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ABSTRACT

The ore deposits at the Opemiska Mine consist of several major
chalcopyrite~bearing veins which transect mainly the gabbroic portions
of the Ventures Sill, a layered Archean ultramafic-mafic complex near
Chibougamau in northern Quebec, The Opemiska deposits yield Cu, Au and

Ag, but also contain significant amounts of MoSz, WO3 and locally, Zn

and Ni. Quartz is the most abundant non-metallic constituent. The Opemiska

veins are similar in many respects to other vein Cu and Au deposits in
the Chibougamau district and appear to have unusual structural and metal~-
logen'ic features. Other sulphide deposits in ultramafic and volcanic
rocks of the area may.be metallogenically related. |

The wallrocks of the Openiska veins were studied to investigate what
geochemical and mineralogical alteration has occurred as a result of vein
emplacement. This approach was intended to investigate the source as
well as the mode of emplacement of the different components in thg veins.
To accomplish this, the petrology and geochemistry of the ultramafic-mafic
host rocks werxe studied both in the mine area and in another area 20
miles distant where there is no known vein mineralization. Analyses of
major and minor elements in the whole rock as well as microprobe analyses
of clinopyroxenes were utilized to investigate the crystallization history
and element distribution in the host Ventures Sill.

These analyses suggest that the Ventures Sill formed by fractional

crystallization of tholeiitic basalt, The intrusion was probably syn-

iii



iv
volcanic and appears to have received 2 number of influxes of fresh
basaltic magma during formation of the lower ultramafic cumulates, The
Ventures Sill is onme of two or more related layered igneous 'complexes"
which range from dunite to quartz diorite in composition and appear to
have formed by "igneous sedimentation", with expulsion of residual magma
into successively higher magma chambers. The rocks have subsequently
been metamorphosed to the greenschist facies,

The disseminated sulphide mineral assemblage in the Venfures Sill in
the mine area consists of sulphur-rich phases, particularly pyrite, and
jncludes millerite, chalcopyrite, pyrrhotite, pentlandite and linnaeite-
group minerals. This contrasts markedly with the assemblage in the Sill
remote from the mine which is distinctly sulphur-poor and includes heazle~
woodite, bornite, chalcocite, digenite, and pyrrhotite as well as chalco-
pyrite, pentlandite, millerite and linnaeite. The geochemical results
indicate that du, S, KZO’ HZO and CO2 were metasomatically introduced
into the Ventures Sill wallrocks near the veins, but that 8102 and possibly
Fe were derived locally from the walls of the veins, whereas Ni and Co
appear to have originated in the ultramafic rocks., The alteration mineralogy
suggests that the veins were emplaced érior to greenschist facies meta-
morphism in the host rocks. It is concluded that the veins formed by
sub-volcanic hydrothermal activity accompanying late-stage Archean felsic
volcanism and plutonic intrusion and may be temporally related to Cu~-Zn
mineralization in the felsic volcanics. A parallel can be drawn between
this relationship and that shown between the Neogene polymetallic veins

and temporally related Kuroko deposits in the Green Tuff region of Japan.
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CHAPTER I

INTRODUCTION

A, Statement of the Problem

The Opemiska deposits consist of a number of copper-bearing veins
that cut across a layered Archean ultramafic-mafic intrusion known as
the Ventures Sill. The veins are mined for Cu, Ag and Au contained
in chalcopyrite and minor native gold. The major gangue minerals in
the veins are quartz, calcite, stilpnomélane, biotite and pyrite.
Pyrrhotite, magnetite, sphalerite, scheelite and molybdenite are less
abundant and irregularly distributed. Pentlandite has been identified
‘in veins crosscutting ultramafic rocks.

Ore grade mineralization is confined to the Ventures Sill, although
short extensions of the vein structures, still carrying chalcopyrite,
continue into the stratigraphically overlying rhyolites, Other sulphide
deposits in the Opemiska Mine area (Figs. 1, 2) include: a number of
Cu-Zn showings in felsic volcanic rocks, volcaniclastic and chemical sedi-
ments stratigraphically overlying the Ventqres Sill; Au-Cu veins in the
gabbroic Bourbeau Sill (S560, Chiboug copper zone); the conformable Agtoria
iron-sﬁlphide deposit which occurs in volcanic rocks of the Gilman Formation;
nickeliferous pyrrhotite-chalcopyrite "stringers" in the lower ultramafic

part of the Ventures Sill. It seems probable that the spatial proximity
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of some of these various sulphide deposits results from common metallogenic
factors.,

The general geological setting, mineralogy and geochemistry of the
Opemiska deposit suggested that it might have genetic links between three
different important mineral deposit types; firstly, conformable volcanogenic
Cu-Zn deposits, secondly, Cu-Ni segregations in layered ultramafic-mafic
sills, and thirdly, epigenetic (endogenous) hydrothermal Cu (Mo-W) deposits.
It was hoped that a study of the genesis of the Opemiska deposit would provide
information regarding the partitioning of copper into these three contrasting
ore types.

Study was concentrated on the wallrocks of the Opemiska veins to de-
termine what geochemical and mineralogical alteration had occurred during
vein:emplacement. Six detailed underground traverses (Figs. 3~8) perpendicular
to the veins but subparallel to the strike of the Sill were mapped and
sampled in detail and later studied in the laboratory by petrographic and
chemical analyses, In addition; two sections across the Ventures Sill
were sampled and studied in order to establish the petrology and geochemistry
of thehost rocks remote from sulphide mineralization, One of these was
in the mine area along 901 drift (Fig. 9) but remote from any known orebodies.
The other was 20 miles east of the mine area near Lac Cummings (Fig. 10).
Finally, surface and underground exposures .and drill core from the Opemiska
veins as well as the other different types of mineralization in the Opemiska
Mine area were examined.

The wallrock alteration study was designed to investigate the genesis,
relative timing and source of the mineral constituents from three aspects.

Firstly, the three major ore types named above have different but charac-



teristic wallrock-sulphide ore relationships. Secondly, sulphides, par-
ticularly chalcopyrite and pyrrhotite)are susceptible to plastic deformation
and recrystallization under conditions of low grade metamorphism and

their structural control most often appears to have resulted from the

latest tectonic and/or metamorphic overprint. If a characteristic al-
teration mineral assemblage could be linked to ore genesis, this assemblage
might survive subsequent metamorphic episodes aﬁd provide information re-
garding primary sulphide deposition. Thirdly, it was hoped that a geochemical
study would show whether the various vein components were part of a primary |
magmatic mineral suite and the veins consequently some kind of magmatic
segregation, or Qhether they were epigenetic, and if epigenetic, whether

they were laterally secreted from the wallrocks or introduced from some

outside source,

B. Location

The Opemiska Mine is located at Chapais (Figs. 10, 11), a small
company town, 28 miles west of Chibougamau, Quebec, The town in 340 miles
by road north of Quebec City and 224 northeast of Val D'Or. 'The CNR rail
line connects Chapals and Chibougamau with other lines at Semmeterre in
the west and the Lac St. John area in the south. Nordair and Fecteau
air services provide air links to the D.0.T. airport located a few miles

south of Chibougamau. There is also a small gravel air strip immediately

- south of the town of Chapais..

C., History of the Opemiska Mine

The Opemiska deposits were discovered in 1929 by the late Leo Springer

and his associates of Prospectors Airways Limited, following cbservation
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from the air of an area of dark coloured rocks in newly burned over
country. Ground prospecting resulted in the discovery of three high
grade, chalcopyrite-bearing veins of the Springer Vein system, After
several seasons of diamond drilling and trenching financed by Ventures
Ltd., a shaft was sunk in 1936, and underground exploration indicatéd
about 280,000 tons of ore grading six percent copper ore to a depth of
500 feet. Owing to lack of transport and the prevailing 1OW'pfice of
copper, work was suspended and the property remained dormant until 1951.
In that year a new exploration program was begun which located the large
No. 3 Vein,and the indicated reserves were increased to about 1 million
tons. Shortly after production had stafted in 1954, the Perry vein system
was discovered and more recently the Robitaille vein in 1962,

Production started at 400 tons per day, and has gradually been in-
creased to the present rate of approximately 3,000 tons per day. Most
of the production of the mine to date has come from the No. 3 Vein system,
but . at present the No, 3 Veiﬁ is nearing exhaustion,with production
being shifted to the Perry veins. ‘

Total production to the end of 1968 was 7,945, 580 tons ;veraging
3.12% Cu, 0,030 oz. Au and 0,464 oz. Ag per ton (Duquette, 1970). Reserves
as of January, 1969 were 7,200,000 tons grading 2.90% Cu. Au and Ag
contents in these reserves are considerably less than in the mined ore
because, unlike the No. 3 Vein, the Perry and Robitaille vein systems

that account for most of the reserves have smaller contents of precious

metals.



CHAPTER II

GENERAL GEOLOGY OF THE CHAPAIS~CHIBOUGAMAU AREA

A. General Statement

The Opemiska Mine lies within. but near the southeastern limit of
the Superior Province of the Canadian Shield, approximately 25 miles
northwest of the Grenville Front. The Archean rocks of the area constitute
the easternmoét extension of rocks of the Abitibi orogen (Fig. 11) of
Goodwin and Ridler (1970). The Abitibi orogen is a Keewatin "greenstone"
belt, composed of a synclinorium of volcanic, sedimentary and hypabyssal
intrusive rocks infolded between granulites and migmatites, The orogen
is the largest, southermmost and possibly youngest (Krough and Davis, 1971)
of a number of east-west trending "greenstone" belts in the.Superior
Province. Recent radiometric age dates from zircons by Krough and Davis
(1971) indicate ages of approximately 2,750 fo 2,800 million years for
volcanic and probably coeval granitic rocks within the Abitibi “"greenstone"
belt.

The geology, structure and ore relationships in the Chapais-Chibougamau
district were recently reviewed by Duquetté (1970), who has compiled
the regional geology at 1 inch = 4 miles (Fig. 10, in pocket) based largely
on detailed 1 inch = 500 ft. mapping done by the Quebec Department of

Mines, and earlier Geological Survey of Canada mapping. Earlier reviews



on the geology of the district were published by Norman (1948) and Graham

(1957).

B. Stratigraphy

The oldest layered rocks of the area (Fig. 10) are Archean in age
and have been designated as the Roy Group (Duquette, 1970), which is divided
into three formations. The lowest, called the Waconichi Formation, is
composed largely of pyroclastic rocks. Duquette believes the Waconichi
Formation to be close to 40,000 feet thick, composed largely of crystal
and lithic tuffs, minor breccia and agglomerate lenses, a few mafic lava
flows and associated gabbro-diorite sills,

The second formation, the Gilman, conformably overlies the Waconichi
Formation, is composed largely of mafic pillowed lavas, and is apparently
12,000 feet thick. The individual flows are mainly basaltic and average
less than 200 feet thick, rarely exceeding 400 feet. This formation also
contains minor felsic extrusive rocks and tuffs and is intruded by gabbro-
diorite sills ranging from a few tens of feet to 1,000 feet in thickness.

The uppermost formation, the Blondeau, is composed mainly of felsic
volcanic rocks and volcaniclastic sediments, and is 3,000 or more feet
thick. According to Duquette (1970), the most common rock type is a gre&
crystal and lithic tuff composed of sodic plagioclase, quartz, white
mica, carbonate, chlorite, graphite and fiﬁe felsic lithic fragments,
Also included in it are lava flows, greywackes, breccia-conglomerates,
graphitic argillites and cherts. Toward the base of the Blondeau there
are intercalations of mafic volcanic rocks and mafic sills. Duquette
includes within the Blondeau Formation the felsic rocks of the Opemiska

and Pre-~Opemiska Series as earlier defined in the Opemiska area by Norman
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(1941) and Beach (1941). The Blondeau Formation thickens to more than
10,000 feet west of Chapais,

These Archean rocks are tightly folded and have undergone metamorphism
to greenschist and locally amphibolite facies. They are unconformably
overlain by relatively fresh gently dipping Lower Proterozoic clastic sedi-
ments (conglomerates, arkoses, wackes and siltstones) of the Chibougamau
Formation which are consideréd now to be of glacial and paraglacial origin

(Long, 1972, pers. comm.), and by dolomites and iron formation of the

Mistassini Group,

C. Conformable Intrusive Rocks

As mentioned above, numerous gabbro-diorite sills intrude the pre-
dominantly volcanic rocks of the Roy Group. These are chemically similar
to, and apparently have been folded with the volcanic rocks suggesting
that they are intrusive, co-magmatic equivalents of the volcanic rocks.
Some of the thicker sills show evidence of compositional fractiomation,
and contain quartz in their uppermost sections.

In addition to these minor sills, four thicker.sills of regional
extent have characteristic lithologies. The largest of these, the Lac Dore
Complex is 1oca£ed near the base of the Gilman Formation. According to
Allard (1970), its lowest exposed rocks are coarse anorthosites and
anorthositic gabbros that grade upward through a layered pyroxenite-gabbro-
anorthosite zone to an upper sodagranophyre zone (Allard, 1972, pers.
comm.). Although the base of the intrusion is apparently not exposed,
the exposed portion is about 20,000 feet thick.

According to Duquette (1970), the Roberge Sill consists of a

semi-continuous series of ultramafic bodies which is exposed for 45 miles,
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from north of Opemiska to the Grenville Front (Fig. 10). It is 1800 feet

or less in thickness., Duquette (1970) recognized "primary banding" or
igneous layering (Wager and Brown, 1968) and "augite crystals poikilitically
enclosing serpentinized olivine" or an olivine heteradcumulate (Wager and
Brown, 1968), and suggested these rocks might be "cumulates",

The ultramafic-mafic Ventures Sill lies above the ultramafic Roberge Sill
and is also concordant., This sill crops out semicontinuously for 45 miles,
from north of Lake Opemiska east to the Grenville Front (Fig. 10) and also
south of the Opemiska Lake Pluton. Similar rocks also crop out'along the same
stratigraphic horizon as far as Kreighoff township 50 miles west of Chapais.
Duquette (1970) recognized two units in the Ventures Sill, an upper, coarser
grained ophitic gabbro (Ventures Gabbro) locally more than 1500 feet thick,
and a lower black to green pyroxenite, Although in places the Roberge and
Ventures Sills are separated by a narrow band of rhyolitic rocks as in the
"Rockefeller" area three miles NW of the Migai,\g .noZ)\iolcanic rocks separate them
at the Opemiska Mine, nor is there any evidence of chilled contacts within
the ultramafic sequence. Because of this difficulty in distinguishing the
Ventures and Roberge Sills at Opemiska, in this study the complete layered
sequence is called the Ventures Sill and probably includes some ultramafic
rocks which Duquette would have separated as belonging to the Roberge Sill,

The fourth major intrusion, the Bourbeau Sill, lies in the lower pyro~
clastic rocks of the Blondeau Formation, a.few hundred feet stratigraphically
above the Ventures Sill, It is equally as extensive as the Ventures Sill, and
consists of a lower discontinuous pyroxenitic layer less than 75 feet thick,
overlain by a thousand feet of feldspathic and equigranular leucogabbro,
locally called epidiorite, which occasionally shows igneous lamination and
layering. This unit is in turn overlain by 1200 feet of ophitic quartz gabbro

which in places grades upward into a light grey sodic "micropegmatite,
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D, Plutonic Rocks and Dykes

About half of the district is underlain by plutonic rocks which
Duquette (1970) has divided into two suites: the first is a Tonalite-
Diorite Suite composed of semi=concordant intrusions with tonalite cores
and diorite rims. These intrusions are notably K-feldspar poor, similar
to the Archean felsic volcanic rocks., They have been strongly deformed
and are foliated parallel to the schistosity in the country rock.

Duquette considers these to be conformable, laccolithic or
phacolithic hypabyssal counterparts of the mineralogically similar Archean
felsic lavas and contemporaneous in age with them,

The second, less abundant Granodiorite Suite, called leucocratic
soda granite by Wolhuter (1968), contains moderate amounts of K-feldspar,
is locally crosscutting, and lacks the Prominent deformational features
of the Tonalite-Diorite Suite. Duquette (1970) considers these rocks to
be post-kinematic and post-Kenoran. The Opemiska ILake fluton (Wolhuter,
1968) one mile north of the Opeﬁiska Mine (Fig, 10) is one of these in-
trusions,

In both the Opemiska and Chibougamau mines, there are numerous mafic
to felsic porphyry dykes occupying structures both parallel to and oblique
to the ore~bearing structures, and those in the Opemiska Mine are discussed

further below, Proterozoic diabase dykes are the latest igneous intrusions

in the area,

E. Structure
Brown (1970) suggests that three sets of folds may be present, one

having northwest to north-trending axial traces, a second with east to



east-southeast traces, and the third a northeast trace. The most important
of these are the east to east-southeast trending folds which swing north-
easterly (Fig. 10) near the Grenville-Superior boundary and are probably
Kenoran in age. Brown (1970) considers the northeasterly trending set
to be slip folds at least partly kinetically related to the large north-
east trending faults (Fig . 10) in the area and to be the youngeét of the
three fold sets,
Duquette (1970) and others (Brown, 1970; Graham, 1957; Norman, 1948)
have recognized three major directions of regional shearing and faulting:
a northeast set, a west-northwest_set, and a north set. The northeast
set is apparently the youngest and has affected both Archean and Proterozoic
layered rocks. Two important examples of this set are closely spatially
assoéiated with both the Chibougamau area vein copper deposits and the
Opemiska.deposits. Although no ore is present in the structure itself,
in the Chibougamau area all twelve mines occur on either side of, and
within 4,000 feet of the Dore take Fault (Fig. 10). Similarly, at Opemiska
the Campbell Lake (Gwillim Lake) Fault cuts through the south side of
the property (Figs. 1, 10). 1It.is a chlorite-carbonate-quartz shear zone
measuring up to several hundred feet in width and has a steep southerly
dip, The Campbell Lake fault has a left~hand strike displacement of
approximately one mile, but Brown (1970) has presented detailed structural
and petrofabric evidence which indicates that the latest movement was
right-handed. Although the latest movement along the northeast fault
set is clearly post Archean, it is notknown how long faulting was active.
The second set of faults trends west to northwest, has right-handed

displacements, is commonly intruded by dykes and is host to some of the
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Opemiska veins and most of the Chibougamau veins except the Henderson
and Portage Lake deposits. There is léss agreement as to the relative
age and regional extent of this set, Duquette (1970) and Graham (1957)
consider them pre-Kenoran, whereas Brown (1970) and Norman (1948) comsider
that in the Opemiska Mine area these faults formed as subsidiary or con-
jugate fractures during late movement of the northeast trending Campbell
Lake fault. Some of the disagreement over the age of movement on these
faults is because regional correlations have been attempted on fractures
which may be local in extent and also because there has probably been
recurring movement along these faults. Nonetheless, the fact that the
west-northwest set is occupied by variods dykes and ore deposits which
are in turn sheared and faulted suggests that this set is early relative
to tﬁe northeast set,

Duquette (1970) recognizes a third set which strikes slightly east
of north, dips east, and has a left~handed displacement. At the Norbeau
gold deposit one of these fracﬁures is occupied by a gold-bearing quartz
vein; a second example of this set is the Mistassini Lake Fault (Fig. 10).
In addition to the above transverse faults, there are a number of strike
faults with very large displacements. Duquette (1970) states that some

of the largest of these occur within or at contacts of the ultramafic

rocks,

F. Ore Deposgits

The location, tonnage, grade and general geology of the Chibougamau
area ore deposits is summarized on Duquette's map (Fig. 10). Copper is

by far the most important mineral product and occurs in a number of
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different mineral deposit types that are briefly outlined below.

i) Chibougamau Veins

The most important ore deposits are the veins at Opemiska and along
the northwest shore of Lake Chibougamau (Fig. 10), all of which are similar
in bulk mineralogy and occur as veins crosscutting Archean layered sills,
The Chibougamau vein deposits have been studied by Jeffrey (1959), Miller
(1957) , Raychaudhuri (1960) and Vollo (1959), and include the Copper
Cliff, Jaculet, Copper Rand and Bouzan deposits of Patino Mining Corporation;
the Cedar Bay, Kokko Creek, Henderson, Campbell Chibougamau and Merill
Island Mines of Campbell Chibougamau Mines Ltd., and the Chib-Kayrand,
Quebec Chibougamau Goldfields and Unitea Obalski deposits. All these occur
in the layered Dore Lake anorthosite, and while most occupy northwest
trending shear zones, the Henderson and Portage deposits occur in south-
east dipping, northeast trending shear zomes. The veins contain pyrr-
hotite, chalcopyrite, pyrite, sphalerite, quartz, chlorite, sericite and
calcite. Less common metallic minerals include magnetite, arsenopyrite,
cobaltite, galena. banite, pentlandite, hematite and native gold. Other
gangue minerals in.lude actinolite, siderite, ankerite, epidote, apatite,
chloritoid, allanite and tourmaline. The shear zones which the veins
occupy have also been intruded by numerous dykes ranging from mafic to felsic
in composition. The deposits are all within four miles of the Chibougamau
Tonalite-Diorite Pluton, and all have been affected by severe post ore
deformation. Significant secondary (supergene) minerals (mative copper,
chalcocite, iron oxides and copper carbonates) are present 800 feet and

more below surface at the Henderson Mine,
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ii) Other Copper and Gold Veins

The Bruneau deposit, a few miles northeast of Chibougamau (Fig. 10),
consists of two veins which carry chalcopyrite, pyrite, pyrrhotite, quartz,
calcite and epidote. The veins strike northwest and north-northwest, and
cut across east trending Archean basic volcanic rocks, gabbro sills and
minor clastic sediments., North-south trending quartz-feldspar porphyry
dykes are common throughout the area,

The Norbeau gold deposit, four miles northeast of Chibougamau (Fig. 10)
is a 2,5 to 8 foot wide quartz vein crosscutting the Bourbeau sill, The
vein strikes northeast, dipping 50°SE, and carries pyrite and minor arseno-
pyrite,

The Key Anacon deposit is a series of steep east-~west trending veins
cutting a diorite~gabbro sill 28 miles south of Chibougamau (Fig. 10)
and less than one mile from the Grenville Front. The host sill is 400
to 600 feet thick and has intruded mafic volcanic rocks of the Gilman
Formation, Felsic dykes occupy structures subparallel to the ore. The
vein walls are chloritized and silicified, and minor sericitization occurs
in the felsic dykes. The veins contain pyrite, pyrrhotite and chalcopyrite
with the gold occurring as free gold in quartz. Minor sphalerite and
galena are also present, |

iii) Porphyrv Type Deposits

Kirkham (1972) believes that "porphyry copper" type mineralization
is present in the Chibougamau area. The Garth Lake deposit, south of
Chibougamau townsite contains traces of copper and molybdenum in a large
area of metasomatic rocks containing up to ten percent pyrite. A second

property, the Talbot, is located southwest of Chibougamau Lake within
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the Chibougamau Tonalite-Diorite Pluton., Here Kirkham (1972) reports

a stockwork of quartz-carbonate veinlets containing chalcopyrite, magnetite
and pyrite, with some potash feldspar alteration associated with the

veining, A third deposit, the Grandroy, northeast of Chibougamau (Fig. 10),
also has features which are common in "porphyry copper" deposits. The deposit
is a vein stockwork in a small stock apparently satellitic to the Chibougamau
pluton, In addition to chalcopyrite and pyrite, molybdenite, magnetite

and specular hematite are present in narrow quartz veinlets. Other gangue
and alteration minerals include K-feldspar, carbonate, sericite and chlorite.
Extensive pyritization occurs in the volecanic rocks for 1,500 feet west

of the mine.

iv) Zinc-Lead-Copper Deposits
.The Coniagas Zn-Pb-Ag deposit, locai:ed near Desmaraisville approxi-
mately 60 miles west of Chapais (Fig. 10), is stratiform and occurs in
felsic volcanic rocks near the contact between the Blondeau and Gilman
Formations, The sulphide minefals include pyrite, pyrrhotite, sphalerite,
ch;lcopyrite and galena, The sulphides show evidence of shearing and
deformation and the deposits have been folded.

The Tache Lake Zn~Au deposit, located 3 miles northwest of Chibougamau
(Fig. 10), occurs in serpentine and pyroxenite near felsic tuffs at the
base of the Blondeau Formation. Pyrrhotite, sphalerite and minor chalco-
pyrite are the major sulphides and occur in veins cutting the ultramafic
rocks.

Tn addition to the Coniagas and Tache Lake deposits, numerous small
copper-zinc showings occur in the felsic tuffs at the base of tﬁe Blondeau

Formation, including the M(8-5) zone at the Opemiska Mine described below.
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v) Copper Deposits in the Proterozoic Sediments

Copper mineralization occurs in both the Chibougamau Series clastic
sediments and Mistassini Series dolomites. Arkose and greywackes of the
Chibougamau Series north of Waconichi Lake contain small zones of dis-
seminated pyrite, pyrrhotite and chalcopyrite.which gréde up to 2/ copper
across one to two feet., Copper mineralization is also found associated
with small wveinlets of carbonate and quartz cutting these sediments.

The Icon Mine, 32 miles northeast of Chibougamau (Fig. 10), occurs
in dolomitic carbonates of the Mistassini series which are in fault contact
with Grenville gneisses immediately to the east. The enclosing fine
grained dolomites are argillaceous and.graphitic and commonly‘contain
radiating iron sulphide nodules and possible stromatolitic structures.
The bre is chalcopyrite which occurs as lenses in dilatant zones cutting
a conformable coarse grained dolomite~quartz rock. The coarse dolomite-
quartz rock forms a stratiform horizon roughly 10 feet thick and has

large euhedral quartz crystals'up to two feet in diameter.

vi) Other Mineral Deposits

The Dore Lake anorthosite complex contains segregations of vanadi=
ferous, titaniferous magnetite and ilmenite in a number of locations,
two of which are of possible economic interest (Fig. 10). The ultramafic
rocks of the Roberge Sill contain crysotile asbestos in places (Fig. 10),
and Ekstrand (1972) notes occurrences of nickel as "low~grade occurrences
in serpentinized ultramafic rocks (approximately background content of

nickel)" near Chibougamau, although he does not name specific locations,
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G, Lead Isotope Data

Lead isotope analyses (Appendix V) done by the Geological Survey cf
Canada on samples collected from the Chibougamau and Opemiska Veins by
J. M. Franklin in 1965 are plotted in Fig. 12, Other results shown for
comparative purposes are from Roscoe (1965) and Kanasewich (1968).

Thé results do not fall into a linear plot, thus preventing a simple
interpretation; However, the strongly anomalous character of the leads
suggests a two-(or multi) stage age. A tentative anomalous lead line
(Fig. 12) has been drawn based on a consideration of the Archean age of
the host rocks and a possible date for secondary emplacement. Geologically,
a Grenville Age for secondary emplacement seems the most probable because
of the post Aphebian northeast trending fractures wﬁich are closely associ-
ated with both the Chibougamau aﬁd Opemiska deposits, and because there was

a major tectonic-intrusive-metamorphic event nearby at that time.
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FIGURE 5 LEAD ISOTOPE DATA FROM THE
OPEMISKA AND CHIBOUGAMAU AREA MINES
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CHAPTER III

PETROGRAPHY OF THE VENTURES SILL

A. General Statement

The rock units in the Ventures Sill are mineralogically and texturally
similar to those found in other layered complexes such as the Skaergaard,
Bushveld and Stillwater Intrusions which are now generally regarded as
having formed largely by igneous sedimentation (Wager and Browm, 1968;
Jackson, 1967). vThe terminology of Wager and Brown (1968) and Jackson
(1967) has been used in the petrographic descriptions. Mineral identi-
fication is based on detailed petrographic examination, supplemented by
X-ray diffraction analyses; some of the latter were conducted on mineral
concentrates of the less abundant mimnerals., The main rock units and

their mineralogy in the two sections studied are shown in Fig. 13,

B, Lower Green Pyroxenite

The Lower Green Pyroxenite is about 100 feet thick and forms the
lowest mappable unit in the Ventures Sill, Unfortunately this mmit is
poorly exposed both in outcrop and in mine workings: nevertheless, the section
studied here from hole 8583 (Fig. 13), is considered representative,
The unit is not exposed in the Lac Cummings area. '
The rock is greenish-grey, massive, structureless medium-grained

clinopyroxenite, Dark flecks visible im drill core are seen in thin
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section to be brown pleochroic amphiboles, possibly uralitized pyroxenes.
Distinction of this unit from clinopyroxenite layers in the overlying

Black Pyroxenite is often difficult and although the contacts between the

two units are conformable, they are commonly faulted and some are mineralized
with sulphides, Browm (1970) described breccia dykes composed of frag-
ments of pyroxenite up to six inches in a pyroxenite matrix mainly near

the top of the unit in outcrop at the eastern end of the property. The
contact of the Lower Green Pyroxenite with rhyolite is sharp with little
evidence of chilling. Veinlets of amphibole extend into the rhyolite

close to the contact.

Polished thin sectionsshow that the rock contains greater than 90
percent partially uralitized clinopyroxene in equant to prismatic grains
thaf range in diameter from .2 to 2 mm, but average about .5 mm, Chromite
and secondary skeletal ilmenite after primary titaniferous magnetite are
other minor "magmatic" minerals. Round pseudomorphs averaging .4 mm, in
diameter composed of unoriented actinolite and fine secondary magnetite
form about 20 percent of specimen 8583-306 and are apparently secondary
after magmatic olivine. Secondary minerals in the Lower Green Pyro#enite

'include brown and pale green actinolite which comprises 50 percent or more

of the rock, calcite and chlorite. Feldspar was not seen in any section,

C. Black Pyroxenite

This unit is composed of clinopyroxenite and serpentinized dunite
and wehrlite. At the mine it is approximately 1200 feet thick., In the
Lac Cummings area, only the top 200 feet of the unit is exposed, but

the textures and primary igneous features are much better preserved than
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Sharp contact between brown- weathering serpentine
(above) and grey-weathering clinopyroxenite in
Black Pyroxenite at Opemiska. (Location: 800 ft.
north of east end of Campbell Lake)

Vell layered olivine clinopyroxenite in the Lac
Cummings section. TlLavering is marked by negative
veathering serpentinized olivine psceudomorphs.,

-

tlocation: 5 ft, S, of 1nJ28-7, Fie, 13)
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in comparable rocks of the mine area.

The rocks of the Black Pyroxenite unit have been divided into two
subunits: clinopyroxenite which contains less than 15 percent olivine
pseudomorphs, and wehrlite-dunite which contains greater proportions of
olivine pseudomorphs. In the mine area, contacts between clinopyroxenite
and wehrlite-dunite are commonly sheared (Fig. 14), whereas in the less
altered rocks near lLac Cummings, primary igneous contacts are more common,
The upper contact of the Black Pyroxenite unit with Upper Green Pyroxenite
is gradational, 1In the Lac Cumings area, pfﬁnary igneous layering (Fig.
15) is well preserved, the layers ranging from less than an inch to a number
of feet, in which case individual layeré constitute mappable units (Fig.
13). Some narrow layers show both mineral and size grading. The dunitic
and ﬁehrlitic rocks are olivine and possibly clinopyroxene cumulates and
commonly have post-cumulus clinopyroxene poikilitically enclosing olivine (oli-
vine heteradcumulate, Wager and Brown, 1970). The individual poikilitic
clinopyroxene crystals are up to three inqhes in diameter (Fig. 16).

The clinopyroxenite is dark grey in outcrop., The serpentinized
olivine pseudomorphs weather readily to form round pits (Fig. 15) with a
rusty colour, In fresh hand specimens the clinopyroxenite ranges from
dark to light greenish grey, is subequigranular, medium-grained and the
olivine pseudomorphs form black, highly magnetic patches,

In polished thin sections the mineralogy is simple. Clinopyroxene
' is most abundant and ranges in diameter from ,3 to 50 mm, , averaging
about .7 mm. Pseudomorphous olivine is next in abundance and occurs most
commonly as round grains, many of which are poikilitically included in

large clinopyroxene crystals, Grain size ranges from .2 to 2 mm,, but



16.

Large clinopyroxenite crystals poikilitically
enclosing serpentinized olivine (olivine hetrad-

cunulate) in the Lac Cummings section. (Location:
PH22-30, Fig. 13)

Cabbro pegmatite and gabbro '"nodules" in feldspathic
Upper Green Pyroxenite at Opemiska. (Location:
102 fr. E, of 1.7, 9633, 901 Drift)



29

averages approximately .4 mm. Most of the pseudomorphs are round, although
a few of the coarser ones have elliptical outlines. Chromite is the only
other magmatic mineral, and occurs as an accessory associated with olivine.
The chromite crystals are finer grained than the associated olivine, octa-
hedral in outline, and commonly rimmed and veined by secondary magnetite.
In transmitted light they are completely opaque, Alteration of the clino~
pyroxene is much less evident in the Black Pyroxenite than in the other
units of the Ventures Sill, although there is invariably some uralitization.
The pseudomorphs after olivine are composed of minor magnetite with mesh
textured serpentine or talc or less commonly with unoriented amphibola,
Some specimens contain calcite. The slight difference in colour between
the black and the green pyroxenites is apparently due to the higher content

of green amphibole in the latter.

D. Upper Green Pyroxenite

The Upper Green Pyroxenite is about 200 feet thick in the mine area
and about a third as thick near Lac Cummings (Fig. 13). 1Its upper contact
with the Foliated Gabbro is sharp, marked by the abrupt appearance of
cumulus plagioclase and titaniferous magnetite in the gabbro. Although
most of the unit is structureless, some specimens have an igneous lamination.
In the mine area, the Upper Green Pyroxenite is almost identical to the
Lower Green Pyroxenite, the main differencé being slightly coarser grain
size in the former. Local gabbroic areas occur where intercumulus plagio-
clase comprises up to 50 percent of the rock (Figs. 17, 18) and titani-
ferous magnetite up to 8 percent. Also associated with the feldspathic

patches are nodules of coarse grained gabbro (Fig.17), gabbro pegmatites



Fig. 18. Large angular xenolith of clinopyroxenite in
feldspathic Upper Green Pyroxenite at Opemiska,
Feldspathic pyroxenite near contacts of xenolith
is locally very feldspar rich, (Location: 153 ft.
E. of L.P., 9539, 901 Drift)

"ig. 19. Rhythmic, mineral graded layering in Foliated

Cabbro in the Lac Cummings section. Layers are

marked by clinopyroxene-magnetite-rich bottom and
feldspar-rich top vith a sharp contact against the
overlying layer. (Location near sample PII22-21, rig. 13)
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(Fig. 17) and xenoliths of pyroxenitic rock (Fig. 18). Irregular coarse
gabbro pegmatites are present in the Upper Green Pyroxenite in the Lac-

Cummings area, but the other features were not seen, possibly because

of less exposure,

E. Foliated Gabbro

The Foliated Gabbro has derived its name from its prominent igneous
lamination. In some specimens a lineation is present within the plane of
lamination., Most of the unit is coarse grained and homogeneous, but rhythmic
layering is very prominent in some areas (Fig. 19). Each layer has a
pyroxene-magnetite rich base and a plagioclase-rich top, and layers range
from a few inches to almost a foot in thickness., A few gabbroic layers
texturally similar to the Ventures Gabbro are up to 1 foo; thick (Fig. 9).
The base of the unit normally has a six inch to one foot thick band
composed of thirty to forty percent cumulus titaniferous magnetite octahedra,
with the remainder clinopyroxege. Narrow layers rich in cumulus magnetite
also océur above this basal layer within the Foliated Gabbro. In the mine
area, layers of pyroxenite up to 20 feet thick occur within the Foliated
Gabbro (Fig. 9).

In polished thin sections, the three main magmatic minerals are
plagioclase, clinopyroxene and titaniferous magnetite. The plagioclase
crystals are elongate, up to 4 mm, in length and .7 mm. in width, with
most about half this size, The plagioclase is euhedral in contrast to
the interstitial plagioclase present in some of the Upper Green Pyroxenite.
The plagioclase has been saussuritized and is now albite, containing
epidote, zoisite, sericite and calcite as alteration minerals. The clino~

pyroxene is also cumulus, and slightly coarser than the plagioclase.
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Extensive postcumulus overgrowth has occurred on the clinopyroxene,
resulting in subhedral to anhedral grain outlines. Titaniferous mag-
netite, ranging from .3 to .8 ~1. in size is common and has minor
postcumulus overgrowths. Occasional isolated plates of ilmenite are
possibly magmatic in origin. Apatite i~ an abundant accessory aqd occurs
both as fine inclusions in feldspar and coarser prisms up to .1 mm. thick
. aligned in the plane of the igneous lamination. Pseudomorphs composed
of randomly-oriented, fine-grained actinolite or chlorite may be after
either olivine or a calcium~poor pyroxene and occupy interstices between
cumulus plagioclase and clinopyroxene,

Metamorphism of the rock has resulted in partial uralitization of
the primary clinopyroxene, 50% or more in the mine area, but much less
in the Lac Cumings area. Albitization of plagioclase and partial
alteration of ilmenite to rutile, sphene and leucoxene has also occurred.
Primary magnetite has been completely removed from the Lac Cummings rocks
except in the titaniferous magnetite-rich cumulate at the base of the unit,
leaving only skeletal ilmenite, whereas at Opemiska the magnetite is
usually preserved. Other metamorphic miaerals in the rock include epidote,

calcite and stilpnomelane. Biotite is common in the Opemiska area.

F., Ventures Gabbro

The Ventures Gabbro isreadily distinguished by its ophitic to sub-
ophitic texture and coarse grain size, It is about 1200 feet thick near
the mine, and about 400 feet thick at Lac Cummings (Fig. 13). Although
it is generally uniform, locally the rock has a mottled appearance (Fig. 20)
with irregular patches relatively rich in mafic minerals, The lower

contact against Foliated Gabbro is abrupt, and marked by a change in
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Irregular mafic "clots" in feldspathic Ventures
Gabbro at Opemiska (Location: 6 ft. E. of L.P.
9539, 901 Drift)

Oriented actinolite and magnetite pseudomorphous
alfter calcium-poor-pyroxenc in ophitic Ventures
Gabbro at Opemiska, White areas arce saussuritized
plagioclasce. (Specimen 0G24-12; transmitted lLicht
x210
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texture and grain size.

In polished thin section, the mineralogy of the rock is very similar
to that of the Foliated Gabbro, with minor differences. Quartz constitutes
up to 5% of the upper portions of the unit (Fig. 13), and has two habits,
Mostly it forms megascopically visible interstitial grains up to 2 mm,
in diameter. In the uppermost parts, it occurs as myrmekitic intergrowths
_in the adcumulus rims around plagioclase. The quartz is commonly partially
replaced by stilpnomelane along grain boundaries. Zircom occurs as
minute inclusions in some of the mafic minerals, As in the Foliated
Gabbro, biotite and magnetite are absent in the Lac Cummings section,
but the other magmatic and metamorphic minerals are the same in both
areas. Titaniferous magnetite occurs as coarse irregular intergrowths
witﬁ clinopyroxene in contrast to the separate cumulus grains of magnetite
in the Foliated Gabbro. Pseudomorphs after calcium-poor pyroxene, either
orthopyroxene or pigeonite, were recognized in interstitial areas
between plagioclase and clinopyroxene in the mine area and are composed
of numerous parallel fine amphiboles with intervening linear patches of
fine secon&ary, non~titaniferous magnetite (Fig. 21). Similar pseudo-
morphs after calcium-poor pyroxene are present in the Lac Cummings area,
but without the secondary magnetite.

In the Lac Cummings area and in parts of the Opemiska area, a zone
containing approximately one percent disseminated pyrrhotite and minor
chalcopyrite has been recognized near the top of the Ventures Gabbro
below the "Granophyre". This zone is up to 20 feet wide, is clearly

recognizable in the field and can be traced along strike.



G. "Granophyre"

This rock is present at the top of the Ventures Gabbro in the Lac
Cummings area where it is up to 50 feet thick, but is thin and poorly
developed in the mine section., It is composed mainly of medium-grained,
hypidiomorphic-granular altered plagioclase and quartz. Compared to
Ventures Gabbro it contains relatively minor altered pyroxene and skeletal
ilmenite, which is pseudomorphic after titaniferous magnetite. Locally,
myrmekitic intergrowths of quartz and plagioclase are.very prominent,

Cobaltinitrite staining for K-feldspar was negative in all samples,

H. Sulphide Distribution

Although the silicate and oxide mineralogy and textures at Opemiska
and in the Lac Cumings area are similar, there are strong contrasts in
the sulphide mineralogy which are important in the interpretation of the
wallrock geochemistry and genesis of the Opemiska veins. The sulphide
minerals were identified by de;ailed microscopic examination both in air
and oil, supplemented by X-ray powder camera photography and some micro-
probe analyses. The results are presented in Fig. 22.

i) Lac Cummings Section

Although the sulphur content is very low in rocks of the Lac Cummings
Section (Fig. 31) a few grains of sulphide minerals were identified in every
section examined and form the basis for a three-fold division into nickel-
rich, copper-rich and iron-rich facies (Fig. 22).

The nickel~-rich sulphides occur only in the ultramafic rocks. Heazle-
woodite forms very fine grained flecks which occur as inclusions in
secondary magnetite and as disseminated grains, some with pseudohexagonal

outlines. In polished section, heazlewoodite grains are pale yellow,
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with weak anisotropism and are difficult to distinguish from both pent-
landite and linnaeite group minerals, The identification of heazlewoodite
was confirmed by X-~ray powder camera photography from sampies PH22-30
and PH22-31, and electron microprobe analysis of sample PH22-30, Linnaeite,
intermixed with heazlewoodite, was identified in the X-ray powder pattern
of sample PH22-30, The pattern showed weak doublet peaks at 1,66 A and
1.82 & with two distinct peaks at 2.85 & and 3.34 &, Millerite is clearly
identifiable in the polished section due to its yellow colour and dis-
tinctive strong anisotropism. Its presence was also confirmed by X-ray
powder photography in sample PH22-31., Some of the millerite is clearly
"supergene" and is replacing heazlewoodite along grain boundaries and frac-
tures judging from its association with secondary oxides. However much of
it appears to be "hypogene", for it is present as fine inclusions in
unfractured magnetite (Fig. 23) grains or as fine disseminated material
not associated with any oxide~bearing fractures. Pentlandite is found
at the top of the ultramafic rocks (Fig. 23), and in some specimens
chalcopyrite is intergrown along pentlandite cleavage planes. X-ray
diffraction confirmation of both these minerals, with the intergrown
texture, was obtained in specimen PH22-28,

A zone containing copper-rich sulphide minerals occurs at the top
of the ultramafic rocks, partially overlapping, but mainly above rocks
containing the nickel-rich sulphide suite. In sample PJ28-2 (Fig. 23)
chalcocite and digenite are intergrown with bornite, occurring both as
fine disseminated grains and inclusions in magnetite. Bornite-chalcopyrite
intergrowths have similar habit. Both bornite and chalcopyrite were

confirmed in X-ray powder photographs in sample PH22-29, Minor amounts
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Chalcopyrite~bornite, bornite~digenite, pentlandite-
millerite intergrowths and individual grains included
in secondary magnetite at base of copper-rich sulphide
zone in Lac Cummings section, (Sample PJ28-2b;
reflected light, oil immersion, 250x%)
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Pentlandite with intergrown chalcopyrite in tale-
serpentine-carbonate veinlet in serpentinized dunite
at Opemiska., Pyrrhotite also present. (Sample
8621-540; coated with carbon, transmitted and
reflected light, oil immersion, x150)
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of chalcopyrite continue upwards throughout the Ventures Gabbro. Chal-
copyrite was also seen as minute inclusions in one ultramafic specimen
(PH22-33).

Pyrrhotite is the predominant iron-rich sulphide in the Foliated
and Ventures Gabbroswhere it is associated with minor chalcopyrite and
rare pentlandite "flames". It is absent in the ultramafic rocks that
contain the nickel- and copper-rich sulphide minerals, It occurs as fine
to coarse disseminated grains and is also commonly intergrown with skeletal
ihmenite, replacing magnetite. One minute pyrite grain in sample PH22-17
was the only pyrite observed in more than forty samples.

A minute inclusion of a mineral tentatively identified as enargite
occurs as an inclusion in magnetite in specimen PH22-33. The mineral is
broﬁnish to violet with a distinct reflection pleochrism in oil, and
strong yellow to violet anisotropism, Marcasite is common as a "supergene"
replacement of a pyrrhotite, The native metals, awaruite and copper,
were sought but are apparently lacking.

il) Opemiska Mine Section

The most notable contrast between the Lac Cummings and the Opemiska
sections (Fig. 22) is the abundance of pyrite and the absence of heazle-
woodite and the copper-rich sulphides, bornite, digenite and chalcocite
in the Opemiska section., The three distinctive "facies" of sulphide
minerals in the Lac Cummings section are not present in the Opemiska
area, and pyrite, pyrrhotite and chalcopyrite are f;und throughout the
section in all rock types (Fig. 22). Sulphides are also more abundant than

in the Lac Cummings Section,
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Narrow veinlets containing sulphide grains are found in all rock types
in the Opemiska Section., In the gabbros, the sulphide assemblage in both
veinlets and wallrocks is identical. 1In the ultramafic rocks, however,
the sulphur-and ironerich sulphides predominate in the veinlets., In
these rocks, pyrite occurs only in the veinlets; pyrrhotite, chalcopyrite,
pentlandite and linnaeite-group minerals are present in both veinlets and
disseminated in the rock. Millerite was only seen disseminated in the
rock,

Texturally, the disseminated sulphides usually occur intergrown
with secondary minerals, included within secondary magnetite, or as isolated
fine granules, They are élso found as fine flecks along cleavages in
primary clinopyroxene or feldspar and replacing the magnetite portion
of ﬁrimary magnetite~-ilmenite intergrowths.

Pyrite in the gabbroic rocks is euhedral, but in the tale and ser-
pentine veinlets that cut the ultramafic rocks it is commonly ragged and
irregular, Identification of ﬁyrite in serpentine in specimens 8621~350
and 8621-440 was confirmed by X-ray powder camera patterns, and by electron
microprobe analyses in the former. Pyrrhotite is much less abundant
than pyrite in the gabbroic sections of the Sill, but becomes equally,
or more, abundant in the ultramafic portions.

Pentlandite is the most common nickel.sulphide in rocks of the Opemiska
section, and was found only in ultramafic rocks,occurring both as dis-
seminations and in crosscutting veinlets (Fig. 24). X-ray powder camera
patterns confirmed the presence of pentlandite in both veinlets and as

disseminations in samples 8621-480, 540 and 901,
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Linnaeite-group minerals are the next most abundant nickel minerals,
and are very difficult to distinguish optically from pentlandite in polished
thin section, X-ray powder photography confirmed their pPresence as inter-
growths with pentlandite in small veinlets in specimens 8621-480 and 901
(Figs. 25, 26), Partial microprobe analyses of the linnaeite for Fe,

Ni and S suggests that 8621~480 is close to true linnaeite in composition,
It is pinkish cream in colour, compared to a yellowish hue in the associated
pentlandite., The linnaeite grains are rimmed and cut by lamellae of
pentlandite (Fig. 25) and both occur associated with pyrrhotite, pyrite

and chalcopyrite in a small carbonate vein cutting serpentine. In specimen
8621-901, another linnaeite-group mineral occurs intergrown with pent-
landite in a serpentine veinlet (Fig. 26), In this case, the linnaeite
occurs as fine, irregular, lamellar-shaped structures cutting the pent-
landite host., Microprobe analysis for Ni, Fe and S suggest a composition
richer in nickel and thus closer to siegenite. The linnaeite (siegenite)
intergrowths have a slightly whiter colour than the associated pentlandite.
Linnaeite was also confirmed by microprobe as a small isolated grain
associated with a cluster of chalcopyrite and pentlandite grains in
specimen 8621-350,

Chalcopyrite was identified optically throughout the sill in the
Opemiska Mine both in small veinlets and as disseminations. 1In two specimens
chalcopyrite occurs intergrown along cleavage planes in pentlandite (Fig.
24)., Millerite was observed both as small laths intergrown with pent-
landite and as disseminated grains in two samples., A small, isolated,
highly reflecting, white, isotropic grain associated with pyrrhotite

and chalcopyrite in pyroxenite (sample 8621-855) was tentatively identified
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Linnaeite intergrown with and replaced along rims
by pentlandite in carbonate veinlet cutting
serpentinized dunite at Opemiska. Pyrite and
pyrrhotite are also present in veinlet. (Sample
8621-480; coated with carbon, transmitted and
reflected light, x96) :
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Pentlandite with intergrown linnaeite (siegenite)
in serpentine veinlet cutting serpentinized dunite
at Opemiska. (Sample 8621-901; coated with carbon,
transmitted and reflected light, x96)
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as cobaltite, Partial microprobe analysis confirmed the presence of cobalt

and sulphur, and the relative insignificance of iron and nickel.



CHAPTER IV

GEOCHEMISTRY OF THE VENTURES SILL

A. General Statement

Detailed study was made of the comparative geochemistfy of the
Ventures Sill in the Lac Cummings and Opemiska areas in order to provide
a basis for determining the changes in chemistry which might have
accompanied emplacement of the Opemiska veins. The whole-rock analyses
provide data on the geochémistry of the rocks, and together with the
microprobe analyses on thg\pyroxeﬁes and the petrographic information,
have been used to reconstruct the crystallization history of the Sill,
Details of the procedures used in sample preparation and analytical

techniques are presented in the Appendix.

B. Major-Element Abundances in the Whole Rock

The whole-rock analyses of Ventures Sill rocks are presented in
Fig. 27.

The two analyses of Lower Green Pyroxenite are quite similar to the
clinopyroxene analysis of sample 8583-270 shown in Fig. 36, The small
differences in SiO2 and TiO2 are probably due to the presence of minor
altered olivine and.titaniferous magnetite in the rock. The higher

alumina in the rock analysis possibly reflects the former presence of

minor plagioclase. The very low A1203 and high MgO and Ca0 in the rock

42
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analyses clearly indicate that the Lower Green Pyroxenite does not rep-
resent a frozen contact phase of parental basaltic magma.

The analyses of the wehrlite and Upper Green Pyroxenite are what
one would expect from the petrography (Chapter III). In the Foliated Gabbro,
there is a sharp rise in A1203 and Nazo, due to the appearance of abundant
cumulus plagioclase, The sharp drop in SiO2 and abrupt increase in Fe203
and TiO2 are due in part to the appearance of abundant titaniferous mag-
netite, The decrease in MgO is due to a combination of the appearance
of the above two cumulus minerals, as well as cryptic variation in the
clinopyroxene, The increase in P 05 reflects the appearance of cumulus

2

apatite,

C. Minor Element Abundances in the Whole Rock

All of the minor element analyses were done by.the Quebec Department
of Natural Resources and have been presented in Figs. 30-35. The analytical
methods together with their advertised precision are presented in Appendix
ITI. Control was provided by sending as an unknown a replicate check
sample from sample 0G23~14 in every twelfth to fifteenth sample, as well
as by sending several known analysed standards. These results are presented
in Fig. 28 together with the statistics on the reproducibility of the rep-
licate samples and the published results of the standard rock samples.

The average content of some of the elements in the gabbroic rocks
has been calculated and is presented in Fig., 29. These provide a basis

for subsequent comparison of the alteration effects in the walls of the

Opemiska veins in Chapter VI.



45

081
ST

0cy
081

%°8

wdd an

0zl
0zt
011
74

0z1
oct
ozt

061
6ST
091
0st

091
071

001
86
%6

Z8

wudd uz

7 12
*p*u €2
g* 12
8° ¢4
9° 44
6* 62
.v.lﬂ mN
D €1
.wlu .v.n
9° 0z
L 61
1-2°0 0Lz
062
9° 8¢
0°1
h-
90°
0.

§92IN059Y TeaIng
sesATeuy jooy) pue.ajw

¢8
001

9L
S8

L

%9
65

09
L9
9

€1
6¢
S€
9¢

0s
89

SL

BN Jo jusmaedog oscen) o
0F71day °2y3 uo sogs

48

4

(A

L
0102
0861
9L9¢

L1°

[
0091
01sT
0561

9, wdd

UR

€9°
c9°*

99°
sL”

LL*
GL®

% 0%

10°
10°
10°
[41)e

co*
o1*

cT*
(4%

0°

%

S L9Y

oet

wdd

Ul 03 sumowiuy se jusg
13835 pue e3eq Supmoys 9IqEl

*57T1=8290
*GC=HTD0
¥7€=-€290

#1-€290

*8¢=T¢90
*€T1~9T190
*CT~6210

(1) 11
(11) ®=zg-zema
(1Z) s1-8290
(13) €e-gzo0

(3) cos-yg
(g0c=99) ZI-9190

€-8THO
(¢-8THO) 01T
(€-8THO) ¢

(3 1
(10 6

asquny
91dureg

*8¢ @an3tg

TL-11=61

T.-9-82

CL=T~%T

TL-T1~61

T.~9~-82
(A Al XA

0L-CT~%

0L-CT~%

23eq



46

(pe33TWO

0€2)

61

9°21

8°cT
L2l

0C (174

G0t 9°12

rAdAt 1°82
%°91 0°0€T
o1 0Lt
8L 091
A 0€2
z1 oyl
€1 0Z1
65 o€l
69 0z1
61 0TI
0°ct 011
8°L 021
0°01 0z1
88 011
c°6 0z1

wdd 19

(c*
poudtsse
..@-.-HV
(74
L*Le
[ XA
19°
(pe3atwo
*pru) 91
G°le
61°
89°

0°1
0°1
h.
9

wdd uz wdd 3y

0z 4
9°11 0°¢t
6°¢ L6
8°%t 14

8¢ oL

e 8L

k4 YL

e 89

9z 0L

Le G8

K4 S9

62 09

L oL

e 08

8¢ 0oL

(44 09

[44 69

wdd TN wdd np

(pe33TWO
so1dues
TL-T1~61)
91
0°s1
00g
1861
0z 0z
9°L 0°6¢ z°8
0°S LS6 90°
L°c9 oo 74 GL®
TL - O%ST
99 ovLt
v/ 0SST
oL 00ST
€L . 0022 z8°*
1L _ 00€T 08*
69 0012 08°
£9 0012 8L
%9 0002 8L
99 0002 9.°
L9 0012 08’
€9 0s0Z 08’
€9 0561 8L*
wdd ©0p %  wd % 0%%

up

91

ponUIIUOD ***°*** 97 2anSTJg

91

8°¢l
go*
9¢c*°

ye*

cg’

%  wdd

1961 ‘sewoyy

8961 ©°I® 39 3IINBANOY ‘SN{BA PIPUSLIODDY
6961 I9YOSTITJ

soTdwes 9320T1dox H$1-£790

* R 04 B

~ =

Nlat w-

)3

Mz K

Nonomt

lx}

*T¢-%CHO
*8=TCHO
*BG6=0ZHO
#8=-GHO
%g=8¢rd
*GE=-TCHL
»90G6-£868
¥S0T1-0.L%8
#*0021-1298
*00%-L098
*GI~SCHO

%6¢=TCHO
*8T=-%THO

Jaqumpy
oTdues

- i9pop

(A A 14

¢L=t-¢€T

93%eq



L

*u*d*d ¢0°0 se peoleaal °‘p*u  +

A € 9DPTISINO SONTBA OM] SOPNIOXT «x
@um.mmmv 01qqes saanjud)y Jo dol 38 I94BT YOTI OpTydins mwolxy 97dwes duO0 SIPNIOXY X

8201 ‘1101
0L “65€ ‘SSE | ‘€86 ‘0€6 068
‘ove ‘gce €092 ‘LI8 “6%L °SIL |UOFIBINOTED
¢C 03 61 = CTTHA G031~ [20d ‘86T ‘OYT - L098 ‘029 ‘0€s ‘06Y% Ut pesn
+ ?1039q s8® LT 03 % - ZCHd + 91033q Ss®B ‘207 - 0LY® so1dues
oxqqed oxqqed oaqqed oxqqed
po3eIiod + °*9°A 89INJUOA poderiod + °9H°A S9aNJUDA
Vi ¢l | €¢ (4 1€T | 61 LS G¢T | 0¢ 99 0€T | C1 *w'd*d uz
¢’ 6° | €2 (A 0°T}| 61 g’ 8° | 02 9° 6° | 21 | *w'd°d 43y
9°1Ty | 8°8¢ | €¢C L'e | %°2¢| 61 6¢ % | 0¢ [44 ov | ¢1 ‘ud*d IN
(44 0c | €2 (41 e | 61 0el #0T | 0O¢ 68 6L | 21 *u*d*d np
1 | €2 i IL ] 61 ot Y| 02 1¢ 19 | ¢1 *w*d*d 0D
Lew | 0800 | €2 ose | €91¢ | 61 009 | L21¢ | OC 8€S | 9%1¢ | CI ‘weded uy
*90° 90° | (L1
¢t 60° | €2 |X%0° 80° | 8T 86° §%* | 0¢ [€2°1 L9* | C1 %S
11 01° | 61
sT® 9z° | €T cT° og® | 61 %° 6L° | 02 6%° i8* | 21 oowm
_A\ | ussy u | useR u ~a, | ueely a ~a | uBdl d
s3urmmmn) 98] Boay wistwedQ
g)o0Yy oTFoxqqsy sSurmm) 2]
puB BYSTWAd) UF SIUSWOTH SNOTIBA JO JUSIU0) 9FBIVAY Supmoys 91qBI, °67 9In3Td




48

i) Potassium

Tn the Lac Cummings section (Fig. 30) potassium appears to be con-
trolled by plagioclase distribution, insofar as no K~-feldspar was observed.
The KZO content rises from near zero in the ultramafic rocks to .08 percent
in the pegmatitic portion of the Upper Green Pyroxenite, falling to half
this value in the Foliated Gabbro and rising to an average of .30 percent

through the Ventures Gabbro. KZO then falls to less than .10 percent in

the "Granophyre".

In the Opemiska Section, the pattern is generally similar but numerous
anomalously high values in the gabbroic rocksraise the average for com~
parable sections of Ventures and Foliatéd Gabbro to_approximately three
times that of the Lac Cummings Section (Fig. 29). The specimens with
anoﬁalously high K20 content contain above average amounts of secondary
biotite and sulphides,

ii) Sulphur

In the Lac Cummings éecti&n (Fig. 31), sulphur content is low in the
ultramafic rocks where the mickel-rich sulphide assemblage occurs. It
rises to a small peak of approximately .09 percent where the copper~-rich
sulphide assemblage occurs, falling off again until the iron~rich sul-
phide assemblage begins in the gabbroic rocks, Throughout the Foliated
and Ventures Gabbros, sulphur distribution is rather erratic, reflecting
the occurrence of sulphides as fine sparse particles, with occasional
sulphide-rich patches,

The Opemiska section (Fig. 31) contains many erratic high values,
with an average of 4-6 times higher S (Fig. 29) than comparable rocks

in the Lac Cummings section. Low or "background" values are similar in
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both areas. In the gabbroic rocks of the Opemiska section there is a close
correspondence between samples with anomalously high S and K20 content.

iii) Copper

In the Lac Cummings section (Fig. 32), copper content in the olivine-
rich ultramafic rocks near the base of the section is negligible, but
rises to 200 parts per million in the uppermost Black Pyroxenite, where
the copper-rich sulphides occur. The copper content then decreases until
it again rises to a peak at the magnetite~rich layer at the base of the
Foliated Gabbro where the iron-rich sulphide zone begins. It falls off
again through the Foliated Gabbro until the Ventures Gabbro, where it
averages 34 ppm, never exceeding 80 ppm.

This distribution contrasts strongly with that in the Opemiska sectionm,
whefe although the lower values are similar, there are many erratic high
values, many of which are coincident with high K20 and S content in the
same samples. In the Opemiska section, the average copper values for
comparable gabbroic rocks are two to three times that of the Lac Cummings
section (Fig. 29).

iv) Silver, Zinc, Nickel, Cobalt, Manganese, Chromium

The poor precision of the silver analyses (Fig. 28) make any state~-
ments about silver distribution speculative at best. The poor correlation
between the Ag analyses (Fig. 33) and Cu analyses is particularly strange
in view of their apparent coherence in other studies (Wager and Brownm,
1968, p. 199).

In the lower parts of the Ventures Sill in the Lac Cummings Section,
the content of zinc is less than 100 ppm (Fig. 33), rising to an average

of 131 ppm in the Ventures Gabbro, perhaps reflecting its preference
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for magnetite as a host mineral (Wager and Brown, 1968, p. 200). Zinc
may be present as fine sphalerite, as in a basic intrusion in Missouri
(Desborough, 1963), but none was identified in the Lac Cummings Section.
There are no clearly definable differences in zinc distribution between
the Lac Cummings and the Opemiska sections.

Nickel distribution (Fig. 34) in both areas is similar and, as ex-
pected,Ni content is highest in the ultrmafic rocks, dropping to an
average of 22.4 ppm, in the Ventures Gabbro. A slight rise in nickel
content to slightly more than 50 ppm is discernible in the top 150 feet
of the Ventures Gabbro in the Opemiska section, but not in the Lac Cummings
section, Throughout the rest of the Sill, higher nickel values correspond

" closely to the abundance of olivine, reaching maxima of 2,000 to 2,500
ppm; in the dunitic layers, and falling to about 500 ppm. in the
clinopyroxenite '~yers, Some relatively high nickel values from samples
low in the Foliated Gabbro probably reflect the former presence of olivine,

Cobalt (Fig. 35) shows similar distributions in both the Lac Cummings
and Opemiska sections and is highest in the olivine~rich rocks in both
areas. The cobalt values then decrease through the pyroxenite, rise
again to a peak of 145 ppm. in the titaniferous-magnetite rich layer at
the base of the Foliated Gabbro, and thereafter fluctuate at an average
of about 71 ppm, in the gabbroic rocks, This distribution is consistent
with the data of Wager and Brown (1968, p. 180) which suggests that the
highest concentrations of cobalt occur in olivine, followed closely by
magnetite and ilmenite, with considerably less in pyroxene or plagioclase.

Although the relative standard deviation of the Mn analyses (Fig.

28) taken as a whole is very poor, if the results of November 19, 1971
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are removed, the variance is reasonable. The results presented in Fig,
35 and the ones used in the alteration diagrams (Figs. 3 to 8) are from
the group with the small standard deviation. The other results have
not been presented. Manganese distribution closely parallels that of
cobalt, reflecting its preference for the same minerals as cobalt, Des-
pite this close correlation, manganese is richer in the Ventures Gabbro
than the serpentinites, whereas the converse is true for cobalt,

Although the low precision in the Cr analyses for the low-Cr gabbroic
rocks (Fig. 28) has prevented their use in the alteration diagrams (Figs.
3 to 8), in the ultramafic rocks the results are probably sufficiently
accurate to allow comment, The highest\chromium values are found in the
olivine-rich layers, where cumulus chromite is relatively abundant (Fig.
30). Cr,0, is also high in the pyroxenitic layers, where it occurs mainly

273
in the pyroxenes and not in a separate mineral species.

D. Major Element Abundances in Clinopyroxene

Microprobe analyses of clinopyroxenes were utilized to investigate
fracfionation trends in the rocks of the Ventures Sill. In the case of
the Ventures Gabbro, it was hoped that in the absence of textures unique
to cumulus rocks, the analyses would indicate if the rock was in fact of
cumulus origin. In the ultramafic rocks it was hoped that they would
clarify whether the repetition of some of.the olivine-rich layers was due
to new injections of magma, or to some other factor. The analyses together
with the structural formula for each sample are presented in Fig. 36.

The MgO/Fe0 ratios in clinopyroxenes (Fig. 37) illustrate the cryptic

variation well, The iron enrichment trend which is clearly evident in
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the upper parts of the Sill (from 8621-290 and 165 upwards) is disrupted
by the olivine-rich layers between 8621-290 and 665, and suggests that
there was a new injection of magma in that section. The sharp break in
slope of the Mg0/Fe0 fractionation curve (Fig. 37) at the Upper Green
Pyroxenite-Foliated Gabbro contact probably results from the appearance
of magnetite and plagioclase as cumulus phases. This caused the partitioning
of iron into a second major phase and also decreased the relative abundance
of clinopyroxene, with a conséquent decrease in slope. Although not con-
clusive, the smooth trend of iron enrichment in clinopyroxenes of the
Ventures Gabbro suggests, despite the absence of textures unequivocably
indicating a cumulus origin, that this rock is a "eumulate",

Figure 38 illustrates the Ventures Sill clinopyroxene trends relative
to fhe Skaergaard and Bushveld trends, The trend in the Ventures sill
ig similar to thé other two in showing progressive iron enrichment, but
there are also two major differences. In the Ventures Sill, the intermediate
clinopyroxenes do not show the marked calcium depletions seen in the
Skaergaard and Bushveld rocks, Also the irom-rich pyroxenes of the
Ventures Sill are richer in calcium than those from the two other intrusions.
The similarity in clinopyroxene compositions in the early rocks from
all three intrusions suggests that the initial compositions of the magmas
were perhaps tholeiitic basalt, but a different crystallization history
resulted in the differences in compositions of later crystallized pyroxenes.
This explanation is consistent with the textural observations that calcium-
poor pyroxene was not a cumulus phase and that the clinopyroxene compo-
sitions were therefore not controlled by the intersection of the pyroxene

solvus with the solidus curve of pigeonite (Boyd and Schairex, 1964).
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Clinopyroxene compositions therefore show a simple iron enrichment relative
to magnesium at relatively comstant calcium composition.

Sample e (PH22-21) (Fig. 38) is anomalous to the above trend, but
this is possible because it is located only five feet above the base of
the Foliated Gabbro. It is the first specimen analyzed from above the point
where the calcium~-rich miner#is plagioclase and apatite began to crys-
tallize as cumulus phases. The magma probably became temporarily calcium-
deficient immediately after these calcium-rich cumulus phases began to
form, leaving less Ca0 available for the clinopyroxenes.

Sample d (PH22~18) is also anomalous in having most iron-rich pyroxenes,
yet is low stratigraphically in the Ventures Gabbro. Relative to normal
Ventures Gabbro, the sample is slightly finer grained, richer in feldspar
and contains only insignificant amounts of titaniferous magnetite. Although
not recognizéd as such during the sampling, this sample is believed to
represent a dyke of highly differentiated Ventures Gabbro magma which has

intruded its underlying cumulates.

E. Minor Element Abundances in Clinopyroxenes

Cr.0. shows the most definite and useful variation (Fig. 39). The

273
Cr.0., content within two major clinopyroxenite layers shows a consistent

273
decline from bottom to top, for example from sample 8621-740 to 8621-665,
and from sample 8621-290 through to 8621-10, and suggests that during
crystallization, chromium was partitioned preferentially into cumulus
clinopyroxene from the magma. This data together with the fact that
Cr203 content in the whole rock of the intervening olivine-~rich layer
is higher than that of the clinopyroxenite layers suggest that the magma

has been replenished in Cr203 in the section where clivine was forming
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as the predominant cumulus mineral, This also implies an injection of
new magma at the level represented by the olivine cumulates. Fifteen
feet above the magnetite-rich cumulate at the base of the Foliated Gabbro,
the Crzo3 content of the pyroxenes falls to near zero and suggests that
the available Cr203 was taken up in magnetite, thus depleting the magma
at that point,

The titanium content of the pyroxenes increases at higher strati-
graphic levels in the ultramafic part of the intrusion (Fig. 40), suggesting
that T:i.o2 accumulated in the residual magma during crystallization of
the ultramafic rogks. The titanium content drops sharply above the titani-
ferous magnetite-rich layer at the base of the Foliated Gabbro, increasing
again to a maximum in the uppermost analysed pyroxene in the Ventures
Gabbro.

Manganese content in the clinopyroxenes (Fig. 40) increases from
bottom to top of the intrusion, suggesting progressive enrichment of the
magma in MnO with progressing fractiomal crystallizatiom.

Sodium content in the clinopyroxenes (Fig. 39) rises from .3 percent
in the ultramafic sections to .5 percent at the base of the Foliated
Gabbro, then decreases upward through the Ventures Gabbro. This reflects
the preferential partitioning of sodium into cumulus plagioclase after
it became a cumulus mineral.

The alumina in the clinopyroxenes (Fig. 41) increases from approximately
1 percent in the lower ultramafic rocks to more than 2 percent at the
top of the Upper Green Pyro#enite gradually decreasing upwards through
the Ventures Gabbro. This suggests that the alumina content of the magma

increased as differentiation proceeded until plagioclase appeared as a
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cumulus phase, and thereafter A1203 decreased as alumina was partitioned
preferentially into plagioclase.

The minor element analyses of the clinopyroxenes in sample d (PH22-18)
are all strongly anomalous to the above trends (Figs 39, 40, 41), and
the compositions in most of the variation diagrams suggest that this
sample is the most acidic differentiate of all the analysed samples.
This adds further substantiation to the textural evidence and major

element analyses which suggest that it is from a dyke formed from highly

differentiated Ventures Gabbro magma.



CHAPTER V

GEOLOGY OF THE OPEMISKA MINE

A. General Statement

This section is intended to provide detailed data on the lithology
and different sulphide occurrences at the Opemiska Mine. In Chapter VII
this data is used in interpreting the metallogenic relationships of the
different occurrences and the genesis of the Opemiska veins., Most of
the specific occurrences mentioned in the text are shown on Figs. 1 and
2, but some features which are too small to be shown, or which occur
underground, have their locations specified in Appendix VI,

Some of the da;a was collected by the author through underground
visits and traverses on surface during his tenure at the Mine in the
summer of 1970, Discussions with the mine staff also contributed. A
few selected polished and thin sections from each of the different mineral
deposit types were studied in detail to determine the mineralogy and tex-
tural relationships., The latest published geélogical description of
the property is by Derry and Folinsbee (1957). A Ph.D. study by Brown
(1970) provides recent but unpublished information., Unpublished company
reports by Buchan (1964, 1965), Brown (1963), Winter (1967, 1969) and
Walker (1964) cover various aspects of the petfology, structure and
mineralization on the property. Norman (1941), Archibald (1960) and

Wolhuter (1960, 1962) have mapped the area for the Geological Survey
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of Canada and the Quebec Department of Mines,

B. Lavered Rocks

The property is underlain mainly by volcanic and sedimentary rocks
of the Gilman and Blondeau Formations, and the intrusive Bourbeau and
Ventures (Roberge) Sills, A diagrammatic stratigraphic section is shown
in Fig. 42.

The stratigraphically highest roéks are part of the Blondeau Formation
and crop out in the core of the overturned syncline in the western side
of the area covered in the map in Fig, 2., These consist of strongly
deformed, bedded siltstones, mudstones, felsic volcanic and volcaniclastic
rocks, and minor chert., In this area they are host to the Kisco (Ceres)
Cu-Zn showing., Similar rocks occur south of the Campbell Lake Fault and
west of the Chiboug Copper showing where they are host to the S$556 Cu-Zn
showing (Fig. 1).

The Bourbeau Sill, which occurs below these rocks, is exposed along
the western edge of the area shown in Fig. 1, as well as south of the
Campbell Lake fault zone where it is host to $560 and Chiboug Copper gold-
quartz veins. In the mine area theBourbeau Sill is approximately 2,000
feet thick and consists of a basal pyroxenite layer slightly less than
100 feet thick, overlain by approximately 1250 feet of ophitic gabbro
(epidiorite) which is in turn overlain by approximately 750 feet of
quartz gabbro. The gabbroic rocks are all highly altered and medium
grained. However,the quartz gabbro has prominent quartz "eyes", and
plagioclase feldspar is much less prominent than in the ophitic gabbro

(epidiorite).
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East of and below the Borbeau S$ill on the western edge of the property
(Fig. 1) is a thick section of locally pillowed basaltic lava flows,

Fine grained, thinly laminated felsic "cherty tuffs" occur as small but
thick lenses interbedded with these basaltic flows. Brown (1970) suggests
that these siliceous lenses may have been deposited from siliceous hot
springs because of the presence of partial silicification of the basalts
stratigraphically below the '"cherty tuffs",

Below these basaltic lavas, there is a sequence of massive felsic
flows, agglomerates and bedded tuffs which contain minor sulphide lenses,
Similar rocks occur below the Ventures Sill in the area covered by the
eastern edge of Fig. 1 and again just north of the Campbell Lake fault,
Immediately west of the Chiboug Copper showing, the felsic rocks between
the'Véntures and Bourbeau Sills are host to the conformable M(8~5) Cu-Zn
zone,

The volcanic and sedimentary rocks in the Astoria area, shown in
the southwest portion of Fig..l, are believed lower in the section and
part of the Gilman Formation, Stratigraphic correlations remain specu~
lative in this area, however, because exposures and drilling information are
Faulting also contributes to the stratigraphic uncertainties in thissggzgf.

In addition to the Ventures and Bourbeau Sills, a number of smaller
mafic bodies up to 100 feet in thickness occur intercalated with the
volcanic rocks and are thought to be sills, but could also be thick lava

flows. One such body occurs west of the Springer Mine (Fig. 1), and

another forms the hanging wall of the M(8-5) zome.
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C. Dykes
At least four petrographically distinct types of dykes cut both the

volcanic and sill rocks in the mine area, These include ultramafic,
lamprophyric, syenitic and intermediate to mafic dykes. The intermediate

to mafic dykes are the most common, and range in width up to about 15 feet.
They are steeply dipping, and usually occupy northéast and west to north-
west trending fractures. In hand specimen they are medium to dark green
and massive. The narrow mafic dykes are all fine grained, but the centers
of some of the thicker ones contain hornblende and saussuritized plagioclase
phenocrysts. Some also have a "mottled" appearance with irregular light-
coloured feldspar-rich "clots" or irregular greenish epidote rich areas.

In thin section, the fine grained groundmass material is seen to
consist predominantly of amphibole and altered piagioclase, but quartz,
sericite, chlorite, K-feldspar, leucoxene, zolsite, epidote and calcite
are also common, Stilpnomelane and biotite are scarce, considering their
abundance in Ventures Gabbro, The thin section examination and the chemical
analyses indicate that there are several compositional sub-types. Neither
of the two dykes which were analysed for major elements (Fig. 27) appear
to be typical of the majority of the intermediate to basic dykes. 0G24-9
is medium grained and equigranular with hornblende phenocrysts and abun-
dant quartz. OH25-10 is similar in appearance, but has significantly
less quartz, and clear K-feldspar can be seen replacing saussuritized
plagioclase, particularly in chloritized areas.

Crosscutting relationships in the intermediate to mafic dykes suggest
that there have been various episodes of intrusion, some earlier and

some later than vein emplacement. These dykes are commonly faulted and
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sometimes carry stringers of pyrite-chalcopyrite mineralization and quartz
veins, particularly those which are close to ore zones. On the other
hand, some of these dykes appear to be post mineral. For example in
11K drift, northeast of tﬁe J-zone (Fig. 7), one such dyke displaces a
three inch wide weakly mineralized zone carrying pyrite and chalcopyrite
in bleached pink (fine hematite, not K-feldspar) Ventures Gabbro.

The syenitic dykes are less common than the intermediate to mafic
dykes, and commonly occupy structures which parallel the veins. They
are pre-ore and in places in the no. 2 Vein, carry ore-grade disseminated
chalcopyrite-pyrite~-pyrrhotite mineralization (Fig. 45). The mineralization
and dykes have been sheared, and a schistosity is evident. The dykes
are porphyritic with albite phenocrysts averaging 2 mm. in size forming
about 60-70 percent of the rock. Occasional phenocrysts reach 5 mm,
The groundmass is composed of fine grained albite and quartz, Accessory
and alteration minerals include éericite, biotite, stilpnomelane, chlorite,
calcite, epidote and zircon. The dykes are grey or pink in colour, but
cobaltinitrite staining of the rock indicates that the pink in most cases
is not a feldspar but fine hematite in albite. K-feldspar was found
only as fine interstitial material associated with chlorite and sulphide
mineralization., These dykes range from a few to sixty or more feet in
thickness. Although these dykes have been regarded as apophyses of the
Opemiska Lake Pluton, the low KZO (Fig. 43 content makes this inter-
pretation unlikely., Wolhuter's (1968) amnalyses of rocks from the pluton
range from 2,527 to 3.44% K20 and although the rock is a "leucocratic
soda granite" with a narrow rim of "soda syenite" it is four to five times

as rich in potassium (Fig. 43) as the syenites at the mine. It seems
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more likely that the syenitic dykes are hypabyssal equivalents of the rhyo-
litic volcanic rocks and/or the "Tonalite-Diorite" suite of granitic
rocks,

An ultramafic dyke was encountered in specimen 0G28-9 (Fig. 5). 1t
is part of a composite mafic-ultramafic dyke which strikes east and dips
steeply north, cutting Foliated Gabbro., The contact relationships between
the two dykes remain unclear because of poor exposures. In polished
thin section, it was seen to be composed of about 45% altered olivine crystals
up to 1 cm,, which are pseudomorphed by talc and minor secondary magnetite.
Amphibole occupies most of the rest of phe section, along with lesser
quantities of chlorite, stilpnomelane, magnetite, pyrite, chalcopyrite
and chromite. The chromite has rims of secondary magnetite. An X-ray
diffractometer pattern confiimed the presence of talec, amphibole, chlorite
and stilpnomelane and the abéence of plagioclase.

A biotite-augite 1amprophyre dyke (OH21-15) was identified in the
Springer Mine (Fig. 3), This dyke is two feet wide and strikes east,
dipping 80° south. It is composed of about 15 percent coarse brown
pleochroic biotite phenocrysts together with about 5 percent coarse
partially uralitized clinopyroxene in a fine to medium grained groundmass
of altered plagioclase and mafic minerals., Apatite is abundant in the
groundmass,

The ma jor and minor element geochemistry of the different types of
dykes are presented in Figs, 27 and 43 respectively. For the most part
the analyses are consistent with the observed Petrography. The ultra-
mafic and biotite lamprophyre dykes are high in Cr and’Ni. The K20 content

of the intermediate to mafic dykes (excluding OH25-10) averages .63%
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compared to ,55% (Fig. 43) for the other four syenite porphyry dykes.

All of the syenite dykes have copper contents of less than 25 parts per

million,

In summary, there are two important dyke types in the area: the
syenitic dykes, which occupy fractures in and/or parallel to the veins
and are clearly pre-ore, and the more numerous intermediate to mafic
dykes, some of which show evidence of being "post-ore", while others

are mineralized.

D. Mineralization in the Ventures Sill

i) Structure

The Opemiska ore zones or veins are fracture zones permeated by
sulphides and gangue minerals (Fig. 45); with some "massive" areas (Fig.
44). They range from a few to more than one hundred feet in width.
Pyrite, less commonly chalcopyrite, and rarely pyrrhotite are disseminated
in the wallrocks., Although in general the structure is simple, both
Winter (1957) and Brown (1970) have shown that in detail the ore zones
consist of a number of different intersecting en echelon and zig-zagging
smaller~scale fracture sets which show consistent attitudes throughout
most of the Springer and Perry Mines, Many of these smaller-scale frac-
tures transect the overall trend of the ore zones. These ore zones are
cut and displaced by southwest dipping, northwest tremding faults, the
S and P faults, which themselves contain economic sulphides in places,
Other smaller faults of different orientations also cut the ore zones

1

in places, and these too are commonly mineralized,



Fig. 44.

Fig. 45.

Massive chalcopyrite and quartz in the No. 2

Vein, Springer Mine. Narrow lenticular bands of
pyrrhotite up to 1/2 inch wide are parallel to the
walls, and are barely perceptible in the lower left
portion of the photograph. The altered wallrocks
contain disseminated chalcopyrite. (10-2-60 stope)

Pink and white syenite dyke cut by quartz, chalcopyrite
and stilpnomelane veinlets, Disseminated chalcopyrite

is also present. Cobaltinitrite staining indicates the
presence of only minor K-feldspar which occurs associated
with stilpnomelane and sulphides. The pink colour is
albitic plagioclase, probably containing finely divided
hematite., (10-2-6E stope, No. 2 Vein, Springer Mine)
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ii) Mineralogy

Chalcopyrite is the most important metallic mineral present in the
veins, but pyrite is also plentiful, Magnetive, pyrrhotite and molyb-
denite are less abundant and erratically distributed. Local areas
contain visible and relatively abundant sphalerite, and less commonly
galena. In polished section, minorvsphalerite (Fig. 46) is seen in almost
all sections containing abundant sulphides, galena (Fig. 46) was seen in
two (Appendix VI) and arsenopyrite in two (Appendix VI) of the 22 polished
sections examined from the Springer and Perry Veins., Native gold was
seen in three (Appendix VI) of the polished sections under oil immersion
(Fig. 47)., Pentlandite is present in some of the veins cutting the ultra-
mafic rocks, Ilmenite and rutile are common minor constituents and usually
shoﬁ skeletal outlines (Fig. 48). Magnetite in the veins is usually
non-titaniferous and contrasts sharply with the "magmatic" magnetite found
intergrown with ilmenite in the gabbro wallrocks. Buchan (1964) reported
minor quantities of hematite, iinnaeite and gersdorffite, the latter two
being confirmed by X~ray diffraction.

Quartz is the most abundant non-metallic mineral, and calcite is
also relatively abundant., Biotite and stilpnomelane are common, and
although coexisting in some samples (Fig. 49) are more often antipathetic.
Chlorite is common and actinolite is minor, locally occurring as sub-
radiating crystals up to one inch in length. Minor K-feldspar is seen
in thin section as fine material replacing plagioclase along grain boun-
daries, and rarely as massive fine grained material up to a few inches
in width. Scheelite is erratic but locally ébundant. Buchan (1964)

identified minor quantities of axinite which he confirmed by X-ray diffraction.



Fig. 46. Chalcopyrite rimmed by galena and sphalerite. Small
exsolved chalcopyrite blebs (white) are present in
sphalerite. The dark area is non metallic. The
mineral on the rim of the photo is fractured pyrite.
(Sample P4B5; Perry Mine, B-Zone, 4 level, 7350N;
reflected light, oil immersion, 630%)

>

100 M

Mig. 47, Native gold in chalcopyrite between two rounded
pyrite grains. (Sample §-2-327; No. 3 Vein,
springer ifine, 2 level, 5025E; reflected lishi,

oil Immersion, 150%)
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Magnetite portion of "magmatic'' magnetite-ilmenite
intergrowth replaced by chalcopyrite in '"stringer"
sulphide zone. (Sample S13-2-4; No. 2 Vein, Springer
Mine, 13-2-8 stope, 6965E; reflected light, x96)

9.

Biotite (tabular books) and stilpnomelane (needle
shaped outlines) included in chalcopyrite (opaque)
in Ventures Gabbro 3 ft. into hanging wall of

No. 31 Vein. (Sample OH24~10; 3 level Springer
itine; transmitted light, 60x)
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iii) Textures

Much of the pyrite is euhedral but some is fractured and rounded
(Figs. 46, 47), commonly with chalcopyrite filling the fractures. Arseno-
pyrite too is euhedral and displays rhomb-shaped outlines, but may be
fractured similar to the pyrite. Chalcopyrite, pyrrhotite and sphalerite
are anhedral. Native gold occurs along fine fractures in py;ite or in-
cluded in chalcopyrite. Molybdenite is usually smeared out along late
fractures. Most of the magnetite in the veins occurs as fine octahedra,
but some occur as. massive lenses up to 6 inches in thickness. The presence
of ilmenite and leucoxene occurring as skeletal outlines partially invaded
by sulphides (Fig. 48) suggests that these are refractory remnants of
wallrock: this texture is found even in some massive quartz and chalco-
pyrite.

The quartz is massive and anhedral. Calcite is similar but usually
occurs in smaller later fractures than quartz. Much of the biotite
and stilpnomelane is bent and deformed, but some grains form euhedral
books and plates in massive chalcopyrite (Fig. 49). They also occur as
massive schistose material., Scheelite forms euhedral crystals in massive
quartz or chalcopyrite. Most of the ore shows some degree of deformation
and commonly chalcopyrite and pyrite form a matrix for brecciated silicate
fragments. The softer sulphides, chalcopyrite, pyrrhotite and sphalerite,
commonly invade fractures or cleavages in the pyrite or silicates. A
few specimens are sulphide mylonite, with granulated, rounded quartz and
pyrite fragments in a schistose matrix of phyllosilicates and chalcopyrite.

Cellular ovoidal pyrite nodules, which occupy cavities in massive

chalcopyrite,are a curious feature of parts of the mine and are similar
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to those described by Rose (1965) at Temagami. The nodules are 1/2 to

4 inches in diameter, and are composed of an interlocking network of
porous pyrite crystals which penetrate the edges of the enclosing massive
chalcopyrite. They are common in the no. 14 Vein but are also found

in the no. 2 Vein,

iv) Metal Content

As mentioned earlier, production to the end of 1968 was 7,945,580
tons, averaging 3.12% Cu, 0.030 oz. Au and 0.464 oz. Ag (Duquette, 1970).
Detailed studies of ﬁinor element distributions have also been made,
because some elements almost reach recoverable concentrations, or are possible
undesirable contaminants. Mill-head assays for January 1969 showed 0.04%
L 0.022% MoSz, 0.12% Sn, 0.01% Ni, 0.03% Zn and negligible lead, and
repfesent an average for ore drawn largely from the Springer Mine, with
less from the Perry Mine and minor amounts from the Robitaille Mine,
Tailings £for September, October, November 1967 averaged 0.055% W03,
and sampling at that time of the old tailings showed a low tungsten
" portion with 0,087% W0, and a high tungsten portion with 0.123% Wo,.
Semi~quantitative spectographic analyses of the mill heads confirm these
assays, and although Sn was not detected, barium (0.02% to 0,05%), chromium
(N.D. to 0.02%), cobalt (0.01% to 0.1%) and lead (N.D., to 0.3%) were

reported in various analyses.

Lead is abundant in one area in the no. 2 Vein (Appendix VI) where
it occurs as galena in a one foot wide shear with quartz, carbonate,
pyrite and chalcopyrite. The shear trends at 100°, dipping 75° north,
and is parallel to the no. 2 Vein. The northwest trending, south dipping

§-4 fault passes through the same area, and the high lead may in some
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way be related to its presence. Across forty feet, muck samples average
0.32% Pb. |

Assays of up to five percent zinc are found associated with high
gold values in the Arsenopyrite Shear. Local high zinc associated with
high gold assays are also present in various parts of the mo. 3 Vein.
South of the Springer vein system but north of the Campbell Lake fault,
one drill hole assay (Appendix VI) reached 7.5 percent Co over two feet.
Uraninite or pitchlende has been identified in trace quantities by X-ray
diffraction by the Geological Survey of Canada from the no. 31 Vein on

the fourth level, and one assay across 2.5 feet indicated 0.16% 0508

soluble in HNO3.

v) Sulphide Deposits

a) Arsenopyrite Shear

The Arsenopyrite Shear'(Asp. on Fig. 1) is near the Springer veins,
but has a different mineralogy and attitude. It occupies a steeply southwest-
dipping shear which trends at.130°, is up to two feet wide and contains
quartz, carbonate, arsenopyrite, pyrite, sphalerite and chalcopyrite.
Minor galena was identified in polished section. It has been traced from
surface down to the third level, and although it contains notably more
gold than the Springer veins.it is not large enough to be minable. Although
the fracture occupied by the "Arsenopyrite Shear" ciearly displaces the
structures occupied by the no. 1 and no, 2 Veins in a right;hand direction,

the age of the mineralization in the former relative to that in the latter

is still unclear.

b) Springer Veins

The Springer veins (Fig. 50) consist of a number of different ore
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"zones" of generally similar attitude and mineralogy. Most of the high-
gold ore at Opemiska is found in the Springer Veins, particularly in the
upper levels of the no. 3 Vein. Tocal concentrations of magnetite are also
characteristic of the Springer veins, and have been found in the no. 20
Vein (7 level), erratically throughout the no. 3 Vein and in the other
veins south of the no. 3 Vein. Scheelite is locally very abundant in the
no. 2 Vein and is also common in the no. 3 Vein and no., 20 Vein. Molyb-
denite is abundant in the no. 22 Vein, pyrrhotite is common in the no. 2,
no, 20 and the no. 14 Veins, and quartz is abundant in the no, 3 and no.
20 Veins and erratically in the no. 2 Vein.

Most of the ore is in Ventures Gaﬁﬁro, with lesser amounts in the
Foliated Gabbro and Upper Green Pyroxenite. To the west, minor isolated
occurrences of Cu-and Au-bearing sulphides have been intersectéd by drill
holes in the overlying rhyolite along the strike of the Springer veins.
In the uppef levels of the mine, massive chalcopyrite is common, but on
the Vein extremities and at deﬁth, stringer mineralization is more
characteristic. Below 13 lgvel, parrow chalcopyrite-bearing stringers
with relatively high sphalerite, gold and arsenopyrite contents are common.

The most important ore zonme at Opemiska is the no. 3 Vein, which has
produced most of the ore mined to date. The fracture zone it occupies
has a left~hand displacement of about 500 feet and trends 100°, dipping
steeply north, Detailed work by Winter (1967) has shown that the ore-
bearing stringers within the zone occur along four different fracture
sets. Ore occﬁrs in Ventures Gabbro, Foliated Gabbro and Upper Green
Pyroxenite and is continuous from surface to below the 13th level. The

Vein rakes east, following the plunge of the synform (overturmed anticline)
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of enclosing Ventures Sill rocks (Fig. 1). The no. 3 Vein contains massive
chalcopyrite in the upper levels toward the center of the vein, but changes
westward into a series of closely spaced stringers and disseminated
mineralization which extends over widths of up to 200 feet. Small erratic
structures located near the no. 3 Vein, but not in it, contain pyrrhotite
veins, arsenopyrite-pyrite veins, galena veins and sphalerite veins.

The no. 2 Vein is much less regular than the no. 3 Vein and the
mineralization within it also occupies four different fracture sets (Winter,
1967). It is similar in attitude to the no. 3 Vein, and 1ike the no. 3
Vein, contains ore down to the 13th level and possibly below. On 12 level,
the no. 2 Vein continues as a mineralized structure 300 feet into the
rhyolites. The rhyolite walls are pervasively altered over a few inches
to ﬁassive fine grained pink K-feldspar but the amount of chalcopyrite
is insufficient to make ore. The other veins in the Springer system
(0 or north, mo. 1, mno. 11, no. 12, no. 8, no. 13, no. 4, no. 5, no. 6, no. 7,
no. 14 Veins) are generally similar jn attitude, mineralogy and structure
to the no. 2 and no, 3 Veins but are much less continuous, some being
merely branches of the larger veins, These small veins are more prevalent
on the upper levels and all pinch out above the 11th level, The mmbers
20, 22 and 21 Veins are small offshoots of the mo. 2 Vein which strike
northwest and are similar in attitude to the veins in the Perry system,

c) Perry Ore Zones

The mineralogy of the veins in the Perry System is similar to that
in the Springer veins, with some slight differences. Magnetite is scarce
in the Perry veins, and the tenor of gold is much lower than in the Springer

veins. Scheelite is thoughtto be less abundant than in the Springer
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Mine. Molybdenite and arsenopyrite are erratically distributed.

Sphalerite and pyrrhotite tend to be more abundant at depthe

Here the veins are totally confined to rocks of the Ventures Sill,
and are stratigraphically lower in the sill than the Springer veins.
Compared to the Springer Mine there is more ore in the Foliated Gabbro
and Upper Green Pyroxenite, with small amounts in the Black Pyroxenite.
Winter (1967) showed that four different fracture sets control the
mineralization and that these individual fracture sets are similar in attitude
to the fractures in the Springer veins although the gross trend of the
ore zones is considerably differen;. fhe general rake of the ore zones
is northeast.

The B-zone, the largest ore body, continues from surface to the 11lth
level where it is cut off by the B-2 fault. The zone strikes slightly
west of north, dips steeply east and is mineralized with chalcopyrite,
pyrite, minor pyrrhotite and fraces of scheelite. Minor quartz and cal-
cite are present., Massive chalcopyrite is present as well as disseminations
and stringers.

The D-zone (Fig. 50) extends from surface to the 17th level and is
composed of a number of parallel zones which continue froﬁ the south
end of the B-zone in a southeasterly to easterly direction, dipping north.
Chalcopyrite, pyrite and'pyrrhotite are the important metallic minerals,
with pyrrhotite increasing at depth. Calcite and quartz are present,
with minor scheelite and molybdenite.

The J-zone is located about 700 feet northeast of the B-zone (Fig.

50) and strikes north-northwest, dipping steeply east. It continues from
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near surface to the 17th level, becoming weaker on the lower levels.

It is essentially a quartz vein carrying chalcopyrite, pyrite and pyrr-
hotite. Between the 13th and l4th levels, the vein carries abundant
sphalerite and pyrrhotite but little chalcopyrite.

The K-zone is a small northwest striking, northeast dipping structure
which extends from above the 9th level to below the 13th level. It con-
tains chalcopyrite and abundant pyrrhotite with minor pyrite. Some scheelite
occurs in massive chalcopyrite. Quartz and calcite are not abundant.
Other small veins which occur in the Perry system are the A, G and K-2
zones. The K-2 zone is one of the few examples of a minable tonnage of
ore which occurs in a southwest dipping, northwest trending fault, the
P-3, which is part of the northwest-trending set , members of which
norﬁally displace the ore zones.

d) Robitaille Vein

The Robitaille mineralization is similar to that in the Perry and
Springer Mines, but its structural attitude is considerably different and
it is separated from them by the Beaver Lake fault, a major northwest
trending fault which dips approximately 45° northeast. The ore zone
trends west-northwest, dipping steeply south with a rake to the east.

It is cut off by the Beaver Lake fault below the 3rd level.

The vein is confined to the loﬁer part of the Ventures Gabbro and the
Foliated Gabbro. Chalcopyrite and pyrite are the main metallic minerals,
and pyrrhotite is rare. The mineralization occurs mainly as disseminated
sulphides, stringers and minor massive chalcopyrite containing angular
fragments of brecciated altered wallrock. Locally (2-3-1 stope), molyb-

denite is common along shears in calcite, chalcopyrite and phyllosilicate
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minerals. A few barrem quartz veins up to 2 feet in width are present.
Calcite occurs as narrow late veinlets which carry minor sulphides.
Scheelite is absent and the gold content is low relative to the Springer
veins. The best ore occurs on the lower levels above the Beaver Lake
fault where disseminated mineralization is up to 4% Cu across 20 feet.
e) Miscellaneous

Two showings occur in Ventures Gabbro south of the Campbell Lake fault.
A high-tungsten zone located about 400 ft. east of Tadpole Lake (9200 N,
17,500 E, Fig. 2) contains scheelite mineralization associated with sections
of massive pyrrhotite up to a few feet in width. Chalcopyrite and pyrite
are also present, One hole contained 3}.5 feet grading 0.587 Cu and 0.34%
W03.(Appendix VI). The zone could not be traced over any significant
distance and appears to be an isolated lens. A second small showing,
the 5559 zone, strikes slightly norgh of west, and contains pyrite and
chalcopyrite. It also occurs in Ventures Gabbro 1,000 feet south of
Tadpole Laké (7,600 N, 16,000 ﬁ, Fig. 2).

£) Copper Mineralization in Ultramafic Rocks

These mineral éhowings are all small and resemble the veins in the
gabbro in that they contain chalcopyrite and iron sulphides and occur
in sheared zones. However they have some significant differences in metal
content and the associated gangue minerals.,

The East and North of East zones, located 2000 and 2200 ft. south
of Trout Lake (Fig. 2), are both in the Black Pyroxenite and contain
chalcopyrite-pyrrhotite occurring as disseminated material, narrow
stringers, and small massive pods which commonly contain breccia fragments

of altered wallrock. These zones occur 1300 ft. above similar mineralization



92

occurring in Black Pyroxenite south of 901 Drift (Fig. 9) and the minerali-
zation could be semicontinuous between them, No quartz is present in the
zones, and the gangue minerals consist of talc, serpentine and carbonate.
Pyrite is subordinate to chalcopyrite and pyrrhotite, and minor amounts
of molybdenite (Appendix VI) or scheelite (Appendix VI) have been found
in all of them. The metal content of these zones is illustrated by hole
§-80 from the East zone where 2.1 feet of mineralization grades 15,727
Cu, 0.01 oz, Au, 4.37 oz, Ag and 0.41% Ni, and a second section 4.1 feet
wide grades 1.92% Cu; 0.04 oz. Au, 1,08 oz. Ag and 0.22%7 Ni. In a few
samples where Co was analysed, it is in the same range as nickel. The
zones are steeply dipping, with strikes'subparallel to the lithologic
contacts.

‘The L zone, located 2800 ft. south of Trout Lake (Fig. 2), occurs
in Lower Green Pyroxenite in a steep-west-northwest ﬁrending shear., It
contains pyrite, pyrrhotite and chalcopyrite with very minor quartz.
Hole no. S-119 contained 2.8 ft. grading 4.05% Cu and 0,16% Ni. The G
zone, located 2400 ft. W of Ellis'Lake (Fig. 2), occurs in a steep south-
dipping, west~northwest trending shear which transects serpentine and
pyroxenite layers near the lower contact of the Black Pyroxenite, It
reaches a maximum of five feet in width, and is composed of pyrite,
chalcopyrite with minor calcite and no quartz. The vein is cut off at
its southern end by a small mineralized fault containing pyrite and
chalcopyrite which also forms the contact between Black Pyroxenite and
Lower Green Pyroxenite. The Royran zone, located 200 ft. NW of Ellis
Lake (Fig. 2), occurs near the Lower Green Pyroxenite~-rhyolite contact.

A number of narrow drill hole intersections cut the zone which occurs



D
w

mainly in Lower Green Pyroxenite but also in rhyolite.

E. Sulphide Occurrences in Other Rocks

i) Chiboug Copper - S560 Au~-Cu Zones

The S560 zone, at the eastermmost edge of the Opemiska property,
continues across the boundary into the Chiboug Copper Company property
(Figs. 1, 2). The zone has been intersected both in surface drilling
and underground in the 8-3 drift (1,355 foot level). Mineralization is
confined to the Bourbeau Sill and occurs in two and possibly more narrow
shear zones which trend west-northwest, dipping steeply north, approximately
parallel to the lithologic contacts. The vein consists of discontinuous
lenses of massive pyrrhotite-chalcopyrite which contain pyrite and fragments
of éltered wallrock, Quartz, stringers of calcite-pyrrhotite-chalcopyrite
and small pink feldspar veinlets occur in association with the structure,
Molybdenite and free gold have been recognized in drill core. Disseminated
pyrite and chalcopyrite are present in the walls, One sample on the face
of 8-3 drift assayed 4.02% Cu, 0.69 oz, Au and 1,36 oz, Ag across four
feet, The epidiorite host rock in the vicinity is extensively invaded
by a swarm of feldspar porphyry dykes approximately 1 to 2 feet'in width
which appear to strike parallel to the vein structures and are distinctly
different from the dykes in the Springer and Perry Mines,

ii) Cu-Zn Mineralization in Volcanic Rocks

The M(8-5) zone occurs south of the Campbell Lake fault (Fig. 1),
stratigraphically above the rhyolite which overlies the Ventures Sill.
It was intersected underground by 8-3 drift which was driven from the

Robitaille shaft to intersect the S$560 zone. The Cu~Zn mineralization

is stratiform and the ore is largely "massive" sulphide, striking east,
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with a steep dip to the north. The zone occurs stratigraphically below
and north of a massive fine to medium grained‘feldspathic pyroxenite
which could be either a sill or a thick lava flow. To the north, the
zone is stratigraphically underlain by well banded pyritic cherty "tuffs"
which overlie the rhyolite. The massive ore is largely chalcopyrite,

but 1/4 to 1/2 inch contorted bands of pyrrhotite and sphalerite are
present. A two-inch thick silicate band rich in chlorite is boudinaged
with sulphides filling the cracks. In the crests of folds, the ore minerals
are coarser grained, with no banding. Chalcopyrite veins, lenses and
blebs, calcite veins and quartz veins crosscut sulphide-rich tuffs and
massive sulphides. In the drift the suiphide ore zone is about 10 feet
wide, with an average content of 3.82% Cu. A few assays for zinc indicate
it fo be slightly lower than copper. On surface immediately above the
M(8-5) zone, discontinuous intersections of chalcopyrite, sphalerite,
pyrrhotite and pyrite were encountered in holes drilled from surface

into approximately the same stfatigraphic horizon.

Drill holes 2400 ft. south of Ellis Lake (Fig. 2) have encoﬁntered
the S556 zone, a small occurrence in volcanic rocks and tuffs overlying
the Bourbeau Sill, The mineralization is pyrrhotite, chalcopyrite, pyrite
and sphalerite, and it appears to be conformabie from the limited &rilling
information available. The Ceres (Kisco) Cu-~Zn showing, located approxi-
mately 8000 feet west of the Springer Mine (Fig. 2), occurs in volcanic
rocks, tuffs and sediments a few hundred feet stratigraphically above the
Bourbeau Sill,

iii) Astoria Pyrite Zone

On the southern edge of the Opemiska property (Figs. 1, 2) within



95

the Gilman Formation, a large zone of massive conformable pyrite-éyrrhotite
has been outlined by drilling along a strike length of approximately

2000 feet., The stratigraphic section in the area appears to be overturned,
and the main zone, which dips steeply southwest, occurs at the contact
between locally graphitic "tuffs" and felsic "agglomerates" overlain

by mafic volcanics. Drilling has indicated that the main zone is up to

150 feet in width. On Opemiska's portion of the Astoria zone, drilling
has indicated that in addition to the main zone, a second conformable
massive iron shlphide zone occurs roughly 500 feet stratigraphically

above the main zone, within the mafic lavas. The southern half of the
main zone, owned by Opemiska Explorers Ltd., is well exposed in a 40 ft.
wide trench which contains areas of coarse grained calcite with minor
pyrite, coarse massive pyrrhotite enclosing pyrite crystals up to 1/2

inch in diameter, well banded fine "massive" pyrite and fine grained

chert with disseminated pyrrhotite and pyrite. In polished section,
chalcopyrite and sphalerite are present in very minor quantity, and the

Pyrite is fractured.



CHAPTER VI

ALTERATION OF VEIN WALLS

A. General Statement

Wallrock alteration was studied in detail in samples collected along
six profiles (Figs. 3 to 8) across five different veins in both the Springer
and Perry Mines. In order to avoid, insofar as possible, differences
resulting from igneous differentiation or fractionation, each profile
was parallel, or nearly parallel to the lithology of the Silllrocks.

Each area was mapped in detail, and representative samples were collected
for petrographic and partial chemical analyses. All the profiles except
one are from Ventures Gabbro and range from the upper levels to the deep
levels of the mine. The single exception (Fig. 5) is from the Foliated
Gabbro, The samples were chemically analysed by the Quebec Department

of Natural Resources and the results are tabulated together with the
details on analytical methods and sample preparation in Appendices I

and ITI, Thin or polished ﬁhin sections were examined to determine the
alteration minerals and textures. Half of the samples were staiﬁed with
cobaltinitrite solution to identify K-feldspar. A number of X-ray diffracto-
meter tracings were run both on whole rocks and mineral separates to

confirm the optical identifications,

56
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B. Mineralogy of the Wallrocks

Modal estimates were made on each sample in the profiles and the
iesults are summarized in Figs, 3 to 8. Point count modal analyses were
conducted on three samples to aid in making the modal estimates, and the
results are presented in Fig. 51. These results were based on counting
on average of 2000 points in each of the three different thin sections
for each sample. Each of the three polished thin sections yielded quite
different totals which were averaged in deriving the results presented
in Fig., 51. In the alteration profiles, the modal estimate for each
mineral in a sample is represented by a blank or dotted, dashed or solid

line, with the ranges being approximately as follows in volume percent:

blank dot dash solid line

(mil) (minor) (moderate)  (abundant)
quartz 0 0-1 1-4 3=-15
K~feldspar 0 ‘ 6 -1 1-2 1-5
biotite 0 0-1 1~-5 3-35
stilpnomelane 0 0 -'3A 2=-6 4 - 30
sericite 0 0-2 1-4 3-10
chlorite 0 0-3 2-~-6 5-30
amphibole 0 0~-10 10 - 25 25 = 40
augite 0 0-1 1-3 3~15
pyrite 0 0~-1 1/2 - 2 2-10
primary magnetite 0 0~-1/2 1/4 - 1 1/2 - 4
secondary magnetite 0 0-1/2 1/2 - 1 1-4
calcite 0 0-1 1-3 3=~-7
epidote 0 0-1/4 1/4 - 1 1-4

pucd

Pt
)

o

zoisite 0 0-1/4 1/4 -



Table Showing Results of Point Count Modal
Analyses of Three Specimens of Ventures Gabbro

Figure 51,

OF29-5+
chlorite 6.35
stilpnomelane 17.45
biotite ———
sericite 1.12
amphibole 3.92
augite 16.76
epidote® 5.67
plagioclase 41.83
sulphides 75
ilmenite .08
leucoxene 5.96
magnetite ————
apatite .06
calcite | -

100.00

° epidote group minerals

* Lac Cumings section

+ Opemiska area (relatively fresh, Fig. 4 )

OH18-9+

5.13

2,47

1.90
25,17
2,43
5.77
50.43
<40
1.47
2,70
2,03
.10

100.00

OH14-8@
3.70

17.20

.18
24,50

.90
38.62
1.90
.30

6.60

6.00

100,00

@ Opemiska area (highly altered, adjacent to no. 3 Vein, Fig. 4 )
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Quantitative modal analyses using the X-ray diffractometer were
attempted, but were abandoned because of poor reproducibility due to
the high iron content in the samples. Other problems included the over-
lap of critical peaks, as well as compositional variations in the minerals,
In addition, there was considerable difficulty in preparing mineral con-
centrates to use in preparing standards because of the fine intergrown
nature of the alteration minerals,

The wallrock alteration is related to a number of different types
of minor veins which cut the Ventures Sill in the Opemiska area. These
include quartz veins carrying very minor pyrite and chalcopyrite, and
ranging in thickness from a few inches to a number of feet. .In addition,
fine epidote veins are common and the albitized plagioclase in the walls
is frequently devoid of the usual cloudy saussurite, Hairline fractures-
containing stilpnomelane, chlorite and biotite are also common., Calcite-
stilpnomelane veinlets cut both the economic veins and the Ventures Gabbro
wallrocks, The youngest veins'contain lavender axinite, minor calcite
and stilpnomelane and traces of chalcopyrite and pyrite. These veins are
generally found some distance away from the ore~bearing veins, but Buchan
(1964) has identified axinite in ore. The axinite veins range up to
4 inches in thickness, have sharp walis aﬁd while most are flat, a few
are steeply dipping.

There is a gradation from complete recrystallization of "nomal"
Ventures Gabbro to the mineralogy prevailing in the ore-bearing veins,
through partially altered Ventures Gabbro cut by small veinlets to largely
unaffected Ventures Gabbro. The K-silicate type or "facies" (Meyer and

Hemley, 1967) is the only clearly definable type present in addition to
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the middle greenschist facies regional alteration of the Ventures Gabbro.
The width of the alteration zomes is proportional to the size of the
adjoining vein, ranging from only a few feet adjacent to smaller structures
such as the K-zone (Fig. 7) to thirty feet on either side of the no., 3
Vein on the third level (Fig. 3).

Biotite, the most characteristic of the alteration minerals, comprises
up to 35 percent of the mode in "pervasively" altered specimens near the
ore-bearing veins, but usually ranges from 5 to 20 percent in most al-
teration zones. The bilotite is brown, coarse grained, has mottled ex-
4tinction and forms coarse schistose patches replacing amphibole or irregular
patches of randomly-oriented, finer grained material which is interstitial
to plagioclase and uralite., In other cases it rims pyrite crystals, or
forms euhedral "books" enclosed in chalcopyrite (Fig. 49).

Amphibole (uralite), normally the predominant mafic mineral in
Ventures Gabbro, diminishes as biotite increases in the alteration zones.
In some specimens it has been éompletely removed, Curiously, amphibole
is a minor constituent in some veins, where euhedral prisms of actinolite
have been observed together with euhedral biotite and stilpnomelane in
chalcopyrite. Augite, like amphibole, is normally replaced by biotite
in the alteration zones. |

Epidote, which normally occurs in Ventures Gabbro as medium grained
clusters of grains or fine irregular material in altered plagioclase, has
been completely removed in the intensely altered specimens, and is anti-
pathetic to biotite. Zoisite, or possibly some other epidote group
mineral with low birefringence, which normally occurs as fine secondary

material in plagioclase, has been removed in some intensely altered specimens,
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but nevertheless appears more refractory than epidote.

Stilpnomelane, although closely associated with ore, is also abundant
in some specimens remote from sulphides. It has at least three habits.
It is a normal greenschist facies constituent of the Ventures Gabbro,
both at the mine and in the Lac Cummings section. In alteration zones
near veins, it constitutes up to 30 percent of the rock, and although
it coexists with biotite in some specimens (Fig. 49), the two are generally
antipathetic., The stilpnomelane forms bladed patches replacing amphibole
and lacks any well defined schistosity. It also is présent in fine veinlets
which cut biotite veinlets,

| Calcite often accompanies the late'stilpnomelane, the two commonly

occurring together in veinlets which cross-cut both ore and earlier al-
ter#tion minerals, Calcite also occurs as disseminated grains in the
alteration zone adjacent to the veins, apparently forming at the expense
of epidote and zoisite., The late axinite veins also carry calcite and
stilpnomelane at the margins. |

Quartz is a minor constituent in some of the alteration zones, and

+

occurs as small veinlets and fine anhedral grains in the sheared altered
rocks,

Plagioclase (albite) is one of the more refractory minerals in the
gabbro, and is the last silicate mineral to undergo alteration. In the
intensely altered zones it is usually cleared of all secondary alteration
products (zoisite, epidote and sericite), which it normally contains.

Chlorite usually constitutes a few percent of the rock and increases
in abundance to as much as 157 near the veins. Although

it occurs with sulphides in some places, it tends to be more abundant
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on the flanks of the K-metasomatized zones., It occurs as deformed schistose
material, irregular patches of fine randomly oriented grains, in fine
veinlets and rimming pyrite crystals., In the latter two cases it is
associated with biotite and appears to have formed during retrograde
metamorphism after biotite, and perhaps also from stilpnomelane, although
this relationship is less clear,

Sericite, which normally occurs in minor amount in plagioclase, is
commonly removed from the feldspar in the alteration zones. The alteration
associated with thevJ-zone on 13 Level (Fig. 8) provides an exception to
this, and sericite locally forms up to ten percent of the rock where it
completely replaces some ﬁlagioclase crystals, forming fine plates with
parallel orientation.

‘ K-feldspar rarely forms narrow massive fine-grained borders up to
three inches wide on the walls of some veins, and completely envelops
chalcopyrite of the no. 2 Vein extension where it continues into rhyolite
on the 12 level, Fine grained K-feldspar replaces plagioclase in the
alteration envelopes, where it is usually associated with chlorite rather
than biotite, This would suggest that at least some of it may be, like
chlorite, a product of retrogression resulting from the breakdown of
biotite. Cobaltinitrite staining was required to recognize K-feldspar
because it is not always pink in colour, and most of the pink
feldspars are albite stained with fine hematite. In thin section the
K-feldspar is clear and untwinned - only rarely is cross-hatched twinning
evident. Some of the grey and pink syenite dykes contain minor meta-
somatic K-feldspar where they are heavily mineralized with chalcopyrite;

usually they are completely barren of K-feldspar.
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In most cases magnetite has been removed in the alteration zones
ad jacent to the veins, but in some veins of the Springer system where
magnetite is presemt there is little change in the magnetite of the wall-
rocks, Ilmenite and the secondary titanium minerals rutile, anatase and
sphene are very refactory. These minerals persist within the veins them-

selves, some specimens retaining their skeletal outlines from the primary

igneous rock.

C. Element Distribution in the Wallrocks

The results of the partial chemical analyses of samples from the
wallrock alteration profiles are presented in Figs. 3 to 8. The average
values for the Ventures Gabbro in the Lac Cummings sections (Fig. 29)
have also been plotted on each profile to provide a reference for comparison,

i) Potassium

An anomalously high potassium zone of approximately twice background
is evident in the walls of alliveins, and ranges from a few feet next to
the narrow veins up to about 30 feet adjacent to iarge zones like the
no, 3 Vein and J-zone (Figs. 4, 5). There is a good correspondence between
specimens with high K20 and high biotite content. Most of the samples
in the mine area are higher than the Lac Cummings average of .3% K20a

ii) Sulphur

Sulphur in all diagrams is abnormally high adjacent to the veins.

The width of the anomalous areas ranges from about 10 feet near the larger
veins (no. 3 Vein, Figs. 3, 4) down to a few feet for the smaller veins.
Because there is such a small amount of sulphur in most of the samples

it is unclear from this data whether there is a depletion zone relative
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to the Lac Cummings average.

iii) Copper

Copper is abnormally high adjacent to the veins over widths comparable
to sulphur., The profiles (Figs. 3 to 8) do not show any areas of copper
"depietion" which could reasonably have been a source of copper for the
veins. Inter-vein areas with background copper content comparable to the
Lac Cummings average of 34 ppm include J-zone, 13 level (Fig. 8), the
area between the no. 2 and no., 3 Veins (Fig. 3), and the area southwest
of the J-zone (Fig. 7). Inter=vein areas with background copper content
above the Lac Cumings average include the area north of no. 2 Vein (Fig.
3), which has approximately 80 ppm Cu, and the area morth of the no. 3
Vein (Fig. 4), with 70 to 100 ppm Cu. Inter~vein areas with background
conéent below the Lac Cumming average include the area east of the J-zomne
(Fig. 6), with 18 ppm Cu and the area between the J and K-zomes (Fig. 7),
with 23 ppm Cu, and the two areas south of the no. 3 Vein (Fig. 3), with
10 to 15 ppm Cu. The section fhrough the Foliated Gabbro (Fig. 5 on the
J-zone) is approximately 34 ppm, very close to the average for the Lac
Cumnings Ventures Gabbro, but above comparable Foliated Gabbro in the

Lac Cumings area.

iv) Silver, Zinc, Nickel, Cobalt, Manganese, Silica and Iron

Silver follows copper very closely and is anomalously high over a
comparable width in the wallrocks,

Zinc shows little detectable change in the walls of some veins relative
to the rocks farther away, but in the walls of other veins it is anomalously
high and displays a trend similar to that of the copper and sulphur values.

This is probably a reflection of the erratic nature of sphalerite dis-
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tribution in the veins., There is a hint of an increase in zinc on the
outer flanks of some of the alteration zomes, but this is far from definite.

In profiles through Ventures Gabbro nickel distribution appears little
affected by proximity to veins'except to become more erratic as the vein
is approached. An exception occurs in the section cutting the Foliated
Gabbro (Fig. 5) where a five foot wide zone containing ten times back-
ground nickel is coincident with the High sulphur and copper zone for that
vein, Most of the nickel profiles are reasonably consistent but change
abruptly on either side of a vein, This probably reflects the fact that
. the vein occurs in a fault zone and the change in nickel content on either
side is a reflection of differing nickei content of different strati-
graphic levelé in the differentiated Ventures Gabbro host rocks.

Cobalt distribution is sﬁmilartq that of nickel but in some profiles
from the Perry Mine (Figs. 5, 6, 7) cobalt values reach two to five
times background in the vein walls., The anomalously high cobalt samples
are also high in sulphur,

Manganese fluctuates near or slightly above the Lac Cummings average,
It shows a marked depletion from an average of around 2,000 ppm down
to 1000 to 1400 ppm in the walls of the veins coincident with thé aréa of
potassium enrichment. The zone of depletion ranges from a few feet in
the walls adjacenﬁ to small veins (Fig. 7, K-zone) up to 25 feet on either
side of the no., 3 Vein (Fig. 3).

Silica and total iron were determined for the profile of Fig, 4 and
have been plotted there both as weight percent oxide and weight percent
oxide "corrected" for diiferences in rock demsity. The density "correction"

is based on the assumption that alteration or replacement of rocks occurs
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at constant volume. For the calculation, a density of 3.08 was assumed

for the original rock. The specific gravity of the rock shows a decrease
from a background average of about 3,08 down to about 2.98 adjacent to the
vein (Fig. 4). 1In Fig. 4, an arbitrary reference line was drawn for both
silica and iron to facilitate comparison. In the alteration zone, silica
shows a marked depletion of four percent or more of the amount present
despite the presence of free silica in the rock., Iron shows a similar,

but less definite trend. Both of these trends are exaggerated by "correcting"

for density differences, with silica approximately 6 percent and irom

approximately 10 percent lower than unaltered gabbro.

D. Reconciliation of Mineralogy and Element Distribution

The chemical and mineralogical changes in the alteration zones are com-
plementary. The most striking effect of the wallrock alteration is the
potassium metasomatism and development of the K-silicate facies metasomatic
alteration (Meyer and Hemley, 1967, p. 178), with accompanying hydration
and breakdown of the magmatic minerals in the rocks adjacent to the veins.’
The decrease in density of the rock in the altered zone is a reflectiocn
of the metasomatic addition of the volatiles H20, CO2 and S to form phyllo-
silicate minerals (biotite, stilpnomelane and chlorite), calcite and sul-
phides at the expense of amphiboles, epidote group minerals, iron oxides
and silicates. Silica shows a definite depletion in the wallrock in
spite of the presence of free quartz in some specﬁmens, again reflecting
the breakdown of the amphiboles to phyllosilicate minerals. Total iron
shows é small decrease, suggesting that the sulphides in the alteration

zones formed at the expense of magnetite and possibly iron silicates, and
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that some iron could even have been removed from the vein walls during
mineralization and alteration. The depletion of manganese is probably

related to the breakdowm of amphibole,..augite and.magnetite.



CHAPTER VII
PETROGENESIS

A, General Statement

This chapter uses all the earlier data in an attempt to reconstruct
the genetic history of the Opemiska veins, It starts with an analysis
of the nature of the host Ventures Sill and by comparison, emphasizes
the differences between Sill in the Mine area and the Lac Cummings area
in order to disclose any factors related to vein genesis. Next the
genesis of the veins themselves is discussed and later the relationships
of the veins to the other sulphide deposits at Opemiska. Finally an

attempt is made to reconstruct the geological history of the Opemiska area,

B, Time and Mode of Emplacement of the Ventures sil1

The Ventures Sill is undoubtedly of Archean age because it has been
folded and metamorphosed during the Kenoran orogeny with the enclosing
Archean volcanic and sedimentary rocks, Naldrett (1972) suggested that
comparable rocks elsewhere were "synvolcanic". Duquette (1970) also
considers theée 8ills synvolcanic and favours an intrusive origin, suggesting
that the Roberge, Ventures and Bourbeau Sills are the product of a complex
history beginning with intrusion of basaltic magma into the volcanic

..pile at the stratigraphic level of the Roberge Sill, After accummulation

108
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of a sequence of olivine and pyroxene cumulate rocks which now form the
Roberge Sill, the remaining magma was expelled upward to the level of
the Ventures Sill, where more crystallization took place, and upward
expulsion of remnant magma occurred once again to form the Bourbeau Sill.
During the process fresh basaltic magma replenished the residual liquids
at various stages. Naldrett's and Duquette's ideas are consistent with
the petrology of the Ventures Sill as determined in this study.

In addition to its strong stratigraphic control and the similarity
of structural and metamorphic features with the enclosing rocks, there
are many chemical similarities between the sills and their host volcanic
rocks. The Archean volcanic rocks of tﬁe area are potash poor and the
alumina content of the basalts averages less than 16 percent (Appendix
IV). The Ventures Sill is also abnormally low in Kzo and the fact that
plagloclase appears late as a cumulus phase suggests that the magma was
lower in alumina than that of some post-Archean layered sills such as
Skaergaard and Bushveld. All fhese features suggest that the volcanic
rocks and the Ventures Sill rocks are products of a common parental basalt;
possibly a low-alumina tholeiite.

There is little evidence suggesting an ext;usive origin for the Ventures
and other related sills except for their strong stratigraphic control.
No fine grained chill zone is present at the contacts of the Ventures
i1l and these features together with the coarse grained nature of the
rocks are compatible with the Sill beinga sub-volcanic intrusion. If
such were the case, the level of intrusion was probably controlled by a
delicate balance between the lithostatic pressure developed by thé over-

lying recently extruded volcanic rocks and the denmsity of the intruding
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magma. This hypothesis not only offers a convenient explanation as to why
the Ventures Sill rocks show a marked stratigraphic control, but can also
account for the periodic movement of residual magma into successively
higher stratigraphic levels as volcanism built up the overlying strati-

graphic pile,

C. Petrogeny of the Ventures Sill

i) Crystallization History

Textural evidence indicates that the main cumulus minerals in the
Ventures Sill crystallized in the order olivine, clinopyroxene, plagioclase ~
an order similar to that shown by MacRae (1969) and Naldrett and Mason
(1968) for similar sills in the Abitibi region of Ontario. Calcium-poor
pPyroxene may have been a cumulus mineral in the gabbroic rocks, but here
the ophitic texture obscures the textural evidence for cumulus or post-
cumulus origin, However, the calcium-rich nature of the clinopyroxenes
(Fig. 38) relative to their counterparts in the Bushveldt and Skaergaard
magmas which crystallized together with calcium-poor Pyroxenes suggests
that the compositions of the Ventures Sill clinopyroxenes were not controlled
Zﬁﬁg:iaints imposed by the intersection of the Pyroxene solvus with the
solidus curve of pigeonite (Boyd and Schairer, 1964), and that therefore
the calcium-poor pyroxénes are postcumulus, The absence of calcium-poor
pyroxene as a cumulus phase also suggests that the sill invaded a low
pressure, sub-volcanic enviromment. The magma was silica rich, as
indicated by magmatic quartz in the Ventures Gabbro, in which case calcium-
poor pyroxene should have been a stable cumulus phase at higher pressure
(Irvine, 1970).

The low alumina content of the Lower Green Pyroxenite (Fig. 27)
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clearly indicates that this unit is not a marginal chilled portion of
basaltic magma. It is also unlikely that this rock formed by early
accumulation of clinopyroxenes from fractionating basaltic magma because
it is doubtful whether clinopyroxene formed as a cumulus phase earlier
than olivine. Irvine (1970, p. 469) recognizes ''mo intrusions where
clinopyroxene is a forerumner of olivine" and "no volcanic series whose
chemical trends indicate that clinopyroxeme crystallized first". Con-
sequently, he concludes that magmas with compositions which would crystallize
clinopyroxene first may mot exist. The presence of titaniferous magnetite
also suggests that the Lower Greeﬁ Pyroxenite is not an early cumulate
because magmatic magnetite is normally a late magmatic mineral, Duquette's
(1970) ideas are consistent with these obéervations. Perhaps the initial
magmé. which intruded the Ventures Sill horizon was expelled upward ffom

a previous magma chamber where it had already crystallized a sequence of
olivine-rich cumulates, and had fractionated to the stage where clipo-
pyroxene was the stable cumulus mineral, After entering the Ventures

Si11 horizon it continued to crystallize clinopyroxene and accessory
magnetite until the first :Inflm: of fresh basaltic magma mixed with the
partially fractionated magma, reheated it and shifted the composition

such that olivine became the "earliest!cumulus phase in the olivine-rich
layer above the Lower Greem Pyroxenite.

The Black Pyroxenite is clearly of cumulus origin, The MgO/FeO ratios
(Fig. 37), the minor elements in clinopyroxenes (Figs. 39, 40, 41) and the
minor element content of the whole-rocks (Fige. 30 to 35) suggests that
the recurrent layers of dunite and wehrlite within the Black Pyroxenite

resulted from periodic influxes of new magma which raised the temperature
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and replenished the depleted elements (Brown, 1968; Jackson, 1970; Irvine,
1970). The pyroxene analyses from the uppermost olivine-rich layer in

the Black Pyroxenite through the Upper Green Pyroxenite and Foliated Gabbro,
up to the top of the Ventures Gabbro show a continuous enrichment of Fe0
relative to MgO (Fig. 37) and suggests fractionation with no new influx

of magma., The fact that the clinopyroxenes do not reach hedenbergite in
compositién as do the Bushveldt and Skaergaard pPyroxenes (Fig. 38) lends
support to DuQuette's hypothesis of expulsion of residual magma prior

to complete crystallization, The intermediate composition of the Bourbeau
Sill is also consistent with this hypothesis.,

The appearance of cumulus plagioclase, as well as cumulus titaniferous
magnetite and apatite marks the base of the Foliated Gabbro. The igneous
lamination which characterizes the Foliated Gabbro is probably "due to
deposition of crystals of tabular habit from a moving magma" (Wager and
Brbwn, 1968, p. 23)., The absence of igneous lamination in the Ventures
Gabbro possibly reflects a slowing of these magmatic currents, pogsibly
due to a rise in the viscosity of the magma, or to the changing shape
of the magma chamber,

The "Granophyre" does not appear to have formed by crystallization
of residual liquid produced by extreme fractionation of the Ventures
Gabbro magma, Less than half the thin sections that were cut from the
rock have granophyric texture and the K20 content of the rock is lower than
normal Ventures Gabbro (Fig. 30). The "Granophyre" possibly formed as
an upward-floating cumulate at the top of the magma chamber in a manner
similar to that proposed by Wager and Browmn (1968, p. 31) for the Upper

Border Group of the Skaergaard intrusion, or possibly it formed by partial
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.

melting of volcanic or volcaniclastic roof-rocks,

Metamorphism of the Ventures Sill has resulted in greenschist facies
assemblages superimposed on the original magmatic mineral suite. Meta-
morphic grade in the Lac Cummings area is lower greenschist. However
the presence of biotite in the Opemiska area suggests middle greenschist
conditions there.

There is a sharp contrast in the distribution of magnetite between
the two areas. Although secondary non-titaniferous magnetite is associated
with the serpentines in both areas, in the gabbroic rocks at Lac Cummings
all the magnetite is gone and only skeletal ilmenite remains, except in
the titaniferous magnetite-rich layer at the base of the Foliated Gabbro.
In contrast, at Opemiska magnetite-ilmenite intergrowths are common in the
gabﬁros and these rocks also contain some secondary magnetite along oriented
intergrowths with actinolite in calcium~poor pyroxene pseudomorphs. The
data from the Lac Cummings section suggests that under conditions of normal
greenschist or late deuteric alteration the magnetite of the gabbroic
rocks reacted with primary silicates to form secondary iron-rich silicate
minerals such as stilpnomelane., This would suggest that at Opemiska
relatively oxidizing conditions developed earlier than or contemporaneous
with greenschist facies metamorphism ox deuteric alteration and were
instrumental in preserving magnetite., These more oxidizing conditions
could be related to a relatively high volatile pressure associated with
hydrothermal ore deposition.

ii) Sulphide Genesis

The behaviour of sulphur in the Lac Cummings section of the Ventures

8ill is quite similar to that described by Wager, Vincent and Smales
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(1957) for the Skaergaard intrusion which has a copper-rich sulphide zone
consisting mainly of bornite, chalcopyrite, digenite and chalcocite, with
an iron-sulphide zone above consisting of pyrrhotite and minor chalco-
pyrite. Wager et al. (1957) propose that copper and sulphur accumulated
in the magna until the solubility of a copper-rich immiscible sulphide
liquid was exceeded, when an immiscible sulphide liquid separated which
settled with the cumulus silicate minerals, Copper-rich immiscible sul-
phide liquid continued to separate until the available copper in the
magma became depleted, after which the sulphur content of the magma built
up until an iron-rich immiscible sulphide liquid separated which is now
represented by pyrrhotite and minor chalcopyrite. Although the similarities
in distribution of copper and sulphur suggest a similar primary origin

for the sulphides in the Skaergaard and Lac Cummings section of the Ventures
Sill, the Skaergaard sulphides show features characteristic of magmatic
jmmiscibility such as droplet textures, complex intergrowths and'associ-
ation with non-titaniferous maénetite. In contrast, the Lac Cummings
sulphides are found intergrown with secondary silicates and magnetite,

and replacing the magnetite portion of magnetite~-ilmenite intergrowths.
This is not unexpected however, since sulphides are quite reactive,

and magmatic sulphides would almost certainly recrystallize under green-
schist metamorphic conditions. The mineralogical similarities and the
absence of conspicuous veining also suggest that there has been little
migration of copper and sulphur during the low grade metamorphism suffered
by the Ventures Sill in that area. However it is still unclear whether
the copper-rich sulphide assemblage mineralogy now present in the Lac

Cumings section is exactly the same as it was under primary magmatic
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conditions because almost certainly there were changes in oxygen fugacity
during greenschist facies metamorphism which would have resulted in
changes in the amount of iron in the sulphide system (Ramdohr, 1967;
Chamberlain, 1967),

The origin of the nickel-rich sulphide assemblage in the serpentinized
ultramafic rocks of the Lac Cummings section is uncertain. The heazle-
woodite and millerite assemblage is clearly secondary and is probably
related to serpentinization as suggested by Ramdohr (1967) and Chamberlain
(1967) for other serpentinized ultramafic rocks. Much of the nickel was
probably present in the original magmatic rock as a minor element in olivine
and was released during serpentinizationiof the olivine (Ramdohr, 1967).
However some of the nickel might have been present as an immiscible iron-
nickél sulphide which reacted with the nickel released during serpentini~-
zation to produce the present nickel-rich sulphi&e assemblage. Some
sulphur could have been introduced during the H20 metasomatism wﬁich
accompahied serpentinization, sulphate carried in solution could have
been reduced by the strong reducing conditions accompanying serpentinization
(Ramdohr, 1967), or possibly some migrating HZS was available for reaction
with the released nickel. Any conclusions regarding the genesis of the
nickel-rich sulphides remain speculative because of the lack of information
regarding the occurrence of comparable magmatic sulphides in unaltered
ultmmafic-mafic intrusions,

A comparison of the copper and sulphur content of the Ventures Gabbro
in the Lac Cummings and the Opemiska sections indicates that the latter
has an average sulphur content 4-6 times and copper content 2~3 times

as high as comparable rocks in the Lac Cummings section (Fig. 29).
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Together with the prominent hydrothermal alteratiom, and their association
with areas of potash enrichment, this is strong evidence that these two
elements have been introduced into the Ventures Gabﬁro at Opemiska sub-
sequent to its emplacement as a magmatic rock. The contrasting sulphide
assemblages between the two areas, and especially the presence of relatively
sulphur-rich phases at Opemiska also indicates a relatively high sulphur
fugacity in the Opemiska area and adds support to the suggestion of sulphur

metasomatism in that area.

D. Genesis of the Opemiska Veins

Various possible hypotheses might explain the genesis of the Opemiska
veins., The most important of these — are: a) separation of immiscible
magmatic sulphides, with subsequent remobilization into the present struc-
tural sites, b) lateral secretion of finely dispersed copper present in
the Ventures Sill into veins under the jnfluence of hydrothermal. activity
(Derry and Folinsbee, 1957; Graham and Charteris, 1961; McMillan, 1969),
¢) epigenetic emplacement related to emplacement of the Opemiska Lake
Pluton and presumably related to hydrothermal solutions expelled duriﬁg the
final stages of crystallization of the "granite" (Duquette, 1970), d) a
subvolcanic origin related to Archean volcanic and.intrusive activity.

The above four hypotheses are not necessarily mutually exclusive,
and various features at Opemiska suggest that more than one geological
process was involved in vein genesis. However some aspects of these
hypotheses are incompatible with the situation at Opemiska. The first
hypothesis appears very unlikely in the light of the evidence. Not only
is the structure of the Opemiska veins dissimilar to that of "magmatic'" deposits,

but the mineralogy of the gangue minerals at Opemiska (ie., quartz,
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phyllosilicates and carbonate) is the same as that found in hydrothermal
deposits and providés stark contrast to the silicates typical of "magmatic"
deposits. The geochemistry of the ore is also strikingly different from
that of "magmatic" deposits. The presence of molybdenite and scheelite

in moderate amounts is not typical of "magmatic" deposits and the paucity
of nickel in the veins cutting Ventures Gabbro suggest hydrothermal

rather than "magmatic" affiliations. What cannot be discounted is the
possibility that copper and perhaps sulphur were remobilized by hydrothermal
solutions from magmatic segregations in the ultramafic rocks and re-emplaced
into the veins,

Lateral secretion from the immediate wallrocks, the second possibility,
is highly unlikely in the case of copper and sulphur although it does
.proﬁide a reasonable explanation for silica and possibly iron., A comparison
of the Opemiska and Lac Cummings gabbro sections (Fig. 29) suggests that
Cu, S and K20 have been metasomatically introduced into the Opemiska section.
In addition, the alteration diagrams (Figs. 3 to 8; Chapter VIc) indicate
Cu, S and K20 metasomatism into the walls of the veins. There is clearly
no depletion of Cu or K20 in the areas between the veins although silica
shows a definite depletion in the wallrocks (Fig. 4) and could have mi-
grated into the structures and been depoéited as quartz. Possibly 5102
was more soluble in the relatively alkaline wallrocks undergoing alteration
and was precipitated in more acidic mineralizing channelways which are
now veins. Although it is less conclusive, iron also appears to be de-
pleted in the walls (Fig. 4) and some of it could have migrated and
contributed to the formation of ironrich minerals in the veins., Nickel

and cobalt were probably derived locally, as they are significant only
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in veins close to olivine-bearing ultramafic rocks (Chapter VIg) which
would provide a logical source. Of the two, cobalt would appear to be
the more mobile under the hydrothermal conditions accompanyiﬁg vein
formation, because it occurs in anomalous amounts in the vein wallrocks
further up into the gabbroic rocks.

The possibility of vein emplacement related to late-stage expulsion
of hydrothermal solutions from the Opemiska.Lake Pluton appears unlikely
in the light of evidence on the geochemistry and the timing of the in-
trusion relative to the wallrock alteration in the veins., Wolhuter's
(1968) data indicate that the pluton itself is low in Cu and S. 1In addition,
an average of five samples of metaﬁasalt from near the contact aureole of
the Opemiska Lake pluton is 25 ppm Cu (Gunn, 1969, Appendix IV), which
is 1/3 the average of 77 ppm calculated for nine metabasalts from the
Gilman and Blondeau Formations (Appendix IV). These data would suggest
that the pluton was not a source of copper but could have been instrumental
in mobilizing copper in the codntry.rocks. Most important, the Opemiska
Lake Pluton is post-kinematic, and the presence of "magmatic" magnetite
in the gabbro wallrocks at Opemiska (viz. none in Lac Cummings) suggest
that relatively oxidizing conditions possibly related to epigemetic hydro-
thermal activity prevailed prior to greenschist facies metamorphism,

This would suggest that the veins were already emplaced prior to intrusion
of the Opemiska Lake Pluton.

The fourth possibility, that of a subvolcanic origin related to
late-stage Archean felsic volcanic and intrusive activity, appears to be
the most plausible in the light of evidence. The timing of the alteration

relative to known igneous activity is reasonably accounted for. The
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deformed nature of some of the ore is also accounted for. The mineralogy,
structure and general environment at Opemiska show similarities to some
of the Japanese vein deposits of Neogene age, particularly the Akenobe
and Ashio Mines (Nakamura and Hunahashi, 1970; Nakamura, 1970). These
deposits occur in silicified zones in rocks of the late Tertiary Green
Tuff region, and are believed to have formed from hydrothermal solutions
related to volcanic and intrusive activity. The Akenobe Mine is zoned,
with a central tin-tungsten zone which grades upward and outward through
copper-tin, copper~zinc, zinc-lead and gold-silver zones. The Opemiska
deposits display a crude stratigraphic zoning which is not incompatible
with this pattern. The highest gold values in the mine occur with higher
zinc values in the Arsenopyrite Shear and at depth in the Springer veins
toward the stratigraphic top of the Ventures Gabbro. In the Perry veins,
the higher zinc values also occur on the deeper levels, again stratigraphically
higher in the Ventures Sill.

Another parallel between the Japanese and Opeﬁiska vein deposits
is the occurrence of "massive sulphide" mineralization in correlative rocks.
The Japanese veins occur in rocks correlative with the well known Kuroko
deposits (Matsukuma and Horikoshi, 1970) which occur in pyroclastic rocks
of a submarine emviromment. At Opemiska, the copper-zinc mineralization
in the felsic volcanic rocks of the Blondeau Formation overlying the
BourbeauSill suggests that submarine hot springs and fumaroles were active
during the latter stages of Archaean volcanism., Contemporaneous endo~
genous hydrothermal activity could also ﬁe responsible for deposition of

the Opemiska veins,

Brown'(1970) indicated that the structures which carry the veins
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are related to the latest, right-hand movement on the Campbell Lake fault.
This view is in the writer's opinion overly simplistic, and it seems more
probable that movement along the fractures began much earlier than this
and was repetitive, occurring in different directions as the stress fields
changed in response to successive tectonic events. Much of the ore in
the veims appears to be sheared and brecciated and lacks textures charac-
teristic of undeformed vein deposits such as botryoidal, cockade, crusti-
fication and druse textures, suggesting that the ore was there prior to
this latest movement on the Campbell Lake fault.

The lead isotope data (II,G) can be explained by a two or multi-
stage model with primary emplacement dufing Archean times and later
modification during subsequent tectonic episodes. Perhaps some addition
of iead occurred during the late-stage movement on the Campbell Lake
fault as well as in earlier tectonic events.

The reason for the restriction of ore to the Ventures Sill is still
not satisfactorily answered, bﬁt would seem to be a result of some favourable
characteristic of the gabbroic rocks in the Ventures Sill., One such
factor might be favourable wallrock competence and the ability of the
gabbroic rocks to maintain widespread blocky fractures which form veins
rather than deform by plastic flow or penetrative shearing. A second
reason might be the reactivity of the wallrocks, and the preference of
copper mineralization for a mafic host as has been noted at Ray, Arizona
(Metz and Rose, 1966). It is clear that some of the vein components
particularly Cu, S and K20 and probably W03 and Mo are external in origin
and have been mobilized into their pfesent enviromment by hydrothermal

activity. Other components such as Sioz, Co, Ni and possibly Fe were
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probably derived from the Sill rocks,

E. Metallogenesis of the Opemiska Property

The major sulphide occurrences at Opemiska can be subdivided into
three major types, with subtypes in each as follows:

1. Conformable "massive" sulphides

(i) Barren Fe sulphide type
(ii) Cu~Zn type
2. Cu(Ni) sulphides in ultramafic rocks of the Ventures Sill
3. Vein deposits
(i) Cu and Cu-Au in Ventures Sill
(ii) Au and Au-Cu in the Bourbeau Sill
" The conformable barren iron sulphides and Cu-Zn sulphides appear to
be related to Archean volcanism. The conformable disposition, deformed
nature, mineralogy and textures of these deposits suggest that they are
synvolcanic, and probably formed by volcanic exhalations as indicated for
similar deposits in other areas (Hutchinson, 1965; Roscoe, 1965; and Anderson,
1969). The presence of the Cu-Zn type apparently higher in the strati-
graphic section than the iron sulphide type might indicate the thickening
and possible petrochemical evolution of the orogenic volcanic suite as
suggested by Hutchinson (1971).

The nickel in the Cu(Ni) sulphides in the ultramafic rocks appears
to have been locally derived. However the tenor of nickel, except in
rare cases, 1is only slightly enriched above background values for nickel
in dunites and suggests that the nickel sulphides possibly formed by
postmagmatic sulphidization of silicates. The association of scheelite and

molybdenite also suggests that these deposits are epigenetic., The source
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of the copper and sulphur is still uncertain; they could have formed as
pPrimary immiscible sulphides, but it seems more likely that these components
foo were epigenetic and related tc the "Opemiska type" veisns,

The deposition of the "Opemiska type" Cu (Au) veins and the Au (Cu)
veins found in the Chiboug copper~-S560 zone are believed related to late
stage felsic igneous activity in Archean times, These.were apparently
emplaced as endogenous veins and could be temporally related to the con-
formable Cu-Zn deposits in the upper parts of the Blondeau Formation.

The relationship may be analogous to the Japanese vein deposits and
Kuroko deposits which are associated with Miocene volcanic activity in
the Green Tuff region, ihe gold mineraiization in the Bourbeau Sill ig
perhaps related to a slightly younger and slightly more evolved stage of
crustal evolution than the copper veins, and consequently favours strati-

graphically higher and more siliceous host rocks,

F. Sequence of Geological Events in the Opemiska Area

1) Extrusion of submarine basaltic rocks of the Gilman Formation,
Minor associated sill intrusion and sedimentation. Some associated hydro-
thexrmal activity resulted in deposition of the A;toria conformable massive
iron sulphide deposits.

2) Evolution to felsic igneous activity and deposition of the lower
part of the Blondeau Formation, Felsic submarine Pyroclastic volcanism
as well as clastic and chemical sedimentation., Minor intrusive activity.
Associated hydrothermal activity resulted in deposition of the M(8-5) zone
and other Cu-Zn showings near the base of the Blondeau Formation,

3) Renewed mafic igneous activity. Extrusion of submarine basalts

as part of the Blondeau Formation, and intrusion of the Roberge, Ventures
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and Bourbeau Sills into the upper portions of the Gilman and lower portions
of the Blondeau Formations, Minor clastic and chemical sedimentation,

4) Evolution of another felsic igneous episode, Formation of
the "Tonalite-Diorite" intrusive suite, with hypabyssal equivalents,
More felsic volcanism with clastic and chemical sedimentation to form
the upper portions of the Blondeau Formation, Associated hydrothermal
activity formed stratiform Cu-Zn deposits (Ceres and S556 zones) as well
as the Cu and Au bearing veins.

5) Folding and metamorphism towards the end or after episode 4,

6) Intrusion of the Opemiska Lake Pluton near or after the close
of episode 5, ‘

7) Intrusion of diabase dykes

8) Faulting and minor folding associated with the Grenville orogeny,
Late stage movement on the Campbell Lake fault resulted in further de~
formation of the Obemiska veins and left them in more or less their present
disposition, |

9) Uplift and erosion,
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CHAPTER VIII

CONCLUS IONS

1., The Ventures Sill is a layered igneous intrusion which formed
by fractional crystallization and "igneous sedimentation" from primary
tholeiitic basaltic magma,

2. The pyroxene analyses and the minor element differentiation
trends indicate that the olivine-rich layers in the lower ultramafic’
portions of the intrusion were caused by periodic influxes of new
basaltic magma.

3. No major new influxes of magma occurred after crystallization of
the uppermost dunitic layer in the Black Pyroxenite., The Upper Green
Pyroxenite, Foliated Gabbro and Ventures Gabbro formed in ascending
sequence as magmatic cumulates from. the residual magma,

4, Plagioclase occurs late as a cumulus mineral in the Ventures
Siil because of the low A1203 content of the parental basaltic magma.

5. The Lower Green Pyroxenite is not a chilled contact phase
representative of parental basaltic magma,

6., Data from these investigations substantiate Duquette's suggestion
that the Ventures Sill magma was expelled upward from a p;:evious magma

chamber, and after formation of the Ventures Sill cumulates, crystallization

was disrupted with the residual magma moving upward, probably to the
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level of the Bourbeau Sill,

7. X0, S, Cu, H20 and 002 weremetasomatically introduced into the

2
Ventures Sill at Opemiska during vein formation.

8. Si02 and possibly Fe were "laterally secreted" into the veins
to form quartz and iron-rich minerals,

9. The opaque minerals in the Ventures Sill reflect a relatively
high volatile fugacity in the Opemiska area compared to more reducing
conditions in the Lac Cummings section.

10. This high volatile fugacity is thought to have been present in
the Opemiska rocks prior to greenschist facies metamorphism hecause
"magmatic" magnetite is preserved in the gabbroic rocks in that area.

11. The Opemiska veins were emplaced in late Archaean times contem-
poraneous with the closing stages of felsic volcanism and the "Tonalite-

Diorite" intrusive suite. They are possibly temporally related to strati-

form Cu~Zn deposits in stratigraphically higher felsic volcanic rocks,
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CHAPTER IX

RECOMMENDATIONS FOR FURTHER WORK

1. A detailed study should be made of the geochronology of the
alteration and ore minerals, metamorphism and igneous intrusions, using
the appropriate radiometric dating methods., It would probably be useful
to include the different dykes at Chiboug Copper, as well as some of the
plutonic rocks in the area. This study might clarify the absolute timing
‘of the different tectonic, magmatic and metamorphic events, but the
interpretation might prove difficult if the time span separating the
various episodes is small.,

2. A comprehensive study of the mineral zoning in the veins should
be undertaken. Assuming the veins were originally emplaced in a manner
similar to the Japanese vein deposits, they have subsequently undergone
deformation and folding, and reconstruction of the Sill (and veins) to
a relatively undeformed position might indicate further similarities.
Because of the considerable size of the mine the study would be best
conducted by someone working there. Quantitative documentation could
be obtained by making up composite samples representative of different
blocks of ore from the face and muck samples which are collected daily

at the mine.

3, The amount of copper in the Lac Cumnings section of the
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Ventures Sill is quite low in comparison to the Skaerzaard intrusion.

This might suggest that the Ventures Sill magma was originally lower

in copper than the Skaergaard, or alternatively it might mean that there

are lenses of early immiscible sulphides in the ultramafic sequence in

the Sill. A study of the mineralogy and geochemistry in the ultramafic rocks
in the Lac Cummings area could clérify this, There are diamond drill

holes through these rocks which would provide suitable sample material.

4. More information is necessary on the nature of early immiscible
sulphides in layered igneous rocks. The Skaergaard intrusion (Wager,
Vincent and Smales, 1957) has provided good information on the copper and
iron~rich immiscible sulphide liquids which form late in the crys-
tallization sequence, but as yet there is little documentation on the
natﬁre of the earlier'sulphides from unaltered layered intrusions,

5. Additional analyses of the volcanic and intrusive rocks in the
Chibougamau region might clarify the behaviour of copper' during the
different metamorphic and ignedus events which affected the area. This
could be a particularly fru'itful approach considering the apparent depletion
of copper from the metabasalts in the contact aureole of the Opemiska
Lake pluton (Appendix IV).

6. More dgta on the nature of the mineralizing fluid could be ob-
tained by study'in'g the distribution of major elements in the walls of
the Opemiska Veins, Analyses of the halogen content in biotites of
the alteration zones might also provide useful information on the minerali-
zing fluids., A comparison of the Fe'H'/Fe+H' ratios in stilpnomelane
might provide information regarding the oxidation state of comparable -

material in the veins, vein walls, Opemiska Section and Lac Cummings
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section,

7. Isotopic analyses of oxygen in co-existing magnetite and quartz

and of sulphur might clarify the source of these anions,
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APPENDIX I

Preparation of Samples for Aﬁalysis

Ail of the analysed samples, except those from the Lac Cummings
Section, were either hand specimens collected underground or diamond
drill core. These samples were cut with a diamond saw into slices across
the grain of the rock., All metal and foreign méterial was then cleaned
away using a carborundum wheel, soap and hot water. After a thorough
rinse in tap water, the specimen was dried in a stream of compressed air,
No veinlets were included in the samples, and approximately 1/2 to 1
pound of sample was selected for crushing. The éamples were crushed in
a Bico jaw crusher with ordinary carbon steel plates, then reduced to
about 100 mesh using a Bico-Braum pulverizer with ceramic plates. The
crushing apparatus was cleaned between each sample preparation by running
quartz sand through the pulverizer and then thoroughly sweeping out the
crushing and pulverizing apparatus and the adjoining work area using compressed
air, a vacuum cleaner, disposable paper dusters and a stiff brush. The
sample was then prepared for shipment to the Quebec Department of Natural
Resources by coning the sample, and cutting two pie-shaped slices, large
enough to fill a four dram plastic vial froﬁ the cone, The Lac Cummings

section samples were prepared in the same manner except that special care
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was taken to remove any weathered or oxidized material near joints or
fractures. Any samples which have small oxidized areas have been

jndicated on figures with a circle rather than with a cross.
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APPENDIX II

Analytical Procedure for Major Element Analyses

X-ray fluorescence analyses for SiOz, A1203, total Fe as Fe203, Ca0
and K20 were conducted on fused lithium tetraborate pellets using two
AGV-1 pellets as standards. Analyses for these elements were conducted
both by the author and J. Olatunde on the same ﬁellet. Although the data
presented here are the author's, J. Olatunde's data agreed within 10%.
X~ray fluorescence analyses for MnO, P205, TiO2 and Mg0O are by J. Olatunde,
using the same standards. The X-ray fluorescence analyses were corrected
for absorption using the computer program published by Gunn (1967), as
modified and improved by Donald Hattie of this Department (1972). Na20
and samples with less than six. percent Mg0 were analysed by flame emission
and atomic absorption spéctroscopy respectively, by J, Olatunde, The samples
were dissolved in a perchloric-hydrofluoric acid solution. J; Olatunde
also conducted the loss on ignition determinations. The results presented
in Fig. 27 are shown with two analysed standards and a duplicate analysis
for comparison. The X~ray fluorescence results have been normalized to

total 100% to compensate for variations in flux/sample ratio in the

analysed pellets,
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APPENDIX III

Analytical Methods with their Precision and Limits of
Detection; Results of Minor Element Analyses by the Quebec

Department of Natural Resources Analytical Laboratories.



MAJOR ELEMENTS

S102, Al503, T102
Mg0, CaO

Total Fe
FeO

F8203
Nas0, K50
S

CcO2

Hy0*

HoO0™
Total

MINOR ELEMENTS

METHOD
Shapiro colorimetric method

Edta titration and/or atomic
absorption

Dichromate titration and/or
atomic absorption

HF-HC1 attack, dichromate
titration

Difference between total
Fe and FeO

Flame spectrophotometry

Leco furnace. Absorption of
S03 in KI + KIO3, titration
of " Io produced

Liberation of CO2 with HC1
absorption in ascarite

Leco furnace at 1400°C
absorption in anhydrone

105°¢C

LIMITS OF DETECTION
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PRECISION
i (1 - 105%)

i+

1%

I+

1%
1%

I+

0.5%

I+

i+

1.5%

(1.5 - 2%)

I+

+ 1%
* 1%
990 5 - 100. 5%

METHOD PRECISION
Co, Cu, Ni Atomic Absorption 1 ppime + 10%
Ag, Mn " " .05 ppm. + 10%
Zn, Cr " " .01 ppm. + 104
Mo Spectrography 50-100 ppm. + (5 - 10%)
W Spectrography 100 ppm. + 104
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0G-5- 1 701-12851 0.59 0.38 110 130 23 1.0 130
2 701-12852 0.007 0.15 | 4b 18 2] 0.6 66
3 701-12853 0.023 0.02 63 270 480 0.5 Lo
L 701-12854 0.021 0.0% 91 51 255 1.1 72
5 701-12855 0.008 0.05 120 20 © 8k 1.2 130
6 701-12856 0.006 004 79 - (28 h72 0.6 T 67
7 701-12857 0.009! " 0.02 sh 43 460 n.d. 37
8 701-12858 0.005 0.02 53 30 L70 n.d. 39
9a 701~12859 0.12 0.04 140 35 1840 0.8 83
9%b 701-12860 0.004% 0.02 57 BLEN 570 n.d, 4é
10 701-12861 0.021 0.03 140 21 2370 0.9 78
11 701-12862 0.008 0.30 53 120 77 0.5 . 86
12 701-12863 0.14 0,04 59 66 30 6.6 57
0G-14- 1 701-12864 0.36 0.39 6l 267 29 2.0 170
2 © 701-12865 0.13 0.41 65 170 24 0.7 120
0G-16~ 1 701-12866 2.34 0.58 120 18080 L6 10 590
2 701-12867 0.11 0.45 sh 7190 Co2h 1.2 ko0
3 70112868 0,050 0.35 52 -85 23 0.6 8h
& 701-12869 1.79 0.33 75 4190 24 12 95
5 701-12870 0.22 0,35 53 570 21 0.5 86
6 701-12871 0.034 Sy /48 36 19 23 0.5 35
7 701-12872 | 0,013 -35% &9 % 22 0.3 69
8 701-12873 0.019 -3~ Ly 17 21 i 0. 78
5 701-12874 | 2.47 L2-| 85 39 20 0.9 62
10 701-12875 0.018 - 33- 50 20 20 n.d. 5l
11 701-12876 | 0.090| -25T| ks 21 22 0.7. 91
12 701-12877 | 0.050! A4E| 6B 63 290 (x) 140
7 ol 01-12878 030 | ~F7 29 . 2
A e (x) |signifies échafitillon dpuisd. \
//}/f/'/ \j(-c.ux jt’u,u.u\ LM/\-
§ Lo |DircoteufsseeseMucenradi]eecreneelocnecans
agnon
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Province of Québec
Departiment of Natural Resources

Province de Québec
Ministeére des Richesses Naturelles

Laboratoires Laboratories
Annexe E - Ho6tel du Gouvernement QUEBEC Annex E - Parliament Buildings
Certificat o = 701-12846/12878 B. Qufbec, le 28 juin 1971.
Certificate
8
Echantillon soumis par ) Monsieur R.H, McMillan
Sample submitted by University of Wesiarii Untario
London 72
Ontario.
Désignation Numéro Mn Cr Mo ¥ xxXx XXxx X XX
Description . Number PeDelle | PoPole DePells PoPele
OFr-29 - 3 701-12846 1730 26 n.d. m.d. "
L 701-12847 2075 20 n.d. n.d.
5 . 701-12848 1880 24 n.d, n.d.
11 701-1284%9 605 Lo n.d. n.de
12 701-12850 2676 23 n.d. n.d.
0G-5 =~ -1 701-12851 3210 22 n.d. n.d.
’ 2 701-12852 1518 21 n.d. n.d.
3 701-12853 1247 590 . n.d. n.d.
4 701-12854 | 1740 230 n.d, n.de
5 701-12855 1734 28 n.d. n.d.
"6 701-12856 |. 1663 270 n.d, n.d.
7 701-12857 1278 1330 n.d. n.d.
8 701-12858 1261 |-1390 n.d, n.d.
9a 701-12859 1420 320 n.d. G.de
9b 701-12860 1174 | 1035 C n.de n.d.
10 701-123861 1478 670 n.d, n.d,
11 701-12862 1224 31 n.d, n.de
12 701-12863 1638 22 n.d. n.d,
0G-14~ 1 701-12864 1113 21 n.d. n.d.
2 701-12865 1253 2l n.d. n.d.
06-16~ 1 " 701-12866 872 21 n.d. n.d.
2 701-12867 1298 23 n.d. n.d. |-
3 701-12868 1352 27 n.d. n.d.
4 701-12869 1120 21 n.d, n.d.
5 701-12870 1620 19 n.d. n.d,
6 701-12871 853 19 60 n.d.
7 701-12872 1480 19 n.d. n.d.
8 701-12873 1422 18 n.d. n.d.
9 70112874 3488 20 n.d. n.d.
10 701-12875 1730 180 n.d. n.d,]
11 ?701-12876 1426 22 n.d. n.d.
12 701-12877 1510 180 - n.d. n.d,
., 13 701-12878 1980 23 n.d. n.d.
)
) 0 e Ren
W> ' Lo Directiurs ......\‘)/:‘fﬁ‘.*..\....f‘:‘.".‘““.’.........
. [ \“ﬂ\ Jogeph [Gagmon




Province de Québec
Ministtére des Richesses Naturelles
Laboratoires

Annexe E -~ H6tel du Gouvernement

Certificat

- -128
Certificate O 701-12879/12911

. ]
Echantillon soumis par

QUEBEC "

B.

Monsieur R.H, McMillan
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Province of Québec
Department of Natural Resources
Laborarxories

Annex E

- Parliament Buildings

Québec, le 28 juin 1971.

Sample submitted by

University of Western Ontario

London 72
Ontario.
Désignation Numéro § K0 Co Cu M Az Zn
Description Number % % PePelle | PePelle | DePeMe | DPePelle [ PoPotle
00-20~ 1 701-12879 0.11 —,ﬁzf 4o 21 23 0.3 180
2 701-12880 0.008 | -,3/- 50 21 23 n.d. 86
3 70112881 0.10 | - 3¢ i 56 21 n.d. 52
5 701-12882 0.16 | =153 Ly 12 77 n.d. 77
00-21- 1 701-12883 0.09 | ~.46 24 91 20 n.d. 42
2 701-12884 0.19 | w.2%& | 59 18 50 nede 52
3 701-12885 0.14 -, 855 42 320 23 0.8 35
L 701-12886 0.04 | =off. 37 18 42 0.8 37
5 701-12887 bo65 | - f8 b7 89 18 17 80
6 701-12688 0.2 | - 62 38 4o 18 0.4 46
7 701-12889 0,28 | -.4f- 32 46 19 0.9 37
8 70112890 0.33 -.¢7 39 68 20 0.4 34
9 701-12891 0.36 | ~30- 39 560 19 1.5 79
10 701-12892 1.52 | -.5% A 1960 17 1.2 32
11 | 701-22893 | 2.38 | - - by (12860 15 4,1 56
13 701-12894 3.28 | 174 - | 115 |14900 23 8.0 Lso
14 701-12895- 2,06 | -7~ 95 6050 19 ) 100
15 701-12896 0.070 | -/+7- 53 280 13 0.8 49
16 701-12897 0,040 | ~/~/F ks 36 1 0.4 62
18 701-12898 0,18 | - K- 51 66 15 0.6 55
19 701-12699 0.15 | -2/ 56 19 40 1.3 88
20 701-12900 0,020 | =2/~ g 43 17 n.d, 67
21 701-12901 0.008 | -35. 55 32 16 n.d. 75
23 | 701-12902 0,016 | ~.#/- 5k 26 15 n.d. 65
24 701-12903 0.024 | =20~ 57 28 16 nede 84
27 701-12904 0.057| ~.3% | 52 89 22 0.4 85
28 701-12905 0,32 | =5 - 67 - 85 22 0.4 120
00-23~ 2 " 70112906 2,36 | -0ta 57 |1127s 18 6.3 87
3 701-12907 3.23 | -/HI1 | 140 6540 20° 4.7 81
4 701-12908 L.74 -13% 230 3950 31 3.2 8l
1 . ,01-12909 0.41 | -.25% 48 3825 21 2.9 78
6 701-12910 | 0.21 | J#7- | 59 iy 19 0.9 5k
a1 701-12911 0.028 | -4 46 39 17 0.7 94
Cﬂk Le Dire:teur:......gjf*.‘ﬁ". erre-Si LIS
/' ‘) : oseph Gagnon
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Province de Québec

o Province of Québec
Ministere des Richesses Naturelles

Department of Natural Resources

Laboratoires Laboratories
Annexe E - Hotel du Gouvernement Annex E - Parlianient Buildings
Certificat 701-12879/12911 B. Québec, le 28 juin 1971
Certificate

& 33 Echantillom 5911mis par Monsieur R.IH. McMillan
Sample submitted by Tniversity of western Ontario
' London 72
Ontario. -

Désignation Numéro ¥n Cr Mo W xxz| xxx xrx
Description Number | p.p.u.g pepsme | PePeMe PoePelie
0G-20- 1 701-12879 1331 23 50 r.d.
- 2 701-12880 | 2356 23 n.d. n.de
3 701-12881 1280 23 n.d. n.d.
5 701-~12882 1190 280 n.d. n.d.
06-21- 1 701-12883 855 18 n.d. n.d.
T2 701-12884 936 93 nyde n.d.
3 701-12885 1644 25 n.de. n.de
L 701-12886 525 79 n.d. n.de
5 701-12887 1294 22 n.d. n.d.
6 701-12888 950 19 n.d. n.d.
7. 701~12889 1016 19 n.de r.de
8 . 701-12890 | ° 876 23 n.d. n.d.
9 701-12891 920 |. 22 n.d. n.d.

10 701-12892 Lol 15 8 - E.Q.

11 701-12893 66k 8.7 n.d. n.d.

13 . 70112894 492 9.3 n.de ned.

14 701-12895 © 1280 9 n.d. n.G.

15 701-12896 2752 8.3 n.de ti.de

16 70112897 1020 4 n.de. r.de

18 . 701-12898 1575 9.k n.de. n.d.

19 701-12899 1130 27 n.de n.d.

20 701-12900 1500 9.3 n.de n.Ce

21 ' 701-12901 1575 10 n.de n.d.

23 701-12902 1540 8.8 n.ds L.de.

24 701-12903 1900 8.k n.d. n.d.

27 701-1290%4 2360 8 n.d. n.d.

28 701-12905 | 2010 | 10 n.d. n.doh

0G-23- 2 701-12906 1055 11 n.d. n.d.
701~12907 a8k 7+5 n.d. n.de 3
i 701-12908 868 9.b n.d. " n.d.
5 701-12909 1778 7.8 n.d. n.de
6 701-12910 1123 7.8 ned. n.d.
. 7 701-12911 1375 9.4 n.d. n.d.
7./, : %)
4 . . !
( = . Te Directzur:...../f/.(:‘f..!'.k.'.bl‘.*’."'.“.“.‘ J)..‘?’...-
% | ’ Y\SU\'IJoseph Gagnon




144

Province of Québec

Province de Québec
Department of Natural Resources

Ministere des Richesses Naturelles

Laboratoires Laboratories
Annexe E - H6tel du Gouvernement QUEBEC Annex E - Parliament Buildings
Certificat 701-12912/12915 B, Qébec, le 28 juin 1971.
Certificate o=
Echantillonssoumis par »
e T . Mongieur R,H. MeMillan
Sample submitted by University of Western Ontario
- London 72
Ontario. \
Désignation | Numéro 5 K0 Co Cu M A5 Zn
Description Number % % PeDPeMe | PePele | PePeme | Pepom. PeDoMe
06-23- 8 70112912 0.031| -57- | a7 43 20 0.6 150
9 701-12913 0.040 - C‘/... 62 32 20 0.5 150
10. 701-12914 1.63 | ~+Ll- 67 170 20 0.k 8l
‘-11,. 701-12915 2.88 -l 84 270 20 0.7 120

. Le Directeurfeseseesds .\)’5’.‘"-‘.‘ .{.‘2;*.*.“.‘“.“.‘: D‘u’( .
: \\,)_»J\ Joseph Geagnon




Province de Québec
Ministére des Richesses Naturelles
Laboratoires

Annexe E

Certificat
Certificate

- Ho6tel du Gouvernement

701-12912/12915

b fchantillor® soumis par
Sample submitted by

B.

145

Province of Québec
Departiment of Natural Resources

Annex E

Laboratories

- Parliament Buildings

. Québec, le 28 juin 1971.

Monsicur R.H. leFillan

Thiversity of Western

London 72
Ontario.
Désignation Numéro ¥in Cr Mo v xxx | xxx | xxX
Description Number PeDelMe | PePelle | PePale | PoPolle
0G-23- 8 701-12912 | 1684 9.8 n.d. n.d.
9 701-12913 | 1856 9.3 n.d. n.d.
10 701-12914% | 1900 9 n.d. n.d.
11 701-12915 | 1800 8.5 n.d. n.d.
Bons: 601621/625 - 601631/660| - 601681/750 - 691865
€01626/627 - 601581/620| ~ 601751/800 -
602221/ 273 - 601628/63) - 6018(1/861- 691866
602274/350
QC" B 0
. Le Direcieuriceeebeccsss ........:’“’:’....{.l.../.k........
\,‘u\ Jgseph Gagnon
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21-1.8

PROVIMNCE DE QUEREC PROVINCE OF QUEBEC

MINISTERE DEPARTMENT
DES RICHESSES NATURELLES OF NATURAL RESOURCES
LABORATOIRES LABORATORIES

ANNEXE E—~HOTEL DU GOUVERNEMENT QUE BEC ANNEX E~PARLIAMENT BUILDINGS
CERTIFICAT ~128; , : -
R rcaTE No- 29_]_-___;.!:2_?_5__7__1[1?915 B, Québec, le 6 juillet 1971,
L 5 EchantillonSsoumis par M. R.H, McMillan,
Sample subimnitted by The University of Westerry
London 72, Ontario,
Canada.

K0 K%O
701-12871, 0G-16~6. 0.79 701~1289%, 0G~21~-13 1.71
701-12872, 0G-16~7 0.25 701~12895, 0G-21-1h4 0,74
701-12873, 0G-16-8 0.30 701-12896, 0G-21-15 1,17
701-12374%, €G-16-9 1.26 '701-12897, 0G-21-16 1,17
701-12875, 0G-16-10 0.33 701-17898, 0G-21-18 0.96
701-12876, 0G-16-11 0.25 701-12899, 0G-21-19 0.24
701-12877, 0G-16-12 1.4 701~-12900, 0G-~21-20 0.21
701-12878, 0C-16-13 0.77 701-12901, 0C-21-21 0.38
701-12879, 0G-20-1 0,34 701-12902, 0G-21-23 0.49
701-128%0, 0G-20-2 0.31 701-12903, 0G-21-2k 0.20
701~-12881, 0G-20-3 0.30 701-1290%, 0G~21-27 0,22
701-12832, 0G-20-5 0.58 701-12905, 0G-21-28 0.75
701-12883, 0G-21-1 0,18 701-12906, CG~23-2 0. 84
701-12884, 0G-21-2 0.74% 701-12907, 0G=23-3 1.47
701-12885, (G-21-3 0.89 .+ 701-12908, 0G-23-k 1.53
701-12836, 0G-21-k 0.96 701-12909, 0G-23-5 0.8%
701~-12987, 0G~21-5 0.58 701-12910, 0G-23-6 1.4k
701-12888, 0G-21-6 0,62 701-12911, 0G-23-7 0.47
701-12889, 0G-21-7 0,6% 701~-12912, 0G-23-8 0.54
701-12890, 0G-21-8 0.67 701-12913, 0G-23-9 0,64
701-12891, 0G-21-9 0.30 701-1291k, 0G-23~10 0.67
701-12892, 0G-21-10 8';2 701-12915, 0G-23~-11 0.62

701-12893, 0G~21-11

. ) \
Le Direct(ﬂ)r: ses s M""u\"b vden .'{:L“k\—. PPN Y
, uA Joseph Gagnhon
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21-1.8

PROVINCE DE QUEBEG PROVINCE OF QUEDEC

MINISTERE DERPARTMENT
DES RICHESSES NATURELLES OF NATURAL RESOURGES
LABORATOIRES LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E—PARLIAMENT BUILDINGS
g‘éﬁgggﬁi Y E— 71e-6591/6620 ‘B. ) Québec, le 19 novembre 1971.
Behantillon Joumis par Monsieur R.H. Mcllillan

. 2

Sample submitied by TDept. of Geoloyy
University of Vestern Ontsrio
London 72 - Ontario.

X Mn Cu Wi Zn Cr Co Ag
0c-23 b B m  pp3 = ppm  ppm  pea
7le-6591, 12 0.67 0.4B 21 17 110 7.3 51 0.6
71e-6592, 13 0.68 0.6 39 21 160 6 s 0.5
71e-6593, 1k 0.66 0.43 76 21 120 6.3 60 0.8
7le-659%, 15 0.50 0.43 50 17 130 6.3 48 0.8
71e-6595, 16 0.37 0.39 136 19 85 5¢5 57 0.5
71e-6596, 17 0.3 0.38 155 18 69 8 49 0.k
71e-6597, 18 0.55 0.30 800 21 140 6.5 80 1.6
71e-6598, 19 0.61 0.28 2000 20 150 . 6 Ls 2.7
71e-6599, 20 0.83 0.38 220 24 9% 6.3 47 0.8
71e-£500, 21 0.66 0.29 760 20 g2 6.8 56 1.5
7le-6601, 22 0.25 0.36 520 16 171 6 71 1.6
71e-6602, 23 0.56 0.39 400 21 270 6.5 67 1.2
71e-6603, 24 0.65 0.49 86 23 1500 6.3 b5 0.7
71e-6604, 25 0.71 0.40 180 20 100 6 60 0.5
71e-6605, 26 0.63 0.40 300 22 57 5.8 67 0.7
71e-6606, 27 0.72 0.36 170 20 52 .3 sl 0.3
7le-6607, 28 0.76 0.39 53 18 63 5 L3 0.8
71le-6608, 29 0.48  0.39 L7 17 65 4.8 41 0.7
71e-6609, 30 o1 0.4 L9 23 69 6 56 0.4
71e~6610, 31 0.57 0.k2 31 21 74 4.5 57 0.5
7le-6611, 32 0.69 0.k2 20 19 67 7 61 0.4
71e-6612, 33 1.06 0.9% 67 19 150 15 26 0.7
71c-6613, 34 0.67 0.h2 82 21 110 4.5 sl 0.8
T1e-661k,24= 1 0.66  0.4h 27 22 73 - 5.3 61 0.8~
71e-6615, 2 0.44  0.48 170 21 9?7 7.5 75 0.4
71e-6616, 3 0.37 0.23 200 16 55 1.5 50 1.5
71e-6617, I 0.39 0.21 550 14 47 3.3 51 1.4
71c-6618, 5 0.80 0.38 53 13 118 2.5 38 0.8
71e-6619, 6 0.61 0,19 28 Lg 55 120 37 n.d.
71e-6620, 7 0.96 0.16 Ly 33 bs 71 - 35 0.3

/diéﬁ%?;“ \ | (;%

/? Le Directeurx........./.foC’i‘.".‘\...................-
/ _ Joseph Gagnon
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21-1.8

PROVINCE OF QUEBEC

DEPARTMENT
OF NATURAL RESOURECES
LABORATORIES

ANNEX E~—~PARLIAMENT BUILDINGS

PROVINCE DT QUEBEC

MINISTERE
" DES RICHESSES NATURELLES
LABORATOIRES '

ANNEXE E—HOTEL DU GOUVERNEMENT

CERTIFICAT 71e-6621/6650 . B. . QuSbec, le 19 novembre 1971.
CERTIFICATE Mo {18200 v
30 Echantillon Soumis par Monsieur R.H. MclMillen

Sample submitted by Dept. of Geology
University of Western Ontario
London 72 - Ontario.

X Mn Cu M Zn Cx Co Az
oG-z % % ‘pm ppnm pn opm oppmo o omm
71e-6621, 8 0.84 - 0.1% 77 33 Iy [ 30 n.d.
7le-6622, 9 0.63 0.20 77 sl 58 Yio I 0.5
7le-6623, 10 0.4 045 35 13 68 5.5 57 0.7
- 7le-6624, 11 0.28 0.36 b2 14 63 75 56 n.d.
7le-6625, 12 0.29 0.25 29 11 43 3 31 0.3
7le-6626, 13 0.40 0.33 . 1100 13 110 5 63 1.2
71e~6627, b 0.35 ~ 0.30 b2 = 12 63 5.3 L9 0.3
7le-6628, 15 0.20 0.31 85 15 87 b.s bs n.d.
7le-6629, 16 0.50 0.45 105 19 02 2.8 56 0.3
71e-6630, 17 0.76 0.0 . 25 17 68 © 3 50 n.d.
7le-6631, 18 0.52  0.43 42 - 31 110 98 80 0.7
7le-6632, 19 0.89 0.32 67 20 93 L. 64 1.2
7le-6633, 20 0.46 0.4 130 17 95 4,3 58 0.4
7le-6634, 21 0.45  0.40 76 . 13 98 545 53 0.5
7le-6635, 22 0.18  0.29 51 - 34 56 18 - bo 0.6
71le-6636, 23 0.31  0.30 26 13 64 15 46 n.d.
7le-6637, 24 0,18 0.2 ke - 13 56 2.5 33 n.d.
T TYes6638, 25 0.65  0.k2 100 23 120 & 59  nede
71e~6639, 28-1 1.15  0.1% 14600 80 170 3.5 98" 745
71le-66L0, 2 1.54 0.16 38000 310 560 5 200 26
7le-6641, 3 0.25 0.22 16000 180 1200 2.5 1400 14
- 7le-6642, k& 0.90 0.23 620 20 130 5 51 13
71e-~6643, 5 0.58  0.L6 170 18 120 5 77 0.7
71le-664L, 6 0.85 0.4l 110 15 88 6.3 99 0.7
71e-6645, 7 0.58 0.39 sh 14 90 7.3 70 1.2
71le-6646, 8 0.54  0.20 93 62 59 228 51 0.6
. Tle-6647, 9 0.51 0.24 36 625 70 710 8l 0.8
71e-6648, 10 0.4 0.32 100 21 . 6l £.2 87 n.d,
7le-6649, 11 0.40  0.30 27 18 78 h.o 60 0.5
71e-6650, . 12 0.27 0.5

0.36 18 w75 5.8 58

/Z(ﬁ . Le DivecteUricesveasees ;'.":‘.)JI'H’:T‘..................

J}a'seph:z Gagnon




PROVINCE DE QUEREC

MINISTERE

R
DES RICHESSES NATURELLES%&EH,
LABORATOIRES b

ANNEXE B.—HOTEL DU GOUVERNEMENT

CERTIFICATT N
CER TIFICA TE [+ STV SN ot
12

Echamillonssonmis par

71e-6651/6662 B.

G2

QUEBEC

Monsieur R.H, Mclillan

Sample submitted by

Dept. of Geology
University of Western Ontario
London 72 - Ontario,
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21-1.8

PROVINCE OF QUEBEC

DEPARTMENT
OF NATURAL RES0URCES
LABORATORIES

ANNEX E.—~PARLIAMENT BUILDINGS

Québec, le LY novembre 1971.

- K Mn Cu Ni Zn Cr Co Ag
. 06-28 Ak Ppm  ppm  ppm  ppm  ppm  ppm
71le-6651, = 13 0.35 0.46 43 14 "85 6.8 __ 71 0.9
7Ie-6652, 1k 0763 U.GZ 82 21120 4.8 6 0ok
TYTeT6653, 15 1 087 0.17 51 20 1607 180 35 0.6
?le~6654,30~ 1 0.35  0.35 50 18 65 6.5 69 n.d,
71e~6655, 0H-lt-1 1.00  0.47 13 320 120 510 58 0.7
71le-6656, 2 1.10 0,39 290 210 100 510 77 0.5
71le-6657, 3 0.62. 0.45 67 180 110 350 60 0.6
71c~6658, I 1.69  0.50 1500 210 156 380 60 2.5
71le~6659, 5 2,62 0.32 560 68 120 330 33 2.2
71e-6660, 6 1.31  0.21 " 7200 13 130 4.8 180 540
71le-6661, 7 1.08 0,17 640 13 70 b,s 96 0.9
71le-6662, 8 0.54 0.11 2000 15 56 6.6 510 1.7
. . <
Bons: 602051/120 - 602192/195 - 602197/200
601951/020 - 602022/025 - 602027/030
601870/876 ~ 601880/890 - 601931/950
60220}/220 - 602031/050 - 601901/930
601891/900 - 601877/879 - 602191 - )
602196 - 602021 - 602026
Le 4 a
amvoen 1o sl iR Fotaibig, roue eront . |
s Le Directeurtesreeeeceene e st 0ot et irsenesnsonnnnes
A / ' ' Jysepmugnon
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21-1.8

PROVINCE DE QUEBLC PROVINCE OF QUEBEC

MINISTERE s DERPARTMENT
DES RICHESSES NATU RELLESZ}' OF NATURAL RESOLIREZES
LABORATOIRES é‘wﬁ LABORATORIES
ANNEXR E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E.—PARLIAMENT BUILDINGS
gg%g;}(éﬁ;l, No...71=6591/6662 B. Québec, le 21 décembre 1971
72 Echantillon Soumis par Monsieur R.H, l'ﬁzlii‘llan
Sample submirtted by Dept . of Geologf

University of Western Ontario
London, Ont.

s S 5
7 4 % %
71-6591, 0G-23-12  0.01 71-6615, 0G-24-2  0.95 71-6639, 0G-28-1 5.28
71-6592, 06-23-13 0.18 71-6616, 06-24-3 1.05 ?1-6640, 0G-28-2 9.55
71-6593, CG-23-14  0.35 71-6617, 0G-24-4  3.04 71-6641, 0G-28-3 8.58
71-6594, 0G-23-15  0.15 71-6618, 0G-24-5  0.12 71-6642, CG-28-4 0.16
71-6595, 0G-23-16  0.60 71-6619, 06-24-§ 0.02 71-6643, 0G-28.5 0.16
?1-6596, 0G-23-17  0.38 71-6620, 0G-24-7 0,02 71-664, 06286 0.68
71-6597, 06-23-18  6.31 71-6621, 0G-24-8  0.08 71-6645, 0G-28-7 0,17
71-6598, CG-23-19 3.26 . 71-6622, 0G.2i.9 .01 71-6646, 0G-28-8 0.13
71-6599, 0G-23-20  1.20 71-6623, 0G-24-10 0.01 - 716647, 0G-28-9 0.19
71-6600, 0G-23-21 2.83 71-6624, 06-24-11 0.06 71-6648, 06-28-10  0.45
71-6601, 06-23-22 2,23 © 71-6625, 05-24-12 0,01 71-6649, 0G-28-11 0,02
71-6602, 0G-23-23 1.13 71-6626, 06-24-13 3,66 71-6650, 0G-28-12  0.06
71-6603, 06-23-24  0.15 71-6627, 0G-24-14 0,08 71-6651, 0G-28-13  0.06
71-6604, 00-23-25  1.04 71-6628, 0G-24-15 0,06 71-6652, 0G.28-14 0,35
71-6605, 06G-23-26  1.62 . 71-6629, 0G-24-16 0.05 71-6653, 0G-28-15 0,01 _
71-6606, 0G-23-27 0,93 " 71-6630, CG-24-17  0.07 71665, 0G-30~1. 0.28
71-6607, 0G-23-28 0,20 71-6631, 0G-24-18 0,08 71-6655, OH-L.1 0.01
71-6608, 0G-23-29  0.16 71-6632, 0G-24-19  0.03 71-6656, OH-4-2 0.66
716609, 0G-23-30  0.23 ° - 71-6633, 0G-24-20 0,10 71-6657, OH-L-3 0.48
71-6610, 0G-23-31 0.09 T 71-6634, 0G-24-21  0.01 71-6658, OH-4-4 0.28
71-6611, 0G-23-32  0.03 71-6635, 0G-24-22 0,01 71-6659, OH-L.-5 0.23
71-6612, 06-23-33 0,02 71-6636, 0G-24.23 0,01 71-6660, OH-4.6 4,08
© 71-6613, 06-23-34% 0,33 71-6637, 0G-24-24 0,02 71-6661, OH-4-7 1.67

71-661k, 00-2k-1 0. 0% . 71-6638, OG-24-25 0,41 71-6662, C-4-8 12,14

Bons: Mo 601870/602120 - 602191/602220

z
7 Le Directeur:.................‘."{.."I".“fi.‘:‘.’.\....................~
s ‘ Joseph, Gagnon
3 [




T

151

- 21-1.8
PROVINCE DI QUEBKEC PROVINCE OIf QUCDES
MINISTERE 2ol DEPARTMENT
DES RICHESSES NATURELLESQ%{;?E OF NATLIRAL RESDURECES
LABORATOIRES e LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E.—~-PARLIAMENT BUILDINGS
ATy mo....ThBk5/ 0564 . © Quibec, 1o 23 février 1972 ‘
20 Echantillon Foumis par Tre University of estern Ontario
Sample submitted by a/ s M. itlle MeHillan
London
Ontario, Canada
Sl SiOZ K%O Fe 't. n Co Cu Ny Ag Zn Cr
J0 <% % 9 DeDeMe DeDalle DeNeMa DNaDeMe DeDoly DeDeMa DyDolle
71-8545, O4_14-8 0.74 45,78 2.12 11.94 1100 .81 7100 46 5.3 150 2.8
71-8546, 9 2,32 Lb L2 2.32 13.84 - 800 . 80 23500 34 8.3 130 8.5
71-8547, 10 0.70 45,18 0.73 12.32 1450 . 80 130 80 1.3 140 11
71-8548, 11 0.46 43,48 0.43 12,02 2000 80 120 70 1.6 170 11
71-8549, 12 0.90 47,90 0.63 11.16 1950 60 120 56 0.8 120 9.3
71~8550, 13 0.26 138,16 1,22 6.86 150 b2 120 Lo 0.8 80 7.0
71-8551, L 140,20 Lh, 8 0.49 13.10 2050 78 150 78 2.8 120 12
71-8552, 15 0.50 U448 0.92 13.04 2100 80 . 170 92 1.2 210 11
71-8553, 16 '0.38 47.70 1.03 11.76 2050 71 150 iy 1.3 390 8.5
71-8554, 17 0.13 048,50 0.20 11.84 2200 70 1.0 36 1.1 120 6.8
71-8555; 18 0.36 47.94 0.78 11.58 1950 63 65 22 0.8 - 120 9.5
71-8556, 0i-18-3 0.10 46.08 0.28 12.56 1950 75 Lo 38 0.6 100 8.4
71-8557, b 0.15 42,28 0.38 15.08 2250 85 30 34 0.9 110 8.0
71-8558, 5 3.21 36.94 4,58 19.68 750 149 230 26 1.0 U 8.3
718559, 6 0.05 49,54 0.26 9.90 1550 61 50 28 2.0 62 6.3
71-8260, 7 0.36 Lb.Lo 0.3%  15.30 2100 95 120 L6 1.0 110 7.8
71-8561, . 8 0.09 45,40 0.96 13.12 2000 74 130 36 0.8 110 9.0
71-8562, 9-7 0,22 46,80 0.70 12.64 1800 71 70 38 1.0 90 7.0
71-8563,00-25-11 0.07 49,72 0.24  11.36 1850 62 %0 24 0.5 82 8.0
71-856lk, 12 0.02 16,40 0.45 13.30 2150 &l 8 28 0.7 74 8.3

) -~ . \ .
Bons: Wos 601867 - 602121/602190 - 613091/613110 - 613061/613090

7
I
W

-

.

Lo Directeuricee.eeeeesas. ! :‘%. 4‘ e
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21.1-8

PROVINCE DE QUEBRG ; PROVINCE OF QUEBEC
MINISTERE DEPARTMENT
DES RICHESSES NATURELLES 'ﬁ OF NATURAL RESDURGCES
LABORATOIRES L LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E.-~PARLIAMENT BUILDINGS
gg%;};}g.ﬁ;E Now....Th=8565/8581 3. Quévec, le 23 février 1972
20 pchuntilton Soumis par The Upiversity of Westewm Cntario
Sample submitted by a/S 1, Relie MeMillan
London
Ontario, Canada
X,0 S M Co Cu Ni Ag Zn Cr
e % NaDelle DeDaMe  Ralllle DePalle Daleile DaDeFla Delelle
71-8565, OH-14-1 1.29 0.13 1750 69 4o 16 1.1 76 5.8
71-8566, 2 0.0 2.38 2350 91 340 20 2.2 90 7.3
71-8567, 3 1.30 1.35 2850 86 80 22 2.0 100 8.0
71-8568, L 0.74 0.12 2700 60 20 20 1.0 82 8.5
71-8569, - 5 0.81 0.68 1850 79 180 18 0.8 68 8.8
71-8570, 6 0.86  0.7% 2350 95 200 20 1.1 390 8.3
71-8571, vé 0.78 0.y 2000 69 120 20 0.9 68 9.8
71-8572,04-21-23 . 0.8% 1,16 1650 L6 5100 26 2.1 220 5.3
- 71-8573, 24 1.68 0.62 950 50 4500 22 2.3 130 6.0
71-857L, 25 0.87 0.06 800 Lo 380 18 n.d. 8l 7.0
71-8575, 26 1.74 0.08 850 48 30 14 1.2 sk 10
71-8576, 27 0.39 0.07 550 Ly 150 16 0.8 L 5.5
71-8577, . 28 0.61 0.01 1550 54 8 16 0.5 48 7.5
71-8578, 29 0.80 0.35 2050 65 60 22 0.7 110 8.8
71-3579, OH_2h-1 ©0.37 0.01 1650 55 12 10 0.7 70 9.5
71-8580, 2 0.60 0.03 1650 -+ 53 12 16 0.8 56 9.8
71-8581, 3 0.61 0.03 1750 53 8 14 1.0 52 10
71-8582, 4 0.74  0.03 1850 52 14 16 1.2 56 4.3
71-8583, 5 0.86 0.01 950 L5 12 20 0.7 50 4,5
71-8584, 6 1,10 0.51 1750 . 73 95 28 0.9 72 5.0
. ’ » \
Bons: Nos 601862 - 613111/613190
" Le Directeur:.......,.....Q> T e s aeseseenreses eeseees
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2%-1.8
PROVINCE DE QUEBEC . ’ PROVINCE OF QUEUEC
MINISTERE ' DEPARTHMENT
DES RICHESSES NATURELLES, ¢ OF NATURAL RESOURDES
LABORATOIRES I LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENY QUEBEC ANNEX E—~TFARLIAMENT EUILDINGS
CERTIFICAT . 91-8585/8604 B, Quibec, le 24 février 1672
R FICATE Nowlhmlafial Zon.
20 Echantillonsoumis par The Upiversity of “Western Cntario
Sample submitted by B,/S 15, R.H. Mcillon
London
Ontario, Canada ' |
K50 S In Co Cu Ni ig Zn Cr
71-8585, OH-24-7 0.86 0,02 1500 18 20 14 p.d. 50 7.5
71-8586, 8 1.18  0.32 1850 58 160 18 0.9 9l 8.0
71-8587, 9 0.53 0.27 800 L9 530 14 1.9 34 7.3
. 71-8588, 10 0.92 0,53 750 51 . 930 20 2.0 64 7.5
71-8589, 11 1.7 0,02 750 36 50 20 0.8 8l 7.3
71-8590, OH-25-1 0.20  0.02 1750 55 10 13 0.5 70 7.5
71-8591, . 2 0.21 0,01 2100 57 10 6 n.d. 74 8.5
715592, 3 0.32  2.84% 1800 101 220 16 1.1 52 10
71-8593, 4 0.2l  0.08 1950 51 0 18 0.7 72 9.3
71-8591, 5 0.75  0.25 2350 86 60 16 1.0 110 6.5
71-8595, 6 0.23 0.01 2050 50 25 . 16 6.5 62 7.8
71-8596, 7 0.32 0,01 1700 sl 10 20 n.d. 66 8.0
71-8597, 8 0.30  0.01 1900 53. 12 18 0.5 92 8.0
71-8598, 9 0.19 0.06 900 . 49 30. 16 n.d. 68 5.0
71-8599, . 10 3,00 0.02 950 52 L5 8l n.é. 88 340
71-8600, 13 0.37  0.12 1850, 48 40 18 n.d. 66 5.5
71-8601, 14 0.51 0.16 2300 60 4o 22 n.d. 110 8.3
71-8602, 15 0.80  0.35 2100 67 70 28 n.d. 120 10
71-8603, £621~10 0.13 0.14% 1550 78 100 360 n.d. 50 140
71-8604, - 165 0,04  0.17 1k50 ™ 90 580 n.d. 46 1890

]
Bonst Nos 613191/613200 - 613206 - 613211/613280

Le Directeuriecescaseassses g%::}hhﬂrio ....... cessenes ceves
osedn Gmgmon
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21.1-8

PROVINCE DE QUEBEC ’ PROVINCE OF QUEBEC

MINISTERE DEPARTMENT
DES RICHESSES NATURELLES OF NATURAL RESOURCES
‘ LABORATOIRES LABORATORIES

ANNEXE E.—~HOTEL DU GOUVERNEMENT ANNEX E-~~PARLIAMENT BUILDINGS

CERTIFICAT 2 I Chvrd
CBRTIFICATE . No--71=B605/8624 B, Qusbec, le 24 fdvrier 1972
20 Echantilloif soumis par The University of Western Ontario
Sample submitted by a/s M, ReH. MeMillan
London

Ontario, Canada

50 5 . Un Co Cu Ni Ag Zn Cr

7 A Demems DuDum. DaDele DeDalle DellaTe Delale Delafa
71-8605, £621-290 0.0k 0.07 1600 ol © 20 1200 n.d. 62 2050
71-8606, 350 0.03 0.37 1550 136 4o 1900 n.d. 2320 4200
71-8607, 480 0.03 0.13 2000 14 10 1500 0.7 150 4670
71-8608, Lo 0.03 0.05 1350 68 20 510 n.d.. §2 2324
71-8609, 901 - 0.04 0.12 2200 158 6 2100 0.7 200 4320
71-8610, 8607~ 25 1.04 0,01 900 57 6 92 0.9 6 310
71-8611, 140 0.84 0.11 1650 108 50 160 1.0 220 7.5
718612, 328 0.53 0.06 2200 86 20 16 0.6 92 6.8
71-8613, 359 . 0.85 0.04 2300 114 10 16 0.5 120 6.3
71-861L, 370 0.26 0.20 1550 A} 190 14 n.d. 98 - 5.5
71-8615, Loo . 0.76 0.36 2000 66 80 .24 0.5 120 7.8
71-8616, 8470-620 0.62 0.03 2350 L6 30 18 0.6 200 8.8
71-8617, 715 0.78 0.14 2300 61 25 12 1.2 130 7.3
71-8618, 890 0.70 0.58 2100 72 50 56 1.0 120 7.3
71-8619, 930 1.11 0.11 2000 ~ 81 160 72 n.d. 130 12
71-8620, 983 0.75 0.10 2200 80 90 68 1.0 120 8.3
71-8621, 1028 1.90 4,03 3000 68 260 50 1.7 290 9.3
71-8622, 8583-270 0.06 0.03- 1500 62 Ls Lo n.d. 72 1856
71-8623, 340 0.12 0.04 2000 73 120 L) 0.5 120 1668
71-8624, 9031-510 0.43 0.08 210 2l 10 16 n.d. 18 14

Bonst Wos 613207 - 613281/613360

by e
/‘ byloe s e ne L L N L I A
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21-1-8

PROVINCE DE Qu£BEC . L - PROVINCE OF QUEBEC

MINISTERE DEPARTMENT
DES RICHESSES NATURELLES B OF NATURAL RESOURCES
LABORATOIRES m% LABORATORIES

ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E—PARLIAMENT BUILDINGS
CERTIFICAT . 1. 8625(8644 B, Quibec, le 24 février 1972
CERTIFICATE Nowknz2052L 08 . ]

20 Benantittor® soumis par The University of ‘estern Ontario

Sample submitsed by : a/S i, .. MeMillan

" London

Ontario, Canada

KzO S Mn Co Cu Ni Apr - 2Zn- Cr
: e £ DaDeRe DLDM. DaDelle Renalle e, DaDefle DeloMe
71-8625, £03).-533 0:91 0.08 140 27 6 18 n.d, 14 15
71-8626, 7294-1190 0.35 0,07 300 22 25 19 1.1 16 16
71-8627, 0G-)0-4L 0.53 0.36 170 27 8 20 0.6 8 16
71-8628, R421~ 50 0.33 0.12 1500 75 Ls 4o n.d. 54 380
71-8629, 110 0.26 0.22 1400 70 240 520 n.d. k8 1600
71-8630, 210 0.04 0.05 1300 60 35 520 n.d. 4 3500
71-8631, . 250 0.03 0.25 - 1500 81 600 1820 0.9 4o 1200
71-8632, 375 0.07 0.12 1900 160 8 1840 0.7 74 3100
71-8633, 385 0,05 0.4 1500 69 18 650 © 0.5 78 4000
71-8634, hio 0.06 0,10 2000 137 4 2560 0.7 120 5300
71-8635, k50 0,08 0,02 1300 51 100 530 1.2 by 2400
71-8636, 540 0.06 0.23 2000 149 10 2160 1.1 96  LL4oo
71-8637, 600 0.04 _ 0.23 2400 163 10 2120 0.8 130 6200
71-8638, 665 0.18  0.04 1800 ., 59 190 410 1.1 64 3000
71-8639, 800 0.03 0.06 1300 65 60 580 n.d. 40" 2300
71-86L0, 855 0.05 0.07 1200 70 50 630 n.d. Ly 3700
71-8641, 967 0.03 0,03 1300 61 30 540 n.d. 4o 3200
71-8642, 1040 0.04 0.03 1300 63 10 550 n.d. 4y 3400
71-8643, 1060 0.03 0.14 1400 142 6 2120 0.9 34 290
718641, 1160 0.03 0.04 1400 73 14 750 0.6 64 3700

Bons: Nos 613208 - 613361/613440

Le Directeurzeieeeesusseen. C} MT/...........’.-‘.‘.“."...........

oseph Gamon




DES RICHESSES NATURELLES

PROVINCE DE QUEBEC

MINISTERE

LABORATOIRES

ANNEXE E—~HOTEL DU GOUVERNEMENT

CERTIFICAT

CERTIFICATE No..... L7250 000

20 Echantillon soumis par
Sample submitted by

3,

QUEBEC

PROVINCE OF QUEDEC

DEPARTMENT

Quibec, le 24 fdévrier 1972

Ma University of Yestern Untario

50

e

718645, 2621-1200 0,78
71-888¢, §007- 35 0,80
71-8617, 60 0.0
71-86h8, 70 0.81
71-8649, 90 0.21
71-RE52, 198 0.93
71-8451, 260 0.61
71..8482, 300 0.90
T -8653, 3585 0,56

=865k, Bh70. LO2 G b
71-8655, koo 0.26
71-845%, 530 0.26
71-8657, 749 0.92
71-8655, 817 1.30
71-8659, 1011 1.00
71-5660, 1049 0.39
718661, 1105 0.73
71-8662, £583- 130 0.05
71-8663, 151 0.0%
71-8864, 168 0.06

5
—
()_'}11.
0.71
0,13
0.17
0.29
0.1
0.07
0.0
0,07
0.02
0.0%
N.02
0.39
0.26
2.30
0.36
0.3
0.13
0.63
0.16

Jons: ¥os 613210 - 613421/613520

a/s 1.

Reie Peifillan

London
Untario, Conada

M Co Cu
Dalele DeDalla 2eDelle
2000 6l 70
1050 on 1h
1900 83 570
1600 62 %0
1480 114 210
1400 97 380
1700 102 12
3700 i 70
2200 71 6
1800 51 B
1309 34 6
1600 i 8
1800 L8 60
3200 h 40
2100 106 210
1500 Iy 8
2100 63 60
1700 95 0
1500 97 Lo
1900 Gl 1.00

Le Divectoenrieeeseoes
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21-1-8

OF NATURAL RESOURGCES
LABORATORIES

ANNEX E-~PARLIAMENT BUILDINGS

i A n Cr
Nelalle DeDefMe NeNelie NoRells
27 0.6 110 13
75 0.2 52 250
290 n.d, 74 L1
115 0.7 76 31
Lo 0.8 72 21
120 0.8 110 17
30 n.d, 100 17
1E 1.0 120 17
14 n.4d. £0 14
18 n.d. 76 17
1h n.d, L8 L
18 n.d. 56 13
17 1.2 120 1L
36 1.8 110 18
€2 1.3 160 20
26 1. 230 18
29 0.5 120 19
2000 0.6 160 100
1200 0.9 92 2500
L70 1.1 130 1800
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21-1-8
PROVINCE DL QUEBLCC FROVINCE OF QUERNEC
MINISTERE DERPARTMENT
DES RICHESSES NATURELLES OF NATLIRAL RESOURCES
LABORATOIRES LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT ANNEX B~—~-PARLIAMENT BUILDINGS
gg%’;mg%}c Nowo 71 FAAE A0l 3, Onibre, le 24 février 1972
20 Echantillon soumis par e hivarsitr of Jestarn Untario
Sample submitted by afs Relte el lan
Tondon
mtuario, Canada
Ko0 s T Co Cn Nj her -4n Cr
—_— _..f_ Dalielle Dalend DN PaRdln Delalla ReleTls JRelelle

71-8645, B533-199 0.07 0.62 1300 60 6 k50 1.3 120 1900
71-8666, 306 0,04 0,31 1400 70 20 1080 n.d. 150 2200
71-8667, 566 0.50 0,35 2100 69 64 1 n.d. 120 69
718665, Pi-n2- 2 0.0 2,62 AN 33 0 17 0.6 L2 17
71-8649, 3 0.0? 9.01 1000 35 0 16 1.1 Gt 18
71-8670, & 0.18 0.45 2100 79 560 31 1.0 140 30
71-8671, @ 0.03 0.01 1500 50 u 22 0.9 66 51
71-8672, 4 0.0 0.01 1240 50 6 18 0.8 110 23

15673, v 0.25 0,20 2499 79 50 20t 1.3 130 15
,L=8670 3 0.39 0,06 2h00 73 20 20 1.1 130 11
71-8675, 2 0.2 0.09 1900 69 6o 26 0.8 86 9
71-8676, 1 0.y 0.02 2200 és 20 2 1.0 130 12
71-8677, 11 0.3% ¢.01 . 2900 €3 50 20 0.6 150 9
71-7678, 12 0.12 0,01 1700 51 Lo 24 1.0 5l 16
71-8679, 13 0,36 0,11 2790 81 50 22 0.5 120 11
71-8680, i 0.27 0.02 2200 73 10 19 1.2 110 9
71-9681, 15 0.3% n.22  2hno 80 60 17 1.0 120 9
71-9682, 15 0,29 0.03 2500 88 16 28 1.1 160 12
713683, 17 0.12 .03 2100 83 17 19 1.2 120 11
71.-8684., 18 0.0k 0,02, 1100 36 I 19 0.5 34 9

Bons: Yos 613209 - 6135217613600

Lo Directeur:...
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21.1-8
PROVINCE DE QUEBEC PROVINCE OIF QUEBEC
MINISTERE DERPARTMENT
DES RICHESSES NATURELLES OF NATURAL RESUOWURECES
LABORATOIRES LABORATORIES
l::

ANNEXE E.—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E—PARLTIAMENT BUILDINGS
CERTIFICAT ..~ 71=5625/6704 3, sushee, le 204 fAvrier 1972
CERTIFICATE % _

20 gchantitlon soumis par Wha Tivevaity of Ynstern (atorio
Sample subniitted by . d/ o i1, H.Ha feliillan
London
(ntario, Cannidn
K50 5 Mn Co Cu Wi A “n Cr
5 o NeNeMy MNeDeTy TN,y D DeTie Nalelle Delelle Dallelle

71 8485, Pi.22.19 0.0k 0.02 1200 66 10 3 0.7 58 20
71-3656, 20 0,0l 0,06 1kno 86 ¢ 11 1.3 80 110
71-8657, 3] 0,06 0.01 1600 87 18 160 0.8 82 200
71-868%, 22 0,00 0.02  1hn0 99 6 150 0.7 88 17
71-8689, 23 0.03 0.11 2100 145 350 290 1.1 96 39
71-8690, 74 0.06 0,02 1800 90 30 340 n.d. €3 1200
716491, 25 0.03 0.01 2000 79 b 300 n.d. 5l 290
71-8692, 26 n.oh 0.0 1500 6 18 Lo 0.7 50 640
"1-86-’)_’*, 27 n.03 2.01 16400 66 10 350 n.d. 5/ 110
1=369h, 23 c.02 n.01 1300 61 70 70 n.d. %) 1700
71-8495, 22 0.02 n,01 1310 60 210 530 n.d. % 1800
. 71-8406, an 0.0k 0.05 1400 a6 25 2120 0.5 92 2600
71-8607, 31 0.03 0.03 1600 127 6 2720 0.5 56 950
715697, 32 0,02 0.01 1400 125 I 2500 0.6 80 1100
718609, 374 () o.01 (%) 49 o ned. ned. 159 K
717730, 33 0.03 0.03 1700 132 8 2630 0. 8h 2100
71-3701, 3L 0.02 0.01 1500 132 - 8 2760 1.1 66 2300
71-8702, 35 .80 0,30 2300 71 85 27 0.7 130 59
71-8703, Dok 3 0,97 1.52 1809 116 1300 2h0 1.3 96 38
71-870L, 2 0.15 0,14 2200 9k 540 300 n.d, 86 30

(x) « sirnifie dchantillon douisd

Jons:iios 613046 - 613601/613680

(“f /. .:.4.’. {’.“.".\\...............
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ANNEXE E—HOTEL DU GOUVERNEMENT

PROVINCE DE QUEBEC

MINISTERE
DES RICHESEBES NATURELLESP

LABORATOIRES

CERTIFICAT
CERTIFICATE

20 Ecliantillonsoumis par
Sample submiticd by

71-870%,
71-8706,
71-5707,
71-8708,
71-8700,
71-6710,
71-8711,
71-8712,
.8713,
L-871L,
71-0715,
71-5871€,
71-871.7,
715718,
71-8719,
71-8720,
71-8721,
71-8722,
71-8723,
71.-872L,

1»1 LI 3
It
6"
7

Pd=27-1
2
3

iy

B,

T 17 ,.inpm {itv a”

)
LQA‘K,»

QUEREC

K ?O
£

0.53
0,47
0.09
0.12
Q.53
0.30
0.30
0.36
0.4h0
0.0%
.02
0,02
0.82

Bons: Nos 6136"1 613740
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)

I3

o

0]
N
]

ﬁ/k‘ ‘e

L'm(‘ on

Cntario, Canadz

Iin
RAPRAl

il eolle

0.09
.10
0,04
0.06
0.2
0. 01
N.05
0.05
0,11
0. 0%
0,09
0.0%

N34

1700
2100
1700
1700
2300
2000
1500
2000
21.00
1500
2000
1800
2200

Q60

990
2110
1200
1620
1320
1560

Le Dirocteurte.iseeees

R,H, Hehiillan

Co

ROERLFRLTY

88
87
85
84
a0
95
56
67
60
81
130
69
73
98
52
53
57
53
43
56
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21-1.8
PROVINCE OF QUERBEC
DEPARTMENT
OF NATURAL RESOLURECES
LABORATORIES
ANNEX E—~PARLIAMENT BUILDINGS
tarthee, le 2 fivrier 1972
Yonter Imbsrio
Cu i Ag In Cr
Dendls NaReSe NaNa RaPelle DeDelle
510 280 n.q. 120 32
Ly 340 0.5 130 51
320 190 0.6 110 31
210 270 n.ad, 926 59
sl 22 0.5 160 11
52 28 1.2 140 13
1h 2 0.9 210 11
26 22 1.1 230 11
3 ~0 S 0.8 130 11
38 130 1.7 82 63
6l 1600 n.d, 7 680
190 60 0.8 76 1800
70 26 0.6 120 13
370 186 0.8 96 20
10 16 0.5 86 B.8
15 15 1.0 110 9.3
30 16 0.5 78 7.3
10 16 0.5 96 9.5
1 16 n.d. 82 11
19 15 n,d4, 83 12

sssse s
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21-1-8
PROVINCE DE QUI-OEC PROVINCE OF QUENEC
MINISTERE DEPARTMENT

DES RICHESSES NATURELLES OF N&aTURAL RESDURECES
LABORATOIRES L ABORATORIES

ANNEXE E—HOTEL DU GOUVERNEMENT ARNEX £.—PARLIAMENT BUILDINGS

CERTIFICAT 73 _r’,??_;‘/f‘,’(’hh 3. Lndoecy e ol févriew 14972
CERTIFICATE
20 pchantifton’ soumis par Fphe Inivescity of tiagtesn Ungario
Sample submiticd by a [ iie

London
Cybario, Cantda

¥n Co Cu i he ) “n Cr
NeDaTe Dl Do Dalele Nl Rellalle NeDafe
71-8725, OH-5- 8 1260 .51 8 18 n.f, 86 11
71-8726, 9 1290 £6 30 18 nde 100 11
71-8727, 10 1810 ) 1tk 1R nade 110 10
71-87750, 11 20:20 100 10 16 0.7 150 11
71-8729, 12 1820 95 130 20 0.6 150 9.5
71-8720, 13 1480 0] 16 16 1.5 120 9.0
71-3731, 1 180D 70 4R 26k W83 100 12
71-u73s, L2071 21:70 72 ag Lé 0.9 140 16
~1-8733, 2 2210 1260 200 iy Cof 249 iz
1872k, 3 1210 77 100 22 0.5 120 13
71L-8735, L 150 70 63 32 0.6 160 11
715739, e 1440 7l 7k 2k 0.7 230 12
71-8737, 5% 2330 L3 130 20 15 180 7.5
71L-5737, 6 1500 85 100 36 0.6 160 12
71-8739, 7 1950 93 ah 3h 1.0 170 17
715710, 8 2280 85 L8 Lt 0.8 170 1h
71-8781, 9 1210 L i1 X B 220 8.8
718712, 10 1050 65 9000 24 3.0 bsn 9.3
71-3743, 12 945 56 320 20 0.7 210 9.5
71-570, 13 1880 65 - 72 18 n.de. 140 12

Rons: Nos 613059 - 613701/ 613760




PROVINCE DE QUEBEC

21-1.8

PROVINCE OF QUEBEC

MINISTERE DERPARTMENT
DES RICHESSES NATURELLES. OF NATURAL RESOURCES
LABORATIOIRES LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX E~PARLIAMENT BUILDINGS
ggg"}}ggj;‘l? No.....71=87nelongh 3, Buthme, leo 2 fiveier 1072
20 Echantillor “soumis par e Ipivessites of Heoteen Uatenip
Sample submitied by a/a 1. R, FeMillan
Lmcdon
Ontario, Canzidla
Tn Cn Cu i Ar “n Cr
NN NATRAPSLTY NeDu, DeMNu, Tre VN NeM, T LIRS
71-87L5, (il.21.1 190 62 20 15 0.9 130 10
71-87L4, 2 2030 82 7h 26 0.6 100 11
71-8747, 3 1540 [ 2 18 0.9 110 9.0
71-8748, L 2250 73 23 20 G.9 200 8.5
71-8700, 5 2360 64 62 16 8.5 100 8.8
71-8750, 6 1800 62 20 18 a,7 200 9.0
71-8751, 7 10 55 32 27 1.2 140 9.5
71-87452, 8 1760 65 Ve 2l 1.0 160 7.9
VL8793, 9 1780 83 ) 150 24 L.l 10 10
=875k, 10 1690 75 30 2% 1.2 68 11
71-8755, 1 2190 7h 12 22 1.0 170 10
71-8756, 12 1224 61 650 18 1.7 170 9.5
718757, 13 850 a8 9100 15 h,7 100 6.3
71-8758, h 1430 50 66 20 1.2 26 10
71-8759, 15 1380 . £8 110 170 2.5 290 530
71.-8760, 164 -185¢0 a1 390 a8 2.3 230 12
71-8761, 17 1630 76 22 50 1.8 96 9.5
71-6762, 18 1300 70 12 32 2.2 89 9.0
71~8763, 19 720 190 1300 36 3.3 B 8.3
71-8764 20 1L20 5 14 4o 2.2 92 11
Bone: Noa 613028 - 613761/613730
o Lo Directour ive s eecaeess HE ‘/’{‘ o Vo
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21-1-8

PROVINCE DI QUEBEC PROVINCE O QULBEC

MINISTERE @2— DEPARTMENT
DES RICHESSES NATURELLES, OF NATURAL RESOUROCES

LABORATOIRES km ﬁ LABORATORIES
ANNEXE E—HOTEL DU GOUVERNEMENT QUEBEC ANNEX B~—PARLIAMENT BUJLDINGS
CERTIFICAT  Now.... 2265/ 005" A, Cashnc, Yo 2 favrier 1972
20 Echantitlonoumis par Tho Undawron .'.‘f" 0" lactasy Cptinedin
Sample submitted by T!"’f‘- TN, MeMillan
Lomden
Ontario, Cannda
My Ca Cu M3 Az Zn Cr
NeNeIe Deltela NeDelle, NeMella NeN. M. hAPR TR TS TeNeM,
71-5‘?65, (N_"21.21 655 ) LE0o 2 4.5 160 7.1
'71-"\'2/’ 22 540 (o Lo 56 3.2 86 1
1-8767, Gi_2@-12 140 130 12900 120 8.3 9k 5.3
?1-%?64 13 680 60 11900 26 11 230 9.5
?1-8?69, 14 610 60 1100 18 2.0 76 8.5
71-8770, 15 740 62 3600 22 3.0 190 9.0
71-5771, 16 1000 62 7000 18 1. 66 9.3
7187772, 17 1430 %] 13 20 0.9 150 11
"1-8773, 18 1250 56 30 1 1.7 110 8.0
CL=B 19 1330 52 10 18 n.d. V2 9.0
71-8775, 20 1820 70 13 #0 1.7 230 15
71-8776, 21 1500 72 70 28 1.0 170 10
1-0777, Vi- 9L 1440 67 120 22 1.0 180 14
710770, 304 1380 87 110 ) 1.1 210 13
71-8779, 85C 1770 55 ) 20 0.9 190 11
71-8730, 103%  13%0 59 68 23 0.6 95 9.9
71-8711, 115 1410 o8 1000 28 1.4 200 13
718762, 192 1360 92 220 80 1.2 170 12
71-8723 200 1500 an 540 160 2.5 110 18
71-5784, L-2 1810 83 Lz 22 1.4 160 11

Bone: Hos 613036 . 6137817613600
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APPENDIX IV

X-ray Fluorescence Analyses of Chibougamau

District Metabasalts by Gunn (1969)

(a) Average Cu content of nine metabasalts from the

(b)

Blondeau and Gilman  Formations (Samples CH505,
CH506, CH512, CH513, CH515, CH522, CH525, CH527,
CH330).

Average Cu contact of five metabastalts from the
contact aureole of the Opemiska Lake Pluton
(CHO580, CHO581, CHO585, CHO583, CHO584).

163

- 77 ppm.

25 ppm,



164

TVIYLNOW 33 3LIS¥3IAINN
103103 3p ssjusy

-dbvadeda. Ny
iot

av
al
- - - o AN
0
AH
R X ¢
HEN]
3N
- o . YVd
al
20

*41VY Navd 40

...... L *dd I3NVEY e
*dSl NIN9IY CU3silViy
*dS1 NMaNoly C00 TANVRIV 6y
o s SASLOANG JY_ C 51wy
*TINVTE Uy ENYEIY *nd IH

%dS1 AQd $3LV9 ONV 3Xv1 IHDINOOW

L°09 . | | oucge
€v* 86 9u'ye
Sy* Sy*
29°¢ [0-2
662 . | _ 062
000 000
2%°62 S9°92
g9e° 11 SS9%wiL
600 00°0
000 000
92°9% | _ g9°sy
L1 751
£9*2 Loy
| S 2 et .
G*eL £°€g LoEet
€131 0811 Lol
[ -3 It Let
L°E%1 0°*s1g 6°ElL
0°e0( 260l 9*evw
885 | gy - S%Lle |
8" L6 C*r6 €*gve

.. buutour 000ty . 000701
Luc® suae 080 *
Lvg® | | jg2e . Bea2r. _
vLutg LSE* ] 6ug“|
Uve*p 9dLcul Y556
us*s .. 8¢°L .. . 1i%e .
Use* Co2oer Lu2°

L99°L1 €3¢l sis et

R06°L _ | @S0l _ | gepe
s2°#1 Suesl €5°%1
Li*ey 0s° 05 61°6Y
¢esHd T Sisha T €lsmy

- A.mDoz:momo.:wabe.:@ any

QY I3NVETY Cwd v

*Qvoy Tanvyny tdd NVnl9 LSATIVSVEYL N _ €e¢SHY
19 *VA®TY *497 455V0D wo 3LINIXUAAQY L3N Slund

MS 120091 *Gy¥ TINVUIY epg NVATIIO ¢ 1vsvbvy In [ F ]
34V9 Midvd 0 MS 13001 *w3 NVRTLG CCLIVIVAVASN | ZLsKD
In *INOES 3 ANAGD *Ad THDINVOYM 1 lvsvrvy 3w Lisha
NO&4 ITVANIEO avan *nd THOINUIOWM *LIVSVBVLIN Vis5HD

AY¥d 20 In, SIN_g09] $Hd IHDINUIVM REW AL
QINGIVAM *4lfqon1ioy 3LVvT34S HLM CLYSyaviln BUSHD

OUSHY

‘03 T3INVETY +3lvy 8V3N Wi NV¥WIIY *LVSVEVLIN YUSHD

M NIIML3H kg NvRII9 30 3sve *LIVSYEYLEN  SughD

1 A - - 25 | ese . ..
tE Yo cB*ys KAl -1
gl* vl*2 12 24
[ R 4 S9°1 89St
- -Ust2 o geve - 06t R
0y AR 00°0
[T A4] €5°91 8y EE
| S 4 34 T . getel [5e
991 (1 R7] J0*y
LE*21 [+ 2] gLco
- -H85°0E g5t 0g - B6°Lw - -
9s°¢ cE*l €1
¢0*0 G0 62°L
SHAON *M*g*l*D
-»u'--.m'..---o..ﬂ---@.‘-.-m.-.-,.m.,----c”o.---
8°68 ecee 9*y9e 5°99 cLHE L&y L z9
e*eei L°Ete o5yl L°¢o AR ¥ | Lenet g lul
- Lt 66y . er€ s L G¢ 0°¢
896 7*€51 S*LET 9% £°5.1 1°sc1
9T 6L G*ovl 9°g %58 Biyy g0ll
Sis8 | _efge %671 | yrell o L742l 0 0%os . _av9w .
2°20t 9°6ee LYy wrLGe %992 e*lsl 80L
(566706, .. 0U0%00T | 100°001 | 665"0s - €U0T00L | 000°001  60uto00t
201* 652° te0° Oue* Lol* 4R ive*
2907 | _9ger -8le® . _geer . | Xeps 0 2evs | _9eus
248°1 2581 689 189°¢ ouL*t 90t "1 £€S1"y
CT4-Agtad 676" L KA1 B YoL o sl lye "y sletel
10°s . 0t s . | €v°L 8Y*y L9°8 KA L.o.veme
tee® 60e° ol or" lee* ele”* cee”
seet2l S6L° 11 6L9°81 SlL*El L7o°€El Tys*L1 YLy ue
-6202T_ _ _0f6® _ _ B S - L 936, | | Ssawcl_ _ IT-T 0 SR
L6°%1 ELANA %91 Sy*pl tl*sgl 0s°sl s5l°91
0s*1g 85°Zg Sy oY EQ0* gy vE gy 4 Ad-% ey
2i1SHD 11840 Q15HD 60SHD w0SHD S0SHD EPEL)
NNDO . L CSLOVSVEVLEW -d0d9 _NYWY9NUELIHY_

H
i
K]
ne
a7

;,
no
CIN

ad

RLZYR

Sue
Lex
S
v
U9n
UNRK
€0<33
_2uli
€02y
culs

nwu}ﬁz

AV



TVZELNOW
—Dunﬂv

165

liv35aac NV ey AT
avlol 76° U6 gL b
av g€°
R | S L8%2_ | .
in ve*e
a0 19°el
.. AR KOME S,
10 ouctée
AN 0uto
) o L Lol _ .
al 98°¢€
y13) 00°%0
----‘-...;.--o..o.---o..o.---
vy 0° %6 g*ell
s g*ese 6"SLe
............ ga . eel . LeL
NZ 0°0 0°0
no 9°62 6°LE
I 1 _iveb2 _ _Zgtes_
ald 0°%0 0°0
L Cvlph . G09°00T  BeB%6b
s02d 360°* 2Lt
L oA o _eguI o _€S9T.
UZUN sel’e 6LS"t
ovd gre*it 6lL"B
....... 0oH ev* il | SStL ...
ONK 1gl* &91°
[ASFEE] seg2l goL vl
o _euir o _seen o sell
€02 (IR ¢ sL¢el
20ls £y 6% 9€°0s
adahiiN £8S0HD 28S0HD

2p dsjua)

3@ JLISYIAINA

FLITOHIHAWY

-

.ﬁ.uxﬂ-&m?uao

 *31INnvad vIS1na
*31INVAY ¥OSinad0 ML

*15VINOD 31180IU GNY ONYTIS1 40 °S 3
UENOr *5MOT1Le HLIA

gIHD *.1S Hi% UNV AV NLVQAdNUr aNd
*AV_NIVOalQ

AV NIV

r

eud AENVETV

... .01%es

341 (NvES voSIA3G0 T30 1D¥1NOD N wWoEd L3006
*31INvay VISIK2dU Rl

Te [ g5 TuTLIIN ty¥SO0HD
1A LOVINQD 40 N L3ov ¢3117001NaNY *LTVSVETLIN ZdatHd
g0 30 3UIS °N HLlm LOVINGD WUad °KL Y s2lysvevian [es0H)
1M LJVINGUD S oV3aN CHL1081hany USGRYE WIRSVEVLEA 0GR T
* IHJINOOVAM 1 SUNVISE 1355hm d0 I0UIH gd0 *wd IHOINUIVAM «1I9SVEVLIIN  EL90HD
40 *S 3w 2/1_*In3 IRJINUYYVA A1TI9SVBYLIN 1L50HD
mod4 NILHL-1309 307 35VE 3ALSOVH CIIVSTRY L3N T OvsHT T T
eyDiml 14T ¢TIvIu3lvn MOISU4INL D1L7IWovH ©¢SHI
swd NVWILY *A0TVIlg Ld% J0 ¥3LN3D *3w00_T1lud SLVSVBVLAN  LeSHD
$3170 Nuvd JU NS 1400991 *wd AV3ONOTIE *LIVSVEVAIN  ScSHI
§°5e Yug 'O TR - S LR 698”7 T kW
oo, o betee 98" b8°86 Si‘ed
ge* 5¢° [T ye*® in°
96°1, _ . 9t Colewre . klte o _siie 2te
06°¢ 06°¢ 06°¢ ue*e fo'e fo°¢ []-3K3
g£y*L 00°0 6L 02 yeelt 00°0 90°0C ou*e
€Ly Ly 9e 10y .. 89°6 . 99T¥e 592 PRS-
2E°te 0¢rsi gge !l Le"0e SbE 2L 2Lt
outu 00°0 00°u oo ooy Quto 00°v
gnten _ _ olvew_ VLIS g1*0s. _ _9stes | 8elvS 8Y 95 |
[ ge-l =31 teel 0e” 6tL® ger
00°0 SH*E 00°0 00°0 9%°¢ 2t*s 0L
SWaOR SMeaciid T
0°0 _ _ . gto_ e _9%e Lt 9%0
0°2L1 823 vt ot €L g*25” T T L'y
0°0ue g 951 6°€01 yoyuyl 5*101 S*6Y
€se . Jls gt . 00 2" "
0°0 0*0 v*0 HR LX) SR AL TR § TGUUET
L*0¢ avle 0°9L l°8L L°EY L°0L
s°g€o_ _ geull_ _ _STee | _6téel | gL WLy .
0°0 0% o PRdi] €°dsE gewit 1v¢ne
000°001 o666 100%00T  100%001  000700L.
911* vit* [N sel* gsl®
vig® _ _ El&° _ 8%2° _ 1ee” _ERQ* __ erl” £nu*
1L9°% 9yn*e cog'e” T TgLo*€ T T eus’e £15%2 0 T 0elTwT
129°6 2126 uv0°6 [£6°6 299°8 2LEty 155°y
sg*s . 8ets o wetl 21°L Lu°9 009 gl*S
| R840 002 2g2° VA LA bat® | Twwlt g6l
Lyetul gbe*gl 955*91 51891 ilveel sLl°*€l L96°01
»E0° L L9l gLe*t gLzt i1 cci*l w1l
“Ggvel T T Geel T T Esrwl T T eL ) S A Tgbtol T TeL~wl
LE®CS #L°0S 8L 9 gutew =1 2 $-1 9" 2es L89S
i85uHD 0850HD €L50H [LSOHD T UESHD T egsH) LEshD

- (ENANN*6961) 3LLIANONY NV NNAO

_*S1TVSVHVLIN dN0gY AYAYONOBIHD |

*,
[322']

[R AN
unL®

LS°sY

Seuhd

LIN3Ja3a NV
WivL

aVv
1l
in
a0
Anr
ic
ELY
yvloe
L
PR3]



166

TVIULNOW 30 FLISY¥IAINN
03[0 ap 044ud)

SLIVSYHTLEA. 68%0HD
*LTySvbvidn SUY0H)
*JAONEBINL 3AVT AVAVOVLIVHO &V3IN *LVvsvevidn  w09U0HD

................. *NOLNId 3L1401Q0 3L110{d 3u31SY3IANVA 40 3S GACOL *Hil0dInaWy *LWWSVEVYLIAN  E£O0YUHD
GUNVIr 1S 1 *nNOLA1d 3u3ISuIANVU KOu4 :. 6/5 SUNIavIE-3LIL0IE *LIVeVevldn  EUvUR)

*7 NYWVONUBIHD 40 Ha0KS Ms oFF T3 *UBEBVOVLIN B0 LIVsveVLIAM  165UHD

- _ $3%N9L Dq.zqu:cEIL 3v .u.:acaynuzq S411ule *LT9SvHvLi3nr 0650HD
*31INVAD VOSIW3dU HLIM IDVINOJ N GV3N *ONVISI NO *1TvSVuvidn  wusoHD

L1n32&3d NV 0°0 0°0 L°5w %°99 0°1c 5°19 2°0% 2° L5 g1y L°9¢ 1N4D83d
e e e e - _ N9ipLl. o _U0°0 _ _ _ Q0%0_ _ _ £6°4Yo_ _ _08°Y6_ _ _EL°86_ _ _68°H6 _ _ L1%06 _ _ lo°86 _ _ 9u g6 _ o aviol
av 00°0 00°0 2* 02° gl* i el €7° av
JaL . 000 . QC*O0 .. 0L°0 . BL*1 ... wL*L .. a9t estl . elte . Tttt a1
in uu*o 0u°g 06°¢ g6°2 us*e 06*¢ 06°2 0o*2 in
30 0G°0 0u*o 2s°¢l G600 i€*L 00°¢ vl 00*0 0
e o . . _ AA. _ _UUTO_ . _ QU0 _ _ BECUL_ _ _wi®el_ _ __22°SL _ . ge°sl _ _ go®2. _ _ bvve_ . . _Am
iU 000 00°0 10°0E v6°52 Vg 02 16° 1t w11 [CRFA 1y
SV d Qo0 00°0 €0°LE 559y is*ew LE®9S 6L°9S wi*ew Uviig
R ) 0u°0 00°Q .. ... 22 ... .. lest . ... 00%. .. .. Letl. .. et L. E1%6 . .. .¥e< av
LU 00°0 a0°0 00°v L0°€ (VI Rd] L0°g 0u*0 0e* 1l 20
N " T-10 1 s - b e JE
vy 0°0 0°0 1°96 0°1ig 0*eu 6°0L Lousl 0*cue 1°w0l 6° Wb vg
es L0t 0°0 . . ....9°SYe .. .. grELl. . 58%eL. .. .. £°9ll. . 0wy . £0LCE R SE-TA N Lo lve N
to [Iag"] 0°0 . negl 1*y 5°% ¢y 0t T w1t L€ ct
2 00 00 0°0 S gl 6°01 926 1°1i1 b9l Louil viee hD
e e e ol AN LUt L Q%0 L L meule L mt0QI. L _9tIrl. . _e2fuSl _ _2*lsl _ _ m'md _ _ 6°wy _ . _e'w _ _ _ . _IN_
2 (A7 0°0 00 0°0 0°0 0°0 0°0 0 LA 0°u ud
...000%0 000U 000%00T | T00°00T 666705, . LO0T0OOT 666706 . oob oo | Tuuc0ol Tuuceol | Tviud
uouso 0u0°v 2ire 060° 760 lgo* Y90 650° CIN Y Sye* Suce
. QUUtG _ . 0U0°0 _ _ SwS°. _ _ SUe*t _ _ _sEE' _ _ _9l2° _ _ _wuE*_ _ _ muscl_ _ muS* _ _ _ede* _ _ . _ uex .
ouu*o Q00*C 692%¢ w691 1ev° 1 Ll ole e sLLte eyl L58°€
0600 200°0 T6l° 1t ceveel oﬁ..ﬁ lywell 25498 79s°o 0LLe GLL'Y uvd
[TV 0+ I 1V 2V R -3 2 & SN lees . Aote U0 S 1 5 2SN -1 A0 S ety s Oun
0uG0 Q000 231" g1t So._ 9yl w91 a9l tec® 65l Ne
600°0 0000 669°¢t 2191 82g' %1 6el et 562°01 9vut2i gvE* Ll StLal fucad
- Q0Q°Q _ _ QU00®0 _ _ moBT _ _ _wwel _ _ _9le! _ _ _e98°_ _ _BER°_ _ | 299l _ _ Le9l_ | _lwoll_ _ | _<uly
600 G60%0 9g* 01 B0yl £y vl 22°sl 6€°91 LEA 2€°¢l 5521 £ueiv
gu*o 00°0 hh..o‘n 66°6Y% S6* 9% 69°g"% A A A =31 0E*sY Eu'yv ne*ls culs

6850KD S09QHD 209LHD £090HD 2090HD 165042 06SUHY T mySURI | gsbniN

L L L L L Ll ...l MencNn*e961)3443AN0NY GNY NNOY _*SLIVSVEVAIN _dN0gY _NYRYO0081HD_



167

onpysex pozAlwur = § 93724dooTRYD = JTHD 931akd = IuXd

86°2S GE'T1T  L9°ST  90°C
81I°¢S 99°1¢  91°sT 11°C

8L°TS 85°1¢  %9°6Z 90°C

€8°0 61°6€ 6L°CT 66°81 lZT°TS 90°1T
. PAYORITURTWIL

98°0 9I°8¢ #G°ST G0°ST 6%°TE 9E°1T
*Supyoee| 9338 937IAd UF PRAT TBNPISII-Y
48°0 [8°9€ LO°ST T6°LI €0°26 lz°*iT

*310 23110TYd-23aenb.a3114dooTEYd $93724d woxy poysedT peRI~T I¥Ad T£90 I8 €9

9%°es  68°2C §9°tr  9z°¢

Y¥E'ES  €L°ZT  €6°€T  £2°C

16°0 9L°S¢ T€'ST  ¢B8°ST  [9'CS SS°iT
*23134d wox3 payoeal peodT-l
66°0 95°6E SI°ST  G6°ST 95°26 6L°e

*a30 paziafuordw adues (Supyoesa] 19338 °93TxAd uUF pEST TUNPISII-Y ITHD 0€90 AIE9

19'es BI'€Z S1°€C  2E°T

£9°¢5  9z°€T 80°€T  €E°C

00°T 96°%€ OI°GI 80°ST 68°25 €8°%2

*supm £q pajEuop uswroads ¢20ULIINTI0 2IBI-NTVD €150 IW99

T0°T  TvvE  T6°HT  08°%T  $8°26  06°CC

*sysdleue 103 pEA] JUSTITIINSUT Pus ONPEsAz {]IAIY QCOT ‘U0z Y ‘pud IsAn-T AL TO90 JuE9

%0°% BE°€T 85'IT  6E°C

%0°T  LE'9E  88°%T  Le°%T Qzes  Z0'€2

-g7s{1eur 03 UOFOT3nsup pynbJT poYcee] UF PEST {BUTUOEST 0338 03FIAd UT PEST-Y IMAI 2090 NE9

18°2¢ 12'€  86°€T  0T°C

16°0 €9°%€ TZ'ST  gL°ST  10°Cs  98°%2

*uoupoads 8183 B {937197Pyds pum 937xAdod1By> y3IM sutead oseds ‘osILOI-NIVO 6250 D99

00°T§  €%°2T  I5°ST  €£0°C

88°0 96°SE 1S°ST 89°LT STl 11°27

T19A31 €Z8 ‘IITIP 2L9 ‘ouoz g yo puo yjzou ‘e3fadd uy pual-IvAd 4190 JYE9

%9°€S  yw'eT 26T We°T

£6°€S  69°€T  18'TT  SL°C

Z0°T  80°%E 06°%T 95°%T 18°C%  80°€T

d

£0°1 92°0¢ LE'ET 68°T1 19°C¢ %C°€T

*19A91 G616 ‘auoz § 330 AN UTOA youwxq ug ﬂu.muhm wol3 pOYIwRI-pIow PEBOT~]) IHAd 7290 1IE9

K80z NLOZ N90Z 90T

%07 702 802 L0t

A2 IQNEIaY

PUE TOEEINOqTYD 9U3 G037 UFD.UBiZ K Po3ooilo) Solduss woly BITG 2403051 PRIl

PEST POYOBRT = T suated = N19 pezTiemion = N :puasay
€e*se  veetl 1 .
18°%2 mh_m..n 1
8z°sc 1I¥°1 18
0g°¢e [ ¥4 20 ¢ 6 *93180Yy3I0UL~EI2W UF I3IFIIPTE zaxenb-a3730ya34d
=23F14d-231124dodTBYD JO SITPOq SYTI~-UT2A
LS°€C 8Lyl 8 saqond ‘newenoqIyo 3o A SIATIW ¢
*day, Aod  919ZE w00,11.%L u0E4%5.6%
sujm 1addod moﬁ.mo.m.
*zjaenb pue
) 23724d ¢23730y2Ld ¢wa3rxLdodyEyd UTBILOD
01qqe8-937s0yjIoue palaife A1yS7Yy ur SuILA
08°zz TI6°1 L *o9gand ‘neuelnoqIyy 3o 3SS SATIW ¢
*day, T4STBQO0 9192€ WZT.0Zo%L w0S.15.8Y%
LT 9€s°t 9
outw aaddod AVIVONO0IIHD TT3AdRYD
. *937H0YIIOUB-01qqET PIIIITE ‘paaTays uy
910 93710p}s~2313Ad-037a4dod BY> 3O Apoq IAFT-UTIA
gz°ze 85’1 S 23qon) ‘nowednoqryd 3o 3 SATIW €
*dal 9FZUIMMOH 919ZE  w0S5.9To¥L w00,€5067
supm x2ddod VIVONOTIHD QNVY ¥IddCO
T9°€T  TOS°1 %
026t sIH°1 (% *p3BIS UBIBYIAY OJUF SATSNIFUF (xdTduwod
9§88q=2768qUa3IN ® 3O 9svyd oiqqed uj SUTdA
96°zz  6%5°1 A uf anooo zjxenb pur 93324d ‘9313hdoorEy)
Mz 6eL't 1 *55qond ‘nEumBROqTYD 3O MSH SITTE 42
*dny AAT GTOZ€  w2iL0e%L wEZil%.6%
aaqunyy
o1dues (33vys 4£2a9g) supu addod VISIKIEO
902 4702 odo308] PEOL




168

APPENDIX VI

Specific Locations of Assay Data or Mimerzl (Qccormemres

i) Pb: 9-2-6 stope, no. 2 Vein, 9 level
ii) Co: Hole mo. S-57,802.6-804.6 ft.
iii) Hole S-346, 37.5 ft. from 691.5 to 722.0 ass=y=d 0.58% Cu and
0.34% WO,
iv) Scheelite cccurrences with chalcopyrite miner=liization in Black
Pyroxenite
South of B-3 Drift Hole U-8583 at 157 ft.
| North of East Zone Hole S-443 at 323 f£r.
v) Molybdenite occurrences with chalcopyrite mirer=lization in
Black Pyroxenite
-‘East Zone Hole S-76 at 102 fr,
South of 901 Drift Hole U-8873 at 734.5 fr.
vi) Galena in polished sections from Springer =md Fezrry Veins:
‘P4B5, S13-2-2
vii) Arsenopyrite in polished sectioms from Springer amid Perry Veins:
P4B5, S6-4~8
viii) Native gold in polished sectioms from Springer zmid Perry Veins:

P4B5, S2-3-7, S6~4~8
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