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ABSTRACT

The Thunder Bay Silver District is composed of two
curvilinear groups of veins, the Mainland and Island Belts: The
veins can be mineralogically divided into the barren, silver-—

bearing, and S—element association veins.

During the present study, fluid inclusion, sphalerite
composition, and sulfur isotopic composition were investigated,
as well as some aspects of the mineralogy of the veins. Fluid
inclusions in quartz, calcite, and fluorite indicate temperatures
ranging from 70=—450=C during vein deposition could be found in
veins of both geographical and all mineralogical groups. Fluid
inclusions in sphalerite indicate ore minerals were deposited
between 80=-120*C at all locatiens. Salinity of the hydrothermal
solutions was highly variable, 1-30 equiv. wt. % NaCl. The
dominant salt in solution was CaClax.

Fe content in sphalerite indicates a log asa of —-18 to -25
during ore deposition at all deposits except Spar Island. At
Spar Island copper sul fide mineralogy suggests log amsa of —14 to

~-18. Sphalerite often contained trace quantities of Cd.

Sul fur isotopic composition of sulfides and barite ranged
from -S9.7 to +12.2%., with two anomalous values (near +30%Z.) from
supergene samples. Paired data indicate isotopic non-—
equilibrium during deposition of sul fides.

The consistency of fluid inclusion, sul fur activity, and
sul fur isotopic data suggest both depositional environment and
hydrothermal fluid source were similar for all veins in the
Thunder Bay district. Heterogeneity of the deposits,
particularly the presence or absence of Ag, Ni, Co, and As may be
due to the evolution of the fluids between their inception and
entry into the depositional environment.

The source of the fluids is unknown, although their original
sul fur isotopic composition is inferred to be fairly low
(+4.7%.), suggesting a magmatic source of sul fur is possible.
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INTRO. 10N

The Thunder Bay Silver District lies along the northwest
shore of Lake Superior, Ontario, Canada (Figure 1). It lies
within the Southern Structural province, hosted by a belt of
weakly metamorphosed sediments of Aphebian age, and associated

with a series of mafic intrusions of Helikian age.

Silver veins were first discovered in the Thunder Bay area
in-1846 when Prince’s mine was first worked, although the main
interest in this vein was its abundant copper. During the mid
18608 the discovery of veihs on the shore of Lake Superior and on
a tiny island offshore led to the development of the Silver Islet
and Thunder Bay Mines and firmly established the area as an

important silver producer.

From 1882 to 1891 a second boom in silver mining in the area
occurred when 0Oliver Daunais discovered silver-bearing veins in
the Silver Mountain and Rabbit Mountain areas. During the 1890s
a sharp decline in the price of silver effectively ended
production from these mines. Attempts to reopen mines during the
early 1900s proved unprofitable, although material from some

dumps and dredged from the Silver Islet dock area has been

processed recently.

A comprehensive summary of vein descriptions was completed
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by Tanton (1931), and has served as a base for most later work.
Tantoﬁ‘documented the presence of fluid inclusion in the vein
systems at the Silver Islet, Beaver, and Shuniah mines, where
pockets of inflammable gas were encountered during mining. The
composition of the gas at the Beaver and Shuniah mines was never
analyzed; however, at Silver Islet it was fbund to contain
“chlorides of calcium, sodium, magnesium and potassium, calcium
carbonate, and calcium sulphate accompanied by inflammable gas...
It may have been hydrogen sulphide, which-was detected in the

mine in 1920, or it may have been a hydrocarbon® (Tanton, 1931).

The mines in the Thunder Bay area were economically
important for a brief period of time; however, they are quite
significant geologically in that they have quite a variable

nature, including veins of the:

1) five—element (Ag—-Ni—-Co—-As—-Bi) affinity, e.g. the Silver
Islet vein,

2) simple polymetallic (Ag-FPb-Zn+Cu-Ba) type, e.g. Silver
Mountain vein, and

3) the base metal (Pb-Zn—-Ba) type, e.g. Victoria Island.

The genesis of the five—element association veins is enigmatic
(Halls and Stumpfl, 1972), and the similarity of the Silver Islet
vein to the ore deposits found in the Cobalt and Great Bear Lake

districts is striking. It would be useful, then, to compare



S
five—element vein genesis to genesis of the less complex veins in

the area.

The purpose of this study is to determine the environment of
deposition of veins representative of each of the three types

itemized, and to deduce from this:

1) a genetic model of vein formation, and
2) the particular differences in genesis which led to the

formation of each of the three distinctive vein types.

To do this, three types of investigation were undertaken and

are presented in this thesis:

1) a microthermometric study of fluid inclusions in vein

material to determine trapping temperatures and fluid

salinity,

2) an examination of mineralogy and paragenesis of a number
of vein systems, including mapping and sample

collection, and

3) a sul fur isotope study of sphalerite, galena, pyrite,

and barite.

The study surveys the complete range of vein types, using as

many examples as possible rather than focusing comprehensively on

any particular vein.



REGIONAL GEDLOGY

The Thunder Bay area lies in the Southern structural

province, and is composed of Precambrian strata of Archean and

Proterozoic age. (Figure 2)

The Archean basement is a steeply dipping assemblage of
metamorphosed volcanic and sedimentary strata, intruded by
granitoid plutons and batholiths during the Kenoran orogeny. It
is unconformably overlain by the Aphebian Animikie Group,
comprised of the Rove and Gunflint Formations. The entire area
is host to a number of mafic intrusions, including the Logan
diabase sills, Pine Point - Mount Mollie gabbro and the Pigeon

River diabase dykes (Geul, 1970, 1973).

The Animikie Group is composed ofgtwo formations: the older
Gunflint Formation and the younger Rove Formation. The geology
of these sediments has been described by Goodwin (1956), Franklin
(1970, 1982), Morey (1972) and Shegelski (1982). In Canada, the
Animikie is exposed between Gunflint Lake, near the Canada-U.S.

border, and Thunder Bay, and sporadically as far east as

Schreiber, Ontario.

The Gunflint Formation has a maximum thickness of 180m in
the Thunder Bay area, 100m in northern Minnesota. Goodwin (19356)

subdivided the Gunflint formation info six facies, from bottom to
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top: the basal conglomerate facies, the algal chert facies, the
shale facies, the taconite facies, the chert-carbonate facies and
the limestone facies. The lower contact of the Gunflint
Formation is unconformable and knife-sharp; it is here that the
first facies mentioned, the discontindous *Kakabeka
conglomerate”, is found. The following four facies mentioned
were thought to represent a depositional cycle found twice in the
stratigraphic column. Shegelski ¢1982) suggested that in fact
these “facies™ are lens shaped horizons, discontinuous and
repeated throughout the region, forming a more complicated
stratigraphy. The uppermost unit is composed of limestone and

dolostone, which has a gradational contact with the overlying

Rove shale.

Goodwin suggested deposition occurred in a restricted
basin bordering an open sea. An active volcanic region provided
a source for sediments as well as a mechanism for disturbing the
basin and causing cyclicity of sedimentation. Shegelski (1982)
suggested, instead, a series of partially restricted basins along
an intratidal carbonate shelf. Algal cherts are representative
of barrier islands, shales of lagoonal areas and mudflats.
Grainstones are the product of mixed biochemical and clastic

gsedimentation; some of them are reworked sediments.

The Rove Formation is up to 6800m thick in the Thunder Bay

area, but thickens to over 1000m in Minnesota. It has been



divided by Morey (1969) into three facies: the lower argillite,
the transitional sequence, and the upper, thin—bedded greywacke

facies. In the Thunder Bay area only the lower argillite occurs
to any extent. From the base to the top of the Rove Formation,
the following units are found: a thin—to—tﬁick—bedded grey
argillite showing some primary structures such as crossbedding
and grading; a very thin bedded dark grey silty argillite; and
a pyritaf, carbonaceous, black argillite. The shale comwmonly
contains thin lenses of carbonate and ellipsocidal carbonate

concretions up to one meter in diameter.

The shales of the Rove Formation were deposited in
relatively quiet waters, indicating a steady subsidence of the
basin. Particularly to the south, in Minnesota, the réte of
downwarping of the basin was greater than sedimentation rates, so
that a gradual increase in slope of the basin margin occurred and
the number of deposits resulting from turbidity currents
increased. Shegelski noted that the Rove shales could be
laterally equivalent to, as well as overlying the Gunflint

Formation and that the Rove-Gunflint contact is totally

gradational.

Table 1A summarizes radiometric ages determined for the
Animikie ages. The actual age of sediment deposition, based on
the Nd-Sm method (Stille and Clauer, 1986), is thought to be

2.080Ga. Previous work using K—-Ar and Rb—-Sr methods had
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JABLE 1A: AGE DETERMINATIONS OF THE ANIMIKIE SEDIMENTS

SOURCE METHOD AUTHOR(S)

1.57

1.63+.024

1.556+.064

2.08+0.25

1.3

0.9-1.1
0.99-1.1

0- 73—1 -06
1.109+0.2

Gunflint Argillite K=Ar Hurley et al 1962)

Rove 3
VirginialFormations Rb-Sr Peterman (1966)

Thompson?

Gunflintl3Formations Rb—Sr Kovach &®*Faure (1969)
Rove >

Rove Formation Rb-Sr Franklin (1978)

Gunflint Formation Sm—Nd Stille & Claure (1986)

3 INATI F MAFIC I IONS
Logan Sills K-Ar Hanson & Malhotra
(1971)
Pigeon River Dykes K-Ar " "
Logan Sills paleomag— Robertson % Fahrig
netism (1971)
Logan Sills K-Ar s "
Logan Sills U-Pb Davis & Sutcliffe

(1984)
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indicated ages of 1.56 to 1.9Ga, indicating the times of closure
of the isotopic systems. Although the sediments appear
undeformed, the discrepancy in the age determinations suggest a
period of regional metamorﬁhism closing at 1.65Ga (Franklin et

al., in press).

Tihwree types of mafic intrusions occur in the Thunder Bay
region: the Early Mafic Intrusions, or Logan Sills, the Pigeon

River Mafic Dykes, and the Pine River—-Mount Mollie Gabbro.

The Early Mafic Intrusions have been described by Blackadar
(1956), Geul (1970, 1973), and Weiblen et al. (1972). In the
Thunder'Bay region they are a series of tholeiitic quartz diabase
sills 5-25m thick, but they thicken to the east, in the Lake
Nipigon region, to over 100m. They can generally be divided into
three zones: the lowest basal or chill zone; the central
microcrystalline or subophitic zone; and the upper diabasic,
relatively felsic zone. Some diabase is plagioclase porphyritic.
Red granophyric phases are found locally at the top of a number
of sills; these have been attributed to assimilation of granitic
material rather than differentiation of the diabase magma
(Blackadar 1956). The grain size and mineralogy of the sills,
particularly the presence or absence of quartz and olivine,
change.abruptly across a typical section of a sill. This
suggests a sequence of penecontemporaneous magma intrusions, each

pulse not quite solidifying before the next event. These bodies
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are characterized by a reverse magnetic polarity.

K-Ar ages of the sills vary from 0.73-1.3Ga (Table 1B), the
large variation due to escape of gr from whole rock samples
(Robertson and Fahrig, 1971). Paleomagnetic daté supports an age
of 0.99-1.1Ga (Robertson and Fahrig, 1971), which is similar to

K-Ar age obtained for the Pigeon River dykes.

The Pigeon River Mafic Dykes are a northeast—-striking swarm
of dykes exposed on the shore of Lake Superior and forming a
chain of islands within the lake. They are fine— to medium—
grained olivine diabase, and locally, plagioclase porphyritic.
Some of these dykes clearly cross-cut the Logan Sills, and all

can be distinguished by their normal magnetic polarity.

The Pine River — Mount Mollie gabbro is the youngest of the
mafic intrusions with a K-Ar age of 1.045G6a (Geul, 1973). It is
an east-striking, anorthositic to quartz bearing gabbro,
interconnected with the layered Crystal Lake gabbro. The
presence of deuteric alteration is ohserved, as evidenced by the
presence of biotite, secondary amphibole, saussurite, sericite,

and hematite. The gabbro is characterized by normal magnetic
polarity.

The Thunder Bay silver district lies within the Southern

Province, which has been described by Card et al. (1972). The
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Animikie sediments show a regional warping, dipping 2-10-<

southeast. At local interfaces with mafic intrusions deformation

can be more intense.

The structural geology of the area is dominantly related to
the formation of the Lake Superior Syncline, which generally
coincides with the Mid-Continent Gravity High, during the
Keweenawan (Figure 3). Three fault subparallel systems were
developed at this time as described by Franklin (1982), the three
sets forming arcuate bands subparallel to the axis of the Lake
Superior Syncline striking 060 to 070 and dipping steeply
south. The two more northerly fracture belts host the silver
veins. Movement of these faults is largely normal, but reverse
motion was noted at the Porcupine Mipe (Franklin, 1970) and is

common in the most southerly belt passing through Isle Royale.

Many of the fault zones contain mafic dykes, and movement

can often be seen to postdate as well as precede their

empl acement.
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VEIN GEOLOGY

VEIN CLASSIFICATION

Silver—-bearing veins of the Thunder Bay area have been
described by Ingall (1888), Bowen (1911), Tanton (1931), 0Oja
(1566), Franklin (1970) and Franklin et al. (in press). Ingall
(1888) subdivided the veins, on the basis of geographical
clusters, into five groups (Figure 4A): the Coast Group, Port
Arthur Group, Rabbit Mountain Group, Silver Mountain Group and
Whitefish Lake Group. The last group consisted of barren, non—
economic veins, but mines located in each of the first four
groups mentioned operated during the mid to late 1800s. Bowen
(1911) suggested the veins could be divided intq.only two groups
named after their dominant host lithology: the Grey Argillite
Belt, indicating the northern system of veins, and the Black

Slate Belt indicating those veins found in Lake Superior.

These belts are parallel, curvilinear features, oriented
subparallel to the coast of Lake Superior. Mapping has shown no
true consistent lithologic difference between the host rocks,
prompting Oja (1967) to propose the now accepted classification
of Mainland and Island Belts respectively (Figure 4B). The
locations of silver veins examined during the current study are

presented in Figure S.
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A second type of classification is possible, based on the

mineralogy of the veins, and is useful in constructing a genetic
model for the vein region. By this scheme the groupings would be

the barren veins, the simple silver veins and the five—element

associated veins (Ag-Co—Ni-As-Bi).

The majority of veins are anastomosing features that fill
faults and shatter zones. They have a curvilinear trend and are
of highly variable width. Minerals are commonly euhedral and
show open growth type textures such as drusy and comb structures,
symmetrical crustification, and rhythmic cycles of deposition.
Vugs are common. Replacement features are generally limited to

the sulfides and are uncommon except in the Island Belt.

The Mainland and Island Belts have subparallel trends, but
the veins within these belts have distinctive orientations. In

the Island Belt veins strike north to northwest (Figure 6A), and

have a fairly uniform orientation.

In contrast the Mainland veins have a more variable
orientation but the majority of Mainland veins strike northeast
to east northeast, dipping steeply to the south; examples include
the Silver Mountain and Rabbit Mountain veins and the veins of
the Port Arthur Group (Figure 6B). In contrast, the Big Harry
vein strikes west northwest, the Beraver northwest, and the North

Bluff vein stri kes west, suggesting these veins may be related to
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Figure 6: Orientation of veins in
Mainland and Island Belts from
Franklin et al. (in press).:
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a different episode of vein filling than that of most Mainland

veins.

PREVIOUS WORK

Comprehensive descriptive reports on Thunder Bay silver
veins were first completed by Ingall (1888) and Tanton (1931).
The first recent work was done by Franklin (1970), who presents a
summary of significant vein geology, with emphasis on the Creswel
(Rabbit Mountain group) claims. A survey of homogenization
temperatures done by Franklin et al. (in press) obtained from
quartz from the Porcupine Mine indicates the presence of boiling,

and depositional temperatures of 200—400<C.

A number of vein systems have been described in H.B.Sc.
theses at Lakehead University, examining their mineralogy,
structure, and paragenesis. Mines included are the: Rabbit
Mountain (Mosley, 1977); West Beaver (Manuala, 1979); Island
Belt (Smyk, 1984) and Creswel (Rabbit Mountain Grou;:) (Chambers,
1986). Harvey (19835) tested the lateral secretion model by
examining the abundance of metals in Rove shale bordering one of
the Rabbit Mountain vein. A number of Pb—isotope analyses have
been completed by Franklin et al. (in press), which are presented
with a summary of possible genetic n;odels for silver—-bearing

veins along the north shore of Lake Superior.
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RABBIT AND SILVER MOUNTAIN GROUPS

The Rabbit and Silver Mountain groups are hosted by Rove
shale and to a lesser extent the Logan diabase sills. In general
veins narrow as they enter the sills, e.g. at thé Big Harry Vein;
however, there are exceptions to this rule, e.g. the Rabbit
Mountain No. 1 Vein. Most of the past producing veins are
oriented NE to ENE, dipping steeply south. The main exceptions.
to this are the Big Harry Vein, have a WNW orientation, and the
Beaver Mine Vein, striking NW. The Little Pig Vein, a barren
vein, also has a different orientation, striking NW dipping 60=

to the SW.

Veins of both groups show an initiél phase of fine—grained,
drusy, milky to colorless quartz deposition. This is commonly
succeeded by bands of green fluorite, either as thin horizons
parallel to vein walls or as massive breccia cement. This is
followed by the first phase of calcite deposition, which again
occurs both as a fracture lining and as breccia cement. Some
sphalerite and galena commonly accompany either the transition
zone from fluorite to calcite or the calcite deposition. In this
position in the paragenetic sequence, sulfides often occur as
subhedral to euhedral crystals disseminated in a band parallel to
the vein walls. In breccias, sphalerite crystals are often found

ad jacent to wall rock fragments, while galena is often

disseminated through the matrix.



Commonly this first massive calcite deposition phase is
interrupted by a peri'od of brittle fracturing/faulting, often
oriented subparallel to the initial vein, and observable as a
series of wavy, anastomosing fracture surfaces or as brecciation

of vein/host material.

This event is often postdated by a combination of sulfide,
green and purple fluorite, and calcite deposition, and the
initial appearance of silver either as native silver or
acanthite. The main post-fracture mineral deposited is calcite,
and it is during this stage barite occurs if present in the
veins., Pyrite and chalcopyrite may also begin to appear at the

point.

The wvug-lining stage is dominated by quartz deposition, in
colorless, smoky and amethystine forms. This can be accompanied
by silver in wire, leaf, and nugget forms, as well as calcite and

base metal sul fides, although the latter are uncommon.

With the exception of the Big Harry Vein, all members of
these groups fall into the simple silver vein chemical
classification. Assay results obtained by Falconbridge at the

Big Harry Vein indicate the presence of some arsenide minerals

(Cole, 1978).
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Little Pig Vein - West Beaver Mine

The mineralization occurs in a breccia zone 30cm to 1.3m
wide, st;iking 077/70=SE. The vein lies in Rove shale near a
Logan sill. The vein is asymmetrical, confaining a massive
breccia zone, rimmed by encrustations of green, purple, and
colorless fluorite, calcite and quartz. Disseminated galena
occurs in calcite, along with minor chalcopyrite; sphalerite is
found in small quantities throughout the paragenetic sequencej;
and pyrite with minor chalcopyrite occurs with late stage quartz
as vug linings and in ramifying veinlets. The geology of the
vein has been described in detail by Manuala (1979), and reviewed

by Chambers (1986).

The Little Pig Vein is significant in that no appreciable
silver mineralization was found in it, although it seems closely
related in all other respects to the nearby No. 2 vein of the
West Beaver property. Manuala noted that most veins in the
Rabbit Mountain Group are commonly intersected by fracture sets
oriented 010 and 300*, but that late stage fracturing of the
Little Pig Vein did not occur in these orientations. He
suggested the absence of this fracture set is responsible for the

lack of silver in this vein system.
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No. 2 Vein - West Beaver Mine

The No. 2 composite vein of the West Beaver Mine is 30-60cm
wide, striking 040<, vertically dipping. The vein contains
calcite, quartz, fluorite, sphalerite, pyrfte, and galena.
Tanton (1931) also reported the presence of rose quartz,
pyrrhotite, chalcopyrite, and minor acanthite. In general this
vein appears to have a gripular, massive texture, rather than
showing the symmetry and open fracture filling textures common to
Mainland veins and evident at the Little Pig Vein, although
Tanton mentioned the presence of crustification in samples from
thé dump. The acanthite is largely found as leaves along late
stage calcite cleavage planes. The vein is entirely hosted by

the Rove shale, which is shattered in the vein area. Late stage

crogss—-cutting rusty veinlets are common.

Big Harry Vein

The Big Harry Vein is one of two parallel veins forming the
Beaver Junior property. The vein occurs within a fault zone
striking 284/85-. The main vein averages 25cm in width, but
narrows as it enters diabase from argillite host rock. Quartz,
calcite, minor green and purple fluorite are the main gangue
minerals found, with barite an important constituent of the
neighboring NMNorth Bluff Veoin. Cole (1978) also reported the

presence of plagioclase in an early veinlet near the northern
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contact of the vein; however, it was not observed during this
study. Ore minerals present include sphalerite, galena, minor
pyrite and chalcopyrite, native silver and acanthite. Base
metals are found in small quantities throughout. the paragenesis;
however, native silver is restricted largely to the pést—
fracturing vein filling, and acanthite is largely associated with
the late stage and vug-filling quartz—amethyst-calcite event.
Covellite has been observed replacing galena in one sample (Cole

1978).

Cole (1978) tentatively identified allemontite (AsSh)
rimming native silver. Further investigation (Kissin, personal

communication) has proved this rim to be an Hg—-rich silver.

A number of exotic minerals were found in this vein system
by Falconbridge Nickel Mines Ltd. (Cole,1978), and include
proustite, pyrargyrite, stephanite, arsenopolybasite,
allemontite, and cobaltite. The presence of these minerals
suggests the Big Harry Vein has an affinity to the S—element vein
type rather than the simple silver veins. A comprehensive

description of this property was completed by Cole (1978).

Rabbit Mountain Mine

The Rabbit Mountain Mine area contains two parallel veins,

one barren, the other rich in native silver and acanthite. The
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vein was mined for 35-110m in a long strike, to a depth of 90m;
over 50,000 ounces of silver were recovered from it. The veins
are situated in a graben like valley, and follow curvilinear
,faults striking 215-230<, dipping 60-70°NW. The geology of the

veins has been described by Mosley (1977).

The main vein is up to 2.2m in width, and composed
dominantly of calcite with minor quartz, clear, green, and purple
fluorite, and barite. The most abundant sul fide minerals present
are sphalerite and pyrite, with smaller quantities of galena, and
some chalcopyrite found largely as inclusions within sphalerite.
The vein contained three silver rich ore masses, largely composed
of argentite, in the shale hosted vein, as well as economic

mineralization within the diabase hosted section of the vein.

A fracturing episode is evident in the vein material, and
appears to have been a predecessor to all important sul fide and

silver deposition.
Porcupine (Creswel) Mine

The Porcupine Mine is centered on three fault-filling vein
systems (Tanton, 1931), .one of which is presently exposed at
surface. The latter is oriented 080/80=S, while the other two
strike 050 and 060, dipping steeply to the south. Franklin

(1970) noted reverse motion of faults in the Porcupine system,
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some movement appears to have postdated vein emplacement.

All veins are of variable width, from 10cm to over 2m. The
veins are sandwiched between two diabase gills, hosted by Rove
shale. The veins contain calcite, green fluorite, quartz, minor
barite and witherite. Sulfides include galena, sphalerite,
pyrite, chalcopyrite and possibly pyrrhotite (Tanton, 1931). In
the 080/80=S vein argentite and native silver occur along
fracture planes, calcite cleavage planes, and in leaf and wire
forms in vugs, deposition generally succeeds a fracturing event.
No mineralization was reported in the more northeasterly striking
veins. Chambers (19B6) noted a difference in calcite grain size
and sul fide abundance in the post—-fracture material. In general

vein filling appears to have been symmetrical.

Silver Creek

The geology of the Silver Creek vein has been described by
Chambers (1986). It occurs in a breccia zone of highly variable
width, from a few centimeters to over a meter wide. The vein,
oriented 065/80°SE{ contains calcite, quartz, green fluorite,
galena, sphalerite, pyrite, and argentite. Although the presence
of a late stage fracturing event is not observable in the present
vein exposure, its probable occurrence is indicated by the
presence of silver mineralization. Because of the highly

variable width of the vein, it is possible the fracturing was
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discontinuous.

Badger Mine

Two veins occur at the Badger mine, the No. 1 vein, up to 2m
wide, and the 10cm No. 2 or Porcupine Junior vein. The veins

strike 040< and dip steeply to the southeast.

The No. 1 vein is composed dominantly of calcite and quartz,
with minor green and purple fluorite, sphalerite, galena, pyrite
and argentite. The vein has experienced a later fracturing
episode; however, its relationship to silver mineralization has

not been established. Observed silver at this mine is associated

with the vug—-filling stage.

The fissile black shale in the dumps surrounding these mines

has been found to contain leaf argentite along the cleavage

pl anes.

Keystone (Climax) Mine

The Keystone Mine worked three silver bearing veins, the

No.1, No. 2, and No. 3. The geoclogy of these veins has been

reviewed by Chambers (1986).

The No. 1 and 2 veins are oriented 080, dipping steeply to
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the south, while the No. 3 vein is situated in a fault striking
045°-073= dipping 60°-90= north. The veins average 30cm in

width.

The No. 1 and No. 3 veins show a strong secondary fracturing
event, accompanied by a pulse of sulfide mineralization, rich in
pyrite in the No. 1 vein, and rich in sphalerite, ga}ena and
chalcopyrite in the No. 3 vein. Acanthite is the main silver
mineral present, which Tanton reported concentrated on the
hanging wall side of the vein. This is in accordance with
asymmetry of the vein caused by the concentration of post-

fracturing gangue and sul fide mineralization on the north side of

the vein.

Gangue mineralogy is dominated by calcite and green
fluorite, with lesser amounts of milky and colorless quartz, late
stage rusty quartz veinlets, and minor purple fluorite. In
addition primary clay minerals were found in one sample from the
No. 2 vein dump (see Mineralogy section). The veins are hosted

by both Rove shale, on the foot wall side of faults, and diabase,

on the hanging wall side.

Silver Mountain

The Silver Mountain Vein system is continuous over two

kilometers along strike, and averages'3 meters in width. It is



hosted by Rove shale and Logan diabase. At the west end, the
vein varies in orientation from 075= to 090®, dipping steeply
north; it is a combosite vein, filling a normal fault zone. At
the east end of the mountain ?he vein branches, and fills
anastomosing fractures striking from 050 to 0O41< generally

dipping steeply south.

The vein is generally asymmetric, the south wall often
composed of a breccia zone, from 10cm—1im in width. Breccia
fragments are angular, from 1-20cm in diameter. The cement is
generally fine—grained calcite, lined with fine drusy quartz;
small vugs (1-2cm in diameter) are common. Minor sphalerite and
galena commonly lines the breccia fragments. The breccia zone is
commonly lined with green (+purple) fluorite. North of this, a
zone of massive, coarse—grained calcite up to 2m in width is
common. The north wall of the vein often contacts this calcite
zone, but at the west end of the mountain, a 2-30cm zone of

massive, bladed barite is common along the north contact.

A fracturing event, subparallel to vein orientation, is well
developed through most of the Silver Mountain vein. Post-
fracture mineralization is composed of fine (1-10mm) bands of
fluorite, sulfide, and calcite deposition. Some argentite is

associated with the sulfide deposition, and some native silver

with fluorite deposition.
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A late—stage, vug—-filling event is dominated by quartz and
amethyst deposition, accompanied by minor calcite, pyrite, and
galena. Native silver and argentite are commonly found along
calcite cleavage planes and the fracture planes cross—cutting the
vein system. Massive argentite is also found as a vug filling.
Presen£ exposure of the vein system contains abundant silver
mineralization at a juncture of two fracture—fill veins, where a
secondary fracture event is well developed. The silver

deposition sites appear to be controlled by the fracture event.

PORT ARTHUR GROUP

The veins of the Port Arthur Group are rich in quartz, and
poor in calcite in comparison with those of the Silver and Rabbit
Mountain groups. Also in contrast to these groups is their host
lithology, usually the cherts and argillites of the Gunflint
Formation, but also Archean volcanic schist (e.g.3A minel). The
orientation of the veins is highly variable, from N to NE to E in

strike, and generally steeply dipping.

The veins are usually networks of discontinuous 1 to 2cm
fracture filled veinlets, usually with a simple one or two stage
paragenesis. Sul fides are uncommon, and pyrite is the main
representative, as opposed to sphalerite and galena in other

areas of the Mainland Belt. Barite is a common, although minor,



constituent of the veins. Amethystine, smoky, and rusty red

coloured quartz are common.

Ingall (1888) observed the presence of native bismuth at the
3A mine, and Ni, Co, and Au have been reported in assays by
Tanton (1931), indicating some of these veins have an affinity to

the S—element vein type.

The only major producer in this group was the Shuniah mine
from which 20,000 ocunces of silver were mined, although the

Thunder Bay , the Beck, and the 3A mines were also producers.

Silver Harbour (Beck) Mine

The Silver Harbour vein is hosted by Gunflint chert. Gangue
minerals are dominantly quartz and amethyst, accompanied by
lesser amounts of calcite and barite. The samples examined show
multiple fracture filling, drusy quartz horizons, with the base
of quartz crystals amethystine and the tips milky or colorless.
The fracture planes at the base of these horizons commonly
contain up to 1cm diameter anhedral sphalerite masses. Leaves of
Gunflint formation are also found caught between quartz layers.
Pyrite is disseminated in quartz and calcite. Very fine—grained

galena is associated with coarse bladed barite, commonly as

inclusions.



Examination of an adit revealed the presence of 1-2cm
chalcédony rich anastomosing veinlets, hosted by Gunflint chert.
Chalcedony is white to rusty in colour, minor colorless quartz
crystals occur in vugs. Tanton (1931). stated silver
mineralization was reported at this vein; however, 50 evidence of
sulfideé or silver was observed and no extensive vein exposure
was discovered. The network observed at the adit strikes 065-,

dipping 80= north.

Algoma Mine

Samples from the Algoma mine dump were comﬁosed of diabase
hosting 0.5 to 1.5cm veins. The main mineral observed was
colorless, drusy quartz; however, minor purple fluorite and
calcite are also present. Tanton (1931) noted that no silver was

ever recovered from this vein.

3A Mine

The 3A mine is hosted by Archean metavolcanics and occupies
a fracture system oriented 058/350<. The main exposure of vein

examined averaged 25cm in width and occurs within a shatter zone

30cm—1lm wide.

The main gangue minerals present are milky quartz, calcite,

and barite. In addition minor pink dolomite was observed.
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Sulfides observed include sphalerite, pyrité, chalcopyrite and
galena. Ingall (1888) reported the presence of native bismuth in
the vein. Tanton (1931) stated assays of vein material indicate
the presence of Ni, Co, and Au. Silver mineralization is
documented as occurring both as native silver and acanthite,

although none was found during the present study.

Shuniah Mine

The Shuniah was tﬁe most productive of the Port Arthur Group
mines. It is emplaced in Gunflint cherts and, at lower levels of
the vein, in Archean schist. The fault zone is 6m wide, striking
090<, dipping steeply to the south. It has been traced 3km
laterally. Tanton (1931) reported "Hydrocarbon gas under great
pressure was encountered in some of the vugs in the old.mine

workings".

Gangue minerals observed include colorless and milky quartz,
calcite, and green fluorite. The predominant sul fide presently
found in vein exposure is pyrite, although Tanton also reported
the presence of sphalerite and galena. In addition native silver
and argentite were both recovered; these minerals were
particularly concentrated in the uppermost 20m of the worked
vein. Manganese oxide encrustations also occur near surface.
Both these features are notable as they indicate the importance

of supergene processes at this vein.



Thunder Bay Mine

Two sets of ramifying veins are present at the Thunder Bay
Mine, occupying conjugate fracture systems. One, oriented 034<
dipping steeply southeast, is predominantly calcite filled. The
second is a 2.5m zone oriented 035/65=NW; it is this zone from
which silver was recovered. The main gangue mineral filling
these fractures is quartz, with lesser amounts of calcite, pink
dolomite, and green fluorite. Disseminated sphalerite, galena
and pyrite are present in dump material. Tanton also reported}

the presence of native silver and acanthite.

ISLAND BELT

In contrast to the two vein groupings into which the
Mainland Belt has been divided, the Island Belt is composed of
veins of great heterogeneity morphologically, mineralogically and
chemically. Smyk (1984) has reviewed the geology of this group
of veins. He subdivided them into three groups based on the
metal association of each vein. Hence the Silver Islet and
Edward Island veins fall into S-element (Ag—Co—Ni-~-As-Bi)
association. Spar, Victoria and Jarvis Islands and the PTince
Location have a base metal association (Pb-Zn—-BatCu-Ag), and
finally the barren veins, such as Pie Island (Pb-In-Ba) which
contain no associated silver. Because of the great diversity in

the geology of these veins, descriptions of individual veins,
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rather than a generalization of their morphology and mineralogy,

are provided.

Silver Islet

The Silver Islet ore is hosted by a 80-110m wide gabbro
dyke, an extension of the Pine Point — Mount Mollie Gabbro. The
dyke strikes 050«, dipping steeply to the southeast. It is
crosscut by a fault zone striking 325, dipping steeply to the
northeast, which extends under Lake Superior to Burnt Island.
The fault zone also cuts the Rove shale surrounding the
intrusive; however, mineralization of the vein is only

significant within the gabbro.

The deposit has been described by a number of authors, most

recently by Smyk (1984).

T@e first fluid inclusions at Silver Islet were encountered
duri;g mining. MacFarlane (1880) reported that “a miner took a
candle to look into the drill-hole, not being aware that there
was a large escape of gas with the water. The gas instantly took
fire, sending a flame out from the end of the drift for more than
40 feet...". Tanton (1931) reported that alsoc "saline solutions
containing chlorides of calcium, sodium, magnesium, and
potassium, calcium carbonate, and calcium sulphate accompanied by

t

inflammable gas... The composition...may have been hydrogen
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sulphide which was detected in the mine in 1920, or it may have

been a hydrocarbon®.

The paragenesis of the Silver Islet deposit is very complex

and was never fully documented; however, examination of hand

specimens has allowed at least a partial reconstruction. of

depositional sequence, as described below:

1. Main Depositional Phase

i)

(iid

(iii)d

Pink mangani ferous dolomite, massive and fine-
grained; several pulses of its deposition are
demonstrated by cross—cutting veinlets and repeated
cementation of rebrecciated gabbroic material near vein
borders (Smyk,1984). Vein contacts sometimes are
lined with carbonaceous material.

Disseminated anhedral to massive subhedral to euhedral
sphalerite, and galena *+pyrite, occasionally
sphalerite is in found colli form masses; deposition
starts toward end of stage 1, continues through

stage 3.

Medium— to coarse—grained calcite, and medium—grained

subhedral to anhedral quartz showing open space filling

textures.



2. Late—-Stage, Vug-Filling Episode

(i) Medium— to coarse—grained calcite, fine— to coarse—
grained quartz including smoky and amethystine
varieties; minor sphalerite, galena, and green and
purple fluorite. Barite is also reported present in the
late stage material (Tanton, 1931).

&ii) Usually associated with previously deposited
sphalerite, native silver, in dendritic masses and wire
forms. The native silver forms the cores of rosettes
rimmed by cobalt and nickel arsenides and sul fosalts,
in this study the presence of nickeline, gersdorffite,
bravoite, safflorite, bismuthinite, and tetrahedrite
were confirmed.

(iii) Native arsenic, in colliform masses, containing bands
of disseminated sphalerite, and associated with
safflorite.

(iv) Argentite and marcasite disseminated to massive in

vug filling material.
3. Secondary Enrichment and Remobilization

(i) Native silver remobilized from the cores of arsenide
rosettes is seen to form cross—-cutting veinlets.
Mative silver also occur in wire form in wvugs.

Argentite and native silver occur along fracture and



cleavage planes.
4. Supergene Alteration

(i) The presence of such supergéne minerals as pyrargyrite,
proustite, and witherite has been noted by Tanton
(1931). Erythrite and annabergite were observed by the
author in all samples containing cobal® and nickel

arsenides.

The vein as described by MacFarlane (1880) and Ingall (1888)
was of highly variable width and nature. Rich lodes of silver
were encountered at fracture intersections and in vugs between
large expanses of barren vein. The vein was mined ta a depth of
~*S00m. Mining was halted due to problems of dewatering rather

than exhaustion of ore material.
Jarvis Island

Jarvis Island contains two mafic dykes, an anorthositic
gabbro and an olivine diabase, exposed on the northeast and
southwest part of the island respectively. They are overlain by
a diabase sill. The host for these intrusions of Rove greywackes

and argillites.

The vein lies between the two dykes, it strikes 135<,
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dipping 50 to the northeast. The vein is reported to attain a

width of up to 4m, presently 3m of exposure is available at the

mouth of the main shaft.

The vein shows are ribbing pattern similar to that observed
at Spar Island. The southwesternmost rib varies from 20cm—im and
massive barite containing minor pyrite. The next zone northeast
is 20cm of calcite containing 10-207Z barite. A second, 45cm
wide, rib of barite lies between this and the final,
northeasternmost zone of massive calcite. Minor purple fluorite
was also observed in dump material. Silver was recovered from
the mine; however, none was observed during the present
investigation. Ingall (1888) reported the presence of

carbonaceous material near vein wall contacts.

Vigtoria Island

Veins were found at two locations on the shore of Victoria
Island, hosted by weakly to intensely sheared diabase and
argillite. Veins vary in orientation from a southerly strike
(186=) to a southeasterly strike (133°). Dips are moderate to
steep to the west/southwest. Vein width varies from 2-25cm, in
the narrower veins mineralogy is simple, containing dominantly
euhedral to subhedral calcite with quartz and a red zeolite,
perhaps laumontite. In wider veins green fluorite, barite and

minor pyrite can also be observed. The presence of apophyllite
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has also been documented (Smyk, 1984). A general association
between the presence of zeolite and pyrite has been established.

No silver mineralization was found in these veins.

Spar_1Island

The vein exposed at Spar Island is hosted by a Pigeon River
Di abase dyke, actually an olivine bearing gabbro, and is
situation in a fault striking 1552, dipping vertically. The main
vein is 3m wide, and is surrounded by fine stringers of quartz-

carbonate.

The vein is composed of a series of symmetrically crustified
bands centered on a barite rib. The central rib is composed of
pink to white, cross oriented barite, which is the host of the
main metal phases. It is rimmed by massive, coarse-—grained
calcite which in turn is rimmed by massive unoriented barite.
The southern contact of the vein is marked by a thin (<2cm) band
of euhedral quartz and calcite. At the northern contact the
barite rib is adjacent to the gabbro dyke which further to the

north (S0cm) is cut again by a 40cm quartz-calcite vein.

The silver in this vein occurs at the borders of the central
barite rib, in the form native silver and argentite (Smyk, 1984)
associated with copper mineralization. Primary copper minerals

include chalcocite, bornite, and covellite. Some chalcocite has
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been replaced along fractures and cleavage planes by
blaubleibender covellite. Bornite is occasionally rimmed by
chalcopyrite. Safflorite occurs as minute inclusions ({ 2um in
diameter) within these minerals. Supergene alteration of copper
minerals to malachite, and to a lesser extent azurite, gs

pervasive, crystals being deeply embayed or totally replaced.

No multiple, cross-cutting, fracturing events are observed
in the vein; however, the general symmetric form of the

mineralization suggests a progressive widening of the vein with

time.

Edward Island

Edward Island was described by Tanton (¢1931). Two
subparallel veins are emplaced in faults striking 035<, in a grey
granophyre phase of a diabase dyke. These dykes crosscut coarse

sediments of Osler Group.

The vein is zoned, composed of calcite, sphalerite and
native arsenic along vein walls, and the central band of
calcite, chalcopyrite, galena, arsenopyrite, and minor argentite

and gsilver. The native arsenic occurs in reniform masses to 10cm

in diameter.
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FLUID INCLUSIONS

INTRODUCTION

Preliminary examination of 200 doubly polished thin sections
was made to determine the presence and'nature of usable fluid
inclusions in various minerals. The vein material was excellent
for fluid inclusion work, as the bulk of material collected
contained some suitable inclusions. The term "suitable" is here

used to imply the inclusions were:

1) 1large enough to be seen clearly, usually greater
than 10um in diameter,

2) clearly classifiable into the primary, secondary,
or pseudosecondary group using the criteria
described by Roedder (1984),

3) unaffected by post—entrapment volume changes due
to stretching or necking,

4) contained in a mineral with sufficiently different
refractive index than the fluid to allow the

inclusion to be clearly visible.

Quartz, calcite, green and purple fluorite and sphalerite
all contained usable inclusions. Late stage quartz, in contrast,
often contained only very small (£1-2um) inclusions and was

therefore not commonly useful. Some problems with double
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refraction in calcite, which obscured inclusion boundaries,
precluded the usage of some sections. The sheer abundance of
small inclusions in some calcite prevented their use, due to the

difficulty this caused in their classification.

A few doubly polished sections were made of barite and
dolomite; however, these minerals did not host large enough
inclusions to be usefu;. In barite, this problem was further
complicated due to the similar refractive indices of the mineral

and the trapped fluids.

The majority of inclusions examined were two-phase, liquid
plus vapour bubble, in all host minerals at all deposits. Vapour
bubble volume was generally on the order of 1-2 percént (Figures
7, 8. In necked inclusions the vapour volume was, of course,
highly variable, from 0-100 percent. In some primary inclusions
that showed no evidence of secondary volume changes the wvapour
volume was as great as 35 percent. In samples in which large
vapour bubbles were found, a large variation in vapour volume in

the inclusion field was generally observed (Figure 9.

A large number of empty (one phase) inclusions were also
observed. These often occurred near the surface of the sample,
indicating they may have been affected by sample preparation. It
should be noted that other inclusions, which were observed prior

to and after breaking plates into chips for microthermometric



F%gure ?: Two—-phase (L+V) fluid inclusion in calcite
inclusion hosted by sphalerite. (Keystone Mine EA 2).

Figure 8: Two-phase (L+V) fluid inclusion showing
negative crystal form. Stretching of one corner of
the inclusion is observed. (Silver Mountain SM 2A)
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Figure 9: Field of primary fluid inclusions containing
20—-35 volume percent vapour. (Rabbit Mountain RM 8)

Figure 10: Primary three—phase (L+V+S) fluid inclusion.
The cubic opaque mineral is pyrite. Note stretching
indicated by inclusion form. (Silver Harbour Vein EA 99)
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studies, showed changes in vapour volume indicating leakage had
occurred. The shape of the inclusions had not, however, visibly

changed.

The third type of inclusions observed were three—phase,
liquid plus vapour plus solid. In the Silver Harbour vein,
quartz was precipitated preceding and during pyrite deposition,
and fluid inclusions contain 1-2um euhedral pyrite crystals

(Figure 10). Opaque daughter minerals were also observed in

inclusions from the Keystone and Little Pig veins.

Non—opaque daughter minerals were alsoc found, although they
were often difficult to distinguish. In samples from &he Little
Pig and Silver Mountain veins thege three—phase inclusions were
hosted by fluorite and quartz, and the highly birefringent
daughter crystals were easily observed. Inclusions in calcite
from Jarvis Island occasionally contained a 1-2um bright orange,
transparent, anhedral daughter mineral tentatively identified as

sphalerite.

Daughter minerals were less easily distinguished in calcite
due to its high birefringence and double refraction, which tended
to obscure the fluid inclusion walls. Arti facts thought to be
daughter phases were observed, which upon examination from a

di fferent angle were found to be irregularities in the inclusion

sur face.
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None of the daughter phases dissolved during
microthermometric runs, even after the samples were heated
substantially (100°-200C) above the liquid—-vapour homogenization
temperature. This indicates some disequilibrium within the
system. However, it is possible that a prolonged rum near the

homogenization temperature would allow dissolution.

The fourth, rarest type of inclusion observed appeared'to
have a second meniscus around the vapour bubble, suggesting the
presence of carbon dioxide. This observation was not confirmed
by inclusion behaviour during heating or freezing; however, other
inclusions in which no doubie meniscus was observed exhibited
anomal ous behaviour during freezing, suggesting carbon dioxide

was present.

Both primary and secondary inclusions (Figure 11) are
abundant in most vein material. Pseudosecondary inclusion planes
are less common and difficult to identify. As far as possible
microthermometric measurements were restricted to primary
inclusions. In a few instances, particularly with sphalerite,
pseudosecondary inclusions were used due to the lack of
availability of primary inclusions. Pseudosecondary inclusions
were only used if healed planes terminated within a single
crystal, and inclusions had a constant vapour phase ratio.

k4

All observations made were accompanied by notes on their



Figure 11: Plane of secondary inclusions in sphalerite.
" (Silver Islet SI 17)
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quality, allowing anomalous temperatures obtained to be evaluated

vhen data were analyzed.

EXPERIMENTAL TECHNIGUE

.

Doubly polished thin sections were prepared at Lakehead
University using a low-temperature preparation technique. The
samples were not heated directly at any stage except by friction
during grinding, which was minimized by the use of coolant.
Lepage?’s Miracle Mender glue was used to attach thin sections to
slides, as it is soluble at room temperature in acetone.Polished
sections averaged 100um in thickness but varied from 30um to 2mm

depending on the clarity of the mineral grains.

The fluid inclusion work was conducted on a Chaixmeca
heating/freezing stage at Queen’s University, Kingston. The
Chaixmeca stage had a temperature range of <-130=C to 600°C. The
stage is directly heated by a thermal resistor placed under the
sample area and subzero temperatures are achieved by the passage
of liquid nitrogen cooled air through the sample chamber. The
rate of temperature change is manually controlled, varying from

1-3*/minute during freezing runs to 1/2*/minute during heating

runs.

Condensation during freezing runs caused optical problems,

and generally inclusions <iOum in diameter could not be used for
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freezing. In contrast, during heating runs inclusions as small

as jum could be resolved.

The microthermometric stage was calibrated in the heating
range twice during the experimental work (Table 2). A regression
line was established by which all homogenization temperatures
were corrected. This indicated a standard error of expectation
of +2.85°C for these temperatures. A slight thermal gradient

(“0.5°C) was noted across the stage itself.

No calibrations below 0°C were performed during this time
because previous calibration runs have shown minimal wandering.
Calibration data obtained by A. Anderson (personal communication)
was used to correct microthermometric data in the freezing range
(Table 2). The standard error expectation in eutectic and

melting temperatures is +0.39<=C.
I8 _- ING

As suggested by Bodnar and Bethke (1984), all freezing
determinations were conducted prior to heating samples to prevent

stretching of the inclusion.

Two important temperatures can be observed during freezing
runs: the eutectic temperature (tg), from which an idea of

solution composition can be gained; and the final melting



temperature (tn), from which an estimate of the salinity of the
solution, in equivalent weight percent NaCl, can be made.

Underlying assumptions are made that the inclusions are:

1) representative of the bulk hydrothermal solution
compositions from which the minerals were
precipitated,

2) unchanged by volume change or fluid leakage during
geological history, and

3) at equilibrium during microfﬁermometric

determination.

The first assumption has been questioned by Barton et al.
(19673 but has been generally accepted as valid. The second

assumption can only be determined by careful examination of

inclusions.

The question of equilibrium is of great importance, and many
of the inclusions studied showed questionable behaviour. In the
majority of instances the vapour phase either completely
disappeared, or decreased in volume during freezing. In some
cases it reappeared and regained its former volume before t., was
reached, while in other cases the vapour bubble reappeared only

after two to three hours had passed at or near room temperature.



TABLE 231 CALIBRATION OF CHAIXMECA STAGE

Standard Correct Tm(=C) Observed Tm(<C)
Sept. Jan. Apr.
Napthalene 80.25 80.9 84.8
84.9
84.7
83.9
Adipic Acid 151.4 160.0 160.0
159.2
161.0
Merck 9800 200.0 215.7
214.5
214.8
Merck 9847 247.0 259.4 258.9
258.6
254.7
Sodium Nitrate 306.8 319.7 326.8
321.3
327.6
325.0
Potassium Dichromate 398.0 423.95 439.4
419.7 437.4
418.3 447 .4
Chlorobenzene™® -45.6 —-46.6
-46. 4
-46.4
Carbon Tetrachloride®* -22.9 -23.1
-23- 3
—23- 8
_23. 3
Water™ +0.01 0.2
0.3
0.3

* calibration data obtained from A. Anderson (personal

communication)
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The disappearance of the vapour phase, as discussed by

Lawler and Crawford (1983), could be due to:

1) metastability in the inclusion, which is a common
problem in inclusions due to the small size of the
system and is often demonstrated by pseudo—Brownian
motion of the vapour phase at room temperature,

2) stretching of the fluid inclusion due to the
pressure of crystallization of ice during freezing,

or

3) leakage of fluid from inclusion via submicroscopic

paths.

A ﬁecrease in vapour volume will change the melting
behaviour of the ice, as internal pressure of the inclusion is
affected. Therefore, the accuracy of some freezing data is
questionable. Because of the possible volume change, heating

experiments were not conducted on these inclusions.

Table 3 and Figure 12 present the results of the freezing

determinations, indicating a range in t. from -31.7= to -1.1<C.

Using the equation developed by Potter et al. (1978)

We = 0.00 + 1.769580 — 4.2384 x 10~29= + 5.2778 x 10=°0=[+0.6841



where Wa is the weight percent NaCl in solution and © the
freezing point depression in =C. The salinities of inclusions

were determined to be from 30.3 to 1.9 equivalent weight percent

NaCl.

Eutectic temperatures were generally very difficult to
observe, and often the procedure adopted was to note the “maximum
eutectic temperature”™, the temperature when the presence of
ligquid was clear. Although this procedure provides poor
quantitative data, it allows the differentiation qualitatively of
the major salts in solution. The tg of a number of salt solutions
have been determined and are listed by Roedder (1984). By
comparison, the low teg determined indicates the composition of
solutions is dominated by CaClx generally. A number of higher
te determinations “-30=C (e.g. RM1, EA12, EA3, SM22, EA99), are

likely indicative of fluids dominated by other salts such as

MgCl=, NaCl or KCl.

Two inclusions, from Silver Harbour and the Keystone Mine,
exhibited anomalous behaviour during freezing. Two ice phases
appeared to form, accompanied by a decrease in volume of the
vapour phase (Figure 13). The ice rimming the vapour phase could
be clathrate crystals, although at and above room temperature,
the presence of COx was not distinguishable. The icy rim was
only visible when the inclusion was first frozen, supercooled to

-120°C, and disappeared upon warming to -59<C.
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Figure 13: Behaviour of fluid inclusions from the
Keystone and Silver Mountain Mines during
freezing microthermometry. The two ice phases
which appear at low temperatures may be
H20 + a clathrate, suggesting the presence

of COx fluid.

25°C -120%C -59°C




TABLE 3 : MICROTHERMOMETRIC FREEZING DATA

RABBIT MOUNTAIN GROUP

Sample te(=C) ta=C) salt host=

Little Pig Vein

LP 22 ~-50.0 -18.7 21.7 fl(p)
LP 23 -15.5 19.2 sph
LP 24 ~=50.0 -12.2 16.2 sph
LP 26 -48.8 -10.7 14.7 fl(g)

Big Harry Vein

BLC 009 -11.8 15.8 cc
BLC 019 ~-355.0 -14.3 18.2 qtz
BLC 0350 -51.9 -11.1 15.1 qtz

Rabbit Mountain

RM 1 -35.6 -15.7 19.4 sph
RM 1 -50.6 -15.0 18.8 sph
Badger

EA 69 £ =-37.5 -11.4 15.4 cc
EA 75 -41.8 - 9.2 13.1 cc

West Beaver

WBe 1 - 4,3 6.9 qtz
EA S1 £ -46.3 -11.9 15.9 cC

EA 51 £ -43.0 -17.1 20.5 qtz
EA 52 -51.0 -11.9 15.9 sph
EA 53 . - 3.3 4.3 sph
EA 53 -594.0 -12.7 16.7 sph
EA S4 - 6.1 9.3 cc

* sgal - salinity (equivalent weight percent NaCl)
Wae = 1.769580 — 4.2384 x 10~=0—-= + 5.2778 x 10+6= [+0.684]
(Potter et al., 1978).
2 host mineral: cc:calcite; fl(g):green fluorite;
fl(pl:purple fluorite; sph:sphalerite; qtz:quartz



Sample te tem Sal Host
Silver Creek

EA 10 ~-50.0 - 5.2 8.1 sph
EA 12 -33.8 - 1.2 2.1 cc
Porcupine

EA 14 -44.5 - 6.2 9.5 fl1(g)
EA 61 £ =-40.0 -26.8 27.2 cc
Keystone

EA 3 ~~-29.0 - 1.1 1.9 f1<(g)
EA S -49.1 -15.8 19.5 f1l<(g)
EA 6 - 3.6 5.8 sph
EA S56 ~~48.0 - 6.5 9.9 sph
EA 57 -46.8 -16.3 19.8 f1(p)
EA 37 -55.0 -17.95 20.8 cc
EA 59 -45.8 - 7.3 10.9 sph
SILVER MOUNTAIN

SM 2A -44.7 -19.3 22.2 fl<(g)
sM 2B ~-50.0 - 7.7 11.4 sph
SM 2C -38.4 - 2.1 3.5 sph
SM 3C -38.6 -15.7 19.4 cc
SM 3C -951.7 -13.1 17.1 f1(p)
SM 3D -42.9 -19.7 22.4 cc
SM 4C -12.8 16.8 cc
SM 4D -14.5 18.4 ce
SM 22 -31.7 - 4.6 7.3 fl<(g)
SM 23 ~-50.0 - 6.7 10.1 fld{(g)
SM 24 -54.8 - 5.7 8.8 f1<g)
SM S1 ~~40.0 - 8.2 12.0 sph
SM Wend ~-30.0 -31.7 30.3 qtz
PORT _ARTHUR GROUP -

3 A

EA 101 -50.8 - 9.5 8.5 cc
EA 101 -11.2 15.2 cc
Ea 100 ~-50.0 -14.2 18.1 cc
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Sample te ton sal host
Shuni ah

Sh 3 ~~50.0 -15.8 19.5 cc
Silver Harbour

EA 99 -34.5 -11.1 1S.1 qtz
EA 99 - 8.1 11.8 qtz
Thunder Bay -

EA 82 - 3.3 4.3 cc
ISLAND GROUP

Spar

EA 39 -49.8 -16.2 19.8 cc
EA 40 -43.3 -16.0 19.6 cc
EA 41 -34.2 -14.9 18.7 cc
Jarvis

EA 24 -49.8 -12.5 16.5 cc
EA 27 -17.8 21.0 cc
Silver Islet

S1 17 -37.8 - 9.6 13.6 sph
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RESULTS = HEATING

-Filling temperatures indicate that, with the exception of
sphalerite, mineral phases were precipitated over a broad range
of temperatures. Table 4 and Figures 14 to 16 present the

homogenization and decrepitation temperatures determined.

The majority of inclusions homogenizéd to a liquid phase;
however, in a few cases homogenization to both liquid and vapour
phases within a single sample was observed, indicating solutions
were boiling while the minerals were deposited. Approximately

five percent of the inclusions examined decrepitated.

Filling temperature was commonly highly variable, for
example over a length of 1.5cm, a Smm band of green fluorite from
Silver Mountain, contained six fluid inclusions which, when

analyzed, ranged from 143.4= to 404.0=C.

The only mineral phase which was deposited at a consistent
temperatur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>