Since v s 9 miles, 

vh, the maximum depth, s M-A? miles or about 2*f,000 feet* The 

indicated density contrast between the greenstones and the 

granites is given by the formula

p s i/2 K O w2 h a 0.15 to.cm."3.
- w

Samples taken from outcrops along the traverses indicated average 

densities of 2.62 gm.cm.~3 for the granites and 2.77 gm.cm."^ 

for the lavas, thus confirming the calculations.

With the aid of a graticule, the gravity effect of the 

synclinal model can be calculated. A few minor adjustments to 

the shape we^e needed in order to bring the observed and the 

theoretical gravity profiles into closer coincidence. The 

final form of the cross-section of the greenstone contact as 

interpreted from the gravity data is shown in figure X/ 

It appears to be an asymmetrical syncline whose axis is 

displaced to the south.

The residual negative Bouguer gravity effect at the . 

centre of the profile (see inset, .figure jic) Indicates a 

synclinal core of sediments, granite,and porphyry that is 

coaxial with the main body. The maximum depth of this core,



as interpreted from the grarity data, is about 7500 feet. 

It appears to- be isoclinal with the base of the greenstones* 

When the gravity effect of this material is added to that 

of the main greenstone body, a satisfactory fit vith thet*o** l y
observed profile of Bouguer gravltyAls obtained (Figured.

The smaller positive gravity features on the south 

flank of the anomaly and the even smaller negative ones on 

the north flank are^due to small satellite masses that lie 

relatively close to the surface, and have not been interpreted*

It should be asserted that the interpretation shown in v 

figure 2} indicates a minimum greenstone thickness only, since 

it is based upon the hypothesis that a constant density 

difference between the greenstones and the granites prevails 

throughout the entire bulk of the volcanic Basses* In view

of the general tendency for rook densities to increase vith**
depth, it is possible that this hypothesis may not be correct, 

and that the density difference diminishes vith the depth. 

If this should happen, then the greenstone boundary may bo 

placed at a somevhat greater depth, although the change from 

F*rgure 3J is not likely to be very large. For instance, if 

the density contrast betveen the volcanics and their host rook 

should diminish at the rate of 0.025 gm.om. /mile (so that 

the density difference vould ultimately disappear at a depth 

of 6 miles), then too apex of the greenstone syncline vould 

lie at a depth bf 5*3 Bilos Instead of V.7 miles. The



general shape of the boundary would otherwise remain the 

same. Such an alternative interpretation would fit the 

gravity data equally well (for practical purposes) y and 

therefore the geophysical results must be considered as being 

ambiguous to that-extent*

In summary, therefore, it appears from gravitational 

evidence that the greenstones consist of a thick, folded mass 

whose maximum depth is unlikely to exceed 27,000 feet. The 

fold is asymmetrical, with the axis displaced about 3 miles to 

the south of the centre of outcrop. It is more gentle than 

is indicated by the dips of surface outcrops, and appears to - 

contain a core of lighter (granitic and/or sedimentary) 

material that is some 7500 feet thick.
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