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Abstract

The Ace Cu-Au-Ag-Zn-(Pb) property consists of thin lenses of semi-massive and
massive sulphides within mafic calc-alkaline volcanic tuffs and pelitic sediments of the
8400 Road contact unit, Paleozoic Snowshoe group, east-central British Columbia. The
main sulphide minerals are pyrrhotite and pyrite with lesser chalcopyrite and sphalerite,
which exist mainly as small discontinuous lenses, and disseminations along
bedding/cleavage planes. The origin and timing of mineralization is difficult to determine
due to the greenschist to amphibolite facies metamorphism and pervasive ductile shearing
and deformation in the region. Biochronological work was conducted on two samples
from The Bralco Limestone, which sits stratigraphically above the Ace property. No
recognizable microfossils were found which could have helped to constrain the age of the
host rocks. The rocks that host the massive sulphides on the Ace property are within-plate
calc-alkaline basalts, which are geochemically similar to mafic rocks from the Eagle Bay

Assemblage within the Kootenay Terrane to the south.
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1. Introduction

The Barkerville subterrane in east central British Columbia (figure 1) is a region
containing a number of recent base metal and gold exploration properties. Following the
Barkerville gold rush of the late 19 century, many geologists and exploration companies
have focused their studies on other regions of the Cordillera. Reasons for this lack of
interest in the Barkerville subterrane were twofold. First, the geology of the Barkerville
subterrane is complex; rocks tend to be highly deformed and moderately metamorphosed
to greenschist to lower amphibolite facies. Secondly, thick Quaternary glacial deposits
cover many areas within the Barkerville subterrane, prohibiting the recognition of
significant economic features of the rocks, and hampering correlations of the Barkerville

subterrane to other terranes of the Cordillera that host economic deposits.

Despite the complex geology and pervasive till coverage, the Barkerville
subterrane has seen a resurgence in base metal and gold exploration in the past ten years.
Reasons for this newfound interest in exploration stem from recent advances in
geological techniques especially lithogeochemistry, and the correlation of the Barkerville
subterrane with the economically producing Kootenay and Yukon-Tanana terranes (Preto
et al., 1980). Discoveries by Cominco, Rio Algom, Barker Minerals, and other base metal
exploration companies, such as the Mae prospect, the Ace prospect, the Frank Creek
prospect, and the Big Gulp prospect have shown that exploration targets exist throughout
the Barkerville subterrane, not just in the Barkerville area. Recently, International
Wayside Minerals Ltd. announced proven and probable reserves in excess of one million

ounces of gold from its “Cariboo Gold-Quartz” project near Wells, approximately 50 km



northwest of the Ace property. A recent report commissioned by the company to evaluate
the mineral resources contained in what is referred to the Cow Mountain area of the
“Cariboo Gold-Quartz” project, concluded that there is an inferred mineral resource of

approximately 7.9 million tonnes grading 2.03 g/t Au.

The intense ductile deformation and greenschist to amphibolite facies
metamorphism of the Barkerville subterrane has caused considerable ambiguity
surrounding the geology of the terrane and the nature of a number of potentially
economic deposits located therein. At the center of this debate is the Ace Cu-Au-Ag-Zn-
(Pb) property owned by Barker Minerals Ltd. located approximately 35 km northeast of
Likely BC (figure 2). Discovered in 1994 by Louis Doyle, this property consists of a
showing of sulphide mineralization (pyrrhotite, pyrite, chalcopyrite, and sphalerite)
within mafic volcanic and volcaniclastics rocks and pelitic sediments of the Downey
succession, Snowshoe group. Between 1994 and 1999 geological mapping, geophysics,
geochemistry, trenching, and drilling were done to define the zone of mineralization.
While this has been done moderately well, the tectono-stratigraphic setting of the
lithologic units and the nature of the mineralized zone are relatively unknown. Hoy and
Ferri (1998) have interpreted the Ace property as a possible Besshi-type volcanogenic

massive sulphide (VMS) deposit.

The goals of this project are to describe the tectono-stratigraphic setting of the

Ace property, characterize the mineralization, and to define the age of the host rocks



using conodont biostratigraphy. This is accomplished using lithogeochemistry, core

logging, thin section petrography, and field mapping.
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Figure 1:
Map showing the location of the Ace property within the Barkerville
subterrane, British Columbia (after Wheeler and Mcfeely, 1991).
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Regional geology of the Barkerville-Likely area showing major terrane
boundaries and the location of the study area. 1-Mae Prospect, 2-Cariboo
Deposit 3-Frank Creek Property 4-Big Gulp Property (after Struik, 1988;
1992)



2. Exploration History

Placer gold was discovered in the Barkerville-Wells area in 1858. Historic
production totaled 3.7 million ounces, about half from placer deposits on Williams Creek
and half from lode gold deposits in nearby mines. Many other creeks in the Barkerville
area have produced placer gold throughout the 19™ and 20" centuries. Keithley Creek and
Frank Creek supported more recent production (1984-1986) while the historic Bullion pit
at the town of Likely produced 175 000 ounces (1892-1942). The most productive lode
gold deposits in the area were the Island Mountain (1934-1967), Cariboo Gold Quartz
(1933-1959), and the Mosquito Creek (1980-1987) mines located in higher ground

around Barkerville and Wells (Alldrick, 1983).

The Claims which cover the Ace property were staked at the southern end of the
Cariboo Gold Belt along the Little River by Louis Doyle in 1994 following the discovery
of a grab sample near a culvert on the F-Road that assayed 129 g/t gold (Doyle and
Payne, 1999 pers. comm.; figure 2). Subsequent work in the summer of 1994 identified
an area 8km long by several hundred meters wide that contained numerous glacially
transported cobbles and boulders containing semi-massive to massive sulphides (mostly
pyrite and pyrrhotite). Many of these boulders were assayed and found to contain
anomalous Au, Pb, Zn, Cu, and Ag values (Payne, 1997). Between 1994 and 1997
exploration on the property attempted to locate the up-ice source of these boulders using
prospecting, mapping, geophysics, stream sediment geochemistry, and extensive

trenching. In 1998, additional geological mapping was done and 7 diamond drill holes



were cored in the center of a geophysical anomaly (conductivity high, resistivity low, and
magnetic high). These holes encountered stringer and semi-massive to massive sulphide

mineralization in and near metamorphosed “felsite” (Payne, 1998a).

Extensive work has been recorded on a number of ‘base metal’ properties that are
in the immediate region of the Ace property: the Mae prospect, the Cariboo prospect, the
Frank Creek prospect, and the Big Gulp prospect (figure 2). The Mae prospect contains
sphalerite and galena in the Bralco Marble near a contact with argillite and quartzite. At
the Cariboo prospect, trenching and 21 diamond drill holes by Gibraltar Mines produced
a calculated mineral inventory of 400,000 tonnes grading 4% Zn+Pb. Recent trenching
and geological mapping by Barker Minerals on the Frank Creek prospect has revealed
massive sulphides in outcrop associated with a sequence of schists which may have a
volcanic origin. Extensive trenching and geophysics is being carried out in the hope of
determining the size and character of this volcanogenic massive sulphide(?) prospect.
Prospecting and mapping on the Big Gulp prospect near Cariboo Lake by Barker
Minerals has uncovered moderate chalcopyrite and sphalerite mineralization within a

phyllitic member of the Downey succession.



3. Regional Geology

The Ace property lies within the Cariboo Gold belt (Struik, 1988), in the
Barkerville subterrane, one of four fault-bounded stratigraphic and tectonic terranes
(Slide Mountain, Quesnel, and Cariboo are the other three) that were formed from
continental shelf and slope clastics, carbonates and volcaniclastics (Monger and
Nokleberg, 1995; Struik, 1986; Struik, 1988; figure 2). 1:50 000 scale regional mapping

of the Cariboo Gold Belt was done by B. Struik from 1980 t01988.

The Barkerville subterrane is bounded to the east by the Pleasant Valley Thrust,
across which it adjoins the Cariboo Terrane, and to the west by the Pundata and Eureka
thrust faults, across which it adjoins the Quesnel and Slide Mountain terranes (figure 2).
It is underlain by an unknown basement and was overlain during the Mesozoic
transpressional collision by the island arc and rift related volcanics and sediments of the
Slide Mountain Terrane (Struik, 1988; figure 2). The Barkerville subterrane is considered
separate from the directly adjacent Quesnel, Cariboo, and Slide Mountain terranes
because it is composed of a unique stratigraphic succession that is bounded by faults.
Struik (1986, 1988), Hoy (1979), and Hoy and Ferri (1998) have suggested that parts of
the Barkerville subterrane contain equivalents of the Kootenay and Yukon-Tanana

terranes.

The strata of the Barkerville subterrane were divided into one formal and several

informal units (figure 3). The unknown stratigraphic relationships of these strata are the



cause of their informal nature. The Snowshoe group is the formal unit that spans from the
late Archean to the Upper Paleozoic and includes most of the rocks of the Barkerville
subterrane (Struik, 1986). The Ace prospect is thought to be within the lower to middle
Paleozoic Downey succession of the Snowshoe group. Struik (1988) described the
Downey succession as being composed of micaceous quartzite, phyllite, marble,
limestone, calcareous quartzite and tuff. In the area of the Ace property, the Downey
succession sits stratigraphically above the Harvey’s Ridge succession (to the southwest),
and below the Bralco Limestone (to the northeast), and is thought to have a thickness of

at least 150 m (Struik, 1988).

Fossils (silicified kamaenid or halysisid algae, echinoderm and Bryozoan
fragments identified by B.L. Mamet) have been found at the northern end of the Downey
succession in calcareous sediments. These fossils suggest a Late Cambrian and younger
age (though less likely Cambrian; Struik, 1988). The Downey succession has been
correlated with part of the Eagle Bay Assemblage of south-central British Columbia
where stratigraphic relationships and dating suggest a lower to middle Paleozoic age

(Preto et al., 1980).

The Barkerville subterrane consists essentially of one structural package, the
Snowshoe group, which is separated from the stratigraphically higher Sugar Limestone
by angular unconformities (Struik, 1988). Rocks of the Barkerville subterrane are
generally highly deformed and metamorphosed to upper greenschist or lower amphibolite

facies. At least three different phases of deformation took place with the earliest



deformation in the mid to late Triassic and the most recent deformation being a
manifestation of brittle extension due to uplift in the Eocene (Struik, 1988; McMullin et
al., 1990). Bedding parallel cleavage, which generally strikes to the west to northwest and
dips moderately northeast, occurs in nearly all of the rocks of the Snowshoe group as

recognized by previous workers.

Lode and placer gold deposits and copper, lead, zinc, tungsten, and silver have
been found within rocks of the Barkerville subterrane. Lode gold deposits tend to be
almost entirely confined to the Paleozoic part of the Snowshoe Group (Alldrick, 1983),
and are hosted primarily by the limestone and metabasalt bearing components of the
Downey succession. Placer gold deposits tend to overlie these same deposits. Most are
associated with chlorite zone metamorphism and gold bearing quartz veins in the hinges
of local folds (Alldrick, 1983). Most gold showings in the area occur in the mines and

deposits near the town of Barkerville.

Rocks of the Downey succession have been correlated with part of the Eagle Bay
Assemblage of the Kootenay Terrane of south-central British Columbia (Preto et al.,
1980; Preto, 1981). The exact nature of this correlation is unknown but it is thought that
the Bralco Limestone, the stratigraphically highest member of the Downey succession
may be the lateral equivalent of either the Index Formation at the base of the Paleozoic
Lardeau group, the Tshinakin Limestone, or the Badshot Formation (Struik, 1988;

Schiarizza and Preto, 1987). A detailed geochemical and stratigraphic analysis of each of



these formations would probably eliminate two of the possible correlations however it is

beyond the scope of this project.



Upper sugar Limestone
fellserale Island Mountdin
Amphibolite
Hardscrabble
Mountain Succession
(O | Eaglenest
D) succession
Pl : O Downey
qleozoic — Succession
(D Agnes
@ |Conglomerate
O Goose Peak
C Quarizite
[7p) Harveys Ridge
B Succession
O Keithley
Lot [ Succession
- Toe | 9D Kee Khan
roterozoic Marble
Tregillis
lere Succession RAMos
Proterozoic Succession
Or Tom
Paleozoic Succession
Figure 3:
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4. Geology of the Ace Property

4.1 Stratigraphy

Struik (1986, 1988) assigned the rocks of the Barkerville subterrane that contain
the Ace prospect, to part of the upper Downey succession of the Paleozoic Snowshoe
group. The upper Downey succession is composed of micaceous quartzite, phyllite,
marble, limestone, calcareous quartzite, and tuff (Struik, 1986, 1988). No type section is
assigned for this unit, but reference exposures are located along Grouse and Cunningham
Creeks (Struik, 1986). Struik (1988) assigns an approximate stratigraphic thickness of
150m to the Downey succession. In our study area, the Downey succession is underlain
by the <300m thick Harvey’s Ridge succession (black and grey siltite, micaceous
quartzite, phyllite, limestone and dolostone) and is overlain by the <100m thick Bralco

Limestone (limestone, marble, and minor phillite).

The depositional environment of the Downey succession is interpreted to have
been a marine shelf periodically inundated by clastic debris in the form of turbidites and
debris flows. The carbonates and pelites are representative of times of low clastic input.
The quartzites and coarser sediments represent material that has been transported from
more continental environments. The tuff is thought to represent volcanic debris that has

been shed from a distant volcanic source (Struik, 1988).



Geological mapping in the Downey succession and the Bralco Limestone resulted
in the identification of five units, two of which contain subunits (figure 4). Working up
stratigraphic section (from SW to NE) these five units are: F-Road schist, 8400 Road
contact unit, biotite-rich schist, Little River schist, and the Bralco Limestone. A detailed

description of each unit is given below.
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F-Road Schist (quartz-muscovite-chlorite-(calcite)-schist)

The F-Road schist has the poorest exposure of the five units in the map area.
Small outcrops are located along the 8400 Road, and in the creeks west of drill hole 98-
03 (figure 4). The unit is also exposed in the south end of trenches Tr-97-1G and Tr-97-
07 (figure 5). The primary exposure of this unit occurs in an extensive set of trencheslkm

southeast of drill hole 98-07 along the F-Road.

The sedimentary rocks that comprise this unit are brown grey to blue-grey and
frequently weather mottled brown with occasional iron oxide staining or bleaching. A
strong penetrative cleavage, trending northwest and dipping moderately to the northeast,
is seen throughout this unit. Bedding is assumed to be parallel or sub-parallel to this
cleavage. The sediments consist almost entirely of quartz and muscovite with some
chlorite and biotite (figure 6). Crenulated compositional layers of equigranular quartz and
muscovite crystals make up 95% of the nearly completely recrystalized rock matrix.
Chlorite, presumably replacing biotite exists as clumps of blue-grey crystals with both
quartz and muscovite. Small, acicular opaque crystals exists throughout the rock within
both quartz and muscovite layers. Locally, quartz veins and sweats showing a variety of
crosscutting relationships cut this unit, and exposures in the F-Road trenches show late

stage carbonate alteration, with samples containing up to 10% calcite.






8400 Road Contact Unit (quartz-plagioclase-muscovite-biotite-chlorite-schist)

The 8400 Road contact unit, (previously mapped as ‘felsite’ by Payne, 1997)
consists of variably metamorphosed and interbedded pelitic sediments, calcareous
sediments, and mafic volcanic tuffs. This unit varies in thickness from a few meters in
surface exposures and drill holes 98-04 and 98-07, to 70m in drill hole 98-03 (appendix
B). Pelitic sediments make up about 20% of this unit with calcareous sediments making
up 15% and volcanically derived tuff making up 65%. The pelitic sediments are
metamorphosed to greenschist to lower amphibolite facies with some retrograde
alteration to chlorite. In hand samples, these sediments appear light to medium grey and
weather nearly white. Bedding is poorly to moderately defined and generally consists of
fine laminae interspersed with occasional centimeter-scale coarser beds (figure 7) . In
thin section, these rocks show intense quartz recrystalization, and are generally composed
of quartz, sericite, muscovite, biotite and chlorite. Occasional amphibole porphyroblasts
were seen in some samples (figure 8). The pelitic sediments contain minor amounts of
recrystalized pyrite and pyrrhotite. Cleavage formed in association with early
deformation trends parallel to bedding throughout this lithology and regularly shows
millimeter-scale crenulations. These crenulations trend southwest-northeast, but no
plunge could be measured. However the cleavage measured in trenches Tr-97-01, Tr-97-
1a, and Tr-97-07 (figure 5) that trends southwesterly and dips 50-60 degrees to the
northeast, is probably a manifestation of the same structural event that formed the

crenulation.



The mafic volcanic tuffs make up about 65% of this unit. Primary volcanic
structures and textures are difficult to recognize. Except for two occurrences of poor flow
banding (which could be sheared beds) in drill holes 98-03 and 98-04, no primary
volcanic textures are evident. In thin section, these rocks contain abundant plagioclase
(up to 45%). Quartz is variably recrystalized and occurs both in the matrix, and as
poikiloblasts in plagioclase that suggest its replacement. In the case of smaller crystals, it
is difficult to distinguish between quartz and plagioclase. Biotite and chlorite occur in all
the volcanically derived tuffs as blocky crystals that formed sub-parallel to
cleavage/bedding. Muscovite occurs with sericite in a few of the tuffs and defines the
crenulation cleavage. In sample DWT-99-011, two subhedral, intensely poikilitic
staurolite crystals were seen (figure 8). Occasional quartz veins, varying in orientation
and age, crosscut this unit and occasionally contain elongate acicular euhedral tourmaline
crystals. Sulphide mineralization consists of pyrrhotite and pyrite, with lesser sphalerite
and chalcopyrite. Pyrrhotite occurs as blebs and disseminations throughout the rock
matrix. Pyrite exists as large subhedral to euhedral metamorphic crystals, as smaller
subhedral to euhedral crystals that form amalgamations with in the rock matrix, and as
disseminations along fractures and vein systems (figure 9). Usually either pyrite or
pyrrhotite is the dominant sulphide and they rarely occur in equal amounts in any rock.
Sphalerite occurs as blebs associated with pyrite and/or pyrrhotite, and occasionally as
anhedral phenocrysts containing quartz and recrystalized sphalerite poikiloblasts.

Chalcopyrite occurs in minor amounts as inclusions in pyrite (figure 10).



Calcareous sediments including limestone make up about 15% of the 8400-Road
contact unit, and are moderately silicified and sericite altered and frequently finely
laminated. In drill core from holes 98-03 and 98-07, the limestone is medium grey to blue
and occurs as finely laminated 5 to 100 cm thick sequences that are often interbedded
with the metamorphosed pelitic rocks described above. None of the limestone lithologies

mapped in this study contain any sulphide mineralization.



Biotite-rich Schist (biotite-quartz-muscovite-chlorite-schist)

The biotite-rich schist (named for its abundant biotite porphyroblasts) outcrops in
three of the four creeks within the map area (figure 4). The presence of abundant biotite
porphyroblasts (2-10 vol. %), and its medium to dark grey and sometimes blueish colour,
distinguishes the biotite-rich schist from the 8400 Road contact unit and the Little River
schist (figure 11). Graded bedding was seen in two outcrops of this unit, giving a top
direction to the north-northeast and indicating that bedding is parallel or sub-parallel to
the regional foliation which generally strikes to the northwest and dips moderately to
northeast. As with the other units, the dominant foliation trends northwest and dips
moderately to the northeast. This foliation is weakly to intensely crenulated on a

microscopic scale. No trend or plunge was determined for these crenulations.

Biotite porphyroblasts are set in a fine-grained matrix of quartz and muscovite.
Chlorite occurs as small acicular needles throughout the matrix and is occasionally seen
overgrowing biotite. Both in hand samples and thin sections, fine compositional bands of
quartz and muscovite can be seen. It is interpreted that quartz and muscovite recrystalized
in bands that were originally representative of the primary bedding. The rock matrix
contains variable amounts of fine-grained opaques and occasionally carbonate alteration

was observed.



The biotite-rich schist shows a large variation in quartz recrystalization, and
biotite porphyroblast size (0.5-2.0 mm) and abundance (2-10 vol. %) from outcrop to
outcrop. Neither seems to show any local trend and is likely a manifestation of the
variable movement of fluid through the rocks during their metamorphism. Since this is
the only unit that contains biotite porphyroblasts, it is likely that their presence reflects
the original composition of the protolith, which in this case is interpreted to be a

mudstone or siltstone.

The contact between the biotite-rich schist and the 8400 Road contact unit can be
seen in drill holes 98-03, 98-04, and 98-07. Rocks near this contact are bleached and
appear to be more sheared than those further up stratigraphy. In the upper part of hole 98-
03, this unit may be interbedded with some of the pelitic sediments of the 8400 Road

contact unit suggesting a transitional contact between the two units.



Little River Schist (quartz-muscovite-schist)

The Little River schist, which outcrop along the Little River and on a ridge 700m
north of drill hole 98-04, may in fact be part of the biotite-rich sediments. The Little
River schist consists primarily of quartz and muscovite. The abundance of quartz
increases in abundance from 70-90 vol. % with its proximity to the quartzite. Minor
amounts of biotite, chlorite, opaques, and calcite are seen. It is assumed that fluid flow
through the schist during the period of regional metamorphism caused the silicification in

proximity to the quartzite.

The Little River schist lacks the biotite porphyroblasts of the biotite-rich schist,
are more siliceous, and show no evidence of primary structures. While these differences
may be a result of the metamorphism, the differences are sufficient to warrant its

consideration as a distinct unit in the present study.

Its colour varies from medium grey to bleached grey-white. Within this unit,
along the bedrock ridge, is a distinct, 10 to 30 m thick massive quartzite. This quartzite is
white, and is composed dominantly of quartz with minor muscovite, chlorite, opaques,
and plagioclase (figure 12). Cleavage is rarely seen in this unit and no other structural
features could be identified. This unit is thought to have formed as a result of a turbidite

or submarine debris flow along the continental margin or slope.



Bralco Limestone

The Bralco Limestone outcrops on the north side of the Little River along a
bedrock ridge and a waterfall of one of the unnamed creeks. Sample DWT-99-037 was
collected from the bedrock ridge where the limestone is massive and white to tan in
colour. This sample was submitted for conodont biochronology, but no recognizable
fossil material was recovered. The Bralco Limestone contains minor amounts of
recrystalized quartz and muscovite but is dominantly composed of calcite (figure 13). No
structure or primary textures are evident in hand sample or thin section. Struik (1986,
1988) assigned these rocks to the Bralco Limestone, which conformably overlies the
Downey succession. No contact between these two units was seen in the field. The Bralco
Limestone is thought to be truncated at its upper margin by the terrane bounding Pleasant
Valley Thrust Fault that placed Cariboo Terrane rocks overtop of Barkerville subterrane
rocks. No evidence of the Pleasant Valley Thrust Fault or any contact with Cariboo
Terrane rocks was seen in this study. Previous work by Struik (1988) suggested a
Paleozoic age for the Bralco Limestone, which he attributed to pellets found in a

limestone near Roundtop Mountain, about 18 km to the northwest.



4.2 Structure and Metamorphism

Regional structures of the Snowshoe group rocks were described by Struik
(1986,1988). He identified 3 different categories of structure; from youngest to oldest
they are 1) shear, 2) ductile shortening, 3) brittle shortening and extension. This sequence
began with shear in the late Triassic, and ended with brittle extension due to uplift in the
Eocene. McMullin et al. (1990) suggest the period of shearing may have taken place

earlier, possibly early Jurassic.

Structure observed in rocks of the Ace property consists of two cleavages. The
earliest one (S1), which is interpreted by top direction in the biotite-rich schist to be
bedding parallel, has a northwesterly trend and dips variably to the northeast from 50 to
70 degrees (figure 6). The second, later cleavage (S2) is observed as millimeter-scale
crenulations on the earlier cleavage (figure 14). The fold axes of these crenulations trend
northeast/southwest. No plunge of these crenulations was observed in the field due to
their microscopic nature. Cleavage measurements in trenches Tr-97-01, Tr-97-1a, and Tr-
97-07, which strike southwest and dip 50-60 degrees northwest (figure 5) are probably

related to this second structural event.

Two northeast-trending steep faults mapped by Struik, (1988) crosscut the upper
Downey succession in the region of the Ace property. The faults are referred to as the
GSC I and GSC Il faults by Payne (1997), one of which may crosscut the Ace property

imposing dextral and normal displacement. Since no conclusive evidence of offset was



seen, the existence and/or location of this fault in the immediate area of the Ace property

is uncertain.



Shear

Struik (1988) identifies a number of structures related to the earliest (i.e. shear)
phase of deformation. These include mylonitization, bedding-parallel cleavage, and
rootless isoclinal folding. No evidence of early mylonitization is seen in the Ace property
area, and Struik suggests it is limited to rocks at the westernmost edge of the Barkerville
subterrane and to mylonites near Island Mountain, about 4km northwest of Barkerville
(Struik, 1988). Bedding-parallel cleavage in rocks of the Ace property generally strikes
northwest and dips between 50 and 60 degrees to the northeast. Previous workers have
recognized bedding parallel cleavage both in rocks of the Ace property and throughout
the Barkerville subterrane (Struik, 1988). The bedding parallel cleavage may be a
regional consequence of the shearing event portrayed by mylonite near Island Mountain
(Struik, 1988). Small, hand-sized, isoclinal folds have been identified by Struik (1988),
and Sutherland Brown (1957) in the north and western margins of the Barkerville
subterrane, and are thought to be associated with this initial phase of deformation. No
such structures were identified on the Ace property. Bedding parallel cleavage is defined
on the Ace property by muscovite and biotite with chlorite overprinting both in some

areas.



Ductile shortening

Following a period of shear in the Barkerville subterrane, ductile shortening is
thought to have produced at least two recognizable sets of cleavage (Struik, 1988). Only
one such cleavage is observed in rocks on the Ace property in the form of a millimeter-
scale crenulation. Previous workers have reported that one of these cleavages may have
formed parallel or sub-parallel to bedding-parallel cleavage formed during shearing
(Alldrick, 1983; Struik, 1988). On the Ace property such a cleavage may exist, but is by

no means obvious in hand samples or thin sections.

The second set of ductile cleavage is defined on the Ace property by a
crenulation, which strikes southwest-northeast, and is well developed in the pelitic
sediments and volcanics of the Ace but poorly defined in the quartzite and limestones.
This crenulation is defined by muscovite, which has recrystalized along the axial surfaces
to millimeter-scale folds. Chlorite, which has randomly overgrown earlier foliations and
has replaced biotite, overgrows the crenulations. This means that the retrograde chlorite
metamorphism occurred after the crenulations and therefore after the period of ductile

shortening.



Brittle structures

Struik (1981, 1988) identifies a number of late, brittle structures in the region of
the Ace property. Most relevant to this project are the north to northeast trending steep
faults, which he postulates are extensional and Eocene in age. Faults of this nature are
common throughout the region (Struik, 1988, Alldrick, 1983) and have been mapped to
the north in the Pine Pass and McLeod lake areas (Struik, 1993) and to the south in the
Downie Creek map area (Logan et al., 1996). These faults appear to offset all other
structures, and therefore are assumed to be the youngest structural features of the

Barkerville subterrane.

Struik (1988) maps one of these northeasterly trending faults as crossing directly
through the Ace property map area, offsetting the terrane bounding Pleasant Valley
Thrust Fault. No evidence of this fault is seen in outcrops or drill core and its exact
location on the property and relation to local geology is therefore not known. In other
areas of the Barkerville subterrane, particularly around Barkerville itself, these
extensional faults host gold-bearing quartz veins (Alldrick, 1983). The vein filling of
these faults indicates a component of extension, but generally these faults have been
thought of as transtensional, related to the Early Tertiary strike-slip and uplift of the

Ominica Belt metamorphic terranes (Struik, 1988).



5. Biochronology

5.1 Methods

Two samples were collected for biochronological analysis. The first sample (field number
DWT-99-031) was from the Bralco Limestone on the north side of the Little River. The
second sample (field number DWT-99-037) was taken from one of the small limestone
interbeds within the 8400 Road contact unit. Samples for conodont analysis were
processed in the Paleobiology laboratory at the University of Victoria and were picked by
Steve Irwin at the Geological Survey of Canada in Vancouver. Sample weights ranged
from 1 to 4 kilograms. The standard techniques of acetic acid dissolution, wet sieving,
and heavy-liquid separation were used to extract and concentrate conodonts from the host

rocks (Stone, 1986).

5.2 Results

Neither of the samples contained any recognizable fossil material. As a result, no
dating of the rocks could be obtained. The fact that these limestones did not contain
conodonts may suggest that these rocks are lower Paleozoic in age or older. The lack of
fossil material could also be a result of pervasive regional ductile deformation and intense

recrystalization of calcite.



6. Geochemistry

6.1 Sampling and Analytical Methods

Sixty-six rock samples from the Ace property were analyzed by the analytical
chemistry laboratories of the Geological Survey of Canada, in Ottawa (table 1). Samples
were analyzed using ICP-ES (emission spectroscopy) for most of the major elements
(appendix C). H,O and CO, were analyzed by infrared spectroscopy, and FeO was
analyzed by means of a modified Wilson titration. Trace element analysis was done using
a combination of ICP-ES and ICP-MS (mass spectrometry).

Analytical precision calculated from repeat analysis of internal standards is given
as percent relative standard deviation (%RSD = 100*standard deviation/mean), and
yielded values of 1.81% for the major elements, 0.85% for the transition elements, 0.48%
for the high field strength elements, 1.84% for the low field strength elements, 1.51% for
the rare eart h elements, and 2.96% for Cu, Pb and Zn. Excellent precision is defined by
RSD values from 0 to 3%, and good precision with RSD values from 3 to 7% (e.qg.,

Jenner et al., 1990).



6.2 Results

Given the state of deformation and greenschist to lower amphibolite facies
metamorphism of the rocks in the Barkerville district, it is likely that some of the major
elements (e.g., Na,O, K;0) and low field strength elements-LFSE (Rb, Cs, Ba, Sr, K, Th,
V, Pb) may have been remobilized. For example, thin section petrography of rocks in the
8400 Road contact unit, shows that the matrix is recrystalized and dominated by quartz,
muscovite/sericite, calcite, and biotite assemblages that are presumably the alteration and
metamorphic products of the original volcanic and sedimentary rocks. Plagioclase
phenocrysts are sometimes preserved but in many places are replaced either partially or
completely by quartz. In partially recrystalized plagioclase crystals, quartz forms
abundant small poikiloblasts within plagioclase giving a dirty, mottled appearance. As
such, most of our interpretation and discussion are based on the more immobile high field
strength elements-HFSE (Zr, Hf, Nb, Ta, Y, Sc, +/- Ti, P) and rare earth elements-REE.
Nevertheless, the volatile content of the samples is low (H,O+CO, <6%), and we will
discuss some of the major element characteristics, as they do behave somewhat

coherently and provide insight into petrogenetic classifications of the rocks.

A number of discrimination diagrams were used in an attempt to classify and
identify both the volcanic and sedimentary rocks of the Ace property. As mentioned
above, the major elements or LFSE could not be used reliably in this classification due to
their mobile nature. Differentiation between sedimentary and volcanic rocks was inferred

in the field from mineralogy and textural relationships and verified by petrographic



analysis. This resulted in the identification of 24 volcanic samples from the 8400 Road
contact unit, and 42 sedimentary samples (9 from the 8400 Road contact unit, 15 from the
F-Road schist, 13 from the biotite-rich schist, 4 from the Little River schist and 1 from

the Bralco Limestone).

On the Zr/TiO, vs Nb/Y plot (after Winchester and Floyd, 1977) the volcanically
derived samples from the 8400 Road contact unit plot transitionally between the alkaline
and subalkaline fields (figure 15a). This plot identifies the volcanic rocks as being
basaltic to andesitic with a sub-alkaline to alkaline chemical nature. This classification
differs from the diagrams using major element classification. For example, on the SiO,
vs. Zr/TiO; plot (after Winchester and Floyd 1977; figure 15b), volcanic samples plot in
the sub-alkaline basalt, andesite, rhyodacite-dacite, and rhyolite fields. This plot shows
how the high mobility of SiO, influences the chemistry of the rock and is therefore a poor

variable to use for the identification of these rocks.

These mafic rocks were analyzed further using a number of geotectonic
discrimination diagrams. On the Zr-Ti/100-Y*3 diagram (after Pearce and Cann, 1973,
figure 16a), some samples plot in the calc-alkaline field, but many samples plot outside
the boundaries of the area defined within the diagram. These samples plot in a line, which
may represent an alteration trend, and shows the mobility of Zr and Y. However, the
Zr/TiO;, ratios in these rocks remains fairly constant (see figure 15a, 15b). In the Zr/4-
Nb*2-Y diagram (after Meschede, 1986; figure 16b), most samples plot in fields “All”,

within plate basalts and “B”, Plate-MORBs. On the Th-Ta-Hf/3 diagram (after Wood,



1980; figure 17a), samples plot nearly entirely within the destructive plate margin basalt
region defined by ‘D’. On the (NaO; + K,0)-MgO-FeOt plot (after Irvine and Barager,
1971, figure 17b) most of the samples fall into the calc-alkaline basalt field. As in the Zr-
Ti/100-Y*3 diagram, these samples are spread along a linear trend which possibly
defines an alteration trend and reflects the high mobility of the alkalis and Fe. The mobile
nature of some elements results in a conservative variability of element plots in this
diagram and others, however there appears to be a calc-alkaline trend showing in all the

diagrams, regardless of the mobile nature of some of their elements.

Rare-earth-element plots were also created in an attempt to define the
geochemical nature of lithologies of the Ace property. Plots of volcanically derived,
chondrite-normalized samples from the 8400 Road contact unit are shown in figure 18a.
They generally have a steep profile, are enriched in light rare earth elements (LREE), and
show slight to moderate negative anomalies of Ce and Eu. Plots of mafic volcanic rocks
from the Bathurst Mining Camp in New Brunswick, and the Finlayson Lake District,
Yukon Territory, are shown for comparison. There is a significant compositional overlap

between these volcanic rocks.

Plots for sedimentary rocks were normalized to North American Shale composite
(figure 18b). The sedimentary units have nearly flat profiles (showing no LREE or HREE

enrichment) and show a slight positive Ce anomaly and slight negative Eu anomaly.



7. Mineralization

Nearly all sulphide mineralization on the Ace property occurs within the 8400
Road contact unit, which is exposed in trenches, occasional outcrops, and in drill core.
Semi-massive to massive sulphide zones are stratabound and consist of thin
discontinuous lenses, as disseminations along bedding/cleavage planes, as fine
laminations, as cm-size blebs, and as veinlets associated with small quartz veins which
cross cut the bedding/cleavage plane. The dominant sulphide minerals are pyrite and
pyrrhotite with lesser sphalerite and chalcopyrite, which are found within mafic volcanic
tuffs, and pelitic sediments of the 8400 Road contact unit. Sulphide concentrations can be
in excess of 50% locally and therefore the term ‘massive sulphide’ is appropriate locally.
Sulphides are typically deformed to a variety of anhedral forms along with their host unit,
likely a manifestation of the regional ductile deformation that is seen in all rocks in the
region of the Ace property. Banding is often seen in the mineralized unit, and is defined

by quartz/muscovite layering as well as variable sulphide concentrations (figure 7).

Structural relationships observed in the field indicate that this banding is
conformable with the regional trend of bedding/cleavage relationships. The intense
deformation of these rocks makes it difficult to determine weather this bedding/cleavage
relationship is a result of primary banding or simply a manifestation of epigenetic
transpression of sulphide minerals along the regional bedding/cleavage trend. We suspect

that what is seen today is the result of transpression or transposition of sulphide minerals



following a primary sulphide banding, because the sulphides are along bedding/cleavage

planes and are confined to the 8400 Road contact unit (i.e. stratabound).

Pyrrhotite is seen in blebs and anhedral crystal assemblages throughout the 8400
Road contact unit. Pyrrhotite is more abundant in this unit than pyrite and is the primary
sulphide constituent in the *‘massive sulphide boulder train’ described by Barker Minerals
Ltd. Pyrrhotite is usually the primary sulphide mineral associated with lenses and
disseminations that are described as semi-massive to massive sulphides. Pyrite and
pyrrhotite comprise the majority of the massive sulphide lenses that are seen. Within
these lenses pyrite tends to be fine grained and occasional gangue minerals include quartz
and biotite. Pyrite is also seen in disseminations, where it is generally fine grained, and as
groups of euhedral crystal that fill fractures with chlorite. Sphalerite is seen in rocks from
this unit and occurs in small amounts (<1%) as euhedral lath-like crystals that contain
quartz and opaque poikiloblasts. Chalcopyrite is seen as well, usually in lesser amounts
than sphalerite, and often occurs within pyrrhotite crystals and occasionally in pyrite

crystals or as small blebs in the rock matrix.

Sulphide host rocks are generally silt- to fine sand-sized (up to 1.5mm) mafic
tuffs and pelitic sediments that plot as basalt and andesite on the Zr/TiO, vs. Nb/Y
diagram (figure 15a). They are easily identified in the field by their sulphide content,
bleached grey to white colour, and compositional banding. They have been variably
referred to as exhalite, leucocratic diorite, andesinite, siliceous alteration zone, and felsite

(Hoy and Ferri, 1998, Payne, 1998a,b, Walus, 1997). The mafic volcanic tuffs contain



nearly equal amounts of quartz and plagioclase, with minor amounts of muscovite,
biotite, sericite, calcite and opaques. The untwined nature of much of the plagioclase in
these rocks, and its similar habit to quartz may have caused its abundance to be
underestimated. Petrographic work on samples from this unit suggests that the original
rock has undergone various phases of alteration and mineralization, which makes the

identification of the protolith difficult.

In the 8400 Road contact unit, three stages of alteration/mineralization can be
inferred from petrographic work and mineralogical relationships in hand samples.
Silicification is the first stage of alteration, and is evidenced in thin section by the
replacement of plagioclase by quartz poikiloblasts. Complete silicification of individual
plagioclase crystals is reflected in the difficulty in distinguishing between quartz and
plagioclase. The second stage of alteration includes sericitization. Distinguishing between
muscovite and sericite in thin section is difficult and as such, petrographic tables refer to
nearly all white micas as muscovite (see appendix A). Muscovite/sericite occurs as large
tabular crystals and as fine acicular needles that frequently grow with and occasionally
overprint quartz poikiloblasts in plagioclase. This second stage of alteration may also
include the recrystalization of pyrite crystals and could represent a high temperature
alteration event (Walus, 1997). The third stage of alteration, which is a late metamorphic
event, consists of localized carbonatization. Large calcite crystals are seen in thin sections
to grow in small veinlets, which crosscut all previous structures. These veinlets can often
be seen in hand samples as well. In some rocks of the 8400 Road contact unit, but more

frequently within the biotite-rich schist, chlorite is seen pseudomorphically replacing



biotite. This replacement is fairly late, probably occurring at the same time or later than

the sericitization.

A number of quartz veins, locally with significant amounts of sulphides, occur on
the Ace property. Some of these veins are early and are folded and deformed while others
are late and crosscut the cleavage. These veins are dominantly quartz (usually >85%) but
also contain variable amounts of pyrite, muscovite, biotite, chlorite, tourmaline and minor
chalcopyrite. Euhedral 1-2 cm tourmaline crystals commonly grow within these veins in
a variety of orientations. While these veins have been identified as having similar
characteristics as those that host the Barkerville lode gold depostis (Hoy and Ferri, 1999,
Payne, 1998Db), the study of these quartz veins was not the primary objective of this

project.



8. Discussion

The mineralized zone containing semi-massive to massive pyrrhotite, pyrite,
sphalerite, and chalcopyrite on the Ace property is within a succession of ductily
deformed, greenschist to lower amphibolite metamorphosed quartz-plagioclase-
muscovite-biotite-chlorite schists, herein known as the 8400 Road contact unit. While the
protolith of these schists is not known, textural features in the field and geochemical
signatures indicate that these rocks are mafic volcanically derived tuffs and possibly
flows, that exist as a thin elongate tabular body sandwiched between successions of
continental shelf and slope pelagic and alluvial sediments (F-Road schist and the biotite-
rich schist). The stratabound nature of the massive sulphides, their host stratigraphy, and
their silicic and sericite altered nature is similar to the Besshi-type Goldstream deposit

that lies within the Index Formation of the Kootenay Terrane to the south.

The metal content of the Ace property is not unlike the Goldstream deposit as
well. The dominant metals of the Ace mineralized zone are Cu and Zn with locally
anomalous but variable Ag, Au, Co, Mo, Bi, As, and Ni content. The Goldstream deposit
produced Cu, Zn, and Ag but anomalous Ni, Co, and Pb were also reported in many of

the host rocks (Hoy et al., 1984).

A distinct geochemical pattern was observed in rocks of the Ace property as

interpreted from a number of geochemical discrimination diagrams. The Nb/Y vs.



Zr/TiO, plot (Winchester and Floyd, 1977), an index largely unaffected by
metamorphism and deformation, showed volcanic rocks of the Ace property to be
transitional between alkaline and subalkaline basalt and andesite (figure 15a). On the
Nb/Y vs. Zr[TiO, plot, mafic volcanic rocks from the Finlayson Lake District, Yukon
Territory, the Devonian-Mississippian Eagle Bay Assemblage, Adams Plateau, south-
central British Columbia, and the Bathurst mining camp, New Brunswick were
superimposed on the mafic volcanic rocks from the Ace property. The field for
Goldstream rocks was not included because geochemical data was not available. An
overlap in the alkali-basalt field is observed. However, on a SiO, vs. Zr/TiO, plot (figure
15b), these rocks all plot in different area (no data was available from the Bathurst
mining camp). In this plot, the Zr/TiO; ratio of rocks from each assemblage remains the
same. The main variable is SiO,, which seems to fluctuate greatly especially in rocks of
the Ace property. This is likely a reflection of the intense but locally variable silicified
nature of these rocks. Rocks from the Eagle Bay Assemblage show very little, variability
in SiO, content and have a similar Zr/TiO; ratio to those of the Ace property. This similar
geochemical signature is another possible indication that the Barkerville subterrane is
correlative with the Kootenay Terrane. Subsequent basaltic discrimination plots using
largely immobile elements were then used to further characterize these volcanic rocks as
being transitional between plate margin calc-alkaline and occasionally alkaline basalts,

andesites and differentiates.

Zr-Nb-Y and Zr-Ti-Y plots (figure 16) show the distribution of samples from the

Ace property as well a suite of samples from the Bathurst mining camp, and one from the



Kootenay Terrane. The highest concentration of both Ace and Eagle Bay Assemblage
samples on the Zr-Nb-Y plot occurs in the All (within-plate alkaline and within plate
tholeitic basalts) field (figure 16b). This diagram tells little about the tholeiitic vs.
alkaline nature of the rocks but it does reveal one important detail; that both mafic
sequences have within-plate affinities. Similar conclusions can be drawn from the Zr-Ti-
Y plot (figure 16a). Although the Ace property rocks and those of the Eagle Bay
Assemblage do not overlap directly, they both share the calc-alkaline field (figure 16a;
‘C’). Since samples from the Bathurst mining camp plot dominantly as within-plate-
basalts, they also have similarities to rocks from the Ace property in their geotectonic

environment.

Of particular interest when examining the geochemical nature of these rocks is the
chondrite normalized (Rock, 1987) rare-earth-element plots of the volcanic tuffs of the
Ace property. The coherent and somewhat predictable properties of the rare-earth-
elements allows them to serve as tracers of the alteration reactions in VMS systems
creating typical REE patterns in rocks which host VMS deposits (Graf, 1977). In general
rocks that host sulphide deposits display LREE enrichment (Peter and Goodfellow, 1993)
resulting in steeper profiles because HREE content is dominantly terrigenous/pelagic in
origin (Lentz, 1996). Eu is generally depleted in rocks adjacent to the ore zone, but
marked increases and a relative enrichment of Eu are seen in the ore zone itself (Adair,
1992). This enrichment of Eu in the ore zone is thought to take place as a result of Eu

substitution into the sulphides (Lentz, 1996).



A comparison of REE profiles of mafic volcanic rocks from the Ace property to
those of the Fyre Lake succession (which host the Besshi-type Fyre Lake VMS deposit),
of the Finlayson Lake District, Yukon Tanana Terrane, and those from the Bathurst area
in New Brunswick, reveal a number of similarities and differences (figure 18a). The
majority of the samples from the Ace property show a variably fractionated REE profile
with negative Ce and Eu anomalies. REE plots of both the Fyre Lake succession and the
Bathurst mafic volcanics show a similar profile to the Ace property, with relative
depletion in the HREE. The similar fractionated nature of all three REE plots shows that
mafic volcanics from each of these areas may all have a similar geochemical makeup. As

well, Fyre Lake and Bathurst rocks show no negative Ce or Eu anomalies.

Analogies can also be drawn between the Ace property and the volcanogenic
massive sulphide deposits of the Goldstream area in southwestern British Columbia
including the Goldstream deposit itself. Comparisons with the Goldstream deposit are
threefold. Firstly, the Barkerville subterrane which hosts the Ace property and the
Kootenay Terrane which hosts the Goldstream deposit are thought to have formed in the
same geotectonic environment and are probably lateral equivalents (Preto et a., 1980;
Preto, 1981). Both terranes are thought to have formed in an epicontinental extensional
environment, possibly a marginal basin or back-arc basin with abundant platformal and
slope sediments and extensional related volcanic rocks as the dominant lithologies
(Struik, 1988). The identification of most of the volcanic rocks of the Ace property as
continental margin or within-plate basalts and andesites confirms this theory of an

epicontinental origin.



Another link between mafic volcanic rocks from the Ace property and those from
the Goldstream area is that both have a calc-alkaline chemical nature (Hoy and Ferri,
1999). Hoy (1991) suggests that Besshi-type deposits are generally in calc-alkaline
sequences of mafic volcanic and siliciclastic rocks that occur predominantly in rifted
continental margins. This is hardly conclusive evidence for labeling the Ace property as a
Besshi-type volcanogenic massive sulphide deposit, but it does highlight a major

similarity.

Unfortunately no microfossils were recovered from either of the samples
submitted for biochronology. The age of the rocks, which host the Ace property, must be
interpreted from stratigraphic correlations and relationships, which are poor at best due to
the large amount of till in the area. Hoy and Ferri (1998) suggest a correlation of the
Bralco Limestone with the Early Cambrian Tshinakin Limestone of the Eagle Bay
Assemblage to the South. Such a correlation would imply that the Downey succession is
upside down and actually youngs to the southwest. This does not agree with the
northeasterly topping direction inferred from graded bedding in the biotite-rich schist

(this study) or the biochronology done by Struik (1988).



9. Conclusions

Greenschist to lower amphibolite facies metamorphism, several alteration events,
pervasive ductile shearing, and lack of outcrops makes mapping and interpretation of the
geology and tectono-stratigraphic setting of the Ace property lithologies extremely
difficult. Previous workers have mapped these rocks as undifferentiated Downey
succession consisting of micaceous quartzite, phyllite, marble, limestone, calcareous
quartzite and tuff (Struik, 1988). Geological mapping, and core logging of three drill
holes on the Ace property revealed five somewhat reliable stratigraphic units. From
oldest to youngest these are: 1) The F-road schist, which consists of metamorphosed
pelitic sediments, 2) the 8400 Road contact unit which hosts semi-massive to massive
sulphides in mafic volcanic tuffs, 3) the biotite-rich schist, a biotite-rich metamorphosed
mudstone or siltstone, 4) the Little River schist, which consists of quartz rich pelitic
sediments and quartzites, and 5) the Bralco Limestone a bleached white massive

limestone.

The mineralized zone on the Ace property is found within mafic calc-alkaline
quartz- and plagioclase-rich volcanic tuffs of the 8400 Road contact unit. The main
sulphides in this zone are pyrrhotite and pyrite with lesser chalcopyrite and sphalerite.
They are most often found in discontinuous lenses, and as disseminations. The
lithological succession of these sulphides, within mafic tuffs and associated pelitic
sediments, is similar to that of the Besshi-type Goldstream deposit within the Kootenay

Terrane to the south, although the amount of sulphide mineralization discovered to date is



considerably less. The complex geology of the region makes it difficult to interpret the
origin of this mineralization. The stratabound nature of the sulphide zone and their
microscopic structures and textures suggest a possible syn-genetic mode of formation,
however bedding parallel cleavage and multiple phases of metasomatic overprinting

would likely mask any absolute evidence of syn-genetic origin.

Mafic volcanic tuffs from the 8400 Road contact unit plot transitionally between
the alkaline and subalkaline basalt and andesite fields, and show a variable SiO, content,
indicating that a significant amount of silica remobilization has taken place. The within-
plate tholeitic and calc-alkaline chemical nature of these rocks is similar to basalts from
the Kootenay Terrane to the south, agreeing with the hypothesis that both the Kootenay
and Barkerville terranes formed in the same or similar tectonic environment, along the

ancient Pacific plate margin.

Although similarities do exist between lithologies, tectonic setting, and
mineralization of the Ace property and other base metal properties along the pericratonic
belt, it is difficult to say for sure that they occur in the exact same geotectonic
environment. Since the Downey succession, which hosts the Ace property, stretches for
many kilometers to the northwest and southeast, this ground must be considered a
favorable exploration target for the discovery of new base metal mineralization or the

extension of the mineralized zone on the Ace property.
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Appendix A: Detailed Petrographic Tables

Abbreviations used in tables:

Quartz Q
Muscovite M
Biotite Bi
Plagioclaise Plag
Staurolite Staur
Pyrite Py
Pyrrhotite Po
Sphalerite Sphal
Chalcopyrite Cpy
Chlorite Ch

Opaques Opaq
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