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- ABSTRACT

The Chibnugamem mnmg district, includeb parts of McKenzie, ‘

Obalaki, Roy, Lanozne, and M«.borkell t own ships and is located in the

eaztern part of_‘ Abitibi territory of Quebec,

Basic Ksawatin veleardcs and minor acidié flows are domimnt
in ‘the noxfther’n par't of the distriect. Tuffaceoms sediments cvérlie'the
volc‘anics‘ .in'a."bel‘b 3500 feat wide in the northern part. Intruded o ‘
‘into this Keewatin sequence are three types of intrusive rocks. A |
gabbro«aanomthasit.e hasic complex; with associated granitic and dioritic-
Bpﬁases has Been inﬁm'ded along th_e crest of a nommnoﬁheast striking

a-nticlir;e‘ in the soﬁ'thern part of the district. ‘T'he' second type of

intrusion is represented by sills and irreglilar masses of basic and

‘ultrabasic rocks which hawe intruded the volcanics and tuffaceous

sediments in the northern part of the district. Later dikes of diofite,

gabbro and diabase oceupy nor*t.heast and northwest striking fractures. -

| Remnants of the Chibmgamx sedmentary series outcrop in a few areas

' 1n the northern paWt, of the diﬁtr’ict,

The rocks of the region have been cdnqareSsed into easterly

tremding anticlines ard synclines., Cutting a_cro’ss'the folds are three

. major sets of faults. The major faults which strike northeast consists
of the McKenzie Narrows, Tache Lake and Gwillim-Campbell Lakes faults.
. Minor faults with & northeast strike are numerous in the district. =~ .

" Smaller shears which strike narthwest are very abundant and in many

césés aré the iinpm"t.a'n'ﬁ sulphide structures. A set parallel to the

~trend of the foﬁmatidn ~ the northmnor’theagt set - 18 exemplif‘ied by

" the lac Sauvage Fault.
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ABSTRACT - contimed

The most‘important types of minéral deposits aré mgnetite -
-ilméhite and sulphide replacement deposits and golquﬁgrtz veiné.
| The vi}iﬁ.iuiI‘:i,i’&‘-lf."‘:ﬂlt'i'mém tite déposits are either alterétion
‘prpducts locata& in ser;antinité bodies or aré pr0ducts of magmatic
differentiation in gabbro intrusiveso. The tomage of thesé deposits
' is large. . | |
‘ Tha replacement sulphide deposits‘have been-suﬁdiﬁided‘into
.pyriféépyrrhoﬁitemﬁhaleopyriteg arsendpyritempyrrhotitemsphalerite,
pyriﬁemmagﬁetitaughalc@pyritg9 and pyrrhotit e=chalopyrite deposits.
The pyritempyzﬁhotiteachalcoﬁyrite'deposits = the major economic
deposits in the district - are locallized by northwest to east-west
strikingvsheaf.znnes in anérthosite or less commonly in thé gabbro-
:anorthqsite transitionsl zone, The deposits are controlled by pitches
and'rolls in the shear zcue, thé nature of counfry focksn intrusion of
',dikes and posﬂumineral faultingo 'The pyrite=magn5titeecha1¢opyrite
-deposit is confined ﬁo;a_brecciated zone in the Grandine‘granite'plug,
whereas the aréenmpyfiteupyrrhptiteasphalerite deposits occupy highlj
fractured zones in ultrabasics. The pyfrhotitebchalcbpyrite'minqraln
izaticn‘is seen in élighily éheafed tuffs, near gabbro sillfcontacts
- or inAshear zones in ultrabasics or basic intruéivaso
| The gold-quarts %eﬁns'which odcupy minor shear zones in
' f  diorite or gabbro~bodi§s are not of economic-significance. These

gold=quartz veing are thought-to be lower intensity typéso

* The paragenetic sequence of mineralization in all of the
. deposiiis9 éxclﬁding the pyriteumagnetiteachalcdpyrite deposits,vfollows
- a normal parageneiic saquence. Quartz, siderite, magnetite, arseno-

pyrite, pyrite, quartz, pyrrhotite, sphalerite, chalcopyrite, galena,

i

I Tl il bl
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ABSTRACT - comtinued

late gangue-and low temperature minerals crystallized in approximately
that order. The paragenetic seciu.énce of mineralization in the pyrite-~

magnetite~chalcopyrite deposit is very unusual. Here the sequence of

 crystallization is pyrite, quartz, magnetite, hematite, chalcopyrite,

calcite s and molybdenlte.

Two or three periods of fracturlng in all of the deposits
has s;ibd:n.v:n.ded the mineralizatin imto stages.

.The late age of gold mineralization in the gold quartz

~veins and the periods and origins of mineralization are discussed.




-

(

B I e

- INTRODUCTION -

Location and Location

The Chibougamau district lies in the eastern part of Abitibi
Tefritory-qf Qﬁebec5 abqﬁt 320 miles north’of Montreal and 224 ﬁiles‘
‘east of the west boundary of the Province. fhe district inélﬁdes the
- greatér part of McKenzié, Roy, and Obalski townshiﬁs, the northmwést‘
corner of Lémoine townsﬁip and the éxtremeiwestern portion of MeCorkill
township. . |

Tﬁe Chibougamau district can be reached by a gra§31 road from
St. Felicien. Before the completion of the raiiroad and highway, the.
‘6nly means of accéSs'was by two canoe‘routesgndne from Askelaneo River

!

Station and the other from St. Felicien at the west end of Lake St. John.

‘Topography and Drainage

The.Chibongamau district lies north of the high land between
£he St. Lawrence Riverianerames Bay. The topoéraphy in the northern-
and in the southefn parts of the district is in marked contract. In the
northern part,;the-predominanfitppographic features are pérallel belts

¥

of ridges and hills which follow the conspicuocus east-west strike of the

;rocks. Between thé ridges are narrow valleys and 1owlapds, with small

lakes. 'The-reiief in this area ranges from 300 to 600 feet, The topo-

- gréphicvrelief is small in the area South of Chibougamau Lake, David Lake

and Dore Lakes this'aréa is hilly and largely drift-covered with a few
proﬁinent ridgese. About half of the surface of the southern\part cqnsists

~

of lake-filled depressions.

The area is drained principally b& the Chibougamau river, which

flows northwestward into the Nottaway River and ultimately to James BayQ
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The tributaries of the Chibougamau River drain ‘the major lakes in the
Chibougamau district. Lake Chibougamau is rectangnlar in the shépe and

covers an -area of 90 square miles, David Lake, Gwillin and Bourbeau Lakes

are other 1arge bodies of water'in the dlstrictb Numerous sm¢11er lakes

with a prononnced east-west trend pafallel to structure occur in the
northern part of the district, However, in the southern part of the area,
ice movement was an important factor in the formation of north north—

easterly trendlng lakes.

History and Present Status of Copper Mining

The recordéd,history of the Chibougamau area goes back to the
seventeenthncentury when it was discovered by early explorers travelling
on the direct route between Lake St. John and James Bay° ‘The visits made

in the seventeenth and the eighteenth centurles by misSionaries and French

fur traders made available a certain amount of geographic information, but

it was not nntii 1870 that the first gedlogical reéonnaissancé was’attempted°
Chibougamau; like other copper mining districts, has witnessed
periods of prosperity as weli‘as yearsiof dormancy; The years-l903e1911,‘
1929=1937§'and 19&8 to the present repfesent the three major periods of
mining:activity in the Chibougamau‘distrinto ‘The first period was initiated
in 1903 by P, McKenzie who discovered gold, copper, and asbestos-intthe‘i '
Lake Chibougamau area. Eor_eight years,_extensive‘surfane exploratidn_work,

mainly for gold, was undertaken. In 1910-11 the Chibougamau Mining

' Commission; headed by Dr. A.E. Barlon of MdGillg reported on the economic

pnssibilities of the areé. The. investigators concluded that the known

copper and gold occurrences were not of suff1c1ent importance to justify

: mining development. Consequently, interest waned, and it was not until

1929 that extensive prospecting was conducted in the Chibougamau district
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for the second time. However;.final results were disappointing and :

_exploration work‘eeaSed in'1937, The third and major perlod of pros-

. perity was inltiated w1th the: completlon of the 152 mile gravel road

:&'

from St. Fellci§f to bhibougamah 1n 19h8°‘ Slnoe then ‘many companies

have carried out exten51ve exploratlon work and numerous ore bodies

: &k
have been proven. fhe Canadlan National Railway completed a service

1ine between Beattyville and Chlbougamau9 a dlstance of 155 milesn in .
1957‘ This rallroad will allow obncentrates to be ohipped dlrectly to

the smeltero at Noranda. ' o 5

Follow1ng exten51ve dlamond drlllrng on the Campbell Ch1b0u=
gamau property, a three compartmeﬁ* ghaft was collared in 1953 and o
underground development has been carrled out on 11 levels from the 150
foot level to the 2150 foot level, The Campbell Chibongamau mine is
one of the three producers in the Chibougamau dlstriﬂto A second copper
producer, owned by Campbell Chibougamau Mlnes is rocated on the Cedar
Bay Ore Zoneo- : _ . | _

The shaft on Merrill Island property WaS collared in 1952 and
bottomed at 1000 feet. Six levels have been developed and stoping sectlons
hare'been‘iaid oute A 500=tonAmill was completed in the Springiof 1958.

~ Shafts and underground develoannt work have been completedlat

A

_ the Quebec Chibougemau Goidfield39 the Chibougamau Jaculet,—Copper Rend

: and Obalski properties. These mines ere inactive at the present time;

Two ma jor producer: whlch are not in the Chlbougamau district

:shonld be noted. The OPGmek& nn_nes9 20 miles west of Chibougamau is
looeted'on a large high gradevsulphlde ore dep051t, A 8L0 ton/mill is

'treating”the ore., The second producers Gh"bougamau Explorers is located

approximatel&_SO miles south of the Chibougamau townsiteo There are seven

'ierele‘whieh~are in various stages of developmenty the lowest at a‘depth
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of 1050 feet, The mill capacity is 550 tons per day.

, Previous Geological Work

Geological work was initiated iq'18?0 by J. Richardson, who

" made a‘reconnaissance survey. of the area and discovered sulphide,mineral—

ization on the east side of Portage Island. Obalski and Duieux made an

éxtensive study of the minaral oscurrences frcm 15031908, In'19lO, the

Chibougamau Mlnlng Comm158lcn9 censisting of Dr. Barlow of MaGill Unlversity,v

E R. Farlbaalt of the Geologiual Survey of Canada, and Professor J.C. Gwillin
from Quesn's Unlver31ty5 compleated its investigation of the mineral occurrence
in the district; the report was published,in 1911, Geological>mapping was
started in 1929 by Retty whc ﬁapped McKenzie'Township° In 193&, Norman

mapped the Chibougamau and Dore Lake areas, completlng the work started by

‘Mawdsley in 1930,  With increased interest in the Chibougamau'district, the

Quebéc Department of Mines undertook detailed mapping in the'Dcfe‘and Chie

boﬁgamau.LakeSTarea. Dr. R, Smith mappad the south-west quafter_of McKenzie

‘ townShip_in 1951, The detailed mapping was expendéd to the .east by Dr. G.

Allard. He completed mapping of the socutheast quarter df_MbKeﬁzie township
in 1952, The north half of Obalski township was surveyed in 1951“1952 by

Dr. R.B. Graham. Dr. Horsecroft (1956) and Mr. E. Gauche (1957) mapped in

' detall the southwest and - southsast quarters of Roy townshnp respectlvely

The latter two geological reports have not been published.

Scops and Purposp of Present, Study

The wrlter, through a study of 93 polished sections from. 25

different 1oca11tles, has attempted to correlate.and categorize the

paragenesis of the ore deposits and mineral occurrences in the Chibou-

~ gamau district. The structure of the district and its role in the control‘
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of the'one-deposits is ooneidered;

A geological map - of the diotrllt was ocmplled from detailed
maps (some of which have not been published), regional maps, and infor-
mation obtained by the writer while working in‘the Ghibougamen district.
The Writef.viéited all of the major‘minerel ogcurrences in the dietrict ’
for the Quebec Denartment of Mines; These exeminatiowe or visits will be
.published:as a preliminary'reporte The location of‘the major ore deposits

and minor mineral occurrences of the district are indicated on the map.
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GENERAL GEOLOGY

Genoral'Sfatement

The predominant geologlcal features of the Chlbougamau region

are two volcanic Keewatln greenstone belts which extend westward from the

3

Grenville~Province. The‘Chiboﬁgamau basic complexg the Opemiska Lake

'granite,>and the Simon-Scott Lakes acidic intrusives separate the two.

Keewatin gréenétone'belts.
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“Voleanic Rocks

7.

 Description of Rock Types

- The oldest_rocksg the volcanic flows and minor interbedded

pyroclastics and sediments, form an altered éssemblage that is similar

toithe-Keewatin-gfeenstOnes_gccurring in other parts of Quebec and
Ontario. The vqlcanic éssemblage‘is divided by the Chibougamau-compléx
into ﬁwo easﬁ—westAstriking banasg the northern and scuthern belts.
Only the northern belt occurs in the Chiboﬁgamauvdistrict. The northern

volcanic.bélt_has been intruded by a series of ultrabasic and basic sills,

~and stocks.

Mawdsley and Norman (1935) believe that the extrusives were once
continuous over most of the district, but that they now occur as belts

and remnants, invadéd by different intrusives. The volcanics are exposed

' over approximately 25 per cent of the total area.

The charabteristic rock type of the volcanic assemblage is

_‘metabasalt‘with minor andesitic, rhyblitic, and trachytic flows. Coarse

volcanic clastics, which are interbedded with the volcanics, outcrop in

‘ comparatively narrow bands at Portége Bay, Bear Bay and Tache Laks. The

meta—volcanics'afe usually very massive, but in places show various

‘structures, including flow bands, scoreaceous,and ropy structures,

'fragmental»tops,_ﬁilloﬁs and amygdules. Locally the volcanicsvare'

sChistose,.espééially near intrusive bodies and shear zones. Dr. R. Smith

V(1952)'reported:thatvvoicanic sequence is 12,000 feet thick just south-

_east of Antoinette Lake,

Feldspathic sediments overlie the volcanics north of Lake
Chibougaméu'in the trough of an eastuwestytrending syncline? Thé belt is

approximately 3500 feet wide and extends eastward from Blondeau Like to

» the;McKénzie Narrows fault, a distance of 15 miles. Remnants of narrow
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beltslof feldspathic sediments outcrop east of thn McKenzie Nérrows fault.

The feldspa+h10 group consists of. waterelain tuffs and pyronlastic with

' interbedded acid volcanloso

s

Igneous: Intrusive Rocks

The igneous}intruSive rocks are divided into three distinct

. classes, ‘The three divisions are the bas;c silis and 1rregular masses,

’the Chibougamau basic complex, and later dlkesoA

The basic sills and irregular masses cccur north of the Chi-
:bougamau basic' complex in the'northerovvolcéﬁic.be'lt.o Most sills and
;1rregular intrusives show gradat1onal contac*s between two or more rock
typeso Following Smith (1953), the writer firmly believes‘that all of

the sills and irregular bodies were differentiated while in a horizontal

" position. Later regional folding has changed the attitude;vso that now

the bodies have a verticél dip., The intrusives consist of meta-diorite

and meta-gabbro, pyroxenite, peridotitemserpentinite and gabbrompYroxenite.

~ bodies.,

Smith (1953) described a typical meta-gabbro and meta-diorite -
5111 in the southwest -quarter of McKenzie township as followss

_ "The meta~diorite sill 1000 to 2000 feet north
of Antoinette Lake grades intc meta<gabbro and then:
into vertically layered untrabasic rock near its
south contact.  From this it is.inferred that the
8ill was intruded in a horizontal position and that
a layer of the mafic constituents accumlated near
‘the bottom during crystallization. The conclusion
is supported by similar evidence from several other -
sills, so that it is tentatively concluded that the
sills were intruded before the lavas and pyroclastics
were folded into their present vertical position."

Mastley and,Norman (1935) stated that gabbro intrusives with

’ highly'altered dioritic and gabbroir facies are relat_ively_r;ommoﬁ on the

‘northern part of the district.
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' perldotlte 1n'some of th2se intrusives suggesta that dlfferentiation has

north-northeast striklng antlchne° The complex is horseshoe shaped.and‘

e‘each llmb is 1 to 3 miles w1deo -The total area of the baéic complex is

'oneuthird of the Chibbugamau region, The rock types represented includes

'porphyrltlc gabbro9 dlorltes and fine gralned gabbroo All the above rock

types have been grouped into an older 1ntrusive‘series called the Dore Lake

Cache bay areas. Graham (1956) believes that all these quartz free, basic

' rock types are genetically rnla‘tedu

-9 -

Th“ee Welledefined intruqions of serpentine and pyroxenite,
described by Mawdsley and Nurman (1935) the Rapid Rlvern the Gunn Bay, and
the McKenzie Narrcws boales uvterop east of the McKenzi

ie Narrows Fault;

other small intrusives occur west of the fault. Serpentinits and pyroxenite

are uéually_eldsely related:ineihese bodies, and ﬁhe pyroxanite character

sticaliy forms along thebouter bor&ers. "The gradetion from pyroxenite into
teken places Smlth (1953) suggests that the pyroxedi*easerpentinite bodies
are younger than the dlorltemgabbro 5ills on the basis of fresh pyrokene
in the ultrabasics, and that the uTtrabasic sills may be preufoldlng in
age° | | ‘ v

A few of the gabbro sills, and bodies_which do not‘donﬁain

diorite phaees mey have byfoxeriﬁe atthe;border:so Smith (1953) has
reported that the tran31t10n from pyroxenite to gabbro is seen in a few
pyroxenite 1ntru51ves. |

'The'Chibbugamau basic complex was emplaced along the crest of a

approximately 120 square,mileS-and_its'outcrop“omcupies‘approximately

granlte, dlorlte, anorthosite9 and gabbroo

v

Associated with the. tran@itional=anorthusltemgabbro sequence are

group'(Graham 1956)c The pmr‘ph_y:r"itic-ga.‘t;ubro‘9 diorite and fine gréined gabbro-

oeeuf aSQirregular>bodies of relatively~smallVSize in the Cache.Lake and

= ====== f'“'f -




. appears to be genetically relatedo The contact bptween these two rock types

'some places along the'northwest.limb of the Chibougamao basic oompleis the

'This rock is composed of Secondary mlneralsy 1nolud1ng sericite, andeblne,

’ chlorite, clinozoisite, epidote; carbonate, and minor quar‘ozo .The minera-

'chlorite'hornblende, and magnetite. The alieration has masked any primary

‘stvuctures in the anorth051teo

the Chlbougamau batholith a small stock near Moon Lake, probably the

- 10 « - o |

_¢
The'sequence of anortoosite to trensition zone fo éebboo'ie not

: ehcountered’evenyhere'aiong the northwsst limb of:ihe complex; .The |
transition zone and even the gaobro may bé complnfn.y lack1ng. A belt_of

serpentinite north of Magnetite Bay is in contact with the anorthosite and

‘is mesked'by extensive alterationaand scme shearing (E. Gauthier *). in

anorthosite~transition ZQnemgabbro sequence has been repeated and these .

associated rocks may or may hot be»seperated«by,basic'volcanics,
G, Allard (1953) stated that the anorthosite is the oldest rock
-type in.the area, whereas'the gabbro which occurs at the mafgins of the

COmplex is the youngeSUa

. R.B. Graham (1956) gives a descrlptlon of the altered anorthosite.‘

logical changes. from anorthosite to gabbro has occurred through a progressive

decrease of'epidoteQZOisite_groupp and by an increase in the amounts of

The younger 1ntrusive serlea, called the David Lake group (Graham»
1956), includes quartz=r1oh granitesq granodloritep younger dlorite, quartz

gabbro, and quartz diorites.

Granite is the predominant rock’type of this group, and comprises
Grandlne plug in Roy township and other smaller bOdievo The Chibougamau

+ E. Gaucher, Personal Cenmunication 1957.
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Table 1. .
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Al

Summary Tabulstion of Rosk Units in ths
Chibougamau District

(from Mawdsley and Norman 1935)

Cenczoic

'Recent & Pleistccene

Sand, gravel, morainic .
material

1

Proterozoic

Chiboaganau Series
(Hyronian?)

0Oliv, diab. & gabbro

Congl. (Rapid River)

- Conformity

Congl., ark., grsywacke,
quartzite, sericite & qtzoss
schist ( thh of Rapid Bay)

Archean

Early

Precambrian|

Graenstane dikes, olig=alb.
granite, & gneiss, syenite,
diorite, felds. porphyry gtz
feld porphyry & rhyolite dikes.

rusive volcanic breccia.

Diorite & related qtz. bzaring
highly altered dicritic rocks
anorth. & assoc. gabbro & serp.
serp.; pyroxenite, gabbro &
altered gabbroic rocks,

Keewatin?

Feldspathic sedimznts, brecels,
& acid volcanics, black slate.

Volcanic flows, mostly of inter—

‘mediate composition, some basic9
soms pyro & sadimentso
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igranite'ﬁathelith, which hae intruded the anorthosite along the axes ef,the
alticline, occupies the south central paft\of-the district. (Graham 1956).
Only a smallvportion of.the batholith outcrops in the district. The granites
are chafacterized byfhigh quartz content, low percentage of ferrommagnesium
minerals and sodic plagioclase; Potagh feldepar is rare,
| ?egmafiﬁic phases and quartz porphyry are closely associated;wifh-
the granite. a . | j
R Quartz gabbro, granodiorite, and quartz diorite outcrop in small
masses 1n the Cache Lake and Mbon Lake areas. The younger diorite forms a
border phase between the anorthosite and graniteo
Intrusive volcanic breccia‘crops out in the : mall area northwest
of Dere'Lake. Mawdsley and Norman (1935) believe that the intru51ve volcaniﬂ
breccia is older than the granlteo Small cuterop arcas of syenite occur im
the northern part of the district in the Bourbrau Lake area., The uyeniﬁe
probably belongs to the youhger intrusive series (de1d Lake group).
Gray feldspar porphyry and gray fine-grained quartz diorite dikes _

are very widespread especially in the anorthosite. These dikes are genetn

ically related to the Chibougamau granite batholith and represent a

differentiate of the granite. They lie in northwest and northeast trending

fractures, and have highly variable dimenéionso The peorphyyy types usually

grade into aphanitic acidic dike rocks (Graham 1956).

'Dikes of diorite and gabbro cut gray feldspar‘porphyry and gray

»_fine-grained diorite dikes and hence are younger (Graham 1956). One large
’dioritlc dike in the southeast quarter of Roy townShip is approximately

600 feet wide and has been tracedvalong its northeast strike for 15 miles.

The gabbro and diorite dikes are relatively unaltered and show definits

chilled borders (E; Gaucher - Persopal Commnication, 1957).
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Oliv1ne diabase and dlabase dlkes are believed to be the youngest
rocks in the reglon. " Mawdsley and Norman (1935) stated that the dikes are

_younger than the Chibougamau eed1men+ary series.,

Sedimenta‘ry Rocks

Rémnants of the Chiﬂougamauvseries, consisting'of éonglomérates
- and arkose ﬁhich show 1itt1e-metamorphism,‘occur in thevnorthern part of
the district. The Chibbugamau sedimentary serieé is separated from the
volcanics by a gréat‘angular unconfdrmity. The Sedimentary rocks cap highef
hills in ihe Bourbeau Lake belt. ‘They also occur in a dcwn.faulted bloqk"-
that lies'between McKenzie and Gunn Bays in the northeast_cdrner of Lake
Chibougémau. fhe wedge-shéped block of sediments southeast of McKenzie Bay

" is believed to be thicker than 3400 feet and to consist, in ascending order,

of a basal conglomerate membef, a thick group of massive arkoses, and a tﬁin

upper conglomerate (Mawdsley and Norman 1935). In other outcrops, the
qohglomerate may overlie the arkose. |
" Retty (1929) and Mawdsley and Norman (1935) believe the sediments

to be Cobalt or Upper Huronian in age.

Regicnal Alteration

Hydrothermaivalteration is:defeloped on‘an'egtensife regidnal
scale in the rocks. |

The volecanic rocks, although highly altered, maintain their
.brimary structures according to Mawdsley and Norman (1955). The basic
volcanics consistléf varying proportions of secondary.amphib0139'chlorlte,
minerals of the epidctg-zoisite group, SOdic.pl#gioclaseD and minor amounts
of quarta, tifanite, lexéoxene and carbonate., Thévabidic rocks are altered
to'albite, white'mi;a aﬁd lesser amounts of carbonate and epidote=zoisite

minerals. Schistosity has been developed in the volcanics near intrusive

s
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-district and occurs in the valleys.
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rocks, but is better exhibited near or within shear and fault zones.

In the basic to ultrabasic intrusive rorks, saussuritization

| of the basic plagloclase_to.more sodic types and to epidote-zoisite and-

sericite is well exhibited. The primary.pyroxene has been completely

~ altered to hornblende and to chlorite. Carbonate is also important in

the anorthosite. - Sericitization and chloritization arevconfined to éhear
and fault zones (Mawdsley and Norman 1935).

The acidic 1ntru81ve rock types have not been- alteredlto such a
high degree asvthe;more-ba51c rock typeso ‘Biotite and hornblende are
altered to chlorite. ‘The sodic'feldsparlhas been parhly ordextensiveky'
altered to:Sericite and minerals of the epidotemzoisite groupe. Quartz‘/
inlsome ceses-has been,oonverted to interiocking granules (Mawdsley and

Norman 1935)

The dike rocks are very fresh and. the minerals have not been

altered on'a regional scale. The gray dioritic dikes, however, have been

. extensively modifled by hydrothermal solutions along mineralized shear

ZOHSS.

Glacial Geolqu

'Low‘ridges_of sand and gravel are characteristic of the topography

" in the southwestern part of the district. Many reefs and islands in Dore

and Chibougamau lakes,ere drumlin;shaped\in:outline and consist of sand,
gravel and boulders. Morainic deposits have their long axis paraliel to

the glacial striae, which in Obalski township, trend $.50° W. to. $.60%M.,

over most'of the area, and\SoBSOW, to S.hOOWo, in the extreme southern part.

'(Grahem 1956). Glacial debris is fairly common in the. northern part of the




striking folds. Minor folds associated with the larger folds have not been
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Regional Structure

Folding- . : . _ .
' The'rocke,of the region have,been compressed'into large eastwest

videntified in the region. . - - , ' » ‘?

The axis of the synclinal fold north of Lake Chibougamau extends
from Lake Antoinette to McKenzie Bay and appears to be offset by the north-
easterlystrending McKenzie Narrows fault. The feldspathic sediments east

of Bourbeaqueke form the central part of a synclinal structure. Ultrabasic

- to basic sills were intruded along the trough of this syncline, The adjacent

southeast anticline is occupied by the Chibougamau basic complex (Mawdsley -

: and Norman 1935) To the west, the Slmon=3cott Lake granodiorite and the
fOpemiska granite batholiths also ap; sar to have been intruded along the same
_anticlinal-axis. A correspondlng northern anticline and syncline have been

postulated by Norman (19L0).

Eaulting

The faults in the reglon may be. grouped into three sets according

‘to the general strike.

The east=northeast set of faults dip steeply and parallel the
strike of the formations. These faults are associated with wide zones of
schistosity:and,carbonatlzation.‘ Topographic lineation, schistosity, and’

carbonate zZones are in general the only indication of the faults. Relative

'.displacements on'the faults are difficult to prove.. The Lac Sauvage fault

"zone, which containe a very wide zone of carbonate and minor sulphide

mineralizatlon, hes been traced by Smith~(l953) and others for a distance

of 12'miles.
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The north-northeast set includes the MbKenzievNarrows, Tache Lake,
Gwillim Lake-Campbell-Bachelor iakes, and_Mistaseini-Huronian faults, These

are relatively parellel regional-faults,with a large displacement, and all

- appear to dip steeply to the southeast. The displacement on the faults is

measured in thousands of feet. For example, the McKenzie Nerrowe fault has
& horizontal displacement of 5000 feet.; The boundary of the anorthosite has
been offset §ooo to 7000 feet by the'Tache‘Lake fault (Mawdsley and Norman
1935), Displacements on the Gwillim Lake-Campbeil Lake-Bachelor Lake fault -
and the Mi stassini-Huronian fault are still unknguu._ These fault zones dre
of economicdsignificauce sihee they have'actedfas.channelweys’for’hjdreé,'

thermal'mineraliZation, but they are not considered the dominant control of .

- the ore deposits. Norman (19h0) believes that these northeasterly faults-

"-were formed by a strong thrusting from the southeast.

‘The detailed description of the McKenzie Narrows and Tache Lake

faults will be considered under local structure.

The Gwillim Lake-Campbell—Bachelor Lake fault is believed to

 extend for a distance of th miles. This fault has been described by

Gilbert (1953), Mawdsley and Norman (1935), Shaw (1938) and others in

 different localities. Whether this assumed fault is continuous is a matter.

of conjecture.

The Mlstassini-Huronian Fault zone is belleved by Gill and Wilson

| (19&3), Mawdsley and Norman (1935) and ‘others to represent an extensive

fault zone parallel‘to the Grenville-Huronian contact. Evidence supporting

this fault is described by numerous authors. In 1938, Norman described

disrupted strata in the Mistassini area in a zone 1 to h miles w1deo Near

~ the fault, the Mistassini gneisses and schists have foliation whichvdips

southeast. G. Sater (?ersonal Communication 1957), who mapped southeast

of the Mistassini lLake, stated that the dolomites near the contact were
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highxy sheared and in part recrystallized. The writer found that the .

sedimentany rocks of Mistassini age in the Temiskami River area were

» highly folded and faulted near the contact, whereas further from the -

COntact,vthe'sedimentary beds wereirelatively flat-lying. Neale (1552)
bas given evidence.for ma jor faulting along the contact south of the
Mistassini Area, Norman (1940) believes that the numercus northeast faults

and diabase dikes that occur in the Chibougamau district are good evidence |

. for the existence of the Grenville-Huronian fault zone.

Tne gshear zones withvnorthwesterly strike are usuaily associated
with intense vertical schistosity and in many places with zones of carbonates,
Associated with the shear zones are the main copper deposits of the region.
Smith (1953) has stated that right hand horizontal separatlons of about 1000
feat are indicated in some of these faults in southeastern quarter of

HbKenzie township.

} _ Local Strncture
Folding '
| As indicated in Plate 1, a large synclinal fold strikes east-west
in the northern part of the district. The axis of the southern anticline
lies south of the district. The major ore deposits occur along the north-

west flank of this major amticline.

The Lac Sauvage Fault zonse, which has been traced for over 12.mile89

trends east-northeast in a direction parallel to the strike of the volcanicso

.It has been ‘traced from the west side of MbKenzie Township to Dore Lake. The

" gone of schistosity and carbonate is approximately 300 feet wide and appears

to branch in several places. The characteristic minerals are calcite,

siderite, sericite, chlorite and chloritoid with minor sulphides. Several
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notable sulphide mineral deposits, Baker Talc and No. 3_zone'et Chibougamau

Jaculet, are located in branching parts of the major zone. Displacement is

difficult to determine; Small faults parallel to the trend of thevvolcanics
are very common in the district. |
The north northeast set is represented by the McKens ie Narrows

fault wﬁich follows the McKenzie Narrows in the hortheastern part of the

map area. Northeast of'Portage Bay the approximate position of the fault
" is more closely defined by McKenzie Narrowe and a chain of lakes northeast

‘ of Rapid Bay. The assumed fault line on Portage Island follows a depression

600 feet wide that in places is very distinct (Mawdsley end:Norman>1935)u

Drilling in the lake on the Chibougemau Jaculet and Batenan‘Bay properties

failed to discover the fault zone. chever, on the Bateman Bay'peninsula

a strong shear zone between anorthosite and volcanics was delineated by

diemond'drilling (Archibald 1958). They.may represent the southern extension -

of the McKenzie Narrows fault., Drilling on the Copper Rand property traced
the fault southward;’ The rock within the fault zone isa chlorité-sericite=
carbonate schist with a Strike of N.6O°E° and a 499SE. dip (Archibald 1958),
Farther west of Merrill Island, diamond driliing oh the Campbell Chibougamau
Mines pfoperty-indicates'thet the fault zone swings from N.L5CE. to N.609E.

Here the ione is 50 feet wide and the dip is vertical° To the south a talc-

sericite schist zone. 55 feet wide with a dip of hOONW is probably the southm
| western extension of the zone. On the Obalski property, a taltaseric1te=

chlorite zone lOO ‘feet w1de and dlpplng 70-80°SE was encountered 1n diamond ‘

drilling (Archibald 1958)., Graham (1956) statés that the shear zone is
exposed in the bed of a cfeekfwhich flows from Cache lake to Dore Lake.
The rock in the creek bed is brecciated over width of 20 feet, and far SQ

feet to the northwest-the rock formations are fraotured, schistoss, and’




Bk il e

-19 -

- carbonatized. The most marked effect produced by the fault on the

Chibougamau strata southeast of Rapid Bay is the development of a deformed
sericitic zone aboutv1200 feet wide in the quartzoss and arkosic sedimemts.
The sericitic zone strikes N.50-60Ceast and dips either vertically or

steeply southeast (Mawdsley and Norman 1935). From the evidence cited, it

~can be shown that the fault is probably COntinuous throughout'itsvlengthg

but the fauit'plane is irregular with local chahges in gtrike and dipo

The segment of the MbKenzie Narrows fault, south of Portage IslandD has

‘ been renamed the Dore Lake fault° The opinion presently hald by local

geologistsjislthat the MCKenzie Narrows‘fault and the Dore Lake fault are
two separate faults.. The MbKenzie Narrows fault, as described by Mawdsley'
and Norman (1935) would include the fault segment north of Portage Islando

The wrlter has retained the name McKenzie Narrows fault for the entire .

-length of the fault.

Along the MbKenzie Narrows fault east of Rapld Bay a thin

conglomeraﬁe was thought by Norman (1936) to be lying unconformably above

the lower member of the Chlbougamau series. The underlying quartzite of.
the lower member is strongky schistose, whereas the conglomerate of the

upper member'shows little indication of_shearing° It is belleved that scme

'.movement took place between the depogition of the lower.member of the
"Chibougamau series and the upper member., lLate movements brought the

'earliest Preuoamhrien rocks against the Chibougamau series. There is;.howevers

A}

' even later, possibly post mineraiizaﬁiop, movement on the fault. Mawdsley

- and Norman (1935) have postulated a horiZOntal displacement of 5000 feetq

as ev1denced by offsetting of an ultraba51c 8ill in the nortbeastern part

of‘the district. The southeastern side of the fault has been displaced

southwest. The Tache»Lake fau1t which strikes»northunortheast is a well

- defined struotural feature between TéChe‘Lake‘and Bag Bay on Lake -
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Chibougamau. The southeast dip of the: fault p’ace is suggested by the hh
to 650 SE dip of the shear planes in the anorthos*te and gabbro along ths
east s;de of the trench (Mawdsley and Norman 193§)° The north boundary of
the. anorthosite is offset 6000 to 7000 feet north on the east gide of the

fault., Other horizons are offset with a similar relativp movemant, and

magnitude. The Tache lake fault has been tracnd from Lake Chibougamau

-'northward to Tache Lake and it is possible that it may extend farther

northeast.

: Numerous small northeasterly striking faultsg which vary from

small jointulike fractures to strongly brecciated and sheared zonesg

. randomly occur throughout the district.

Faults of the northwestvset are widespread and are usually the.v

sulphidenbéaring structures of the Dore lake area. The northwesterly

-striking shear zones associated with the northwest striking faults are .

‘usually 1QO=2OO feet wide and are carbonatized and strongly schistose.

. . v
Final movement on the northeast set of faults was later than the major -

movements of east to'southéast faults (Graham 1956). Dikes ofvgray fine-
grained quartz diorite, gray feldspar porphyry, diorite, and gabbro in

many-pléces lie along these northwest shears. Since scme of the dikes are

~sheared, it is possible that-they were affected by subsequent local movement.

Minor northwest féults have been mappsd-in the northern part of the district.

MINERAL DEPOSITS

Introduction

The mineral deposits of the Chibougamnu dlstrict may be divided

into three major categories - mggnetiteuilmenlte deposits9 sulphides deposits,

and gold quartz veins.

The magnetitemilmenite deposits occur in gabbro as.a product of
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magmatic differentiation, and in oerpentinlteq where they have formed as

}alteration products of ferro«magnesium mineralso The tﬁ+an~umvconcentra icn

is hlgh_y variabTe, uut Graham (1956) states tha+ the titanlum-rich magnetjoe
formation invariably occurs in fresh gabbro9 whnreau titaniummlow magaﬁtito
formations are locallized in altered serpentinite. |

The sulphide deposits can be subd1v1ded on the basis of the pfe= '
dominant sulphide minerals present.

Pyrltempyrrhotiteachalcopyrdte dcposits wnich are of the greatest
economic s1gn1fioance occur near Chlbougamau and Dore Lakes, Many of th@

sulrhide deposits are concentrated along the northwe&t and southeast sides

. of Dore Lake, and near the McKenzie Narrows fault. ,Several others -

Portage Island, Yorcan énd New York Honduras Rosaric mineralized gzones = .

are near or under Lake Chibougamau. *The major pyrite%pYTrhotiteachalcom,,

_pyrite depositsnand mineralized zones are osually assooiated with the

altered anorthosite mass or phases of it,'with-ooncentration of ore alcng

northwest or east-west shear zones. The hydrothermal alteration is in

"places intense.

Arsenopyritenpyrrhotite;sphalerite deposits occur in a peridotite=

serpentinite sill near Berrigan Lake. This deposit is unique, sinco‘

 arsenopyrite, sphalerite, and galena'arefrelativoly abundant .

e

The pyrrhotiteachalcopyrite mineralizationlis concentrated in

the northern;paft of'the Chibougaméu district, but it‘ié-not of economic

’ significance. The writer believes this mineralization is related to the

'gabbro-pyroxenité sills.

The gold quartz veins are not restricted to any one ge010gical
rock type, but are distributed randomly throughout the district. These

veins are of no economic significance.

Skt e s Seyer B

e e Nk P s




|

.22

Mmo‘a occurrences cf asbestos have been reporﬁed in the Chiboun-

',ypgamau district, Theumaln_show1ng is located cn Asbestos Islandrin McKenzie

" Bay. - o

Mﬁgnetlteullmenlte Dep051Ta ‘

The magnetiteailmenite deposits can be 013331fiod into two groupsy

the serpentlnite occurrences and gabbro occurrences. f

~¢Serpentine Oc uwrences

The Magnetlte Bay iron formatlon oceurs on the Roycam Copper
property between the anorthosite maos to the south and altered. voleanics to
the north. The formaﬁion extends west and east of the Roycam propertyc The _

1ron formatlon is composed of flneugralned black serpentlnlte containing

‘abundant magnetite as dlsseminationss strlngera, and Warger masses (Mawdeley

~and Norman 1935)

North of Portage Lake, on Portage Island, the eabtenortheast .

trendlng contact between the gabbro-anorthosite mass and the volcanncs isi

marked by a band of iron formation some 200-250 feet’w1de and of undetermlned

1ength.' This formation consists of a finemgrained serpentinized rock'which
con*alns magnetite as stringers and as dlsseminations (Archlbald 1958)
Other 1ron=bearing serpentinlte bodles have bezn reported by

government geologists 1n the southeast quarter of Roy Township. Size and

g>tonnages of thebe serpentinite masses are unknowno

’ Gabbro Occurrences

A zone of magnetltembearlng gabbro, which 1ies between Cachee
Lake and Dore Lake, has been mapped for a length of 2 miles in a north—

south dlrectlon_(Graham 1956). Thevmagnetite formatlon-llee along the j

.gabbroetransition;zone contact in a zone 100 to 500 feet wide. The zone

dips.20°fto_SO°W,;and[is‘parellel to the contact. The'alternéting sheeto"
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of magnetlte and magnetitenbearing gabbro range in width up to 1 foot,:

Graham (1956) states that ilmeniie oecure as grains and as lamellar

intergrowths along octahedral planes in the magnetiteo Nhgnetite was

observed as scattered enhedral grains in the gabbr09 Graham (1956)
suggests that the iron formation is a product of differentiationo
A similar magnetite formation which lies betwesn gabbro and a

anorthosite~gabbro transiiion contact hae been treced for 1200 feet on

, 'Portage Island, - The formation varies in width' from b00=500 feet°

Two main titaniferoue magnetite hurizons have been outlined in

fthe gabbrOaanorthosite ‘complex southeast of Lake Chibougamau (Assad 195?)

The maJor zone 15 180 feet wide in outcrop, and is separated from the other

zone by an average of 125 feet of host rocke. The sacond zone'iS»éo feet

wide, Both have been followed along the northmeast g8trike for a distance

of 7200 feet. The magnetite is coaraeﬂband occurs ‘both as a somewhat

’ massive oxide and as dissemioitioos 1n gabbro and anorthosite. In the

‘massive: variety, the magnetite occurs as one-half in¢h to two foot bande

of pure oxide which are not continuous over any great distance (Aseed 1957)

P&riteaPyrrhotitemChalcopyrite.Deposite

. Distribution and General Character

The maJor sulphide deposits of the distriot are replaeemente9

‘located in the‘horseShoeushaped enorthosite basic complex and near the

; ,MeKenzie‘NErrows'faulte -However, minor mineralized ZOFeS‘ere found in the

basic lavas and ultramba51ﬂ intrusives which lie north of Chibougamau and

'Dore-Lakes. All the ore zones are confined +0 schlstose and brecciated

' enorthosite or transition zones 1n the Dore Lake area, -These deposits.are

1rregular in plan and in cross section, -and repre:ent sulphide replecement

in shearﬂzoqes. The main mdneralized zones have a strike of N h5°W to
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N. 60°W., Ls1a11y wi*h a steep dlp either to the north cr sauth° A few of

| the mlneraliued zoz°s have an eastsweat strike° the 2 include the Aézone'of_
Quebec CﬁlbougamAJ Gold 191ds and +the mineralized shear zone’onithe Atlés ‘
property° T?e;Y@rcan'orerdep051v9 which has_the,largeStrténﬁaga‘in the
Chibougémau distri:t, has a N,YSOE;strike witﬁ avVafiable dip° In thé
upper horizons the depe it has a. btaep southerly deq buf ,in the lower
horizons9 the ore body 19 horlzonfalo The two minmra1ized-monns on P@rtage
Island Hemati e Poim‘9 2nd Copper Point nones are main*y brecciated and ,

fraotured zones with a r@por+ed northeast strike.

IV —

Plunge of the deOSl 5 varies frcm sast to westo The No. 1 and -

BT e

Wést:No;.2 ZOne of‘the Chibougamau Jaculet properties'plunge steeply westg

T N . . : ) ) ) : \
whereas the east No. 2 plunges steeply tc the east. The Quebsc Chibougamau -

" A-zone and the Yorcan deposit plungé LSCE, and 30 E, reapectively. Plunges
~ of the other deposits are still unknoﬁn..

Control of'DepoSits

The ore zZones are controlled mainly by (l) shedrlng9 (2) dlkesgr
and (3) comp051tion of conntry rock.
| The minerallzatlon 1svconfined to' shear zones which usuallyrhave i

':~a1variable dip. The shears pitéh and rdils and ore has been concentrated

in the rolls along £heufau1$ plané,‘YWEth a change'oﬂ_diﬁg,ihe ore zone ﬁgy-ﬁ : ,EM
vincreéées in.size and posSibly in grade,‘ The Hendersonv?§ne on the Ydrcan |
‘property illuStratesrsuch a concéntraﬁiqn of minefglizéfibno The core zone
diésvsteépiy to the sbuﬁh;in the upper‘horizonso“At the 250 foc£ horizqm9'
vvat thé ﬁest end, and the 750 horiion at the-eaSt end Qf:the‘ore zone, the
d1p abruptly changes to a very low angle° MaSéive ore has been concentrated. B i
"along this change of dip.» The flat portion of vha mineralized shear doas |
not make ore whereas the main Henders»n zcne. has a considcrably higaer grads

“(Archibald 1958). With more.underground developmentp it is possible that o

;




_the change of. dip wiil be found to be a detlding fa~fﬁr in th; lié tion :
f of larger and higher grade ore zonnsor“ ‘ A o ' _ ‘_
| Introm1v ion oi dikns fﬂllnwed the 1ntruskmn'af the‘granlte
‘bathol‘tn nnd p*otably took plane aftew the m&’nx >n°ArLagn' The gray Iinnr
gralnad diorite and gray feldbpar porphyry dikea" pc*qxbly along with grean
or more.basic dikesp have bpen intruded along northraat and northwest: ten31on ' “?
or shear zongs. In maot of the ore zones whlch oseur in thw an@mihOQites ‘
numercus dlkbs and dikP swarms havp been mapped both underﬂround and on the i
surfaceo The dlkes have. been hyddothermally altered e:pewially in the ore , %d

- .. mones and consgquently_they aredeasily mistaken for the highly altered o

.; anorthosite’(Grahém 1956) " The dikes themselves vary in width"from a fow
inches”to 50 feet, In the ore zone the smaller ones are eldngate in shape

vbut are not presistent. cheverD 1arger dlkes may pers:st in the ore zone

or ountside of the mineralized deposito' A 1arge,gray»feldspar porphyry dike 1

“has been mapped for a vertical‘distaﬁce of lOOO-feet in the Merrill Island

depoéit. A predominant feldspar porphyry dike, 20-40 fest wide, séparate :
two ore zonss on the Campbell Chibongamau Kokdereek prop?rﬁy (Archibald

Renewed movement'along the northeast striking shear zuvnes created

o

--dllatant zones near the dikas (Graham 1956 = G, Allard 1953) These low e ,ﬁ

pressure zones have acted as uhanneiways and ore controlsu The highly

sheared charauter of some of uhe dikes in th cre zonesg especially the

feldspar porphyry and gray dloritlc dlxes, suggest later mavemantu T nfr
It is thought by some geulogists that the b351c or green dikes : fﬁ

ﬁeredintruded'affér renewed movemnnt along the‘northwesf shear zoness and

are p0331bky contemporaneous w ith the minerallzation +(D° Asbury C. Yo | ‘if -

1The dikes may have. acted as barrdﬂrs to the. penﬂ+1at¢ng ore solutions

1
_ l! ';‘>
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t (DO‘ASbury,~?érépha1 Cdmmunicationp 1957)




by -a' fault str;klng'N¢700Eb - The apparent_horizontal displacament_along:_‘.

'property uraham (1956) sayax

(Graham 1956)’_ At Coppér Rand the < 1$ an wn:reabad in grade of ore near -

- tha. dikes ﬁuggusting that dammins of fh@ ore soinbions has taken place

% (D Asburv P G ) At\the;kako Creek depoaitp a perzsﬁent dike separafes

two ore'boties, and it is thought that this dike may represent a definibe

ore control, _‘
Al; the major depooits found to date 1n the Ch bougamau diatrigt -
oecur in altgred anorthos;te or the transitlonal zone,: Minér mineralizéd

zones do occur'in the voioaniﬁs and basic intrusives in the district, but

’they are of little economiu significanneo The brit%le anorthesite would

¢racture very eaally.. On the cther hand ‘basic rucks ‘are less brit*le and :

i pgss;bly a reSealing of shear zones has taken placs, A second feature that

shéuld‘net be overlookéd_is'the possible chemical favorability or selec@;, '

tivity oflthe anorthosite'by the ore solutions. The Opemiska and Chiboup__

~ gamau Explorer minea, cut.side the Chibéugamau district, occur in shear

iones in basic to ultrabasic rock. typas, anq‘differ from the typicél Dore

- and Chibougamau Lakes hosﬁ rock &SSQCiationo‘

Post-mineral faults, which have ) northeast and northwest strike9

Aappear to have restrlﬂted some of the minerali ed zones9 but displacements

are uaually small.

. Graham (1956) stated that the copper=bear1ng shear zone on the

.Chlbougamau Kayrand property has been cut 1nto twc nearly equal segments

" the fault place is 150 to 200 feet to the lefts In the Merrill Island

‘ "Several other northeast faults dlsplaee the
sulphide<bearing structure. Apparently horizontal
displagemenis are, for the most part, less than
100 fee ;

 Assad (1957) stated that abuut 200 to 300 feet - south of the Eatun ‘Bay zons
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is a fau;t thaJ atrik@s NO(OOW ‘and dip° hB 7,0 *hn ~*uthﬂ ard whizh appnars‘

to boand fha shear zone at the ssutn e’mdu A northaast striklug cross=fault

d*ppi"g 60%?O°'weat hﬂﬂ been 10 ated at the na*t end of the ore depoeit on

the Cdmpt 212 Pnihougamwn Kokko Crpﬁk dApopii Thﬂ majﬂ" mineralized A~zone

"on the Bateman Bay proper#y changes in strixe from N, BOOW at the wnst

"boundary of the proparty to Noh5°W in the east part ‘:A trcsaﬂa*ting :

o northeasterly riking ‘aalt mould explain this differance in strik@o
’Another hypothebls 1svthau the stwike"of tnﬁ shaar zome is irrﬂgularo The

,"No. 1 Chlbougamau JaﬂuLet zone apppars to have bapn_cff3r+ a horizonta¢ |

'.dlstance of lOO:}OO,fest° Whether thls saparatio: fmp ents faulting or

: an echelon mlneraliaed shear zone isq in the writer“s mlnd9 controversiala

‘Wall Rock Alteratiuns

‘ The‘altered_anorthosite illustrates chahges’in mineralegy and

'resultantvcolgrs.frdm'the borders of the_sheaf_zoﬁes o thei@ore of the

deposito

Three stages of hydrothermal activity have beem re:nrQAd

‘(Graham 1956)

Flrsts The least altered varieties of anarthG51te conbdin

v o11goclase, whlte mica, and nhlnrlte in varying amounts and minor amoﬁnts
of clinc:ozoisi‘te‘9 zoisite, and epldotgo The nermal anorthcsiﬁé is dark green

“in color and is siightly schistose.

Second° Withlh tb, shear zones the matrlk hag b@%n altered by

'dynamlﬂ motamorphlsm to an ﬁggtbvate of ch*orite and white mica or taxwo

In several 1 ocalitieﬁs9 chl“zitoiﬂ is asoociafed with the white miwa° The'

'color of the hlghly ochcistooe anorvhcsite is ypllaw to greenish=yellcw

'aue +0 abundanﬂe of serioiteo(Graham believes that ﬂhlo ite and sarici?e

are in part stress minera 1s),




il e e el

-

e 28 o

o Thirds Hydfothermel ﬁin'rals are asSoc*ated wifh‘the‘sﬁlphides

invvarying‘amountea These. ;q 1ude quartz, aLbLt“, oligoclase, earbonat

~chlorite, sericite oigite, talc, muo"ovite, clinez oisibe,dnd minor amounts

- of apatite, ru*i]e, &cu'oxene, angd’ epidote, Thesn minerals occur iﬁ a

variety of forms, ianuulng aggregates, lenses, veinlets, and complete

replacempnta. The hydzothermal minerals give the highly aitered anorthosite

a blulsh‘ugray hue whlch 1s dlagnostip in prospectlng for other deposits
(Graham 1956)

-

Some of the gray and green d¢kes have b=en similarly altered in

" the sulphide‘zenes._ The hydrothermal alteratlon zone varies in width in

the different deposits-andpextends from a few feet up to 300 feet into the

country rock.

Pyrite-Magnetite-Chalcopyrite Deposit

The pyritemhégnetitemchaleopyrite deposit occurs in a brecciated .

- zone in granite on the Grandine property.

:The’depesit differs from the ethef %ulphide zones in having a
. S L ) : ) :

‘pronounced high intensity mineral as semblagea
A chioritic granite known as the! Grandlne granite plug underlies'
,the property in the,area~0f»the main Sulphide'ane. Immediately north of

-’the Grandine granite is a narrow belt of rhyohlte, 80 to 100 fee+ wide.

Farther north a series of basaltlr and ande51t1e lava flows have been
1ntruded by basic to ultrabasic oills. li

The Grandlne faults which is highly mlneralized with pyrite and
shows strong development of graphite appears to twuncate.the minerallzed -

zone on the east; Another strong shear zone, which strikes N.80°E, and

dips vertically, Oﬂcurs along the contaﬂt between the rhyolite and andesite.

pThe most intense;y sheared»part,ef the zone is 10 fest wide, but shearing
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extends over'a width of 125 feet into'both the rhyol‘te-and the andes*te,

The mireralized zone appears to strike N 20°Eo and dips 60° east9

‘ but the limits are- hot wellmdeflned (Graham 1953) The’moat,pronpunced o

"fracturing trends nartheasterlyo

=g = mmm= gy ==

" The mineralization tonsists of pyrite and chalﬂopyrite in massive
form, in stringers along shatter planes, and as dieseminated grains between

E the fractures. Specular‘hematite and.magnetite ocour as:selvages along

séme of the fractures and in veihlets up té 3 ihchéswideo Lét@r fra¢ture59"
which’cut the mineraliie@ zons , coﬁtaintmolybdénite (Graham 1953). The
vsulphide-minéralization does not'occﬁrlin,the rhyélitéilying across the
northern exten51on of the zoneo f.' o - |
Wall rock altera+1on is almost lacking in the mineralized zone,
;90351b1y minor amounts of chlorlte wersa introduved'wrth the hydr@thermal a

: _sulphldembear1ng solutions (Graham 1953)

PyrrhotitecChalﬂopyrlte DepoQits

The pyrrhotltemcha;ﬂopyrlte depoglts in the vcltanic belt are of no
economic interest but are very numerous in +he north@rn part of the dlstricto
. Many of the mlneralized show1ngs qccurv1n151li ceous tuff near gabbro=
-pyroxénitetsillé;'Other.proépect$-§c¢ur-in mlnor‘shear zones which travgrse
the sills pr in minor shear zoﬁes pargilelth'the bedding in the tuff
fOrmationso' The minéralization consists of fiﬂemgrained pyrrpotité; minor
'ja_chalcopyrite, gnd sphalerite with or Wlthout minor pyrite. Trace gmbuntsi

of gold and 511ver have been reported from assayso

On the Bell Chibougamau property (Graham 19;3) four sulphidn»
lenses occur in fractured and slickensided berpentinlte and. pyroxenltao ‘
| The lenses-all strike north south and are nearly vert'cal° They are 15 to

20 feot long and from 3 to 7 feot wide, The mineralivation consists of
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' minor pyritn and *prafe'ltaoA :

@ 30 -

fihemgfaihpd:m ivo perhvtlte cut by strlngero of chalcop“rite with

: va gilvhids gonss in thl:tOS% teff havo been explored on the :
O'Leary MaLartz, property in R03 Township (Graham 1953) - The West zcne,

which has been trased for Luo fast varies from 2%'to 3 feet‘in width,

strikes eastimwest and dips 659§, The minéralizatiﬁn‘QOHSists of fine-

.grained'massi§e>pjrrhoﬁite;'éontains minor'pyfité.ahdia'litile chaleopy- -

rite. | N | o N | |
The’@ast‘zgne about IOOOeret'east of the West Zone isvabbut

21 feet wide. The minefélizatioh is not massive like that to the wast,

but the chalcopyrite is more abundant and occurs in lenses with pyrrhotiie

_and minor pyrit&,_‘At.the east énd of this zone, sphalerité is present,

-forming an important par% af the mineralization (Gwahém 1953)°

Addltlonal uhowﬁngs ‘of ma331ve or dlssemlua ed pyrrhotite occur
in the tuffs on the Bouuan = New Jason prcperty and at the Fllcka Red Lake
Mines. Chalcopyrite aﬁcompanles the pyrrho*ite at both prospecsts° Pyrite
is quite abundant at thn Fllcka Red Lake Mines.

Products of wall ‘rock alturatlon are sparceo Serlcite has formed

in the tuffs, wher 588 sezpen*ine and CthTlte occur in ‘the shear zones in
'the'u*trabasics, Silicification asscciated with the tuff 15 probably

»"diagenetic inlorigino

Arocnopyrltemfyrwhotltpmgphalerlte DepusLts

,Distributlan and General Cba;a

The arsannpyritempyrrhotiteasphalerzt@ dep951+s are 1llustrated

-~ by the'Taohe'LakebMines'property near'Berrigan Lake, The Berrigén LakeA

" area is uaderiain by easterly striking peridotite-pyroxenite sills with

remnants'of-basic‘?olﬁahics.' Two sulphide zonez havg beénvéxploredrby~
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- trenching and diamond drilling just north of Berrigan Lake. The North
zone 18 located LOO to 650 feet north of the center of the north shore of

‘Berrigan Laks (Smith 1953). The other is on the north shore near the east

end of the dake and 1s called the "Berrigan zonen.

The NOrthvzone 18 a zone of shattering and.brecciatioh in the

otherwise magsive serpentinized pyroxenite (Smith 1953). The deposit

' includes two branches, one striking north, and the other northeast. The

northeast branch is 260 fest long at surface.with a width’of 10 feet at

~ the northeast end. ‘This zone dips 350 to 80°W. The north branch, which

has been explored for 230 fest at surface, is for the most part L to 6

feet wide, .Several other high grade zones of smaller size have'been-

bexplored in this area.

The brecciated and shattered zone has been mineralized first by

fine-grained quartz and some rusty carbonate (Smith 1953). The sulphide

_ minerals consisting in thé‘ordervof decfeasing abundance, pyrrhétite,_
- sphalerite, galena, chaléopwrite, pyrite and.arsendpyrite, are concentrated

 in veins and masses in the vein‘quartz and silicified wall rock. Galena is.

rare in other éxposurea,-and the relative abundance of the other minerals

.varies (Smith 1953)

The Berrigan zone, which is about 1300 feet 1ong and of variable.

width, outcrops along the north shore of the Berrigan Lake (Smith 1953).

‘The sulphide_bearing carbonatized and brecciated zone 1s about hO-lOO feet

wide with a strike of eastwnortheast.- Two parallel zones, one. north and
the other south of the main zone, and the east extension of the nain zone
contain appréciablyvlessbsnlphides (Smith 1953).

Thg immediate wall rocks of the Berrigan zones are mostly

»serpentinized dunite and sheared serpentinite with some altered pyroxenite.
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Pyrrk0u1ta and b“h&lerite are by far the most abundant sulphides

in. suxface exposures of the zone, There is some chalcopyrite, but’ galena .

is absent or rarg. Re*ative’v high nl"k“l vailue hav&.been reported by

company officials,

Control of Depcsits
The two zones are confined to brecciated and *hearnd zones in
ltrabasic 1ntrusives°._The general trend of the shsaring andvbrecciatAon

is elther‘northwaasterly or easterly'parallel'to the trend of the rock

- formations a few zones have a northerly strike (Smith 1953). These

mineralized zZones are'very irregular in shape and sulphide tencr may in

part ‘depend on the tendency of the sulphides to replacw chert or quartz

r

Smith (1953) sayss

_ "Within the Berrigan zone, irregular thin layers
of dark grey, very fine-grained to cherty quartz are - -
veined and partly replaced by sulphides. In some '
places layers of massive sulphides oeccur in carbonated
rock perhaps having completely replaced a layer of
- siliceous host rock, Sulphides are commonly scarce,
in the carbonatized rock between the silicecus layers.”

'Thé:north zone also illusﬁrates this selective replacement of the

'h&drothermal chert or quartsz. Diaiatant zones may also have been important
}in iocalizing‘the ore solutionse

: Wall Rock Alteration

. The brecciatlon and fracturing was followed by the intreduction
of fine-grained quartzvand some'rustyaweathering carbonate in the fractures
and in the'wall rocke The country rock ih'the ore‘z§nes is black and

aphahitic, apparently-consisting of chlorite and carbonate,‘ The-immzdiate

wall rocks consists of tha dunltes, peridotiteao and pyr@yanites which -

have been hlghly serpentinized by regional metamcrph¢bm (Smith 1953)
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Gold Quartz Veine

'DiStributioh'and General Character

The gold-=azrha veiné ars 211 concenﬁﬁated.in‘minor.shear or
brecciated zones in dioritic‘or gabbrole sillslnr sfacks, Graham (1956)
Suggests-thét_the gold tenorvis cohsiderably lower in thoée parts of the
ﬁeiﬁs wﬁich lie in a quartz dicrite or guarts gabbfo country.rOQR.v He -
beliefes'that higher values are'aséociated with the fine;grained gabbro

intrusion. All the véins appear to represent fillings of quartz, géld

- and minor sulphidés along minor shear zones., Arsenopyrite is relatively

ébundant in the Noranda gold=quartz veins, but in other veins in the
district it is completely lacking.
The weilqknown>MéKenzie goid vein on Portage Island, which has

an explored iength of 700 feet and a width up to 30 feet, cccupies an

east=west shear zoné'within transition gabbro-anorthésite (Assad 1956).

Quartz9 pyrite, and chalcopyrite with minor gold are the main minerals
in the vein.,.The gold values are very erratic and the average tenor

appears to decrease below L0O feet (Assad 1956). The gold occqrs in the

‘native state (Mawdsley and Normsn 1935).

Thrée éolqumartz veins have besn explored cn'ﬁhe Obalski prqpefty
(Graham 1956). These veins vary in strike from east to scutheast and occupy

nérrdw shear‘zones in fine=grained gabbro and quartz diorite. kThe quartz

" veins are lenss-like and appear to pinch ocut at each end. The veins vary

in length_frqm"BOOlfeéf t0 2400 feet and in width fromr%’tb 3 feeto The
véin mineralé are’miiky Quarﬁz,'pyrite,‘chalcopyrite; and_very minor gold.
Vﬁgé éfe common in the quartz'veins'and'in places are-iinéd with quariz
crystals which are cut by fractures filled with massive chalcoﬁyrite

(Graham 1956). Stringers of pyrite and chalcopyrite dp to 3 inchés in

‘ ~_ﬁ1 __d_,-_m_-w_-’.,m-,.‘_.ngmﬁ—w_,ﬂww—m
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width are found in these veins (Graham 1956)

Three quartz veins are well developed in shear zones in quartz

" diorite on Norbeat Mines property.

, Thé-ﬁo. 1 vein is a brecciated zone thét chews rude banding
parallel to the contact bstween the quartz vein-and wall rock. Fragments
of wall rock have been enclosed in vein quartz.. Pyrite and araenopyrité
are the most abundant‘sulphidés’wjth minor amcurts of chalcdpyrité;
sphalerite, and gold. The wall rock, particulariy in_the cht wéll cf
the vein, is welliminaralized for a distance ub to 3 feet. The No; 2
zone which has a.similaf'northeast stfike closely reéemblés the NQ. 1'
quaffi vein (Carmichael 19&0).

The No. 3 quartsz vein, whlch strikea eastawpbt w1th a steep .

’dip to the south, has besn traced for a distance of 1 mile. The vein

~lies in schistose zone some 10 feet wide, whereas the quartsz vein‘itsélf

is two feet wide, Norman and Mawdsley (1935) have'repqrtéd pyrite,

arsénopyrite and minor native gold from the west end of the No. 3 quartz

vein.

~ The Lac Fleury deposit occurs in an easterly striking rusty

carbonated shear zéne at a metagabbroametadiorite sill_conﬁact out-

cropping near Fleury lLake (Graham.;1953)° Twovveins,>one to three feet

wide, are exposed in an exploration shaft. Both dip 55° tc 70° to the

~south, and cut the dip of the shear zone. The veins, including white

milky quartz contain smaller amounts of'cdérsély crystalline ankeritic

carbonate, abundant pyrite ahd irfegular blebs and masses of chalcopyrite

in small amounts.

Wall Rock Alteration

The wall rock alteration can be classified as early and late.




.35 -

Chlorite and actinolite are thought to be diréctly ass0ciated with the
shearihg,(Carmichael 1940). Cérbonization is assuciated with most of the

wall rocks of the golduqaﬁrfz types ard is believéd to have formed early.

Carmichael (1940) describzd the prasence of lencixens in the wall rocka.

The leucoxene is associated with chlorite, serpentine, actinolite, and

' —_ . [ e e
carbonate, Labter carbonate introduction has occurred in the wall racks

of the No. 1, No, 2, and No. 3 zones in'the Norbeau Mines.

v
!
i
b
|




- - - -..n - - - - - - - s |
- -—~ -~ it Y o I o . ) )

L

(= "

- 36 -

MINERALOGY AND PARAGENESIS

General Statement
'All.thé mineral déposits, excludiﬁg the‘pyrrhotitawchalcopyrite
minefélized zones, are thought to be genetically related to the Chibougamau
granite bathqlith¢ The pyrite-magnétitemchalcopyri,e asszemblage, which

cccurs as a mineralized zone in the Grandine property, is asscciated with

a small granitib plug. This plug§ known as the Grandine granite, resembles

the Chibqugamau.granite, mineralogically and represents an outlier. The

- above assdciatidn of pyritesmagnetiteéchélcopyrite is a high temperature

aSSemblagé.u Hematite_and molybdénite also occur in the deposit. This

‘mineral deposit crystallized earlier than the main sulphide zones. The

v prinqipaljecdndmic deposits of pyrrhotitempyritewéhalc@pyrite were the .

',next to be deposited. Following a period of deformation, offsetting of the -

sulphide mineral zones, and opening offshears and fractures, a~third'period

~of mineral deposition took place. The arsenopyrite=pyrrhotitewsphalerite

deposits are definitely later than the pyrrhotitempyritewchaICOpyrite

minéralization as observed in the Opemiska Mines WOrkings. The gold-quartz
'deposition is believed to haveloccufred'later than the depositioh involving

arsenopyrite,. but evidence for the age of this mineralization is not

cqmplete.
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P&rite-Pyrrhotiteechalcopyrite Deposifs -
'These'depoeiﬁs‘are characterized_by abundant pyrite%p§rrhoﬁite,
end;ohalcopyrite,‘with Veryeminof adounts oflsphaleritegigalena and
maéneﬁiten R p | | | |
- Magnetite} whloh is rarely noted in hand speoinens; occurs as
euhedral gralns in the wall rock, and less commonly in the ore zone.

Pyrlte is very abundanf both in the wall rock and ore zones and

'usually is observed as euhedralmsubhefral grains., Minor cobalt substiuut;on

- for iron in pyrite is very diagnostic in these deposits. .

_Pyrrhotite.hes been'reported in neafly all deposits, except for

| the,minerelized shear zones of siderite and calcite. The Baker Talc, Copper

RandmCopperoCliff‘zones, and the slightly mineralized portions of the Lac

Sauvage Fault zons appear to be totally lacking in pyrrhotite. However, in

ﬁhe oﬁhefvdeposits5 pyrrhotite is-very abundant. Gold substitution in pyrite

" and pyrrhotite has been reported by mine officials.

Sphalerlte is very rare, but is concentrated as small irreguiar
masses in. the pyrrhot1te=pyr1te=chalcopyrlte deposits. Elsewhere it is’

observed as small blebs, usually associated w1th chalcopyrlte° The

-sphalerite 1s usually dark brown.ln color and probably‘repreuents a higher

temperature variety (Allard 1953)
Chalcopyrites Wthh is the only copper mineral 5 appears in nearly

all Of the mlneral occurrences° Chalcopyrlte sontains submlcroscoplc

s

ﬂlncluglons of gold in the crystal lattice (Allard l9bj) Galena ocours

only in minute blebs 'in some of the dep051ts° ‘T can only ba seen‘under B

-the mlcroscope.

Quartz9 ca101te, and sider1te are the abundant gangue mineralsq‘

Quartz is the most abundant of the gangue mlnerals in the
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poliShed sections’and is n ually replaced by the later sulrhides. Massive'
quartz is veined and replaced by a mixture of cha opyrite and pyrrhoti+e
(Figure 2) from Merrili Islando In most cases, qnariz appears to have
fdllowed a period of fracturingo Quartz-also surrounds'and fills small
fractures in pyrite. However, in one specimen from the Cedar Bay zone,

pyrlte crystals are aligned along quartz boundaries (Figure 3). In

' several other sections quartz inclusions in pyrite suggest an early age of

quartz. Deposition of qnartzbcontinued intermittently throughout most of
the period of mineralization.'.Most-of tne sulphide ninerals including -
pyrrhotite were observed to be cut by late quartz veinlets (Figure 15
Lake Chibougamau Mines).

Magnetite.waS'observed in three specime_ris° " The magnetite is
usually.subnedral to anhedral and is thought to be the first metallic
mineral to cr&stallize, From the textural’evidence,.it'would seem that

the sulphides are later and have to some eitent replaced magnetite.

:'Minute blebs of. chalcopyrlte are common in anhedral maghetite; chalcopyrite

has corroded magnetite along grain boundaries in a spec1men from Quebec
Chibougamau Goldfields (Figure L), Relationships between pyrite and
magnetite were observed in two specimens. Subhedral to anhedral magnetite

grains are in contact with anhedral pyrite in these sections. Textural

 evidence between pyrite and magnetite is not clear but it is thought that

magnetite preceded pyrite in the paragenetic sequence - see Figure lia

~ Similar magnetite has been reported by Graham (1956) and Allard(1953) from

the Merrill Island deposit.,

Pyrite commonly occurs as fractured subhedral to anhedral grains

iin.the polished sections. This early sulphide has been selectively replaced
'by.chalcopyrite,'and degrees of this replacement were observed from the

) different localities. _Slight'chalcopyrite replacement:has been guided by

A Nh ¢ A S——— 4§ T A




. fractures as seen in‘Figure Sl(Baker Talcvproperty)° Pyri+e 25 been
‘deeply emabyed and corrode d by<oha100pyri+e in'numerous Speoineneo'
A higher intensity of replacament is well exemplifled by he islend and
see: texture in a few SdCthHSo Pyrrhotite 1903 commonly replaces pyrite'
along grain boundaries in a specimen (Figure 9) from the Yorcan'deposit
'and'other polished sections. Sphalerite which replaceg pyrite to a minor
extent wWas observed as replacement veinlets in fraetured pyri e (Figure 6 -
Bateman Bay Kines) Pyrlte makes up approx1mately 50 por cent of the total '

- sulphides in the specimene studied. } L - s ’ S t

- Siderite is abundant in polished sections from the Baker Talc,

Bateman Bay and Copper Rand properties, and 1s later than early quartz9

" see Figure 7,(Baker Tale property).‘ Chalcopyrite-and sphalerite less l_ , j,

- (Figure 8 _.Bateman Bay'property)u Textural evidenoe snggests that most
of the pyrite is older than siderite. ‘However?7in a specimen from‘Copper» : ﬁ

* Rand, pyriﬁe»is noted‘as'snall.orystals lying'alongrthersideritemwall rock
mineral_boundaries. .Deposition of siderite is belisved to have begun before
1and overlaps the pyrite mineralization. _ | ‘

o ' The three sulphides 5 py'c"hotiue,- s.phaler:ﬂ:c—:-9 and ohalcopyrite
followed the early gangue of pyrite and magnetite in. approtimately that
orders.

o Pyrrnotite'iS'one‘of the moet frequenﬂbobeerved ninerale in the o ff

_ polished sectioas, Pyrrhotite has preceded sphalerite in the paragenetio .

' sequenoe, but extensive overlapping ‘has- occurrcd. Pyrrhotife gorrodes

quartz and only relaces pyrite - Zee Flgure (Yorcan deposit)° Pyrrhotite I

i
L comronly replace siderite along cleavage planes or along grain boundaries .

commonly replaces the Pountry rock and inclu51ons aqd relict textures in ' [

pyrrhotite are.not UnCOommMON o Chalcopyrite, which is usuallg associated with

‘pyrrhotite, enbeys inat,earlier sulphide in many pclished section (Figure 10 -
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Quebec Chibougamau Goldfields) -

- Sphalerite closely 1ollrwed pyrrhotite in the paragenetit
sequence.- Generally its.replanement of pyrrhotite has_been controlled
by the pyrrhotite grain boundaries;l This tenture resembles ths soecalled."
"mitual" textures of simultaneous ‘deposition, but' remnants of pyrrhoti+e'
frequently occur in sphalerite (Figure 11 - Lake Chibougamau Mines). Howm
ever, an earlier age of sphalerite is postulated_in a specimen fromlcampbell o
ChibougamaufMines (Figunelé). A branching veinlet of pyrrhotite‘which
- showed random extinctions ander crossed nicole appears to traverse massive

sphalerite. The textural relationshlps between sphalerite and chalcopyrite

“are well shown’in the'deposits. Generally chalcopyrite deeply emabys |

massive sphalerite as exemplified in Figure 13 (Campbell Chibougamau Mines)
Sphalerite is usually wellutw1nned, and oriented chalﬂopyrite blebs vary in
size, shape and number, and are thought to represent replacement of sphalerite

by chalcopyrite. Figure lh (Merrlll Island Corp ) illustrates irregular blebs

of chalcopyrite along- the 110 twin lamell&e in sphaleriteo Oriented»inclusions

of pyrrhotite were noted in massive sphalerite in one spec¢iment fnom Chiboun
magau Kayrand. This‘textural relationship was also'interpreted as a replaoem
ment texture.« Aliard (1953) explains the presence. of oriented chalcopyrite
blebs in sphalerite by unmixing,> Sphalerite isrquite uneommon in the
polished'section from the pyriteapyrrhotite=6haleopyrite deposits.

' Chalcopyritermakes up appnoximately 25_pef'oent:of the total -
sulphides in the:polishedisections,..ChalcopyriteaseleotiVely replaces

pyrite, either by'veining or along the borders; and it embays and replaces

'all earlier minerals.

‘v Galena is very rare in the specimens studied and only minor

' amounts of this mineral were noted in a few sections from the Quebec Chibou=-
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gamau Goldflelds in the Merr¢ll Is Tand'zone.‘ Galena us&ally occurs as

N replacement blebs in pyri'fe0 chalcopyrlte, and less commonly in sphalerite°

Marcasite, whlnh was seen only in one specimen from the Chibou--

gamau Kayrand mineralizea zone appears to s°lec ively replace pyrite and

veins-sphalerite.- In Figure 15, a portion of the marcasite veinlet in the
.upper part of the microphc*ograph appears to occur along the late cale Luem‘

sphalerlte contact. This evidence proves that marcasite followed calcite

- in the _paragenetic sequence.

" late quartz and calclte velnlets cut the sulphides in: some of the

‘polished sectlons studied, Textural evidence‘of the paragenetlc relationw

ship between late quartz and calclte could not be determlned (Flgure 16)
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Pyrite

Hematite -

Chalcopyrite

L5

Eyriteumagnetite_Chaldopyrité Déposit
Diagram 3 - Parageneticvsequence oflminefaliZatioﬁ of the

pyrite-magnetite-chalcopyrite deposit. .

Qﬁartz-
Magnetite

Calcite

tiﬁe ~.

Vértical iine indicates movement.

Pyrite and chalcopyrite are the most widespread minerals presént

| ;;in the Graﬁdine deposit. Pyrité‘commonly‘OCCurS'as subhedral to euhedral

".grains with chalpopyrite_in the brecciated granite., Frequently these

miﬁerals‘are concentrated as stringer ore along fracture planes or occur
as disseminations in the wall rock (Graham 1953)..

. Magnetiteand hematite occur as selvages along same of the

‘fracture planes, and as veinlets up to three inches wide in the brécéiated

zone. |
. In hand specimens, mdlybdenite is cOmménLy observed aslsmail
flakes.lining fré;turélplanes, which.traverSe the earlier.formgd minerals.
'_pyriﬁe, which'appear; 53 subhedral to anhedral grains, is the ”

most abundant mineral in the polished sections, Grains of pyrite are

-normally fractured and these fractures have guided chalcbpyrite,AQuartzsl

and hematite replacement and vein filling. The intensity of chalcopyrite




' repleeement of pyrite is low as,compared with replaeement in the main
sulphide deposits (Figure 17). Hematite either embays pyrite or oceurs
as subhedral grains along fractures in pyrite (Eigure 18). Good textural
relationships between,pyrite and megnetite were lacking. The close
association of magnetite to later hematite, and the fact ‘that magnetite

has not. been fractured suggest that pyrite preceded magnetite in the

paragenetic sequenceo

~

_Quartz deposition probably followed the fracturing in‘the pyrite
(Figure_l?)u Evidence for early quartz was not observed in the'specimens »
studied but therpossibility of its.oCcurrence’is not preeluded° ~Figure 19 A
claarly shows‘the’textural.relationship between quartz and the later iron
oxides,‘ This figure shows hematite‘replacing,quartz alongvgrein boundaries,
and.projecﬁion of.nagnetite needles'into the guartz grain. Chalcopyrite

either has embayed quartz or occurs as replacement blebs in this early

- gangue mdneral (Figure 17).

Megnetite makes up approximately 15 per cent of the total
metallic'minerals present, and is noted as pseudomorphic blades or needles

after hornblende or1actinolite. Chalcopyrite replacement has been guided

~to a oertain4extent by needle'borders° Remments of magnetite blades in

_ hematixe are relatively common (Figures 20 and 21),

” Hematlte is observed as well=formed grains in pyrite, but more
frequently is seen as irregular masses in the polished sectionsol Replacement,

along pyrite boundaries and in fractures in pyrite by hematite is of high

1nten51ty in the speci_mens° Frequently hematite replaces magnetite

(Figure 20) and Quartz (Figure 19), and is in turn.replaced by chal-

_copyrite'(Figures;éO and 21). Hematite is very widespread‘in_the specimens

from this'pyrite_magnetiteochalcopyrite deposit.




\ pecially cha.lcopyrite (Figure 22).

.,953_.

'Chalcopyrite is one of the abundant minerals in this suite, and -

. follows hematite in thé_ paragenetic séquence o Chalcopyrite veins a‘n‘d :

embéys pyrité and replaces magnetite, hematite, and quartz quite extensively

: :(Figur_'e 20),‘ Fiéure '21‘illustréte_s chalc'opyrite replacing magnetite needles;

pyrite along fractures and hematite ‘along grain boundarieso |
| Calcite9 although not abundant, veins gome of the minerals, eg=
In ha.nd ‘specimens, fractures filled With f’lakeo of molybdenite

traverse all the metallic minerals (Graham 1953)
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PyrrhoJ1+e Chnlcopyr~t9 DepagLTs

Dlagram l =‘Paragpn tiz sequence of m¢neral'"a‘A0' of the

pyrrhbtiteachalcopyrite depositsp

~ Pyrite
PYfrhotite
Sphalerite

Chalcopyrite_

> time : | ~

The mineralized zones at Belle Chibougamau consgist of f1ne=

 grained ma551ve pyrrhotit69 which hao been cut by chaleopyrlte veinlets

(Graham 1953). Pyrite is only.loﬁally presentg occurring as euvhedral ta

subhedral crystals., In the main showing, sphalerite was us sually noted

~as fine graing in pyrrhot;te.

Pyrlte was observed as a few sl*ghtly corroded eahedral grains

in pyrrhotite in one specimen from Belle Chlbougamau mines.

Pyrrhotite which fellowed the minor pyrite deposition is the.

~ most abundant mineral present in the polished sections. Pyrrhotite in

general preserves the origina1_wa11 rock texture and corrodes euhedral
pyrite grains. Sphalerite replacemenf‘of pYrrhotite has been controlled

by grain boundaries. - Frequently, pyrrhotite remnants showing relict

texture are enclosed in missive’ sphalerite° Thls textar .1 feature indicates

the age relatlonshlp betwean these two m¢neraioo Chalcapyrlfe has

.selectively replaced-pyrrhotite by embayment in the two polished sections

studied - see Figures 23 and 2l.




- and has been replaéed in turn Ey chalcopyrite,
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'Sphalerite depoéitibn closely ovérlaps the pyrrhotite phases in -

the specimens. Sphalerite'has feplaced_pyrrhotite~aléng grain boundaries,

» Deep embayments by chale
copyrite are characteristic.of the preceding replacemént (Figure 2).

Zinc sulphide makes up approximately 20 pef cent of the total‘sulphides-

" present.

Chalcopyrlte is fairly abundant in the specimens and has replaced
both pyrrhotite and sphaleri‘te°







- 60

..ArsenopyriteuPyrrhotitemSphalerite Deposi%g

vDiagram é'é-ParagGHEtiG séqanncq of mineralization of tho !
aréenbpyriteupyfrhotitémsﬁhalerite deposits |
. Qllartz 7 e . R
Calcite
Arsenopyrite
Pyrite -

© Pyrrhotite i

i‘SPﬁaierite

Cha]cjpyrite

- Galena

~ Calcite

T time . N

b ~ Vertical lines indicate movement.

The‘imgortant.minéral.ﬁssemblage is pyrrhotite and sphalerite
which makes up apprdximatélyvéo'per‘cent‘of the %otal sulphides in the
Tache.Lake deposits. Arsenbpyritaiis "ery'widespread but has only been ‘ ‘ i_. f
reported from the nurth zone of mlneralg*a{ion. Pyrite is not abundant9
and galena occurs only in minox amoun*s ir. the mlnwral&aed z(n;no Chalp

‘copyrite'ls not uncommon and appears to‘conta1n gold in the erystal

- cherty quartz which is thought by‘Sm1+h (1953) *o,ba the first m¢unral

l structure (Smith 1953). A1l the sulphides have selectively I“epnamd
I to crystallize, Early “rus‘oy calcita" has been described from the

_ , . : S /
mineralized zones, and a late:vperiod of calejte crystallisation followed
the depoSifion of the sulphides (Smith 1953)° 'Marsasiie and a pcssible

fo#’*ond generation of sphalente were rxoted In polished sectiuni,

i -

,{ e e : e - :




Quartz is the earliest phasevof miﬂﬂral deﬁoglf’ono Quaitz :
"v”talli’ation probably Pytended ‘over +h~ py“‘*n anq ars napyrite phaseo
Smal; embayments. of araenopywlfeﬂ 1n quarts, .nd*nafr The age F@JatiﬁUSulp
Qf'thvsn two mlneralo (Flgure 25) "However, in F*gu“e ‘Q, qwat+a appearﬁ

to vein arsenopjr4,§° and mat uhing of Qppcsjtﬂ wal*s of fhe quartz voi th;,
vin aréenopyrife’suggests_vein fillingo It is pcssible that ﬁhese "veinlets

represent remnants in the mﬂtallic mineral., Thé later'sulphidesg sphalerite

o o T

‘,(Flgu*e 29) and pyrrhotite, have embayed quartz quite extenzively in the

_p imenso v
Calcite fOllcwed early quartz as evidence by fle]d rel Li@nships.'
and hand specimens (Smlth 1955) | | | | |
fThe first metallic-mineral te cr&stalliZe is arsénrmwTitegjwhich
is qu 1te abundant in the pollshea sectionsa _Arsenopyrite is in genera; v
oboerved as subhedral to anhedral gralns in the suiphxdeso Quartz 1n~lusions
in arsenopyr ite indlcate that arsenopyrlte follows quartz, ard ouhnr gangue ‘
minerals in the paragenetic sequenceo All the sulphides (pyvrhot¢te9 galenag
ophalnrxte and less frequently vhalcopyrite) have extensively repgabed
arsencpyrite either along fractures or along grain boundariaao Fyritmu
arsenopyriie‘réiationshiﬁéuﬁere,obéefved,in several polished se@tions.
4 pyrlte replacement vein (Figure 27)9 and grains of pyrife at tha Uuwa%ﬁen
of saveral arsenopyrite erystals (Figure 28) shcw that arse nupyzxt@ pr@meded
yrite in the paragenetic sequence. _ ‘ » o '
Pyrite makes up apprOX¢mate1y 5:&0 per cent of th» total metaliie \
mlneré¢s present9 and is oommonLy obberved as fraﬂtured subhedraL to
anhedral gra;ns. Pyrite is Plearly embayed and veined by sphalerlte‘

(Figurs 27)qgéienag and to a minor'degree, by'chalccpyrite and pyrrhotite,

Pyrrhotite dseposition took place after a perind of fraturing in->
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P’ulphideo Blebs of sphalerlte s which are relatively:_abnnda,.n;t. in massive

« sulphides, pyrrhc‘iterl sphalsrite and *halﬂcpyrite are m‘r'nly associsted

arsenhpyrlte and pyrite. Pyrrhot*?e which is ‘usually massive, is.cne of

lthe most abundant minerals pressn* in the suite of sest ionso The three

in the specimens, and eﬁtensive overlapping of these *rJ“ &lliza+ltn

phabes is postulatedn Mutual'textures between sphalerite snd pyrrhof5+e
are not uncommon, as evidenced by straight contacts between these minerals ’
(Figure 30).- However, slightly embayed remnanta of pyrrhotiteg which :
‘were nbserved in. sphalarite (Figure 32) indlcate the peaition oi these

two minerals in the paragenetlc sequenﬂe. Chalcopyrite replacement is
dmcidedly later and has oceurred along pyrrhotite grain bordnrs (rigmre 33
and Figure 31) Remnants of pyrrhotite in chalnepyrlte are not’ irequent
(Flgnre 32) | '

Sphalerlte closely followed the pyrrhotite deposgition, and is
the seuond most abundant mineral in the speclmenso It 1s c@mmonly twinnedg
and oriented chalcopyrite inclusions are located along twin lamellae, |
Flgure 3L shows blebs of chalcopyritp along twin lamellae and along grain
boundarles in randcmly oriented spnalerite grains. less frequcntlyg
chalcopyrlte embays sphalerite along grain borders.

‘ Chalc0pyrite is usually closely associated with pyrnthite and
sphalprit Textural relations 1ndicate a min?r averlapping pf<cha1@@pyrite
w1th the other sulphides. 'Chalcopyritexmaken up a smll pér@en%age of the
total sulphides. li | | | |

Galena is very widebpread and is frequently observed as irregular ;_
magses whlch commonly show convex borders ncwards the sulphides° Galena
replaces all earlier minerals by veining and embayment. Harelys lxr@gular | /

sses of galena occur in chalc0pyrite replacing that parlier copper
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alena have been interpreted as remnantsv(Figure 30). Cubic cleavage is

1——

eveloped in a few specimens. The triangular pits did not show avidanae

of be;ng deformed by external forceso

Calcite, which follows & period of fracturingg veins most of tho
sulphides‘(Figure 35),>«

m = m———————
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o 70 - |
Gold-Quartz Veins

Diagram 6 - Paragenetic sequence of mineralization of the L - S :
Obalski goldsqnartz vein,

Magneti__te o

Pyrite

Chalcopyrite -

Limonite

Vertical lines indlcate movemento»

Mineralogxgvnd Texiural Relatlonshlpe '

“The quartz in the Obalski Gold-quartz veins is ueua]ly milky

in appearance and commonly conbalns nnmerous vugs (Graham 1956)o Pyrlte.
ccmmonly occurs along - fraetures 1n quartzs and in 1enses and stringers - “
associated with chalcopyrlteo. Sphalerite, magnetltep pyrrhotiteg and gold

have been reported: from thls depos:Lt°

Quar*z, which is the most abundant mineral, began eryetallizing

' beforekpyrite, and probably the periodaof 1ts dep081tlon overlaps the_

pyrite phase. Small pyrlte grains are allgned along quarts boundaries '

1nd1cat1ng the usual age relationshlp between these two mlnerale,

, Probably a~small percentage of quartz-was deposited after pyrite as

= -b"";." il it ""{-

- rarely as large subhedralrgrainse Anhedral pyrite grains agalnst subhedral R

ev1denced by veinlets of quartz in pyrite (Figure 36) Chalcopyrite
replaces quartz to a sllght degree (Flgure 38) E o

2

, Magnetite was frequently observed as 1rregular maseees'or more

magnetite suggest that magnetite is older. Chalcopyri*e replaeement of

magnetlte is slight.» See=Figure 3T,
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‘relationShips between'sphalerite and the other minerals were lacking, -
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- Pyrite is the ﬁoét,abundant metallic mineral present, usually

océurring as subhedral to anhedrai grdinso' Pyrite is fractured in some

' cases, and contains inelusions of quartz. This is especially so of

pyrite found in the wall rdck; Pyrite has followed part- of the quartz

. . i
deposition of magnetite. It has in turn been slightly replaced by

chalcopyrite along grain boundaries.m see Figure 38,

_Spﬁalerite_was obéerved as a few small blebs, but textural

" The chalcopyrite replacement of quartz; magnetite and pyrite .

| is not extensive, Chalcopyrite replaces pyfité and corrodes quartz

(Figuré 38); Chalcopyrlte makes up approximately 5 per cent of the

total mineralso

The writer-did not observe gold, but it has been réportéd .

along fractures in pyrite and quartz by Allard (1953).
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"ORfGIN OF THE DEPOSITS

The pyfiﬁewpyrrhotite%chaleopyrite'depeeits havelbeen'fofmed
at, mOderate temperatﬁres and pressures and ere classified by the'wrifef
as high intensity mesothermel of low intensity hypothermal deposits.
The deposits are believed fo be genetically related te,the Chibougamau
granite bathelith which lies south of Dore Lake. Graham (1956) stateeo

_ "The assemblage of albite, ollgOﬂlaseg quaritz,

and chlorite that is so closely associated with the
sulphide mineralization is basically the same as that’
which comprises the granite, gray fine-grained quartz
diorite dikes, and grey feldspar porphyry dikes. This
strongly suggests that they all have a common origin
which can most conveniently be referred to the granite
underlying the southern part of Dore Lake and most of
Ghlbougamau Lake",

Whether or not this is a plau51ble suggestion as to the origln of the

dep051ts is somewhat'debatableo' The writer postulates that the pyrite=

pyrrhotite-chalcopyrite dépOsits are the oldest deposits associated

with the Chibougamau granite batholith, The other two types, the
arsenopyritempyrrhotiteasphalerlte deposits, and the goldcquartz veins
are belleved to be younger.

The pyrlteamagnetlte%ehalcopyrite depesit is unique in that

the mineralsware'believe& to represent the highest intensity phase of

ﬁ'this.district,l Mégnetite, hematite, and ehal@opyrite>
are the abuﬁﬁeﬁt highvtemperature minerals. Minor ameunts of molyb-
denite crystalli?ea at a 1ater stage (Graham 1956)., A small showing
with eimilar.higggﬁeﬁpefature-minerals'has’been described by Mawdsley
T , ,

and Norman (1935)’in,SBeéred Grandine granite along the northwest side

of Portag’e'Island° Itéls here concluded that these hlgh intensity

.vmlneral dep031ts are ge? tlcally related to the Grandine granite plug.
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mineralization has followed the main sulphide deposition.

“T5-

: The pyrrhdtiteéchalcopyrife-depositsvwhimh oceur either'in‘
slighfly'éheared siliceous.tuffs_or transverse faultéd basie to ﬁltra%v
basic intrusivésxdiffer insmany respects frém.the py?itempyrrhotiﬁea
chalcppyrite group. ?yrite‘is either lacking.orvminor in amduntg
wheréas calcite5'siderite, and quartz are cmmﬁletely'abéént in theée
deposits;' The field relations sugges£ that the pyfrhbtiteachaicopyrite
mineralized zones are genetically related to the gabbrocpyrcxenite sills,
The basic to ultrabasie 'silisvare exbosed near thé'mineralized showings
‘and the mineralization appears to decréase away from.the'immediaﬁe gabbro=
tuff edntact. The origin of ﬁhe mineralized shear zénes in ultrabasi@
intquive rockslis'hot evident. The shearing is of small magnitude, and
the miheralizatioﬁ;qlosely coffesponds,to the minerai»assemblage in tﬁe '
siliceous tuffs, | | ‘ | o

The arsenopyrite-pyrrhotite-sphalerite deposits afe somewhat

5unusual innthat considerable émounts of arsencpyrite are present. Only

$two.other mineralized zones in the Chibougamsu region, the northwest-

striking‘arsenopyrite shear zone in the Opemiska mines and the Norbeau
_goid=Quartz vein on the Noranda property, contain considerable amOunté o
of.érsénqﬁyrite,' These three mineral dccurrences are 1écated near the
assuﬁed.Gwillim=Cémpbell Lake fault, énd it is pOssiBle that the sulphide
sdluti§ns from the Chiboﬁgamauvgranitevﬁafholifh perﬁeated along the
fault zone (Allard 1953). The arsenopyrite shear zone which strikes

north-west has offset the No. 1 and No., 2 sulphide zones in the Opemiska

'Copper Mine workings. The mineralized shearlzone has been traced for

500 feet on surface with a left hand displacement of 50 to 100 feet

(Archibaid unpublished). This strongly suggests bthat the arsenopyrite
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- Since the arsensﬁyrite.mineralization.is definitely later
than the msin sqlphide stage in the Opemiska mine workings, the .
afsenopyrite and-assqciated déposition in the Norbeau gold-quartz.
vsin'is,also believed to be later. Allard (1553) carfied out, spec-
trographic studies on pyrite samples from the Obalski goidusuaxtzf

shdwingss1and éohcluded,thatsthe pyrite contained very mipor amounts

of cdbalt;. Since the main sulphide zonés_in the Dore and Chibougaman

Lakes areas contain-cobaltiferous_pyrite5 it would appear. that. the

‘Obalski gold-quartz veins and the massive sulphide zones were not

deposited»in‘the,Samelperiod of sepOSition° Secnﬁdlyg native gold
has only been reported from the gold-quartz veinz and the Opemiska

arsenopyrite"shear zone, but gold is believed to ooeour as submicros=

| COplC masses in chalcopyrite and less commonly so in pyrlte and

pyrrhotite in the main sulphide deposits (Allard 1953), Native gold

- which occurs late in the paragenetic sequense has been reported by

 Allard (1953) from the Obalski gold-quarts veins, by Carmichael (15LO)

and Norman and Mawdsley.(1953) from the Norbeau gold-quartz veins,

Very‘little'is known of the McKenzie quartz vein and the Lac Fleury

- vein, but it is thdught,that these two also represent a late period
of gold deposition, The'sburce of the bydrothermal solution was

) ,probably the granite bathcllth in the Dore Lake drea. .
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GONGLUSIONS

If ts probabie that the depd°i+s were formed Jhd=* unifoimll

"high temperatures and pressuxes and as wi*h most o*h&x Pre. rambrian,
'dep051tsg hypogene zonlng is not svident, Nprman and,Mawdsiey (1935)
"~ -and calculated the thickness of the remnants of the Chiﬁougamau
}sediﬁentary serie59 which are believed to be uppér ﬁuxpnqan in'age9

- to be in excess of 3400 feet. These probably represent the lower

members of the Huronian'sériesg whereas the upper dolomites which

outcrop around Mistassini Lake have probably been erodedq, The
. sedimentary cover at the time of minerél deposition would'greatly
exceed 3L0O feet, and would conseivably range up to tens of thousands -

. of feet. With such a»great depth of burials-the deposite sheould be

cla331fled as high mesothermal or hypothermal, From the mineralogical

ev1dence9 most of. the deposlts Would be ula551f1ed as high 1ntensity

’»depositss with the probably exception of the golquuartz veins.

The golduquartz velnsg as based on Llndgren“s cla531ficatlon

would be'lqwer 1ntensity typeo The reasons suggestlng that the deposits

are lower intensity are as followss

1. Decrease of gold tenors at deptho‘v

2, Thé‘Quartz is‘milkyg a 1ow_temperature variety, contaiming.
numerous vugso. Tpis is-commdnly observediin the Obalski
gold=quartz velins, where,iarge vugs-up to three feet in
diameter have been réportéd by Grahém (1956)s These. )
cavities are commonly linéd with milky quartz crystals.,
“Gérmichael (19h0) described the quartz veins at Norbeaﬁ -

: Mlnes as show1ng'band1ng or crustification, Thé.edges'df’

the quartz veins contain numerous fragments of wall ro¢
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2. zald appear 5 to‘have'crystéllized'last and censequentlynwould‘be
of the_lowest intenéit‘;_fCarmichael (1940) and'Nenhan and
Maﬁdsley (1935) ciearly stated that go]d is the latest mireral . i
fto ﬂxystallﬂzp in the Novhcaa mlnea;‘ Gold cormonly LLL5 along

J fractures in the drsenopy“ite but 1ess uommanly it o ‘Lra in

quarta °

JeBs .Mawdsley (1938) stated that gold was the last minPra] to

" be introduced in the arsenopyrlte shear zone at the Opemiska Mines.

'Noble (1951) at the Homes*ake Mines stated that the gold.was the voungent

the last minerals to be depositeao He says:
"Dlstinctly late gold raises the question of the coundness

.of classifying many gold deposits on the deiB of their
assoeiated vein. minerais " v

:j The‘wrifer postulates three major surges of hydrothermal

solutions from the Chibougamaﬁ batholith at different times. The

first two are of high intensitys'whereas the third represents lower
1ntensity. The pyritempyrrhotiteuchalcopyrite type which is commonly
aesoulated wlth tne anozth051te dhd near the McKenzle Narrows fault

is believed to be the oldest. The pyrite of this assemblage eontalns

| cobalt and this is diagnostic of the depositso' .The arsenopyrite

F: dep051ts in the western part of the dlstrlct lie near the aSaumed

Gw1111maﬁachelor Lakes fault. The*hydrothermal solutlons probably .

- moved along the féult.erystallizing>1n dilation zones (Allard,1953),

. The’evidehCe”at'the«Opemiska Mine, which 1s 20 miles west of Chibou.-

mlneral there9 but he suggested that gold mlght have Iemained in eaWution ‘
and,did not crystallize until-conditlons were favorableo Mawdsley (1938)A

described examples of gold deposits in Canada where thé gbld Was one ofv:"

gamaq‘townsite iS»elear. _A‘éhear'zone which is mineralized with quartz,
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arsenopyrite, pyrite, sphalerite, galena, speculérites and goid .
(llard 1953) offsets the main sulphide zones. It is assumed that the

other arsenopyrite mineralization in the area is also younger than the

. pyrite-pyrrhotite-chalcopyrite déposition° Atjthe Tache Lake Mines

deposits, the later sulphides have seléctively replaced eariy quartz,

and this ;eplécement appears to be the controlling factor in the

depositions

The relation of the go}dvquagtzveiﬁs is in doﬁﬁts but they
are thought:to beﬁyounééf than the other deposits. Allard (1953) |
decided that the pyrite in fhe;Obalski goldéquaftz veins contained
ver&'minor“émounts ofvcobalt and conséquentLy differ from the pyrite

in the main sulphide deposits. Spectrographic studies of pyrite from

‘the other gdldnquaxtz veins have not been attempted, but it is con=

cluded that the two different types of deposits originated from
different hydrothermal solutions, From the evidence cited previously,

it appears that the gold-quartz weins are of lower intensity, and

“sould crystallize after the pyrite-pyrrhotite-chalcopyrite and possibly

after the arsenopyrite-pyrrhotite-sphalerite mineralizations,
_ The paragenetic sequence'of-the different types of deposits
can bé correlated and all illustrate the so-called normal sequence |

with the possible exception'df‘the pyriteumagnetitewchalcopyrite deposit.

‘This sequence will be discussed later. Bandy (19L0), Newhouse (1928),

Butler and Burbank (1929), and Gilbert (1924) have concluded the normal
sequence to be as follows:

lo. Iron oxides.

2, Arsenic;_ifon, cobalt, nickel, sulphides,

3. Sulphides of zine, copper, and lead.

L. Sulfo-salts of copper.
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5. Svlfo-salts of silver.

6. Native elements.

" In the Chibougamau distficty'ﬁagnetites arsenopyrite, and

~quartz (early or later than pyrite) are the minerals which have
'crystalliied first,
Following'a period of fracturing which is-represented in

' most”poiishedvsections9 pyrrhotite, sphalerite, and chalcopyrite

were deposited, Chélcopyriteiis definitely latercthan.sphalérite
and pyrrhotite‘in'the‘three types of deposits containing-these |
minefalso -The ege'relaticnships befween pyfrhotite and sphalerite
icdicate extensive cveflapping. Sphalerite is definifely later
than pyrrhotite in the pyrfhdtiteuchalcopyrite depcsits; Figure 2l
shows blebs of pyrrhotite containing relict texture in massive
sphalerite. .Pyrrhotite is usually replaced by sphalerite in the
Tache Lake deposits, Evidencebin'the‘otﬁer polished sections from
the‘pyrite_pyrrhotitemchalcopyrite deposits.pcint_fo an earlief age
of pyrrcotiteg However, in Figure 12, veinlets of pyrrhotite cut

sphelerite° The pyrrhotite.in the veins shows random eitinctionsg

and the writer believes this suggests an early age of sphalerite inv

this sectlor. Allard (1953) and Graham (1956) have glven the paraa

genetlc sequence as being pyrlteg pyrrhotite, cha1c0pyr1te9 and

sphalerite, but the writer concludes that the pyrrhotite and sphal

erite are nearly contemporaneouss and chalcopyrite ;s~1atero

Galena is undoubﬁedly later in both the Tache Lake Mines
deposits and in the Quebec Chibougamau gold field (Merrill Island

depQSit)e
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Gold was probably the latest metallic mireral to crvstallize

'(Allard 1953) and (Mawdsley and Norman 1935)

Late quartz and calcite ware the latest gangue minerals to

-~ form.

Marcasite only oocure-locallyvand represent low temperature

- of formation. Marcasite was observedvin two poliShed-seetions where

it velns sphalerlte and appears to be younger than calc:te (Figure 15).
The paragenetlc sequence of the pyrlteumagnetltewehalooa

pyrite mineralized zone does not follow the normal sequence, Pyrite

~which is fractured has preceded the magnet1temquartz=hematitewohelco=
. pyrite assemblage. Hematite is commonly observed along fractures in
. pyrite and chalcopyrite appears to be guided in some cases by fractures
-ih that early sulphideo. From this ev1denee, it appears that there is

‘a major break after the pyrlte crystallization. Following this breaksl

quartz,magnetlte, hematlte, and chalcopyrlte were deposited in approx-

'1mately that order° In haml speolmens, fraotures lined with molybm

denite flakes cut the earller minerals (Graham 1956)o The Grandine

dep031t has crystalllzed under unnsually hlgh temperature and pressure

: condltions.

- The relationship of pyrlte and pyrrhotlte is of interest in

 the Chibougamau mineral deposits. Pyrrhotite which is very abundant

in the main sulphide dep051ts is completely lacking in the goldaquartz

' veins, the pyrite=magnetiteaohalcopyrite deposit, and in calcitem
bsiderite shear zZones. Pyrlte, on the other hand,; is abeent or occurs

only 1n very minor amounts in pyrrhotlte=ohaleopyrite zones -that are

pyrite is a dominant mineral.
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In conclusions the writer suggests that the hydrothermal
solutions originated from three sourcess the Chibougamau granite
batholiths the basic 511189 and the Gradine granite plugo

The deposits genetically related to the Ghibougameu granite
eppear to have formed from three_waves of hydrothermal solutions:

the first; the main‘sulphide deposits, secondly*the arsenopyrite%

’ pyrrhotlte«sphalerite deposit59 and thirdly the lower intensity

gold»quartz veinsopl’

A major break in mineralization has taken place betwaen
qnar*zarsenopyritempyrite or quartZapyrite deposition and the 1ater
sulphides in the first two deposits. This break in the pyEl%3=A
pyrrhotiteachalcopyrite depdsition mey havelreeultedifrom the

intrusion of the dioritic dikes, but evidence Supporting this idea

" is lacking. Dike intrusion fbllowed the pyrite or the pyrite and

' pyrrhotite ninerallization‘and remaining sulphides in the Noranda

district (Price 193k, Cooke H.C., James W.F., and Mawdsley J.Bo 193h).
This would ccnpare inveertain respects to the break in mineralization

in the Chibougamau mining district. Locally, a second break between

sulphides and later calcite and quartz vein filling is evident in

the mineral deposits.
A slight period of fracturing between the dep031tion of
pyrite and late quartz is recorded in the Obalski gold-quartz veins,

probably dividing the sequence into two stages. Carmichael (1940)

states that there are three stages of mineralization in the Norbeau

gold~quartz vein.

Three major stages of mineralization were cbserved in the

yrlteamagnetiteuchalcopyrite deposit which is genetically related
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| quartz, magnetite, hematite, and chalcopyrite, and the third, the

molybdenite-ﬁineralizationo

to the Grandine granite, Ths first consists of -py‘r_’?'.te_9 the"secondg

‘The'breaksAin'mineralization can be explained by the
formationfof di1a£ant zones due to0.renewed movement along the
fault piane° Theée zones of diiation or low pressure areas would

be favorable enviromments for mineral deposition.




= 8l - .

'BIBLIOGRAPHY

Allard, Go (1953) Structure and mlnerallzation in the Ghibougamau

area° Master's The51sy Queenﬁs Universityo

~ Archibald, G. (1959) Mining pFOperties and development report

Quebec Dept° of Mines Prel. Rept No, 388,
Assad, R. (1958) Mining properties and development reports
Quebec Dept. of Mines Prel. Rept. No. 26z,
Auger, P.E° (1941) Zoning and-distriCt variations of minor elements
| in.pYrite of Canadian gold depositss Econ. Geolog‘volp-BGS
P. 525, - I

» Bandy, M. (1940) A theory of mineral sequence in ‘hypogene ore

deposit3° Econ., Geol., vol. 35, p. 359&813 5h6=69._
Bastin, E .S (1957) Interpretation of ore textures: Geol. Soc.
Amer., Men. h5, Pe 56

Gratons LoCng and al (1931) Crlterla of age relatlons

. of minerals with special reference to polished sectlons,
Econ. Geolo, volo 269 ppa568=570°
Buerger, .J.-(1928) The plaatlc deformation of ore mineralss

Am. Mln.g vol. 13, pp,35—51°

" Buerger, °W, (1933) Ummixing of chalcopyrite from sphaler1te°

Am, Min., vol. 18, po 525

Buerger; MoJo. (193&) The pyrlteamarca31te relat10n° Am, Min.,

| vol. 19, pp. 59-61. -
Buefger, N.W, and Buerger9 M. J._(193h) Crystall@graphic relatlons
between cubanite segregations, plates, chalcdpyrite‘matrlx _
and secondary chalc?pjrite twinss Am. Min., vol. 19, no. 7,

~ Pp. 291.




- 85 =

Carmichael, A.D: (1940) The Norbeau Mines: Maste:ﬁs Thesis, .
| Queénis Unive*sityoi‘- B
Chai’leswood G.Ho (193‘5) The nature and occurrence of' _carbonates
.in_veing@‘ Econ° Geolo> vole. 30, po 502,
Dressef,, JoA. and -Deniss T.Co (19Lh) Descriptivé g?olngy; Quebee"'
| | nept of Mlnes Geol. Repto 20 volo II, pp. 1Ju=1ho.,
Cooké, HoCos James WoF., and Mawdsley JoBo (1931) Geology and
Ore Dep031ts'of Rouyn = Hdrricanaw Reg10n9 Quebec:

Cano Geol. Survebeemo 166, pp. 167»1720

Dulleux, E° (1908) Report on. exploratlon in the region of lakes

«

'.Ghlbougamau, Dore and David?"Quebe¢ Depte of‘Colonlm

- zation, Mines and Fisheries, pp. 50-8L.

Edwards, A.B. (1947) Textures of the ore minerals and their
Significanceé Melbourne Australian Inst., Min. and

__ Me'tauurgy Inc., pp.;_31=32, 72-73, 79-82.

Emmons ;. .M. (1940) The Principles of Economic Geology,

McGraw Hillo - ‘ ~ v~' v> » RE
Farebault, E.Ro, and alo(l911) Report on the geology and mineral ' ‘
; resources of the Chlbougamau Reglons-.Quebec Depto of
Colonless Mines, and Fisheriesg by the Ghibougamau |

Minlng Commissmn9 PpPo 27a6h, 193-=2Oho

‘Grahém, R.B. (1958) Geologlcal report of the north half of

Obalskl Townships Quebec Dept° of Mines Geol.: Rept. 1o

. Ingham,’W N09 and al. (1956) Mlnlng propertles and
vdevelopment in Abitibi East9 Abltlbl Wést and Rouyn -

Noranda Countles° Quebeﬂ Dept. of MlHEb Prel. Rept° 283, o : //

ppo 17“189 31‘“3!-1 hl‘-‘h?o o . o . v v o ' ‘




- 86 =

”Graham,'R.Bo (1956) Mining properties and development in the
Chibougamau District, Abitibi East and Roberval Counties
_during 19525 Quebec Depto of Mines Prel, Repto 287, |
ppe 13-15, 19-20,
.Gratdn, LG (19h0) Nature of ore, forming f1u1d5°' Eeon, Geolos
~ wol. 35, pp. 340-350. | |
Grenier, D.E, (1953) Preliminary nepbrt on Gamache Area - Abitibi
East County: Qnebee Dept. of Mines Prel. Rept, éBhg |
pe 7o , o o
" Gilbert, G.L. (192&) The relation of hardness to the sequence of
.,’ : the ore m:merals° Econ. Geol09 vol, 19, pp. 665673,
| 'Gilbert, J .,E. (1952) Preliminary report on Raoult Area - Abitibi

East and Roberval Countiese Quebec Department of Mines

‘ » . Prela Rep‘bo 2679 Po 6o ‘

anner, JN. (1929) Structural reasons for orientated intergrowths
. in some minerals: Amer. Min°p v0le 1L, pp. 230-232,

Gunning, .C; (1937)ACadiliac area, Quebec: Canada Geol. Survey,

Mem., 206, Ppe 26-=3o. ' | | |
Hawiey, J.E. (1952) Spectrographic studies of pyrlte in some eastern

) Canadian min.es° Econes Geol., volo h79 p. 260, e
Hew1tt, ReLo (1938) Experiments bearing on relation of pyrrhotlte |
- to other sulphides: Econ. Geol°9 volo 33, PPo 318==3259

_337° | f | | "

L ST, ann SchW&rtZstoMo-(l938) Experiments Bearing on the

" relation of pyrrhotite to other sulphides: Amo‘MinOQ

A lo 2 vollio' ) - -. : . » . /




Ingram, W.N., Robinson, W.G., and Rbss9 SoHo (1949) Terrains
miniers et travaux de mise en valeur dans les comtes
d'Abitibi et de Temlscamingue en 1946 et en 1947

Quebechept° of Mines Prel. Rept. 227, pp. 123m12h;
| 16-148, | |

<

'Lindgren, We (1930) Pseudo eutectic textures: Econ, Geol;,

yol. 255 pp. 1=10.

.._f;;_;__-~;,(1933) Mineral Deposits: McGraw-Hill lith Bdition
pp. Lhli-i63. | |
MacKenzie, G.S. (1937) Mining properties in the district of

Abitibi: Quebec Bur. of Mines Amn.. Rept., Part A,
ppe 83-106. | -
Méwdsleyg JoBo (1927) Lake David Area, Chibougamau District,
Quebec: Canada Geol. Survey Sumhary Rept., Part G,
ppe 125, _ |

. (1928) The Chibougamau District, Quebec:

Canadian MincoJour.q volo h99 ppe Ih2-945,
N £
. and Norman, G.Wo (1935¥§Chibougamau Lake map

area, Quebec° Canadian GeoloQSurvey Mem. 185,

. (1938) Late Gold and ‘some of 1ts 1mpllcat10n°
Econ. G’eo:l.o_g VOlo 339 ppo 1911‘:2100 )
Newhouse, WeHo (1928) The Tlme Sequence of Hypogene ore M1nera1

Dep031t10n3 Econ, Geolo,.volo 23, po 6h7,

Noble, J.A. (1955)-C1assifica£ion of the Ore Deposits: Econ.

Geol. 50th. Anniversity vol.; ppe 155-169.
— . (1950) The Ore mineralization in the Home Stake Mine:

Geol. Soc¢. America Bull., vol."61, pp. 221-252.




1
i
r
l
|
l
|
|
l.
Y
1
|
|
l
l
|
1
-
1

- 88 =
Norman, ‘G.W. (1936) The novtheast trend of Late Plecambrlan f_ ‘ ,
tectonic features in the Chlbougamau Dls‘*wnr o _ 7,;) _

Royal Soc° of Candda Proc° and T*ansag vrlo'JQ}'_

PPe 1195L28°v'

| —<eee—men (1940) Thrust faultlng of. Grenv111e Gnelsses

northwestward agalnst the Mistassini SEIltc of .
Mlsta351n1 Lakes Quebec: Jour. Geology, vole h83 “‘
- Pp. 512526, - o o
Pourret, P.E. et al. (1956) Outline of mining properties. v151ted
 in 1952 and 1953: Quebechepto of Mines Prel. Rept. 330,
Po 72, . | | = EE
Price, P, (1937) Geology and Ore Dep031ts9 The Horne Mine Norandag
' Quebeco Canadian Inst Min. Metallurgy Tranqo wol 379
PPe 108==lh0°
Schwartz, oMo (1931) Texiures due to ummixing of solid solut¢an3°.

Econo G‘teas v01o 269 ppo 7’48@7).199 757=7620

Schwartz; G.M. (1937) The ParagenesiS'of Pyrrhotites Econo‘Geolo,

vol. 32, ppe, 38-55.

f (1947) The paragenesis of pyrrhotites e Ming wele 32,
po 31 )-159 5}4

. (1952) Progress in the study of exsolution in ore -
- mineralss Am. Min., vol. 37; ppoe 358-359,
‘Shenon, P J. (1932) Chalcopyrlte and pyrrhotlte in sphalerite°
;.xm.° Mino; vols 17, ppe 51hc516 |
Smith, J.Ro (1952) Prelimlnary report on the southwest quarter_of _
McKenzie Township Chibougamen Districts Quebec Dept. — ° ////

of Mines, Prel. Repto 228, pp. 1=1k.

. e



-

S i

-89 -;

Stevens, Re E. (1933) The Alteratlon of Pyrite to Pyrrhotlte by
Alkallne sulphlde solutions: Econ° Geol,,‘_9 vol. 18,

pp. 1¢Sb;

vStevensoﬁ, J,S.v(1933) Veinlike masses of pyfrhotite in

| chalcopyrlte from Walte=Ackerman, Montgomery mlne,
o Quebee° Am, Mln, vol, 18, ppe LU5-LLI,
Stockes, H.N. (1907);Exper1ments on the action of ﬁarious solutions
Jin pyriﬁe and. marcésité°‘:Econ; Geol, vol.'és Po 1k,
Stoiber, R.E. (19h0) Minor elements in sphaler1te° Econo'Geolo,

' VOlo 353 po 500 R

_Thompson, .P. (1913) On the relatlon of pyrrhotite and chalco-

' pyrite and other sulphidess Econo GGOlos vol. 99 De 153°
Van der Veen (1925) Mlneralogy and ore deposition° The Hague -

. Go Naeff, po h60~_ .

: wells, _.C (193L) Fractional Precipitation of Ore Forﬁing'

Compounds: U.S. Geol. Survey, Bull. 609, p. 19.

. White, JoE. (1951) A review of modern theories concerning the

. formation of the Ore solutions: Master's Thesis,

UhiVersity of Michigan.

\

| Wilson, M.E. (l9h3) Structural features of the Noranda-Rouyn

-Area:- Symp031um.Structura1 Geology of Canadian Ore
Deposits: Canadlan'lnst Min. and Metallurgieal
| Engineering, ppe 672=776 809~839,"
Yagoda, H. (1935) The 1ocallizat10n of copper and silver sulphlde
minerals in pollshed sectlonsvby the po?as31um cyanlde

etch pattern: Am. Min., vole 30, po 5lo




900

- 20

e

Py.;Cpey Carb ,minor Poo,
minor 8l. -

- 10-LO ft.

"~ PyesCpsySid.,minor S1.

Chl,,;Talc, Chlorltoid,

Carb.

500 level-
2o -

500 level-

10 .

- 300

22

' Surface D.Drilling -

750

150 level-

- -Vazjiable

Disgsemations
& Massive

Py ,POongopcalogtho,
.minor S1. - -

N Qtzo, Ser.,Ghl,Carb., o
- Tale - - - <

Surface D.Drilling,Shaft Sinking

Undérground Development

150 level-

Disseminated

w o

750 -

. ‘Marginal

n

11600 .

- Disseminations

Po.,Cp. ,minor Py, 3
Garb.

,Surface D.Drilling
| Trenching '

350+

50

POo;PYo ,Cpo,minor Slo,
CarbothZO R B

Pods and
Stringers .

. Qtz °,Ch:l.. sSer. sCarb.’

’ Surface D, Drilling

Shaft Sinking

280

13

Underground deveiopment '

Surface f)’.Drill:i,ng' .

300

' Variable

PR

el- "

5317

' St’ringers and -

Disseminations

PY.;Qtz.,0p.,Side .

Qtz. ,sero ,Chl. 9 etc .

*

Massive . B

Cp.sPy. Po.,Sidey




Eaton
Bay

| Altered
| Anorthosite

and dikes -

600 '

1900

20

Py. ,Cp. sCarb. ,minor Po° 5.

' minor Sl.

‘| Machin
' Ppint

: Sheared

Gabbro

10-40 ft.

Py, sCp.5Sid. ,minor S1.

Hanging

Wall - |

Altered
Anorthosite
and dikes

N6OT

~ |500 level-
|20 -

- 10

500 level-

v Sou‘bh
Eaton

300

22

©Merrill

. Island Corpe

[mge

1 Vgﬂ:" i.@?i‘ll :

. 150 level-
. 750

. Variable |

' 'bissamationé

& Massive

Py. ,Pooscp.,cal,,Qtz., '
minor Sl.:

150

50 level- A '

Di’ésemi_.n"ated_ 1

Vert ical ‘

n o

70NE

1000 -

~Tortage

Po‘ssi'bly ‘

3l

- Di_ssemin-ati‘ons

Po.,Cp. minor Py._, ‘ |
Carb., -

Altered
- Anorthosite

-

. Quebec :
‘Chibougamau

. Goldfields

- |ATterea
‘IAnorthosite

and dikes

On surface- o

NEOW

Undergraund ,A
: 0‘=W — —

457

L
s

350+ .

Poo,Pye,Cpo,minor Slog
Carbchtz. . :

“‘Pods and
St.rix;gers _

Ivesw

280

_15

[

300

Yorcan

- Exploration '

L‘bd.

- Panging

wise

Upper Levelv-v |

Steeply S. -

Lower Level-
~ Flat : !

g0+

| variable | |
' - _ Stringers and -

Disseminations

PYo5Qbze sCPosSide

enderson

Massive

Gp ° ,Py. ,Po es31d.,

LN T




Location

- Atlas

.Chibougaman ‘

Baker Talc

Bateman Bay-

. A=Zone

' Baxemah Bay-

‘C=Zone

Bear Bay

Campbell

_ Chibougamau- -

Merrill.
. Island

~ Campbell
Chibougamau-

. Campbell
Chibougamau
KoKo.Creek

Chibougamau- x _
" CH=9 -

Kayrand

Copper Rlnd-‘

Copper U1iff
Deposit =

enstic aequence of mineralization of the

dual Ezgrhotitewﬁyrite-Chalcopyrite Deposits.

vNumbers"
- of.
Sections

.CH=19

CH=21

CH-25
cn-26

CH&*Bh _
CH-52 "

- 'CH-3‘5 -
’ CHfB} ‘
_H

Moc 0“11,2 h73
MoCo=53 LT3

 CoCaMe=10

C.oCaMo=33
C oc CMD“"])-l
c oc oMo“‘37
CoCaMo=3

- B=Dump =
. CB=1
Cedar Bay .~ v

K&
. K168
KI=L437

HI-123

G

CH=10

A=9 133 -

A=9 67.

'A=10 238 ;
A-10 12&.5

T A0 77

Calcite

. Pyrite | S
" Quartz o |
- Calcite
 Pyrite

M.Co=53 L37
MOCQ;‘SB 292 o
Moc 0“”53 ‘452 .

'- Quartz -

‘1Pyrite

~ Calcite

. Quartz : L
" Pyrrhotite ‘
‘Sphalerite

ZV;Chalcopyrit¢

- Quartz -
~ Siderite.

"Paragenésis

Quartz  e—————

Pyrite =
Pyrrhotite ' :

- Sphalerite
Chalcopyrite

- Quartz. - C | e——
- Siderite ' ~

Chalcopyrite

Pyrite

_ Chalcopyrite R _

Calcite

Sphalerite
Chaléopyrite

L | -
Pyrrhotite

Chalcopyrite

Pyrite ————

Qartz = ————
Pyrrhotite
Sphalerite

' Chalcopyrite

Calcite

Pyrite .
‘Chalcopyrite -
Calcite -

Quartz i)
Pyrrhotite =~ : .
Chalcopyrite

Calcite -

Marcasite ["

Pyrite
Chalecopyrite

N n el s




Table 3 -

t

DESCRIPTIOH OF THE HAJGR P'IRITE—P!RRHOTITB—*

CHALCOPYRITY, IEPOSITS IN THE CHIBOUGAMAU DISTRICT

STRIKE OF oIP OF _|AVER ., LENGTH AVER WIDTH TYPE. OF . MIERALIZATION WALL ROCK EXPLORATION WORK
\LL ROCK DEPOSIT DEPOSIT PLUNGE (feet) - (feet) DEPOSIT ALTERATION R
sered We=—end N8OW | Vertical - 2700 500 ft. Levell Pods and . Py. ,Po.,Cp.,minor Sl.s Ser.,Chl., Qtz., Surface D.Drilling
srthosite E.-end NLSW ’ " 8=25 ft. : ‘Stringers . Carb.; Qtz.’ o Carb. Shaft sinking
n N6OW n - - Variable " " " Surface D.Drilling
n N6OW " - - " " n Chloritoid & other minerals "
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tered N6O-TOF 60-708 - 500 " " P¥s ;0D ;Qtz .0 50arb. sete. Carb. ,8er . ,Clay minerals Surface D.Drilling
orthosite : , , - .
" ‘E.eend NLSW 608 to ‘Westerly - 700 " ® Py.:Cp. ,Po. ,minor Si. thZu 'Sern,gchlascarb, sQtz. ,Tale Surface D. Drl.ul"_pg
W.eend NTON Vertical : ' ' . ,Sero sCal, Shaf'} Sinking
N ! _ N - Underground Development
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: able 3 - DESCRIPTION OF THE MAJOR PYRITE-PYRRHOTITE~  CHALCOPYRITE DEPOSITS IN THE CHIBOUGAMAU DISTRIGT
NAME OF MINING o ) . " STRIKE OF oIp OF - ) AVER .IENGTH  AVERGWIDTH TYPE OF MINERALIZATION WALL ROCK
PROPERTY ZONE . | WALL ROCK - _DEPOSIT LEPCSIT PLUNGE (feet) (feet) .4 DEPOSIT - ALTERATTION
Bateman Bay A Altered - We—end NBOW Vertical - - 2700 500 ft. levell Poda and ' Py.,Po, ,cp, sminor Sl. s Ser.,Chl., dtio,
Mining Co. [Anorthosite E.—end NL45W B-25 ft. I Stringers  Carb., Qtz. Carh.
- B " N6OW n - - Variable " " "
c n N6OW " - - . " " Chloritoid & other miner
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No. 2. | Altered Wo=end NBOE | 808 Wesend W, - 5-50 feet e W Sid.SSeruChlaSChlorlt01
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.- Chibougamau Main Altered 600 Vertical ) - 500 * Variable 7 - )
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