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ABSTRACT

A gold copper deposit in Archean mafic volcanic rocks,
near the eastern limit of the Abitibi Greenstone belt about
2 km north of the Grenville Front, and 65 km southwest of
Chibougamau, Quebec, is described with reference to major
mineralogy, textures and alteration. Host rocks consist of
an intrusive subvolcanic gabbro sill and mafic and felsic
volcanic rocks formed in a volcano-sedimentary environment.
This sequence was intruded by felsic and diabase dykes.
Mineralization consists of native gold and chalcopyrite in
brecciated quartz veins, formed as fracture-fillings, located
in three subparallel shear zones cutting the gabbro, mafic
and felsic volcanic rocks. Chaicopyrité, pyrite, pyrrhotite
and minor sphalerite are found in breccia:interstices and in
disseminations near the veins but are not épatially related
to the gold mineralization. The gold is contained in quartz
and albite. Textures show it was the last mineral to be
deposited in the veins.

A mineral identified as anhydrite is found in the
'main’ shear and the mafic volcanic rock unit of the mine
Ssequence., As anhydrite has not been found elsewhere in the
region it may be possible to use its presence as a
stratigraphic indicator.

A hydrothermal lateral secretion origin is poatulated
for the deposit. Basic, reducing, carbonate and st-bearing
fluids have the capability to transport the mineralization
of the deposit and to produce the alteration noted in the
host rocks. The deposition of the gold mineralization took
place during late stages of, or after, regional metamorphism.
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I.

INTRODUCTION
I.A. LOCATION

The Chibex deposit is located approximately 400 km
north of Montreal and 65 km southwest of Chibougamau
in the eastern Abitibi district of Quebec. The shaft is
located in the northwest corner of Rohault Township near
the north boundary and the mine workings extend north into
La Dauversiere Township. (Figure 1,2)
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Figure 1: General location Map.
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I.B. HISTORY °

The history of the property is complex and diffiocult to
describe in detail. 1Initial development work was done by
Chibougamau Explorers Ltd, with the major work after this
done by Anacon Mines Limited, Chibex Limited, and Valley
Mining Corporation. Presently the property is controlled
by NBU Mines and Falconbridge. '

Mineralization was discovered in 1950 during surface
prospecting on the property on which the Chibex mine is now
located. The main ore-bearing zone was discovered and
outlined by drilling carried out in 1951-1952. Underground
devélopment and production from this zone and others found
subsequently were carried out from a 585 metre three-
compartment shaft until 1960 when the mine was shut down
for refinancing, shaft deepening and further underground
development. In 1961 when the surface plant was destroyed
by fire the operation was closed.

Surface exploration in the mine area was started again
in 1970 in anticipation of higher gold prices. The mine
was dewatered and rehabilitated in late 1973 and was in
produdtion by late 1974. Financial and metallurgical
problems, with lower gold prices, forced the operation to
close again in late 1975.

Exploration during the 1950s indicated mineralized
areas throughout the region especially to the north and
west of the mine. However, nothing of economic signifi-
cance has been found. Underground development by inclined
ramp has been carried out on two of these mineralized areas,
one located 1% km west of the shaft on the continuation of
the main zone and another approximately 5 km to the socuth-
west.



The deposit has previously been described by Malouf and
Thorpe (1957) who concluded that the mineralized veins are
localized by "acid trap dykes® in fault and shear zones.
They postulated a hydrothermal origin for the deposit.
Mamen (1955) has briefly described the geology of the
deposit and the initial operation.

Production from the mine between 1956 and 1960 was
622,215 tonnes grading 0.24 oz,Au/tonne, 0.17 oz.Ag/tomne
and 0.50% Cu. Production figures for 1974-1975 are not
available. ' '
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I.C. REGIONAL GEOLOGICAL CONTEXT

The geology of the La Dauversiere and'Rohault Townships

. was mapped and described on a scale of 1 mile to 1 inch by

Imbault (1959) and Gilbert (195Q). Hebert (1974, 1976,
1977) has remapped and described parts of this area on a
scale of 1:12,000. Generalized geology is shown in
Pigurelz. :

The deposit is located near the eastern 1limit of the
Superior Province in a belt of Archean mafic lavas and
pyroclastic rocks extending west to Desmaraisville,
(Duquette 1970) which has been called the South
Chibougamau Greenstone Belt. At this time not enough
detailed mapping has been done to correlate these units
with those found near Chibougamau which are described by
Allard (1976) and Duquette (1970). Age dating done in
the immediate vicinity shows a range of dates related to:
rock type, method used, and distance from the Grenville
Front (Wanless and Loveridge 1972, Wanless et al 1970,
Allard 1976). In general, dates become younger towards
the south ranging from 3825 my in the La Dauversiere
stock to 950 my south of the Grenville Front. Problems
exist in the interpretation and application of this age
data to mineral deposits of the area. (Allard 1976,
P.307 to 311)

The deposit is approximately 5 km south of the La

Dauversieére granodiorite stock (13 km diameter), 1% to

3 km northwest of the garnet isograd associated with the
Grenville Front, and is situated on the south 1limb of a
postulated east plunging anticline shown by Duquette (1970).
Figure 2. The host rocks dip steeply and strike nearly
east-west with all tops facing south. Recrystallization
under medium to upper greenshist facies grade regional
metamorphism has taken place. Metamorphic grade of the
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Figure 2 Regional geology and location map

Source: Duquetts 1970.




host rocks increases to amphibolite grade toward the
Grenville Front to the south and to amphibolite hornfels
facies towards the La Dauversisre stock (Hebert 1979 ).

The stratigraphy in the region of the mine is described
by Hebert (1979 ). The sequence, between the La Dauversisre

stock and the biotite gneisses of the Grenville Province
consists predominantly of mafic pillowed and tuffaceous
volcanic rocks which have metagabbro sills and feldspar
porphyry dykes associated with them. A minor zone of
undifferentiated meta-tuffs (200 m thick) is found
immediately south of the La Dauversidre granodiorite.

This is followed by approximately 2800 m of porphyritic
mafic volcanic rocks with increased alteration, carbonate=-
rich zones and porphyry dykes. The mine is located
approximately 1600 m above the porphyritic-nonporphyritic
contact in a part of the sequence which includes some felsic
volcanic rocks and which is intruded by gabbro and numerous
feldspar porphyry dykes. A graphite horizon lies immedi-
ately above the nonporphyritic mafic volcanic rocks followed
by agglomerate and metasedimentary rocks which grade into
biotite gneiss.

A large, northeast striking, diabase dyke, one of the
many such dykes found in the region, is found 6 km west of
the mine (Pigure 2). Numerous smaller, finer grained
diabase dykes are found parallel to this dyke in the mine
area.

Major regional foliation is generally parallel to the
rock unit contacts in the mine area. Regional fault
systems striking approximately east-west, northeast and
northnorthwest are described by Hebert (1979 ), Allard (1976),
Duquette (1970), Graham (1957) and others. Discussion of
the relative ages of these systems by Graham (1957) suggests

k]




that the

_north to

systen.

relative
that the
He feels

east-west system i3 older than the one oriented
northeast. Graham does not discuss the northwest
Duquette (1970 pp 23-13) does not discuss the
ages of these systems but leads one to believe
east-weat system is older than the northeast one.
that the north system is related to the Grenville

Front and younger than the rest.

Personal observation and discussions with C. Hebert
lead to the conclusion that all systems, at least in the
Rohault-La Dauversiére area, have undergone repeated

movements. Relative ages and movements along faults and =

joints associated with these fault systems, as shown by

evidence

in the mine vicinity, are not always consistant.

The relationship between these fault systems will only be
partially known until a thorough structural analysis of

the mine

area is completed.




I.D. GENERAL MINE SEQUENCE

The mine units are described as found in a typical
cross section through the mine from north to south or
from the bottom to top of the sequence (Appendix 1-
Pigure 3). Metagabbro is found at the bottom of the
sequence followed by metabasalts and finally by meta-~
rhyolite-rhyodacite. PFelsic dykes, ore veins and various
alterations are found throughout the section. Diabase
dykes cut the entire section.

‘ Mineralization (as seen in the developed area) is
contained in multiple (brécciated) quartz veins located
within, but not restricted to, three parallel sheared,
‘altered zones about 100 m apart. The attitude of these
ore zones is subparallel to the mine stratigraphy.
The sequence of the zone is as follows:

1. The 'north' zone is about 120 m below the gabbro-
metabasalt contact. |

2. The 'main' zone (in the area of the shaft) is 10 to
60 m below the gabbro-metabasalt contact. Further west
in the mine (700 m west of the shaft) the zone is closer
to the contact. To the east and at depth it moves into
the gabbro.

3. The 'south' zone is found 50 m above the mafic-
felsic volcanic contact in the felsic volcanic rocks.

Along the eastern extensions of the 'north' and 'main’
zones narrow veins occur in mafic volcanic blocks which
are contained in the gabbro. It should be noted that the
name 'main' zone has no general size or grade significance.



I.E. PURPOSE AND LIMITS OF STUDY

The mineralization in this deposit consists of native
gold and chalcopyrite in brecciated quartz veins located
in fractures and sheared altered zones in metagabbro, mafic
end felsic volcanic rocks: Unmineralized shears, quartz
veins and apparently similar altered zones are abundant
in the region. 1In addition, however, areas within the
mine have features such as pyrite and/or pyrrhotite rich
bands (Plate 1) which suggest a volcanogenic type environ-
ment. Therefore a study of the mine was undertaken to
~describe the deposit with reference to tiye geological
context, major mineralogy, textures, major alteration types
and the general evidence for structural controls on the
deposit. This study describes the major ore controls
aiding in the development of a theoretical model for the
deposit. When combined with Hebert’s (1979 ) work which
has been carried out concurrently the complete work will
be an asset in definition of exploration targets in the
La Dauversiere-Rohault region.

Microscopic study and description of major mineralogy
and textures of the host rocks has been concentrated on
the 1350 level crosscut which shows the geological
sequence containing the known mineralization. Although
some parts of most veins and areas in the mine have their
own megascopic peculiarities of alteration and other
physical features such as shearing which vary in intensity
and change abruptly, geological cross-sections through the
deposit are similar and most of the alteration types are
found throughout the mine. Specimens from other mine
workings and drill core have been studied in addition to
the 1350 level samples to confirm and assure completeness
of the general microscopic study.




Plate 1 Sheared metagabbro showing pyrite-
pyrrhotite rich bands (yellowish-white) and
quartz stringers (white) in the main shear
on the 900 level.
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Textures and mineralogy of the major opaque phases in
samples from the veins and host rocks throughout the mine
and from drill core have been studied with the aid of
polished sections and polished thin sections, X-ray
diffraction and electron probe. No chemical analysis of
rock types has been done because of the high degree of

alteration and the general high volatile component of the
host rocks.

The background for this study was obtained during
employment in the Chibougamau area from 1971 to 1975,

initially as field geologist and later as mine geologist
in the Chibex mine.

11
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II. PETROLOGY
A. GENERAL MINE UNIT DESCRIPTION
1. Metagabbro ‘
(a) Megascopic Description

Metagabbro is found on the north (bottom) side of the
mine sequence. Diamond drilling results indicate its
thickness is greater than 500 m on the 1050 level near
the shaft. Avallable information is consistent with a
8ill shaped body. Some areas of the mine, especially in
the upper levels near the °‘north’ zone, have large blocks
of volcanic rocks (75x75x25 m) which are surrounded by
gabbro. The contact relationships of these blocks of .
volcanic rocks with the gabbro are not well exposed. In
some instances they appear to be fault contacts while in
others the volcanic rocks appear to be inclusions in the
gabbro as found elsewhere in the Chibougamau area and
described by Horscroft (1957).

- This massive unit is fine to coarse grained, dark to
medium green (colour index 70-90%) with hornblende and
actinolite (to 1.5 cm). Generally, plagioclase is not
obvious in hand specimen because of the extensive epidote
alteration. Scattered zones have rounded blue quartz
grains in 'eyes® (to 5 mm). Biotite, magnetite and pyrite
occur as accessory minerals.

(b) Contacts
No evidence of contact metamorphism on the host rocks
by the gabbro is apparent. Contacts are variable and
range from sharp to a gradational or erratic zone up to
25 m as described below.

Core obtained from extensive drilling in the west end
- of the mine between the 450 and 750 levels of the mine has
allowed detailed study of the gabbro-volcanic contact for a
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- strike length of about 500 m. This contact appears
conformable with the volcanic rocks and shows in detail

the many features of the zone type of contact. 1In this
area this zone consists of patchy, typically coarse gabbro
interspersed with fine grained gabbro and lesser amounts

of banded volcanic rocks. The contacts between the differ-
ent textures and rock types as well as relative proportions
of volcanic to intrusive rocks are generally gradational.
The direction of the 1ayering in the banded volcanic
inclusions conforms to the direction of the gabbro-volcanic
contact (and banding in the host volcanic rocks).

A vertical cross-section through the shaft (Appendix 1-
FPigure 3) shows the gabbro-mafic volcanic contact becomes
closer to the mafic-felsic volcanic contact with depth.

On the 1650 level, drilling indicates no mafic voleanic
rock between the felsic volcanics and the gabbro whereas

in the 1350 level crosscut there are 20 m of mafic volcanic
rocks. This suggests a crosscutting rélationship of the
upper gabbro contact with the enclosing mafic volcanic
rocks, as mafic voleanic layering is parallel to the mafic-
felsic contact.

The north contact is only slightly known. The gabbro
cuts across banded volcanics at an angle of 15° in the
decline 1% km west of the shaft. Drilling indicates that
the contact is predominantly sharp with a fine grained
border zone 1-2 m thick.

(c) Microscopic Description
The metagabbro has been almost totally recrystallized
to greenschist assemblages by regional metamorphism and
all the original pyroxene and olivine have been replaced
(Plate 2a). Blue-green hornblende pseudomorphs of pyroxene
and poikiloblasts (to 1.5 cm) are the major constituents



Plate 2a CBX 105 Typical fine grained meta-
gabbro showing gabbroic texture. Cluster of
anhedral to euhedral magnetite (outlined, relict
01) showing relict olivine texture, hornblende

- (Hb) and biotite (Bi). See discussion p 15,
Plate 3a, 3b. Plane polarized light.

Plate 2b CBX 113 Sheared metagabbro from °*main'
zone showing development of anhydrite (An).
Crossed nicols.
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of the rock. Blue-green actinolite (to 1 cm) occurs inter-
stitial to and as overgrowths on the hormnblende. Untwinned
saussuritized plagioclase in polygonal grains (0.2 mm) is
interstitial to and contained in the amphiboles. Epidote
minerals are disseminated in semirectangular patches (2x1 mm)
(relict feldspar texture) in veins throughout the rock and
as replacement of hornblende and actinolite. The overall
texture isrsubophitic and gabbroic. Hornblende pseudomorphs
of pyroxenes (to 2 mm) are noted in some sections. Rounded
patches (2 mm diameter) of subhedral lath-shaped oxides
(0.2 mm) appear to show relict textures after olivine-
(Plate 3a,b) in which the original oxide breakdown products
of olivine have been partly remobilized into subhedral
grains. These patches are found within and interstitial to
the amphiboles, Titanomagnetite is found in euhedral
crystals (to 5 mm) in addition to the oxide relicts of
olivine noted above. Some crystals have heen partly _
altered to leucoxene which in places has been replaced by
‘pyrite, Minor biotite and chlorite are concentrated near
and in patchea of opaque minerals. Pyrite (to 4%) is
found as disseminated euhedral crystals (to 5 mm).

Sericite, phlogopite-annite, tourmaline, carbonates and
anhydrite are accessory minerals.

(d) Textural Variations

All thin sections of the metagabbro have approximately
the same sized oxide pseudomorphs of olivine (2 mm) and
saussurite pseudomorphs of feldspar (2 mm) showing the
original grain size was uniform. Hornblende pseudomorphs
of pyroxene have not been seen in enough thin sections to
define size changes, if any. Grain size changes of the
hornblende and actinolite (produced by recrystallization
during regional metamorphism) occur within this unit and
define megascopically discermable ‘'layers' generally




- m;mr"’«:

Plate 3a CBX 143 Metagabbro showing euhedral
grains and aggregates (relicts after olivine) of
oxides (titano magnetite) in a fine matrix of
chlorite, biotite and plagioclase. Hornblende
pseudomorph of pyroxene shown by increased
concentration of chlorite is outlined.

Plane polarized light.

-
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Plate 3b CBX 143 Detail of titanomagnetite
aggregates above. Bottom right aggregate is
stretched. Perroan dolomite (Carb), plagioclase
(Plag), finely crystalline epidote (Ep), biotite
(Bi) and chlorite (Chlor) make up the rest of the
rock. Plane polarized light.
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parallel to the unit's contacts although no mineralogical
layering‘has been noted. In several locations within this
unit more leucocratic lenses (colour index 50-70%) 2-5 m
thick and up to 20 m long are found, generally aligned

with the contacts.

The grain size changes occur both sharply and grada-
tionally over distances of 0.5=30 m. In some places the
size change is from one extreme to the other (ie. from
1 mm to 1.5 cm). In most instances, however, the change
is less drastic (ie. from 1 mm to 5 mm or from 5 mm to 1
em). Zones of similar grain size range from 10-30 plus m
thick in which lateral continuation of 100 m is common.

Close to the mafic volcanic-metagabbro contact the
grain size of the amphiboles in the metagabbro is medium
to coarse as noted on the 450 and 750 levels in the west
end of the mine. O0Often a fine to medium grained section
follows this initial coarse grained section and is followed
by another coarser grained section. Latarally near the
contacts, in some locations, the gabbro grain size changes
rather abruptly between drill holes 15 m (50 feet) apart.

Foliation reflected in the orientation of the biotite

‘and chlorite (amphiboles are relatively unoriented) is

parallel to the regional foliation with the exception of
local areas of cross faulting and within the shear zones
where a second foliation is sometimes pressnt. Fluxion
textures (such as described by Higgins, 1971) are often
shown around amphiboles and less often around the plagio-
clase in the gabbro. |

(e) Regional Metamorphic Effects ‘
The result of dynamic metamorphism is the general

-gradational sequsnce from regular massive metagabbro
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Plate 4a CBX 1138 17.0 Unsheared metagabbro,
chlorite (Chl) and biotite (Bi) after hornblende
(outlined). Titanomagnetite (Mg) grains after
olivine in anhedral clusters. Carbonate (Carb) in
fine disseminations. Groundmass; plagioclase,
c?lorita, biotite and carbonate. Plane polarized
light.
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Plate 4b CBX 1138 17.0 Showing less well defined
semi-rectangular patches which appear to be more
thoroughly altered (top lefthand corner and center).
Crossed nicols.





















Plate 13a CBX 181 Ore vein. Fractures in
quartz (Q) filled by opaque minerals with
interstices between quartz fragments filled by
carbonate (Carb). Recrystallization shown by the
development of triple points between carbonate
and quartsz along rlght gside of photo. Plane
polarized light.

Plate 13b As 13a Shows the nature of gold (Au)
in fractures. Minor chalcopyrite (Cp) and tellur-
ide. Dark shadows are gold grains in fractures

below polished surface. Reflected light.
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(to 1 cm by 1 cm) between breccia fragments. It is seen as
inclusions in the major opaque minerals found in the ore.,

(h) Minor Minerals

Minor amounts of bornite, chalcopyrite, galena (Malouf
and Thorpe 1957) and tellurbismuthite (Cimon, personal
communication) are seen in the mine. Other minerals are
found in microscopic quantities. Tentative identification
of these minerals made from optical data is: chalcopyrite
family minerals such as talnakhite (XRD), cobalt pentlandite
(electron microprobe); tetrahedrite and tellurides such as
tellurium, hedleyite, calaverite and tetradymite.

4, Microscopic Textures and Relationships of Opagque
Phases

(a) Gold

Eales (1967, 1968), Stumpfl (1969) and Squair (1965)
report that variastion of reflectivity and colour of gold
(electrum) is related to the silver content. The same
two colour ranges with corresponding ranges in reflectivity
are seen both microscopically and in hand specimen. The
orange, fine grained gold is gold rich, and the larger
fracture-filling pale yellow to white (electrum) is silver
rich. Both types are found in most polished sections of
ore and are collectively referred to as ‘gold’.

Gold grains, often associated with small amounts of
tellurides, are found predominantly within the quartz,
albite and, occasionally, carbonate (Plate 13b). The fine
gold is often totally enclosed by silicate grains while the
sheet gold occurs between the silicate fragments. The only
eXceptions are: +two small gold grains found within a
euhedral to subhedral pyrite crystal in sample CBX U-1313-23
(etching with KMnO, revealed a fine gold-filled fracture
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leading towards the pyrite grain boundary); several small
gold grains found in sphalerite in sample CBX 207 (Plate
l4a); (part of a gold veinlet cutting a sphalerite grain);
a gold fracture-filling cutting magnetite in sample CBX
198B (plate 1l4b); and three other grains of gold found in
magnetite and sphalerite Showing crosscutting relationships
similar to those in Plates 1%4a and b and described above.
In summary, most of the go0ld occurs within silicates. Only
a few occurrences of gold within opaque phases have been
found and most of these show crosscutting relationships.

In several polished sections the fracture-filling gold
is seen tapering down within the silicates leading away
from the sulphides- particularly chalcopyrite and pyrrhotite.
This texture suggests .that gold was initially deposited in
the quartz (albite) and the sulphides later filled the
breccia interstices or that the gold was somehow removed
from the sulphides in an original gold sulphide protore.
Smaller aligned gold grains found in the silicates often
show a network texture (Plate 13a, b, and Plate 15a, b).
Very small trains of fluid inclusions contained in the
quartz are often associated with this type of gold occurrence.
One, two and three phase fluid inclusions are noted. The
small aligned gold grains are noted to cut both porphyro-
clasts and granulated matrix in a mylonite gneiss (Plate
15a,b).

No changes in ratios of fine to coarse gold contents
or of gold/silver- as shown by the colour of the gold-
are found along strike or dip projections in or among the
different zones,contrary to the observations in other
Abitibi deposits by Pitzgerald et al (1967) and Griffis
(1962) and as Prochnau (1971) noted in the Chibougamau
deposits. Change in the fineness of the gold appears to




Plate 14a CBX 207 Ore vein (quartz). Gold (Au)
veinlet cutting sphalerite (Sp). Pyrrhotite (Po)
in top corner and in sphalerite. Reflected light.

Plate 14b CBX 198b Ore vein (quartz). Gold (Au)
veinlet cutting magnetite (Mg). Reflected light.
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Plate 15a CBX 207 Main vein 600 level. Typical
multiple gold (Au) grain 'trains® in quartz (Q)
with calcite. Plane polarized light.
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Plate 15b As above Note gold grain 'trains’
cross fragments of quartz and breccia matrix
with no dislocation of 'train' on the fragment

boundary (at arrow). Crossed nicols.
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be related to the general grain size and type of occurrence.
Coarse sheet gold has a lower fineness and the small gold
- grains are of higher fineness. This is contrary to observa-
tions by Mackay (1944) who noted that in the deposits he
studied the coarser gold has a lower silver content than the
fine gold and supposedly, that secondary gold has a higher
fineness than primary gold.

In the Chibex deposit the sheet gold- often found
interstitial to silicate grains- is either remobilized
primary gold or gold of a second mineralization, as the
fine gold grains are found inside silicate grains and are,
therefore, older.

The presence of triple points in and between chalco-
pyrite, pyrrhotite and pyrite, and the brecciated textures
of the ore veins, with the sulphides generally interstitial
to the silicates, suggests that the sulphides have been
dynamically and/or thermally metamorphosed. The presence
of gold crosscutting both matrix and -porphroclasts (Plate
15a,b) suggests that the gold was introduced after breccia-
tion as there is no displacement of the gold 'train' at the
porphyroclast boundary. All the data is consistent with
the theory that most of the gold was introduced to its pre-
sent location very late during or after the dynamic
metamorphism.

(b) Chalcopyrite

Chalcopyrite is found in small amounts in most polished
sections. It is found as: patches (to 1 cm); discrete
grains in the silicates; within fractures and cleavage in
other minerals (quartz, micas, chlorite, pyrite and
pyrrhotite); as rounded grains in pyrrhotite masses; as
'rims' around other opaque minerals; and as inclusions in
pyrrhotite, magnetite, sphalerite or poikiloblastic pyrite.
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Most sections containing chalcopyrite (pyrite, pyrrhotite and
sphalerite) show development of triple points indiocating
that the mineralization had undergone recrystallization.

X-ray diffraction done on samples of chalcopyrite from
different areas of the mine indicates they are mixtures of
{f-chalcopyrite;b-chalcopyrite, and tetragonal chalcopyrite.

Chalcopyrite (and pyrrhotite) in gold-bearing polished
sections frequently shows small inclusions and intergrowths
of minor amounts of a mineral tentatively identified as
talnakite, with possibly other chalcopyrite family minerals.

(c) Pyrrhotite
Pyrrhotite is found in most sections as: fracture-
fillings in other minerals; discrete grains in the silicates;
and inclusions in chalcopyrite, pyrite and magnetite. 1In
sections containing gold, pyrrhotite (as chalcopyrite)
commonly contains minor amounts of other less abundant
minerals. |

Samples of pyrrhotite from scattered locations in the
mine are mixtures of monoclinic, hexagonal and troilite
types of pyrrhotite (X-ray diffraction).

(d) Pyrite

Pyrite (and marcasite) are found in euhedral to sub-
hedral grains (to 5 mm) when they are found in quantities
to 5%. In quantities greater than 5% pyrite has subhedral
to anhedral grains and porphyroblasts (to 5 mm) with some
development of triple points between grains (Plate 16a).
The larger crystals and porphyroblasts are often fractured
and contain chalcopyrite or pyrrhotite. Marcasite occurs
in radiating aggregates in some interstices (Plate 16b).
Chalcopyrite, pyrrhotite, magnetite and sphalerite are



Plate 1l6a CBX 190 Main vein 750 level.
Porphyroblastic pyrite (Py) with development of
triple points, minor veinlets of chalcopyrite
(Cp) all in quartz. Reflected light.

Plate 16b CBX 201 Radiating marcasite (Marc)
with pyrite (Py) in brecciated diabase dyke
breccia interstice. Partly crossed nicols,

reflected light.
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found interstitial to pyrite grains and as rounded to
subhedral inclusions contained in the pyrite.

A 'spongey~-textured®' (corroded?) pyrite is found in
polished sections from scattered locations. This 'spongey’
pyrite occurs as subhedral ‘crystals’' and as layers border-
ing regular pyrite (Plate 17). Chalcopyrite and magnetite
are often intergrown with this ‘corroded® pyrite. Layers
of 'corroded® pyrite, chalcopyrite and pyrrhatite are
present in sample CBX 174 (Plate 18a).

(e) Magnetite (and Ilmenite)

Magnetite is the most widespread opaque mineral in
polished section and occurs in euhedral to subhedral grains
(from 0.02 mm to 5 mm) and as rounded to subhedral inclu-
sions in pyrite, pyrrhotite and chalcopyrite. Magnetite
is noted to replace or form surface layers on pyrite
(Plate 18b). Exsolution of ilmenite and alteration to ,
maghemite are noted in a few sections. Leucoxene altera-
tion of the oxides is noted in most polished sections
(Plate 7a,b). Magnetite in both larger euhedral crystals
and the fine crystals from olivine relicts are affected.

"(£) Sphalerite

Sphalerite occurs in grains (to 3 mm) associated with
concentrations of pyrite and as rounded inclusions (to 0.03
mm) in pyrite, pyrrhotite and chalcopyrite (Plate 6b).
Minor exsolution of chalcopyrite is noted. Only minor
amounts occur in the mineralized quartz veins.

II.D. STRUCTURAL RELATIONSIPS
1. General
Three main shear zones located about 100 m apart,
striking east-west (slightly north of west in some locations)




Plate 17 CBX 1313-23 Sulphide concentration
associated with ore vein. Pyrite (Py) with
‘corroded’ pyrite borders, magnetite (Mg) and

chalcopyrite (Cp). ‘'Corroded' pyrite is filled
with carbonates. Reflected light.
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Plate 18a CBX 174 Layers of pyrrhotite (Po),
chalcopyrite (Cp) and ‘corroded*® pyrite (Py) on
a pyrite crystal. Reflected light.

Plate 18b CBX H113-426.5 Magnetite (Mg)
surrounding (replacing ?) pyrite (Py).
Reflected light. :
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with a vertical dip, contain most of the ore veins. These
shears have a slight roll on a 50-100 m scale but remain
essentially vertical and parallel in the explored part of
the mine. Two small oblique ore veins are located in a
small fault zone which strikes roughly NNW and dips 50-70°E,
Mineralization in these latter veins shows the same textural
and mineralogical variations as in the east-west system.
Nonmineralized faults of a third strike direction (NE) dip
both east and west with dips from 10-45°, Stoping and
drifting operations on veins have indicated that many of
these NE faults appear to have very little horizontal move~
ment component. In most cases 1t is evident that movement
has taken place by a change in the intensity or width of
the shear zone, intensity of alteration, dragging of the
vein (Figure 5a), or a minor displacement due to variation
in the dip of the vein. 1In all such cases a vertical
movement near the dip of the vein structure is indicated
for these NE faults. Drilling results suggest the possib-
ility of several faults in this system with suspected
movement from 15-50 m. However, drill hole data is only
available for an area from 50-125 m on each side of the
'main' zone and in many areas a recognizable stratigraphic
indicator is not present in the core or the drift to show
horizontal displacement.

No large scale folding is noted in the mine. Minor
Z and S folds of veins occur on a scale of 0.l to 5 m with
different plunges and orientations within each and among
the different shear zones., Plate 11 shows small scale
folds in a mineralized veinlet which are likely due to
drag effects of shearing.

Malouf and Thorpe (1957 p 453) suggest a possible fold
in the (upper levels of the) mine. No evidence to prove or
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disprove this theory has been found in the latest under-
ground work. Bichan (1959) suggests that there are three
tightly folded synclines in the shaft area. No repetition
of stratigraphic units is seen in the mine nor is there
other supporting eévidence. Hebert (1977 personal communi-
cation) did not find evidence on a larger scale of such a
series of structures in the vicinity of the mine.

(a) East-west System

The east-west shear system is the major ore control of
the mine. It appears to be the oldest fault system as most
of the other faults and associated Joints cut it and are
not displaced by it even though evidence of movement along
it is present. Openings (to 30 cm) seen and known to
extend 30 m (both in the *north' and °'main' zones), as
well as numerous 'holes' found in drilling are evidence
that this area is part of a large dilation zone. Breccia-
tion such as shown in Plate 6a is very common (up to 10 m
wide). Interstitial vugs are present in most of these
breccia zones.

Plagioclase porphyroclasts in samples from shear zones
show a development after initial foliastion. Granulation
and rotation of .porphyroclasts are shown in porphyroclasts
with helicitic textures. A third foliation cuts some of
these latter porphyroclasts. Microscopic textures found
in these shear zones are: bending and crumpling of micas,
chlorite, hornblende and tourmaline; brecciation; granula-
tion and recrystallization in porphyritic rocks; and
general development of foliation (two directions are
present in the strongest shear zones 20-30° apart).

Multiple movements are shown by the following:
1. Pelsic porphyry dykes on the 450 level approximately
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650 m west of the shaft, contain quartz veins striking
N30°E dipping 62°E, which are nearly perpendicular to the
dyke contact and within 0.5 to 1 m taper off in a wedge-
shape into the dyke. These probable tension gashes indicate
that movement took place along this part of the shear zone
in a direction perpendicular to these features.

2. Boudinage of dykes and quartz veins is common,
particularily in an east-west sense.

3. Small scale Z folds in the 'main' shear in the
surface outcrop plunge vertically and show east-west move-
ment.

4, 2 folds (drag folds) up to 2 m in ore veins ('main’
and 'south' zones) plunge horizontally and show vertical
movement (Plate 11).

5. A crosscutting quartz vein on the 1200 level is shear
folded by the east-west shear over 2 m but total displace-
ment is less than 0.5 m. :

6. Slickensides in part of the main shear on the 1200
level show horizontal movement (north side has moved west).

7. Diabase dykes in surface outcrop and in two stopes A
show a late horizontal displacement of the shear zone is
north side to the east 1-2 m (Figure 5b).

These and other relationships suggest multiple move-
ments in several directions. It is highly likely that
this east-west system was a zone of weakness and that
recurring movements took place along it in response to
changing conditions throughout its history.

(b) Northnorthwest System
Two mineralized shear zones strike from northwest to
north dipping from 40° to 80° ast. Very little is known
ebout this system as it is subparallel to all the explora-
tion drilling in the mine. Figure 7 shows part of one of
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these structures as seen on the 900 level. Relationships
with the east-west system suggest that the northnorthwest
system is the oldest. Movement suggested by Figure 7 along
the east-west system is of the north side west.

Joints in this system seen in outcrop which are cut by
the east-west shears appear to be displaced up to 20 m in
different directions.

(c) Northeast System
i) Westerly Dipping

Faults with horizontal displacement greater than 50 m,
such as those shown by Hebert (1977), have not been
encountered in the mine and most of the present workings
of the mine are likely located in one fault block {of this
northeast system). All mine units have a strike change
(over 150-200 m) from east-west to 20%°south of east, east
of the shaft on the 300 level under Lake Norhart. The
associated mine heading was stopped due to high water flows.
This evidence supports the presence of a fault in the area
with righthand displacement. The fault under the Nemenjiche
River was seen in the incline and did not displace the east-
west shear zone, on which the drift was driven, horizontally
although intensity of the shearing increased on the east
side of the fault (dip is 55° west).

Another crossfault of this system is seen on the 600 to
the 900 levels. Located near the shaft on the 600 level it
dips 30° west (25° on the 700 level, and 40° on the 900
level). This fault does not displace the ore veins it cuts.
Joints found in conjunction with the 900 level occurrence
strike northeast and dip 83-85° east. Some of these joints
appear to have some movement along them (Figure 6b).

This system of faults cuts all the mine units. There
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are often associated high pressure water zones (higher than
natural depth gradients). They are likely the youngest
faults in the mine as they are not affected by the other
systems,

ii) Easterly Dipping

Northeast striking fault and breccia zones dip ?0-85°E
and have been intruded by diabase dykes. Horizontal dis-
placement along these fault zones within the mine is
generally minimal although offsets up to 10 m are known.
Dragging of ore veins such as shown by Figure 5a, Suggest
that movement took place along the system in a vertical
sense with the east block moving upward. Figure 5b shows
that faulting in this system was not a single event and
ad justment along the east-west system took place between
periods of north-east faulting. One of these faults has
displaced the ore zone 10 m (east side north, on the 300
level, 100 m east of the shaft). Movement along these
faults and subsequent introduction of diabase dykes was
spread out in time as shown by relationships such as seen
in Pigure 5b. The relationships of these faults with the
Westerly dipping ones has not besn observed. However,
they may be complementary faults such as described by
Moody and Hill (1956). Joints related to a westerly dipping
fault on the 900 level (Figure 6b), having the same orient-
ation as the easterly dipping faults, support this view.

(d) Summary
All fault systems show evidence of repeated movements
and it is likely that with each succeeding movement aloeng
the younger systems the previously formed systems under-
went adjustments which affected the east-west system to
the greatest degree.
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Relatiohships suggest that the northeast system is the
youngest.  However, any further speculation on the detailed
age relationships of the systems or of reasons for the
individual systems is impossible with the available
information. For the same reason a comparison of these
structures with those around. other Chibougamau mines is
not possible. On a broad scale they resemble one another
in general orientation and shear and fault style. A
comparison of the work of Hebert (1978) with that of
Allard (1976) and Graham (1957) will further outline the
similarities of the tectonic style.



77

ITI. DISCUSSION

A. REVIEW OF THEORY

A review of modern literature concerning gold indicates
that there has been an interest in this mineral since
medieval times with ideas about its formation changing
over the years. Most current authors favour aqueous
solutions for the geologicél.transport,of gold. This
appears to be substantiated by theoretical and practical
evidence. Other transport mechanisms such as solid state
diffusion (Czamanske 1973) or ductile flow due to metamorphic
Stress may play a minor role on a small scale. The
occurrence of gold in naturally occurring ground waters has
been reported (Weissberg 1960, White 1967). Boyle's (1975)
summary of gold ion species is as followss

*The principle soluble species of gold are
gold hydroxide, Au(OH), or [Auoé] halogen
complexes of the type ?%u(Cl )]s “vabious thio
complexes of the type [Au(S 3)2']3-; cyanide
and cyanate complexes of th8 type [Au(Cn),]
and [Au(CNS),]”; and sulphide and polysulphiae
complexes sudh as [AuS] = and [Au, (HS),5]2= " pl

Solutions and conditions for the transport of these
species of gold are:

1. Acidic-oxidizing chloride-bearing solutions (Henley
1973, Helgeson and Garrels 1968, Krauskopf 1951, Ogryzlo
1935).

2. Sulphide-rich solutions

(a) Acidic sulphide-rich reducing solutions (Hattori
1975, Seward 1973), oxidizing solutions (Cloke and Kelly
1964 )

(b) Alkaline sulphide-rich reducing solutions
(Seward 1973, Weissberg 1970, Smith 1943).

(¢) Alkaline, sulphide and carbonate-rich reducing
solutions (Boyle 1975, Ogryzlo 1936, Weissberg 1969).
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Solutions would precipitate gold with a change in pH,
Eh or a drop in temperature. Henley's (1973) work suggests
pressure drops may also cause precipitation. Electrochemi-
cal reactions for the control of the precipitation of the
gold similar to those noted in models of sulphide deposits
may be important (Govett et al 1976).

Experimental and theoretical determination of gold
solubilities by the various authors above are difficult
to compare due to the varied conditions and solutions they
use for the transport of the gold. There is a general
increase of gold solubility with: higher temperatures
(quite marked in some instances, ie. chloride species
between 400 to 500°C, Henley 1973); concentration of the
solution responsible; and with an increase in pressure
(Henley 1973). Concentrations of gold vary from almost nil
to 1000 ppm of gold chloride species (at 500°C at 2 Kbar,
Henley 1973); and to 60 ppm of gold sulphide species in
carbonate-bearing sulphur rich (possibly with arsenic or
antimony) solution at STP (Boyle 1975). At low temperatures
and pressures gold sulphides are more soluble than gold
chloride ions.. If Boyle's (1975) work had been done at
elevated temperatures or pressures, solubilities would
likely be higher. Henley's (1973) results at the lowest
temperatures and pressure (30000. 1 Kbar) are much lower
than Boyle's (1975) at STP. No matter what type of solution
is envisioned, quantities of gold large enough to produce
large deposits are transportable in such solutions given an
initial metal source.

Due to the complexity of the geological environment
it is likely that several types of solutions and/or
soluble species are present during the mineralization of
one deposit even though one solution or species may be
responsible for the bulk of the mineralization. Present
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data on thermal ground waters (Weissberg 1970, White 1967)
suggests that the major ion species responsible in the
transport of gold are sulphide ions. Carbonate ions -
likely play an important role in the process (Boyle 1975).
This data is supported by numerous occurrences of gold
associated with sulphides and carbonates.

It is difficult to believe that the acidic solutions
(pH 2-4) necessary to keep the gold-chloride species in
solution would deposit the carbonate associated with many
gold deposits (Boyle 1969). If the carbonate was present
in the vein before the arrival of the mineralizing solution
it would produce a change in pH necessary for the precipitaé
tion of the gold. In the deposit under study, however,
most of the carbonate is in the host rocks and relation-
ships indicate that the gold is syn- or post-carbonate
(Plate 13a,b; 15a,b). Therefore, the precipitation would
have taken place in the carbonate in the host rock rather
than in the quartz veins if the gold-bearing solutions
were acidic chloride solutions. Also carbonate porphyro-
blasts would be leached out of the host rocks close to the
veins by such a solution. Therefore, it seems reasonable
to assume that gold-bearing solutions which could possaibly
form a deposit are mainly alkaline to neutral, containing
Co, and S (Boyle 1969, 1975).

Boyle (1968, 1970) has discussed the four possible.
sources of metals and volatiles in hydrothermal solutions:
a deep mantle source; a crystallizing magma; the host rocks
of the deposit; or an ancient weathered surface. The
mechanism he proposes for the transportation of the
solutions is diffusion through the host rocks and concen-
tration. and flow through dilatant structures. Results of
his work led Boyle (1961) to propose that in the case of
the Yellowknife deposits the source of the metals is the
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host volcanic rocks.

Absolute results of analysis and observations on the
gold contents of various types of host rocks - such as by
Anhaeusser et al (1973), Hollister et al (1975), Keays and
Scott (1976), Li et al (1973), Shcherbakov and Perezhogin
(1964), Stephenson and Ehman (1971), Tilling et al (1973),
Viljoen et al (1969, 1970) - can not be compared due to
problems inherent in analysis. Relative results suggest
that gold contents of mafic volcanic rocks and intrusive
rocks (around 10-20 ppb) are generally higher than in
felsic rocks (around l-5 ppb). All the above authors
infer that the sources of the gold for the (gold) deposits
they have studied are mafic intrusives and volcanic rocks.
They imply mafic rocks are a better source of gold than
the felsic rocks. '

In the case of the Chibex deposit the large quantities
of mafic volcanic rocks and intrusives (gréater than 8000 m
of the sequence) are a potentially large source of gold.
Titanomagnetite, which makes up 5-8% of the host rocks of
the deposit, is the probable source of the Fe contained in
the pyrite and pyrrhotite, as leucoxene alteration of the
titanomagnetite frees Fe. Chalcopyrite, pyrite, and pyrrho-
tite are present as widespread disseminations in the volcanic
rocks of the mine sequence and are a possible source of the
copper and sulphur,

Crerar and Barnes (1976) have shown that it is possible
to transport Cu in a basic reducing solution at tempera-
tures between 250-35000. both as cuprous chloride ionic
complexes and as cuprous bisulphide with the latter species
dominating. Fe is also soluble in small quantities in this
solution. Rickard (1974) has also shown that it is possible
to transport Cu in a COz-bearing solution and that further
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soluble copper carbonate ions are formed in this type of
solution.

Therefore, it is possible that the host volcanic rocks
were the source of the Cu and S as well as the Au and the
other trace metals. It is also possible to transport the
Cu in the same type of solution which has been postulated
for the gold transport. These solutions could circulate
in fractures and shear zone'openings, such as breccia
interstices, and by diffusion through the rock. The total
system would be dynamic, changing with the precipitation
and leaching of the ore minerals on a local scale (Golubev
1975) helping produce the erratic pattern of gold mineraliz-
ation usual in vein gold deposits.

- III.B. TRANSPORT AND PRECIPITATION OF MINERALIZATION

1. Sources and Transport of Solutions

Hansuld (1967) gives electrochemical data for deep mine
ground waters which have a pH from 6.5 to 10 and an Eh
close to 0 or negative. These conditions fall in the range.
required for the mineralizing solution described above.
Therefore, it is not necessary to have a water source other
than natural ground waters. These waters could pick up S
and CO2 in volcanic rocks around the deposit, leaching gold
and copper, and transport these elements as long as condi-
tions were stable. Circulation of these waters is a
necessity for transport of the metals. Two possibilities
exist: 1. a heat source in the vicinity acted as a heat
engine circulating the solution;

2. ground water movement due to natural phreatic

gradients.

Either mechanism is possible. A heat source in the area
would increase ground water temperatures and allow greater
metal concentrations in the solutions as well as providing
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a heat engine for the circulation of solutions, but an
intrusion is not necessary because: regional metamorphism
would give the same temperatures and create regional
ground water phreatic gradients; and appreciable quantities
of gold can be carried in solution at these low temperatures.

Data on the’compositioh of the mineralizing solution
and the conditions of ore deposition can be inferred from
evidence of'metamorbhism on and mineralogy of the host
rock silicate assemblages. Information can also be obtained
from the composition of sphalerite and fluid inclusion
studies in ore material. .Information inferred from the
host rock and vein mineralogy is presented below. Further
studies of ore materials may provide more detailed inform-
ation.

The host rock silicate assemblages of quartz, albite,
epidote, biotite, chlorite (chloritoid) and actinolite
show that the host rocks have undergone medium grade
greeﬁschist facies regional metamorphism (Abukuma type
quartz-albite-muscovite-biotite-chlorite subfacies, Winkler
1967). This indicates that temperature and pressure
conditions of regional metamorphism were about 4250-45000
and 3-5 kb PHzo (Hyndman 1972, p313). The host rocks and
fragments in contact with the veins contain the same minerals
as the‘host rocks away from the veins. Therefore, the
maximum conditions at the time of the deposition were about
the same or slightly lower than those given above,

Vein associations of albite with the gold mineralization
and the wider associations of annite, carbonates, tourmaline,
chalcopyrite, pyrite and pyrrhotite are not unique to the
Chibex deposit and have been noted by other authors: albite
by Gallagher (1940), Boyle (1961) and Jambor (1971); albite
and biotite by Bateman (1940); and sulphide and quartz are
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found in most gold deposits. These associations of gangue
minerals likely reflect the composition of the mineralizing
fluid. This fluid likely contained Na, XK, S, 002, and Bo
in addition to gold, copper.bismuth and tellurium which are
seen in restricted local mineralogy within the mine. The
source of the gold, copper, ginc and other trace metals was
likely the volcanic rocks. Transport of Fe for pyrite,
pyrrhotite and chalcopyrite is not necessary as the Fe
liberated from leucoXene alteration of titanomagnetite is
more than adequate (Plate 10a,b). Na and K could be obtained
from the essential minerals of the rocks.

Most authors infer that ore solutions are either K-rich
or Na=-rich with the near exclusion of the other. The
association of albite with the quartz veins implies a Na-
rich solution while the association of the annite with the
ore shears implies a K-rich solution. This means that
either two separate solutions were involved or more likely,
that the partitioning of precipitates from one solution
containing both Na and K somehow occurred with the Na
concentrated in the quartz veins and the K in the sheared
host rocks. Again, the mechanism for the partitioning of
the Na to the veins and the K to the host rocks of the
deposit could be regional metamorphic effects on the
feldspar. Regional metamorphism in the host rocks would
lower An contents in the feldspars (Winkler 1974). This
would result in a partitioning of Na into the feldspars.
On the other hand, the same process could be reversed at
depth and nearer the Grenville Front or some other source
of higher metamorphic grade facies. This would mean that
solutions in the 'plumbing system' would be richer in Na
due to the likely input of solutions from depth (and
generally higher metamorphic grade areas), than the
solutions coming from and in the host rocks. Fluid
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inclusion studies and electron probe work on micas may solve
this problem although the development of phlogopite beside
the felsic dykes implies a possible late nonmineralizing
fluid rich in K.

2. Precipitation _

The precipitation mechanisms for a mineralizing solution
such as described above arer a decrease in temperature or
pressure; increase in Eh or pH; or an electrochemical
reaction. If the ore solutions originated in the host rock
and migrated toward openings in dilation zones within shear
zones, temperature gradients would be fairly small and pH
conditions would not change from basic unless there was an
input of acidic magmatic water. Acidic surface water would
not be introduced into the shear system due to the pressure
gradient. Pressure gradients would likely be steep in the
vicinity of the veins due to the increased flow volumes
possible in the shears and may cause gold precipitation.
Elecjrochemical reactions in a sulphide-~bearing system have
only been partly investigated. Govett et al (1976) have ‘
shown that electrochemical reactions occur around a deposit
containing sulphides in an acqueous medium. Their data
{(p 930) shows significant variations in Eh in their system
model. These variations, if present in the vein system,
would be sufficient to cause local precipitation of the
gold and sulphides. Raymahashay and Holland (1969) and
Meyer and Hemley (1967) have shown that alteration reactions
of host rock silicates may set up local pH and Eh variations.
It is likely that any significant variations are local.
However, it is not difficult to see the possibility of the
precipitation of sulphides or gold from an ore-bearing
solution due to these causes.

Therefore, change in pressure and changes in Eh would be



85
expected to be main mechanisms for precipitation of gold
from solutions circulating in a vein system. The associa-
tion of gold with chloritized albite suggests pH played a
role as well (Meyer and Hemley 1967). The changes would be
brought on by natural flow gradients in the system and by
chemical and electrochemical reasctions set up in the veins,
initially by alteration of the silicate host rocks and later
by sulphide concentrations in the system.

Relative solubilities of gold and copper in the type of
solution visualized for this process are not known due to a
lack of data. Textural relationships between the gold and
the sulphides suggest that the gold is the last mineral to
precipitate after copper and other sulphides. Therefore,
it is 1likely that initial precipitation of sulphides would
be locally triggered by chemical variations.in the vein
due to silicate alteration reactions. Subsequent local ‘
concentrations of sulphides may then set up further chemical
variations causing further more extensive precipitation of
sulphides and gold. The system would be complex and would
change constantly in reaction to the .new sulphide deposi-
tional areas setting up new Eh variations. This and changes
in fluid flow due to plugging of small channels by precipi-
tates would produce a locally erratic deposit. Govett's
(1976, p 930) diagrams suggest that oxidizing conditions
would occur near initially formed sulphides and reducing
conditions further away. This would produce an ore pattern
such as the one seen at Chibex, especially in ore type 3
with a high sulphide content in the host rocks. Gold would
not be expected to precipitate in the interior of sulphide
grains nor in contact with them (also reported in other
mines, Goodspeed 1936).

Therefore, it is likely that Eh played the most important
part in the localization of the gold precipitation. Pressure

{
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effects possibly played a minor role in the process but are
hard to evgluate.

The two general fineness ranges of gold in Chibex
samples requires two (gold) mineralizing solutions or a
mechanism by which two fineness ranges of gold can be
produced from the same solution. It is seen that, generally,
the finer gold is in smaller grains and is likely of earlier
origin than the gold richer in silver. Gold with impurities
Such as silver, is more soluble than gold without these
impurities (Boyle 1975, p 2). Therefore, gold deposited
initially from a gold bearing solution would be finer than
g€old deposited later in the solution histery. Also,
earlier formed silver-rich gold would tend to be leached
from initially deposited grains by the solution. This
interpretation is more in line with a dynamic model than -
the two separate and possibly isolated mineralizing solutions. .

III.C, SEQUENCE OF EVENTS
The sequence of events relating to formation of the
deposit and its host rocks are:

l. Volcanic activity and introduction of gabbro into the
sequence.

2. Regional metamorphism, folding and production of EW
(and possibly NNW) shears and fault zones- brecciatioh
and introduction of La Dauversiere Stock. Metasomatism
and initial formation of quartz veins in dilation zones.
Continuing activity along EW shears through to event 7.

3. a) Brecciation of EW (and NNW) quartz veins creating
channelways for hydrothermal fluids bringing major sulphide
mineralization, further brecciation.

b) Introduction of gold and copper-bearing fluids
in late stages of (a). Three possibilities exist that are
consistent with observed microscopic evidence. These are:
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i. A gold-bearing solution was introduced into
brecciated quartz veins already containing minor sulphides,
where native gold and minor tellurides and chalcopyrite
were precipitated in the fine fractures in the porphyroclasts.
Later the sulphides contained in either the same solution
or a second solution were precipitated interstitial to the
quartz breccia fragments and fragmented early sulphides.

ii. A gold-copper-<bearing solution was introduced
into the brecciated vein precipitating the gold and copper
interstitial to the porphyroclasts. Subsequent metasoma-
tism selectively remobilized gold from the sulphides into
fractures of the vein silicates.

iii. A predominantly gold-bearing solution was
introduced into previously brecciated suiphide-bearing
quartz veins, and deposited gold in fractures concentrated
in the silicates.

k. Injection of equigranular felsic dykes and subsequent
porphyry dykes with continuation to event 7.

5. NE faulting and brecciation.

6. Injection of diabase in event 5 (east dipping) and
felsic dykes.

?. Continued brecciation and remobilization of sulphides
and minor gold.
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IV. SUMMARY AND CONCLUSIONS
The Chibex deposit is located near the eastern limit of

the Abitibi greenstone belt. Mineralization consists of
native gold and chalcopyrite contained in fractures and
interstices of brecciated quartz veins. The veins occur
in three parallel sheared and altered zones which cut mafic
intrusive and volcanic rocks and felsic volcanic rocks.
Concentrations of pyrite and pyrrhotite occur as lenses
and stringers in shear zones in the mafic intrusive rocks
and as disseminations in the volcanic rocks.

Ma jor mineralogy, texture and mineral relationships of
the host silicate and ore have been studied and described.
Macroscopically, g0ld mineralization is related to the
occurrence of quartz, albite, annite and chalcopyrite in
the ore veins. Microscopically, only the relationship of
gold with quartz and albite is confirmed. The annite
contained in the ore shears has a medium reddish-brown
colour which is not seen in the host rocks. Anhydrite
(to 10%) has been noted to occur in the ‘'main' shear zone

"and in the mafic volcanic rocks. As it does not occur in

other rocks of the region (Hebert, personal communication)
the presence of annite may be an indicator for the 'main*
shear and the mafic volcanic rock unit found in the mine.

Textures and relationships of the mineralization with
the silicates show that the present ore concentrations are
younger than the host rocks and that the native gold was
the last mineral to be localized.

A lateral secretion hydrothermal model, such as proposed
by Boyle (1961. 1968, 1969; and Golubev (1975), consistent
with the features of this deposit, is proposed as the
mechanism for the vein formation. The host volcanic rocks



may be the source of the metals, as has been proposed by
numerous authors for similar gold deposits (Viljoen et al
1970; Boyle 1961, 1970).

A reducing, basic, st“ and Coz-bearing solution such
as deacribed by Boyle (1975) appears to be the most likely

solution for the transport of both copper and gold. No

special solution source is necessary as it is similar to
present day deep ground water described by Hansuld (1967).
High temperatures are not required for the solution of
significant quantities of gold (Boyle 1975) but would aid
in the concentration and transport of the mineralization.

Precipitation of the metals from the mineralizing
solutions and localization of the gold in the silicates
contained in the shears would be caused by: pressure
drops; a variation in the Eh and pH of the environment in
the vicinity of the veins caused by silicate alteration
reactions {(Raymahashay and Holland 1969); and by electro-
chemical reactions around sulphide concentrations (Govett
et al 1976). '
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APPENDIX I
Legend for figures 3-8

Diabase dyke

Felsic dyke

Mineralized quartz vein
Altered shear zone

Felsic volcanic rocks

Mafic volcanic rocks

Fault zone, generally with rubble~filled
openings and often high water flows.

Presence of foliation, in some cases
possible faults.

Dip of foliation, contact or joint
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Figure 5a: 300 level, 15 m west of the shaft, ‘*main®

T zone, show1ng relatlonshlp of aiabase ayxeswnxth veins.

“Figure 5b: 1200 level, 60 m west of the shaft,
‘south' zone, showing relationships of diabase
dykes with ore vein.
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Figure 6a; | 750 Level, 7-1-12 sill, o
Alternation of vein from side to side of felsic
dyke, with fragments of ore vein in dyke.

Figure 6b: NE striking fractures dipping 83-85 E,/g’
close to NE west dipping fault (10-15 °°
m above level)
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APPENDIX II
RECOMMENDATIONS FOR FURTHER RESEARCH ON THE CHIBEX DEPOSIT

Further work on the following problems is indicated by
questions raised by this work:

1. Minor mineralogy of the opaque phase is complex
and a detailed study may allow formulation of further
conclusions. XRD methods may assist in this work. However,
due to the generally small grain size and difficulties in
polishing, electron probe techniques will be a necessity..

2. Changes in the optical characteristics of the
chlorites have been noted within the stratigraphic sequence
and in the ore shears. Changes are also noted in the biotites.
Electron probe work on these minerals (on both a mine and
regional basis) may reveal trends which would aid in further
theoretical and exploration work.

3. PFluid inclusion studies, sulphur and oxygen isotope
studies, and possibly, work on the composition of the
sphalerite may give further data on the temperature and
conditions of formation of parts of the deposit.

4. Structurally, the Chibex area is complex and a
detailed study would give insight into many problems seen
in the deposit. This would involve extensive surface
mapping and at the least, a good review of the underground
mine plans. Access to the mine would be helpful but not
necessary.

5. & regional study of the gold occurrences in the
immediate vicinity and possibly, the occurrence of anhydrite
may be useful to judge whether relationships seen in the
mine are applicable to the whole region.

6. As the Grenville orogeny affected the mine area
(Wanless and Loveridge, 1972, Wanless et al, 1970, Allard,
1976) it is tempting to try to put a date on the deposit
as Grenville or younger. Further detailed work on a
regional scale may help solve this question.
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APPENDIX III '
MINERAL IDENTIFICATION METHODS
Transparent Mineralogy
Basic ﬁineralogy for the study was done by optical
methods with the use of thin scetions.

Plagioclase anorthite content determination was done
by the carlsbad-albite twin method described by Moorhouse
(1959). Determinations were done on 10-20 crystals in
each thin section and were averaged. A selection of samples
of all rock types was stained with sodium cobalt nitrite
which confirmed the absence of potash feldspar.

X-ray diffraction, using a vertically mounted Phillips
Diffractometer Model PW1050/85 with an Advanced Metals
Research monochromator and a chart recorder, was used to
extend the optical mineralogy. Monomineral powder mounts
were used when possible and various seperations from total
rock powders were made when necessary. Cadmium fluoride
was added to samples as an internal standard when they did

not contain quartz.

Carbonates

Carbonates have been identified by staining methods
described by Chilingar (1967). X-ray diffracticn confirmed
general results. Identification by thermal analysis was
tried on one‘sample. However, due to the numerous problems
with this method with multimineral samples, results were
ambiguous and impossible to interpret.

Anhydrite ,

Anhydrite was identified using optical methods including
grain mounts; X-ray diffraction; and electron probe work
done at Universite de Laval by Jean-Fierre Tremblay and
Andre Gauthier (see Appendix IV).

Opaque Minerals ] )
The basis for the opaque mineralogy was optical methods
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using polished thin sections and polished sections. X-ray
diffraction was done on the chalcopyrite and pyrrhotite.

The scanning electron probe at the National Research

Council at Quebec was tried on several grains with disappointing
results. The electron probe at the Universtie de Laval

was used on several grains with better results. However,
equipment time limitations did not permit the positive
identification of any of the minor opaque phases.
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APPENDIX IV |
CHARACTERISTICS OF ANHYDRITE PQUND IN THIN SECTIONS

A mineral having the following characteristics has
been found in amounts to 10% in thin sections of sheared
and altered gabbro and volcanic rocks in the mine zone.,
Methods of identification used were optical methods in
thin section,and grain mounts, X-ray diffraction and
electron probe. Optical data of this mineral do not exactly
conform to published data for any mineral. However
because electron probe work done by A. Gauthier and Jean-
Pierre Tremblay at Laval University confirm the presence of
Ca and S and the optical data as given below appear close
to published data on anhydrite, tentative identification
has been made as anhydrite. Differences in optical data
may be explained by tectonic deformation of the original
crystals. Positive identification will be helped by
single crystal X-ray diffraction or further electron probe
work; and or universal stage methods.

Optical data

Biaxizl positive

2 E approximately 30° 2 V approximately 17°
(by Tebi method 2Vz=10°)

«<z1.571

B:1.574

¥1.610

2 good c¢cleavages 100, 001

1 medium-poor cleavage 010

2 good twin planes (45° to X)

In thin section colorless, hand specimen white.
Twins are sometimes obvious in plane polarized light with
a minor pale greenish pleochroism. '
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