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Introduction
The Winston Lake and Manitouwadge greenstone belts are best known for hosting economic
volcanogenic massive sulphide (VMS) deposits totalling almost 65 million tons of copper-zinc-lead ore
(OGS 2011). These belts occur within the same tectonostratigraphic interval located along the northern
margin of the Wawa Subprovince that is in contact with the Quetico Subprovince (Figure 1). Another
noteworthy feature of these greenstone belts is the fact that they formed at the same time, circa 2720 Ma
(Davis, Schandl and Wasteneys 1994; Zaleski, van Breemen and Peterson 1999). Other greenstone belts
along the northern margin of the Wawa Subprovince, such as the Shebandowan and Vermilion greenstone
belts, also formed circa 2720 Ma (Corfu and Stott 1998; Hart and Trebilcock 2006; Peterson et al. 2001),
but have yet to yield an economic VMS deposit.
The Winston Lake and Manitouwadge greenstone belts and their VMS-hosting strata have received a
fair amount of research at a property-scale (e.g., Osterberg 1993; Pan and Fleet 1995; Schandl, Gorton
and Wasteneys 1995), a belt-scale (e.g., Zaleski and Peterson 1995; Zaleski, van Breemen and Peterson
1999), and a subprovince-scale (e.g., Kerrich, Polat and Xie 2008; Polat, Kerrich and Wyman 1999).
There were also several field trips and published guidebooks (Severin, Balint and Sim 1991; Williams et
al. 1991a; Zaleski et al. 1995). Previous research in these areas has been extremely valuable throughout
the planning of this field trip and preparation of the guidebook.
The purpose of re-visiting the Winston Lake and Manitouwadge greenstone belts was to establish the
geodymanic setting and petrogenesis of the greenstone belts at a regional scale to determine why the
2720 Ma greenstone belts of the Wawa Subprovince are so varied in their VMS endowment. This field
trip will highlight some of the newly obtained data in the Winston Lake and Manitouwadge greenstone
belts and will expose a new generation of geologists to these world-class VMS camps. This PhD project
is funded by the Ontario Geological Survey (OGS) and the Mineral Exploration Research Centre (MERC)
at Laurentian University (Sudbury, Ontario). Previously published reports for this project are available
online from the Ontario Ministry of Northern Development and Mines publications portal,
GeologyOntario, at www.ontario.ca/geology (Lodge 2010, 2011).
It should be noted that newly obtained geochemical data and U/Pb zircon ages presented in this
guidebook are preliminary and their interpretation are subject to change pending future analyses. During
field work more than 800 samples were collected. From these samples 400 geochemical analyses, 100 Nd
and Pb isotopic analyses, and 13 for U/Pb geochronological analyses were completed. Some of this data
is still forthcoming and will be made available online at GeologyOntario (www.ontario.ca/geology) in
digital format as a Miscellaneous Release—Data (MRD) early in 2013.

Regional Geology
WINSTON LAKE GREENSTONE BELT
The Winston Lake Greenstone Belt (Figure 2) is a small belt located directly north of, and almost
connected to the Schreiber–Hemlo greenstone belt (Williams et al. 1991b); however, the contact
relationship of these belts is poorly constrained. Unlike the Manitouwadge greenstone belt, the Winston
Lake greenstone belt is has not been mapped at a regional scale since the 1960s (Pye 1964). The belt is
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Figure 1. General geology of the Wawa subprovince of the Superior Craton. Abbreviations: MGB, Manitouwadge greenstone belt; SGB, Shebandowan greenstone belt; VGB,
Vermilion greenstone belt; WGB Winston Lake greenstone belt. Abitibi, Quetico, Wabigoon and Wawa labels refer to subprovinces of the Archean Superior Province. Figure from
Lodge (2011).

Figure 1. General geology of the Wawa Subprovince of the Superior Craton. Abbreviations: MGB, Manitouwadge greenstone belt; SGB, Shebandowan greenstone belt;
VGB, Vermilion greenstone belt; WGB Winston Lake greenstone belt. Abitibi, Quetico, Wabigoon and Wawa labels refer to subprovinces of the Archean Superior Province.
Figure from Lodge (2011).

Figure 2. General geology of the Winston Lake greenstone belt (A) and the Winston Lake mine property (B). Geology compiled
from Osterberg (1993), Pye (1964) and Bartley (1940). Figure is modified from Lodge (2011). Boxed area represent the region
covered during this field trip and is illustrated in Figure 5.
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bound to the north by the Quetico subprovince, to the west by the Winston Lake batholith, and to the
south by the Crossman Lake batholith (Severin, Balint and Sim 1991). Regional metamorphic grade in the
belt is lower amphibolite facies (Williams et al. 1991b). Metamorphosed hydrothermally altered rocks
near the VMS deposits were initially interpreted as metasedimentary rocks because of the presence of
aluminosilicate minerals (Pye 1964).
The belt has been informally subdivided into 2 main lithotectonic assemblages: the Winston Lake
assemblage (Figure 2B) and the Big Duck Lake assemblage (a thick mafic unit composing most of the
belt in Figure 2A) (Polat, Kerrich and Wyman 1999; Severin, Balint and Sim 1991). The Winston Lake
assemblage is host to the VMS deposits and is composed of calc-alkalic, bimodal volcanic and
siliciclastic rocks (Gorton and Schandl 1995). The Big Duck Lake assemblage consists of magnesium- to
iron-tholeiitic basalts, quartz-feldspar porphyry dykes and sills, and their brecciated equivalents (Polat,
Kerrich and Wyman 1999; Ritcey 1992). It has been assumed that the Big Duck Lake assemblage
conformably overlies the Winston Lake assemblage and that the contact was intruded by a thick
differentiated gabbro (Osterberg 1993). This field trip will not examine the Big Duck Lake assemblage
and therefore it will not be discussed. Participants that are interested should consult the references cited
above, in particular Ritcey (1992).
Prior to this research, only one U/Pb age of 2723±3 Ma was obtained from a felsic volcanic rock
associated with the Winston Lake orebody (Davis, Schandl and Wasteneys 1994). Newly acquired and
preliminary geochronological data suggest that the gabbro that separates the Winston and Big Duck Lake
assemblages also has an age of 2720 Ma and that the age relationship between the two assemblages is
relatively close. The structural history of the belt is also poorly constrained and two main structural events
are interpreted: D1 manifested as tilting of stratigraphy and a foliation development (north-northwest
striking foliation in the Winston Lake assemblage; west-striking foliation in the Big Duck Lake
assemblage), and D2 represented by minor folds and faulting that offset contacts at the map scale
(Osterberg 1993).
The Winston Lake assemblage is dominated by felsic volcanic and siliciclastic rocks. Despite the
high degree of metamorphism and relatively high degree of deformation, many primary volcanic features
are preserved in the volcanic rocks. Reliable younging directions obtained from pillowed flows and crossbedding in volcaniclastic rocks suggest a westward-younging stratigraphy. The oldest supracrustal strata
in this part of the belt are felsic volcaniclastic and siliciclastic rocks. These are conformably overlain by a
quartz-feldspar porphyry flow (informally named the “Main” quartz-feldspar porphyry) that is associated
with the Pick Lake VMS deposit. Altered mafic flows (informally named the ”Ladder” flow) separate the
underlying quartz-feldspar porphyry from the overlying quartz- and feldspar-phyric felsic volcanic rocks
(informally named the “Camp” felsic flow) that host the Winston Lake VMS deposit. These quartz- and
feldspar-phyric felsic volcanic rocks were then presumably overlain by mafic flows of the Big Duck Lake
assemblage, which was followed by the emplacement of a thick, synvolcanic differentiated gabbro at that
contact; the gabbro sill hosts the zinc-rich Zenith orebody. The general stratigraphy of the Winston Lake
assemblage is illustrated in Figure 3.

MANITOUWADGE GREENSTONE BELT
The Manitouwadge Greenstone Belt, MGB (Figure 4), is located north of the Schreiber–Hemlo
greenstone belt and lies on the northern margin of the Wawa subprovince adjacent to the Quetico
Subprovince (Williams et al. 1991b). The belt is composed of bimodal volcanic rocks, intrusions, and
sedimentary rocks that have been metamorphosed to upper amphibolite facies. The metamorphic grade
increases to granulite facies at the northern margin of the belt and into the adjacent Quetico subprovince.
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re 3. Schematic cross-section looking north-northwest through the strata hosting the VMS orebodies of the Winston lake area. Figure modified from unpublished Inmet Mining
Corp. figures.

Figure 3. Schematic cross-section looking north-northwest through the strata hosting the VMS orebodies of the Winston Lake area. Figure modified from unpublished report,
Inmet Mining Corporation (T. Anderson, personal communication, 2011).
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Figure 4. General geology of the Manitouwadge greenstone belt. Geology from Zaleski and Peterson (2001) and the figure is modified from Lodge (2011). Boxed area is the
region visited in the field trip and is illustrated in Figure 7.

Figure 4. General geology of the Manitouwadge greenstone belt. Geology from Zaleski and Peterson (2001) and figure modified from Lodge (2011). Boxed area is the
region visited in the field trip, also illustrated in Figure 7.

The supracrustal assemblages of the Manitouwadge greenstone belt are bound to the west and south by
the Black Pic batholith.
Recent geochronological (Zaleski, van Breemen and Peterson 1999) and structural studies (Peterson
and Zaleski 1999; Zaleski and Peterson 1995) have dramatically improved our understanding of the
geological and structural history of the Manitouwadge greenstone belt. The supracrustal volcanic
assemblages and a synvolcanic trondhjemite intrusion yielded U/Pb zircon ages of 2720 Ma. Most of the
other granitic and alkalic intrusions in the belt are younger (<2690 Ma) and are syn- to late-deformation.
Metasedimentary rocks in the southern part of the belt have a maximum depositional age of about 2693 Ma.
The most prominent map-scale structural feature of the belt is the large Manitouwadge synform that
formed during D3 deformation. The D1 deformation is expressed as annealed mylonitic faults that are now
zones of represented by “straight gneiss” in the vicinity of the Willroy and Geco mines (see stop M6)
(Peterson and Zaleski 1999). The D2 deformation is correlated with peak metamorphism and is
represented by a map-scale repetition and sheath folding along the southern limb of the Manitouwadge
synform. D4 is represented as dextral shearing at the Wawa–Quetico boundary (Peterson and Zaleski
1999; Zaleski, van Breemen and Peterson 1999).
The supracrustal assemblages of the belt were subdivided into an inner and outer volcanic belt,
separated by a band of metasedimentary rocks along the southern limb of the Manitowadge synform. The
inner and outer volcanic belts are interpreted to be the same unit repeated by the D2 Agam Lake syncline
(Peterson and Zaleski 1999; Zaleski and Peterson 2001). The synvolcanic trondhjemite intrusion occurs
within the core of the Manitouwadge synform. It is mantled by an orthoamphibole-cordierite-garnet
gneiss. Outward from the core of the synform are a series of interlayered felsic volcanic rocks, their
altered equivalents, and iron formation. All of the VMS deposits occur within the inner volcanic belt and
therefore the field trip and guidebook descriptions will be limited to exposure of the inner volcanic belt.
For additional descriptions of the outer volcanic belt please consult the references cited throughout this
section.

History of VMS Deposits
Much of the mining and exploration history for the Winston Lake and Manitouwadge greenstone belts is
published internally with the companies that have explored and mined these deposits. Most of these
documents have not been published and therefore not available to the public. However, the Mineral
Deposit Inventory (MDI) published by the Ontario Geological Survey (OGS 2011) has summarized
current and historical information available for these deposits. Much of the historical information
provided in this section is summarized from this database.

WINSTON LAKE CAMP
Massive zinc mineralization, now known as the Zenith deposit, in what is now interpreted to be a
synvolcanic gabbroic sill was first discovered in 1879 by prospectors. Very little exploration was
undertaken in the area until the grounds were claimed by Zenmac Metal Mines Ltd. in 1952. In the late
1960s, 165 000 tonnes of zinc-rich ore were mined from this deposit.
After the Zenith mine closed, the property was stagnant until 1978 when Corporation Faconbridge
Copper (CFC) completed reconnaissance geological mapping and lithogeochemical sampling in the
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region. Earlier interpretations of the “metasediments” (Bartley 1940; Pye 1964) were re-interpreted as
metamorphosed felsic volcanic rocks. This was followed by more detailed property mapping,
lithogeochemistry, and geophysical surveys, which defined the alteration zone located in the immediate
footwall to the gabbro. Areas of Na2O depletion and FeO, MgO, and Zn enrichment were outlined in the
calc-alkalic volcanic rocks. CFC geologists also realized that the presence of massive sphalerite in the
gabbro is unusual. The presence of VMS-like lithogeochemical signatures in the footwall to the gabbro
led to the interpretation that the Zenith orebody was likely a large xenolith from a larger VMS orebody
hosted at the top to the calc-alkalic felsic volcanic strata below the gabbro. With this newly recognized
VMS potential, diamond drilling began in 1981 and targeted the felsic volcanic rocks at the base of the
gabbro. In 1982, after drilling only 5 holes, CFC intersected 2.1 m of massive sulphides containing 1.1%
Cu, 19.1% Zn, 22.2 g/t Ag and 0.73 g/t Au. Mining began in 1988 and continued until the mine was
officially closed in 1998.
The surface expression of the Pick Lake orebody, the Anderson occurrence, was first reported by
local prospectors in 1952. There was some shallow diamond drilling completed in the area but with no
significant results. CFC picked up the claims following the discovery of the Winston Lake deposit in
1982. In 1983, a test diamond drill on the down-dip extension of the Anderson occurrence discovered the
Pick Lake orebody. In 1993, Metall Mining (formerly Minnova and the operators of the mine at the time)
began a 2200 m drift to mine the Pick Lake deposit through the mine workings at Winston Lake. The Pick
Lake mine was abandoned when the Winston Lake mine shut down in 1998. The size and grade of the
deposits in the Winston Lake area are summarized in Table 1.
Table 1. Summary of mining activity in the Winston Lake area. Summarized from unpublished Inmet Mining Corporation
(T. Anderson, personal communication, 2011) and CFC company records. Also available from the Mineral Deposit Inventory
(OGS 2011).
Orebody

Tonnage (Mt = million tonnes); Grade

Winston Lake Main
Pick Lake
Zenith

3.1 Mt; 16% Zn, 1% Cu, 30.1 g/t Ag, 1.0 g/t Au
1.3 Mt; 16.5% Zn, 0.9% Cu
0.16 Mt; 16.5% Zn

GECO AND WILLROY CAMPS
The Geco and Willroy VMS deposits were initially discovered by J.E. Thompson of the Ontario
Department of Mines in 1931 when local natives shared their knowledge of rusty rocks near
Manitouwadge Lake. In Thompson’s report, the sulphide mineralization was described and the magnetic
disturbance caused by the meta-iron formations was noted (Thompson 1932). The ground was first staked
in 1943, but financing was not available because of the Second World War. In post-war years, interest in
base metals again arose and the showings described by Thompson were staked in 1953 (Pye 1957).
Drilling in the following year intersected the main orebody, which led to the incorporation of Geco Mines
Limited. During the exploration rush that followed the initial discovery, the Willroy, Nama Creek, and
Willecho deposits were discovered. Mining of the Willroy and Geco orebodies began in 1957. Mining of
the Willroy, Nama Creek, and Willecho deposits ceased in 1977. The main ore body at Geco was
continuously mined until the shut down in 1995.
The total tonnage and grade of the main deposits of the Manitouwadge area are summarized in
Table 2. In addition to copper, zinc, and silver, minor amounts of gold, cadmium, and bismuth were
recovered from the mines. The ore bodies had an average concentration of 0.3% Pb and it was extracted
during milling until 1988 until it was no longer economically viable due to lower metal prices (Williams
et al. 1991a).
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Table 2. Summary of mining activity in the Manitouwadge area. Summarized by Zaleski and Peterson (2001) from unpublished
Noranda Inc. company records. This information is also available in the Mineral Deposit Inventory (OGS 2011).
Mine Name
Geco

Willory

Nama Creek
Willecho

Orebody

Tonnage (Mt = million tonnes); Grade

Geco Main
Geco 4/2 Cu
Geco 8/2 Zn
Willroy 1
Willroy 2
Willroy 3
Willroy 4
Willroy 5
Willroy 6
Nama Creek
Willecho 1
Willecho 2
Willecho 3

52 Mt; 2.3% Cu, 8.2% Zn, 74 g/t Ag
Approximately 3 Mt
(cumulative)

4.6 Mt; 1.3% Cu, 5.7% Zn, 48 g/t Ag
(cumulative)

0.3 Mt; 0.8% Cu, 3.9% Zn, 28 g/t Ag
3.8 Mt; 0.6% Cu, 3.9% Zn, 53 g/t Ag
(cumulative)

Field Trip Stops
DAY 1 – WINSTON LAKE MINE AREA
The purpose of this portion of the field trip is to introduce the geological setting of strata hosting the VMS
ore bodies at Winston Lake. Since most of the lithofacies of the greenstone belt are difficult to access, this
part of the trip will focus on property-scale features and the role they played in the discovery of the
orebodies. The stop locations will focus on the immediate footwall strata to the Winston Lake deposit and
will highlight some of the recent geochronologic data obtained from this strata. The locations of the field
stops are illustrated in Figure 5 and a brief description is provided below. All stops are also provided with
UTM co-ordinates in NAD83 (Zone 16) reported as Easting (E) and Northing (N).
Note that in the descriptions of some of the units, the primary igneous names are used rather than
their metamorphic names (e.g., gabbro versus amphibolite).
Stop W1 – Zenith Mine Open Pit
473182E 5424996N
This stop is located inside the main gate of the Winston Lake Mine. It is a short drive along mine property roads.
From where we park, walk along the base of the cliff toward the lake. WARNING: The walk into the main pit
area is on a narrow and steep-sided path. Walking to the exposures of sulphides in a large group is discouraged.

This stop represents the remnants of the original discovery in the Winston Lake area. The gabbro (now
amphibolite) is massive with some low-angle shears cutting up the outcrop. The gabbro is differentiated
and consist of phases ranging from leucocratic gabbro to pyroxenite (this is more apparent at Stop W2).
The Zenith orebody is mostly mined out but there are a few metre-scale slivers of massive sphalerite
(Photo 1 (Right)) remaining. The ores are strictly zinc-rich and contain only minor amounts of pyrite,
pyrrhotite, and chalcopyrite. The grain size of the sphalerite is generally coarse, most likely recrystallized
during regional metamorphism.
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Figure 5. Geology of the Winston Lake mine area highlighting the location of field trip stops. Geology summarized and
modified from Osterberg (1993). For location of figure and legend, refer to Figure 2.

Photo 1. (Left) Zenith mine open pit. (Right) Sphalerite-rich xenolith in gabbro.
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Stop W2 – Differentiated Gabbro
472337E 5425082N
This stop is on the main road about 100 m back from the Winston Lake mine gate along the side of the road. The
different phases of the gabbro intrusion are well exposed on either side of the road. This outcrop is very
large and is dissected by a stream. We will not be crossing the stream.

Photo 2. Differentiated gabbro showing melanocratic and leucocratic layers.

This stop highlights the complexity and multiple phases of the gabbro. On either side of the road, near the
gate to the Winston Lake mine site, are perfectly exposed road cuts and stripped exposures of the gabbro
that hosts the Zenith orebody. At this stop, we are less than 100 m from the base of the intrusion.
In some locations, the gabbro has a layered appearance with layers of pyroxenite (now mostly
hornblende) and more plagioclase-rich leucocratic layers (Photo 2). In other areas, there are pegmatitic
patches with large centimetre-scale plagioclase crystals. The compositional layering in this intrusion
ranges from centimetre-scale to metre-scale layers. Most of these variations are not mappable.
A leucocratic pegmatitic phase of the gabbro was sampled for U/Pb geochronology to determine the
age of the gabbro. Zircons separated from the gabbro were low uranium, typical of gabbroic zircons,
indicating that they were magmatic in origin rather than xenocrystic. These grains were analyzed using
thermal ionization mass spectroscopy (TIMS) analysis at the University of Toronto, and yielded a U/Pb
age of 2719.2±4.0 Ma. This age indicates that the gabbro that intruded and entrained the Winston Lake
VMS body is synvolcanic, and the same age (or slightly younger) than the host rocks.
Stop W3 – Winston Lake Horizon
472200E 5425057N
This stop along the main road about 100 m west from the Stop W2. It is a large roadcut outcrop of the contact
between the gabbro and the underlying felsic volcanic rocks.
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Photo 3. Bedded felsic volcaniclastic unit known as the Winston Lake Horizon.

At this stop, the contact between the gabbro and the underlying calc-alkalic volcanic rock is exposed.
Immediately below the contact with the gabbro is a layered siliceous tuff unit that is known as the
Winston Lake Horizon (Photo 3). About 450 m down dip of this unit is the Winston Lake main orebody.
The finely laminated layers range in thickness from a few millimetres to 1 to 2 cm and range in
composition from felsic tuff, chert and lesser mafic tuff. This unit is laterally extensive (see Figure 2) and
continues almost the entire length of the Winston Lake assemblage. Trace element and rare earth element
(REE) patterns suggest that this ash layer has an FII- to FIII-type felsic composition (Hart, Gibson and
Lesher 2004). There is little variation in this volcaniclastic unit, both compositionally and texturally,
although it is locally interlayered with mafic flows.
Stop W4 – Altered Felsic Volcanic Rocks in Footwall
472123E 5424987N
Continue south(west) along the road for about 150 m to the next stop. This stop is near the trail entrance to stops
W5 to W7. There are about 100 m of roadcut outcrop of variably altered felsic volcanic rocks to examine.

This stop, and nearby outcrops typify the alteration facies (assemblages) found within the “Camp” felsic
volcanic rocks. This unit is laterally extensive, but relatively thin (see Figure 2) and it is not known how
many flows are represented within this unit. Unaltered equivalents of this rock are usually massive,
coherent units that are quartz- and plagioclase-phyric, and locally contain flow banding. Minor felsic tuffs
and tuff breccias have also been described in this unit elsewhere in the camp (Osterberg 1993). This unit
has a U/Pb age of 2723±3 Ma (Davis, Schandl and Wasteneys 1994).
Altered versions of these quartz- and feldspar-phyric “Camp” flows contain variable amounts of
biotite, muscovite, sillimanite, and cordierite (Photo 4). Phenocrysts may be locally preserved, but are
more difficult to see. Lesser altered equivalents contain quartz-muscovite-biotite-feldspar assemblages.
With increasing degree of alteration, the rocks contain cordierite, sillimanite knots, garnet and
anthophyllite. Major element geochemistry shows extensive sodium depletion and local iron and/or
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magnesium enrichment. Trace element and REE patterns indicate that this unit is an FIII-type felsic
volcanic rock.

Photo 4. Altered felsic volcanic rock now a quartz-muscovite-sillimanite-biotite schist.

Stop W5 – Mafic “Ladder Flow”
471800E 5425200N
From the last stop, enter the trail that leads westward from the main road. The next stop is approximately 500 m
along the trail. This is the furthest stop from the main road. We will return on the same trail and look at the
lithofacies passed over on the return trip. WARNING: This is an ATV trail and there are many wet places
and irregular surfaces. Please walk with caution and try and stay dry.

Photo 5. (Left) Coarse-grained orthoamphibole. (Right) Orthoamphibole-garnet-biotite schist.

The outcrop of the mafic “Ladder Flow” contains some of the most spectacular features that will be
observed during this field trip. In addition to the coarse-grained mineral assemblages associated with
metamorphosed hydrothermal alteration, the overall lack of significant deformation in this area has
preserved the volcanic textures in the rock (Figure 6). Younging directions are still determinable in this
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Figure 6. Outcrop sketch of the contact between the altered mafic “Ladder flow” and the underlying altered felsic volcanics in the Winston Lake area. Sketch only incorporates
areas that were cleaned and there are additional outcrops in the area.

Figure 6. Outcrop sketch of the lower contact of the altered mafic “Ladder Flow” and the underlying altered felsic volcanics in the Winston Lake area. Sketch only
incorporates areas that were cleaned and there are additional outcrops in the area.

unit and they indicate an eastward younging of the strata. As with most units in the Winston Lake
assemblage, this unit is laterally extensive, but relatively thin. Unaltered equivalents of the “Ladder Flow"
contain plagioclase phenocrysts.
At the eastern limit of this outcrop are spectacular exposures of an orthoamphibole-cordierite
assemblage within the altered pillowed mafic flows. The pillows are metre-scale and their selvages are
recessively weathered. There appears to be very little compositional difference between the pillow interior
and the selvages, with the exception of slightly more biotite. Stratigraphically below the pillows is a 10 m
thick massive basalt flow. This massive flow is very homogeneous and the only variations are the
gradational changes in the size of the orthoamphibole crystals. These crystals can be up to 10 cm in size
and are usually randomly oriented (Photo 5 (Left)). There is also a variable amount of cordierite and
minor biotite in this massive lithofacies.
Near the lower contact with the altered felsic volcanic rocks, the “Ladder Flow” contains abundant
clots, sheets, and veins of porphyroblastic garnet (Photo 5 (Right)). In addition to garnet-orthoamphibolecordierite, there are also local concentrations of biotite and chlorite. This alteration style is interesting, but
difficult to interpret. In some places it appears as if the garnet clots represent altered clasts in a breccia. In
other locations, they may be altered pillow margins or deformed veins. Regardless, the sharp transition
from massive orthoamphibole-cordierite altered flow into a more chaotic orthoamphibole-garnetcordierite zone may indicate the transition from a massive to breccia facies of this unit. It may also
represent a different chemical gradient within the alteration zone. Geochemically, the garnet-bearing
rocks are still mafic in composition.
Stop W6 – Trail Showing
471867E 5425051N
From the previous stop, walk back towards the main road (east) for approximately 150 m. This stop is a flat, rusty
outcrop that we walked over to get to the Ladder Flow.

Photo 6. Felsic volcaniclastic rock hosting disseminated sulphides.
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This stop represents one of the many smaller mineralized intervals in the Winston Lake camp. The
mineralization in the “Trail Showing” is located near the contact between the “Ladder Flow” and
underlying felsic volcanic rock and it is hosted within a siliceous, bedded volcaniclastic unit (Photo 6)
that is up to 15 cm thick. It contains over 6000 ppm Cu and zinc-bearing metamorphic minerals such as
gahnite are also present.
The bedded volcaniclastic unit is altered to a quartz-cordierite-biotite-garnet mineral assemblage
containing variable amounts of orthoamphibole and sillimanite. The layering in the rock appears to be
primary.
This unit is distinct and separates the mafic “Ladder Flow” and the underlying massive altered
quartz- and feldspar-phyric “Main” felsic flow, which the trail crosses from there to the main road. The
alteration assemblages in the massive flow are the same as those observed at Stop W4.
Stop W7 – Contact of “Ladder Flow” and Altered Felsic Volcanic Rocks
471918E 5424992N
Continuing back toward the main road along the trail, this stop is approximately 100 m from the previous stop. This
is the last stop on the trail before returning to the main road.

Photo 7. Upper contact of altered mafic flow (Ladder Flow) and altered felsic volcanic.

This stop shows the contact between the “Ladder Flow” and the overlying “Camp” felsic volcanic rocks,
which constitute the immediate footwall strata to the Winston Lake deposit. Prior to last summer, this
outcrop was completely black with lichen and moss cover. Cleaning this otherwise black and featureless
exposure resulted in a near-perfect exposure of an altered basaltic flow top breccia that is intermingled
with the overlying felsic tuff (Photo 7). This is one of a few places where these flow features are exposed
at surface. The variety of flow facies exhibited by the “Ladder Flow” indicates that this mafic unit is
indeed a flow rather than a sill. Therefore, the contact at this stop is not a peperite caused by a sill
mingling with overlying unconsolidated tuff. Rather, it is more likely that the felsic tuff settled on top of
the basaltic flow top breccia.
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At this location, the flow is altered to an orthoamphibole-garnet assemblage with retrograde chlorite
and biotite. The garnet porphyroblasts are evenly distributed and occur in the felsic volcanic rock above
the contact. This suggests some chemical exchange between the lithofacies at the contact during
metamorphism, as previously suggested by Gorton and Schandl (1995). The overlying felsic tuff is
altered to a quartz-muscovite-sillimanite-biotite mineral assemblage.
Stop W8 – Pick Lake Shaft Area
471579E 5424177N
About 150 m south of the trail entrance on the main road is the gate to the Pick Lake deposit. The Pick Lake mine
shaft and the next stop are about 1.1 km from the gate. There are plenty of outcrops around the former shaft
that show a variety of alteration facies. WARNING: Although the shaft has a concrete cap and is safe to walk
on, please do not walk directly on old mine workings.

Photo 8. Quartz-muscovite-biotite-garnet schist near the Pick Lake mine shaft.

This stop is in the middle of the thickest part of the “Main” quartz-and feldspar-phyric felsic flow that
forms the middle portion of the Winston Lake assemblage and the hanging wall to the Pick Lake orebody.
The Pick Lake deposit is about 300 m directly below the former mine workings near this stop. The
orebody is not associated with the rocks exposed here, rather is associated with felsic volcaniclastic and
siliciclastic rocks that dip eastward underneath this unit (see Figure 3). We will not see the host rocks to
the Pick Lake deposit on this trip because they are not easily accessible.
It is not clear based on the current or previous mapping whether the “Main” quartz- and feldsparphyric flow is an intrusion or extrusion (e.g., Osterberg 1993). There appears to be very little textural
variation in the unit throughout the area. Despite being quite thick in this area, the unit is massive and the
only variations are in the degree of alteration and mineral assemblages. These mineralogical changes,
which include varying amount of biotite and garnet (Photo 8), are gradational and do not appear to
represent primary compositional layering. If it is an extrusive unit, it is a very massive one with only a
thin brecciated carapace (see Stop W9). Phenocryst sizes in unaltered parts of this unit are much larger
(3 to 4 mm) compared to the “Camp” felsic volcanic rocks in the footwall to the Winston Lake orebody.
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A sample of this unit was submitted for U/Pb dating by TIMS analysis at the University of Toronto.
The sample yielded a homogeneous population of zircon that produced an age of 2721±1 Ma. This
confirms that the unit is the same age as the host rocks to the Winston Lake orebody. There is some
variation in the trace element geochemistry of this unit as it ranges from an FI- to FIII-type felsic volcanic
rocks. This indicates that despite its homogeneous appearance it consists of more than one felsic unit.
Stop W9 – Pick Lake Felsic Breccias
473182E 5424996N
This stop is a roadside outcrop on the Pick Lake road approximately 100 m away from the gate. This is the last stop
inside the Pick Lake gated road.

Photo 9. Matrix-supported quartz-phyric felsic volcanic breccia.

At this stop, the monolithic breccia phase of the quartz-and feldspar-phyric felsic flow (Photo 9) is well
exposed on the roadside. It is not certain if this breccia is a volcanic or structural texture. Given that the
main part of this body is thick, massive and homogeneous, and that it has been confirmed to be the same
age as the surrounding volcanic rocks, it is possible that this may represent the synvolcanic intrusion that
was the feeder for the overlying felsic flows and volcaniclastic units. It is common for hypabyssal
synvolcanic intrusions to be brecciated at their margins. Alternatively, it could represent the breccia
margin of a flow.
The fragments are lenticular and stretched defining a pronounced stretching lineation. They contain
quartz and plagioclase phenocrysts that make up to 15% of the fragment. The anastomosing matrix is
composed of quartz-biotite-muscovite mineral assemblages and composes up to 25% of the rock. There is
no obvious layering in the rock but there are some variation in the abundance and size of the clasts that
may represent crude bedding.
Stop W10 – Tuffaceous Metasedimentary Rocks
472699E 5423145N
This stop is on the main road 1.8 km south of the Pick Lake gate and is adjacent to the power lines. There are
several roadcut outcrops that are worth examining. This is the last stop of this portion of the field trip.
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This is the final stop of the Winston Lake portion of the field trip. The tuffaceous metasedimentary rocks
are along strike and south of the orebodies, and do not contain mineral assemblages that indicate
significant hydrothermal alteration. They were classified as “intermediate volcaniclastics” by Osterberg
(1993). There are many sedimentary structures in this unit, such as cross-bedding (Photo 10), that suggest
it is a reworked volcaniclastic deposit. The composition of the rock suggests that the provenance is mostly
mafic with only a minor felsic component.

Photo 10. Low-angle cross-bedded mafic-intermediate tuffaceous metasedimentary rock.

At this stop, mineral assemblages range from biotite-quartz-garnet to biotite-quartz-hornblende and
even local concentrations of lapilli-sized clasts of mafic composition. These compositional variations are
on the metre- to outcrop-scale.
A sample of this unit within the finer grained, cross-bedded part of the exposure was sent for detrital
zircon analysis at the laser ablation inductively coupled plasma mass spectrometry LA-ICP–MS at
Laurentian University, Sudbury (Ontario). The results show a single peak centered around 2720 Ma,
suggesting that the source of detritus was local and from volcanic units dated 2720 Ma. The composite,
mafic-felsic composition of these rocks suggests that they are not primary volcanic deposits. They may
represent distal, reworked facies of slump fans deposited during rifting that originated from bimodal
volcanic units within the Winston Lake assemblage.

DAY 2 – GECO AND WILLROY MINE AREA
This portion of the field trip is an introduction to the mineralization and alteration of the Geco and
Willroy mining camp. The trip is organized to show the variation in the geological setting of the various
ore bodies within the mine property, by taking a regional-scale transect through the VMS-hosting strata of
the Manitouwadge greenstone belt. Finally, the trip will examine the deposit-scale stratigraphy and
variation in the alteration facies associated with these ore zones. The stop locations are illustrated in
Figure 7.
Note in descriptions of some of the units primary igneous names are used rather than their
metamorphic names (e.g., felsic volcanic versus quartz-feldspar-muscovite schist).
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Figure 7: Geology of the Geco and Willroy mine areas showing the location of field trip stops. Geology modified from Zaleski and Peterson (2001).

Figure 7. Geology of the Geco and Willroy mine areas showing the location of field trip stops. Geology modified from Zaleski and Peterson (2001).

Stop M1 – Geco Main Pits
587952E 5445211N
After checking into the mine site, drive approximately 2 km back along the main road and park on the side of the
road adjacent to the Geco Main pit. From there you can see what remains of the head frame and reclaimed
open pit operations. This is a good place to find ore samples in the overburden near the fence at the smaller
piton the east side of the road. Please do not attempt to cross containment fencing.

Photo 11. Geco main open pit.

These pits represent the main ore body of the Geco mine. These filled pits represent the surface
expression of the ore bodies below. Fifty-five million tons of copper-zinc-lead-silver ore was mined from
this open pit and underground workings. Unfortunately, we cannot get up to the rocks adjacent to the pit
and accessible outcrop is limited in the immediate vicinity of the main ore body.
Most of the geology and stratigraphy was defined during the underground mining activities. The
main orebody is enveloped by a sillimanite-muscovite-quartz schist (similar to the Willroy 1 orebody at
stop M10) and quartzite. The main ore is consists of massive zinc-copper-lead sulphides that have been
recrystallized during metamorphism. There is a halo of stringer chalcopyrite mineralization around the
main ore body hosted in sillimanite-muscovite-quartz schist (Zaleski et al. 1995). The sillimanitemuscovite-quartz schist has been dated at 2720±2Ma (Davis, Schandl and Wasteneys 1994).
This stop is located at the easternmost extension of the main orebody where it grades and thins into
zinc-rich massive sulphides in association with meta-iron formation. The previously mapped stratigraphic
relationship of the main ore zone and iron formation-associated ore body at this location suggests that the
main ore body cross-cuts the strata at a low angle (Zaleski et al. 1995).
Stop M2 – Nama Creek Open Pit
584200E 5446331N
Drive back northward and turn left onto the road that travels behind the Geco headframe. This road will take you to
the former rail bed that connected the Willroy and Geco camps. Travel on this road for approximately 4.7 km
and turn left into the access road for the Nama Creek Open Pit. WARNING: This open pit is now filled with
water but is not fenced. Please use extreme caution when navigating the outcrops adjacent to the pond.
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Photo 12. (Left) Nama Creek open pit. (Right) Zinc-rich iron formation at edge of pit.

The Nama Creek deposit (Photo 12 (Left)) is an example of the zinc-rich mineralization that is associated
with iron formation (Photo 12 (Right)). The small size and low grade zinc mineralization made this
operation marginally profitable. Most of the strata to the west are intruded by a granitic pegmatite. There
is not much left exposed here now, but at the eastern limit of the pit there is some exposure of the rocks
that host and are associated with the mineralization.
The Nama Creek orebody is near the contact between orthoamphibole-garnet-cordierite gneiss and
sillimanite-muscovite-quartz schist. The orthoamphibole-garnet-cordierite gneiss is exposed at the
northern margin of the pit before it is cross-cut by a granitic pegmatite further west. The sillmanitemuscovite-quartz schist is locally exposed to the south of the open pit. The orebody is composed of
coarse-grained pyrite, pyrrhotite, sphalerite and galena in iron formation.
The general strata of the ore body is best visible at the eastern limit of the pit where the gneiss,
schist, and magnetite-quartz iron formation are all exposed. This outcrop represents the easternmost
extension of the orebody along strike. Zinc mineralization is present in some of the host rocks as gahnite,
a pale green Zn-bearing spinel.
Stop M3 – Synvolcanic Trondhjemite
587952E 5445211N
From the Nama Creek access road, continue approximately 600 m eastward on the main road back toward the
Willroy and Geco mines. Stops M3 to M8 are along the containment dam on the west side of the creek and
represent a regional-scale transect through the strata of the greenstone belt. WARNING: The dam is singlelane and steep sided without guard rails. Please drive slowly and carefully on the dam. It will be a one-way
trip until we reach the southern end of the dam where it intersects another road.

This is the first stop on the regional-scale transect through the Manitouwadge greenstone belt. This stop is
located at the contact region of the synvolcanic trondhjemite in the core of the Manitouwadge synform
and variably altered mafic to felsic volcanic rocks.
Despite the high degree of deformation and upper amphibolite metamorphism, at this particular stop
there are what appear to be mafic to intermediate xenoliths in the trondhjemite (Photo 13). North of this
location, the intrusion is much more massive and does not contain such fragments. The presence of such
xenoliths near the contact with the supracrustal assemblages suggests a brittle, hypabyssal regime. In
addition, there is an increase in the amount of biotite and garnet in the trondhjemite near the contact with
the orthoamphibole-garnet-cordierite gneiss . This has been interpreted to be a pre-metamorphic
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hydrothermal alteration (Zaleski et al. 1995). Further evidence for a synvolcanic trondhjemite is that the
intrusion has a U/Pb age of 2720±2 Ma (Zaleski, van Breemen and Peterson 1999) which is the same age
as the volcanic rocks at the Geco main orebody.

Photo 13. Trondhjemite with fragments (xenoliths?) of intermediate volcanic rocks.

Stop M4 – Orthoamphibole-Garnet-Cordierite Gneiss
585129E 5446034N
Drive southward along the containment dam for about 300 m to the next stop. Participants are welcome to walk the
entire length of exposures along the dam. The guidebook will highlight the different facies, but there are
many interesting small-scale variations in the rocks that may be worthwhile examining.

The orthoamphibole-cordierite-garnet±biotite gneiss unit (Photo 14) is regional in extent and appears to
mantle the synvolcanic trondhjemite (Zaleski and Peterson 2001). We will see additional, and perhaps
better exposures of this unit at stops M9 and M10. This metamorphosed alteration facies is interlayered
with a variety of other alteration facies noted by variation in mineralogy, grain-size and textures.
This unit appears to be in the footwall to most of the orebodies in the Manitouwadge area, assuming
a generally southward younging stratigraphy. Although no primary textures or minerals remain after
hydrothermal alteration and metamorphism, the geochemistry of these rocks suggest that the protolith was
an alkali-depleted, iron- and magnesium-altered tholeiitic mafic rock (see Figure 8 for Stop W10). This
probably represents the chlorite zone of VMS-type alteration. There is some evidence these altered mafic
rocks were locally interlayered with felsic lithofacies based on a bimodal distribution of TiO2 (Zaleski et
al. 1995) and enriched high field strength elements (HFSE) relative to mafic lithofacies (Pan and Fleet
1995). It is not uncommon to have similar chlorite-type alteration facies in both mafic and felsic
protoliths in a VMS system.
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Photo 14. Very coarse grained orthoamphibole-cordierite gneiss.

Stop M5 – Quartz-phyric Felsic Volcanic Rocks
585110E 5445878N
Continue southward along the containment dam for approximately 200 m to the next stop.

The quartz-phyric felsic volcanic rock (Photo 15 (Left)) is spatially associated with the Willroy and Geco
orebodies and is interlayered with the iron formation. This unit is characterized by the prominent 1 to
3 mm quartz phenocrysts composing up to 20% of the rock. Geochemically, at this location, there is an
obvious depletion of Na2O in the massive part of the unit suggesting it was also part of the VMS
alteration system. The variation in muscovite abundance in the rocks suggests zones of potassic alteration.

Photo 15. (Left) Massive quartz-phyric felsic volcanic (schist). (Right) In-situ breccia of felsic volcanic rock (schist).
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Towards the margin of this unit, there are what appear to be in-situ breccias (Photo 15 (Right)).
These breccias are monolithic and are composed of a similar lithofacies to the more massive parts of the
quartz-phyric unit. The matrix has quartz phenocrysts and is composed of muscovite, biotite, and garnet.
These breccias are interpreted to be primary volcanic features and therefore represent a proximal
volcaniclastic deposit or flow breccia (Zaleski et al. 1995).
Near the contacts with iron formation, this unit grades into a calc-silicate breccia. These rocks are
composed of diffuse quartz-phyric to aphyric felsic fragments in a matrix composed of calc-silicate
minerals such as plagioclase, clinopyroxene, Ca-amphibole, garnet, epidote, and titanite. This calc-silicate
rock is interpreted to be a metasomatically-altered felsic volcanic rock (Zaleski et al. 1995).
Stop M6 – “Tectonic Straight Gneiss”
587952E 5445211N
Continue southward along the containment dam for approximately 300 m to the next stop.

Despite the high degree of deformation in the Manitouwadge greenstone belt as a whole, these rocks
appear notably strained with a strong penetrative planar fabric. The mineralogy of these rocks appears to
be similar to that of felsic volcanic rocks and felsic altered equivalents; however, much more strongly
strained. Coarser grained beds form boudinage textures (Photo 16) and there is an apparent overall
reduction of grain size.
Zaleski and Peterson (1995) interpreted these rocks as annealed mylonites and evidence for an early
D1 deformation event resulting in thrust repetition of the felsic units and iron formation. They are also
associated with map-scale truncations of iron formation (Zaleski and Peterson, 1995; Zaleski and Peterson
2001).

Photo 16. Tectonized altered felsic volcanic with boudinaged layers.

Stop M7 – Meta-Iron Formation
585138E 5445404N
Continue southward along the containment dam for approximately 200 m to the next stop. This is the last stop along
the containment dam.
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Photo 17. Quartz-magnetite iron formation.

This is just one of many exposures of metamorphosed iron formation (Photo 17) in the Manitouwadge
area, with more to the north along the containment dam. The iron formation is closely associated with the
ore zones in this mining camp and is likely an expression of the hydrothermal activity that deposited the
orebodies. The geochemistry of the iron formation shows low Al2O3, Na2O and K2O, suggesting there is
very little detrital or volcanic component (Zaleski et al. 1995). This outcrop is the southernmost iron
formation and is along strike from the Geco open pit at Stop M1.
The iron formation at this stop consists mostly of alternating layers of white to grey quartz and
magnetite. Near the contacts with felsic units, there are other iron-bearing minerals present such as
grunerite, actinolite, garnet, and/or clinopyroxene. Some of these layers are possibly altered volcanic
rocks that were interlayered with the iron formation.
The iron formation appears to grade into sulphide-facies iron formation and eventually massive
sulphides at the Geco and Willroy ore bodies (Friesen, Pierce and Weeks 1982). This explains why the
iron formation at this stop has relatively minor sulphide content, being distal from Geco but more
sulphides closer to stops M4 and M5 which are more proximal to Willroy.
Stop M8 – Metagreywacke
585019E 5444550N
Turn left onto the road that intersects the containment dam and drive southward toward the Willroy tailings pond
for approximately 700 m. Turn right into the access road for the tailings dam building and park near the
edge of the pond. The outcrop is located near the boulder dam at the southern tip of the tailings pond.

This stop is intended to show metasedimentary rocks typical of the Manitouwadge greenstone belt, and to
resolve discussions regarding the question of the volcanic or sedimentary origin of the rocks observed so
far. They have nothing to do with the VMS mineralization in the camp and have a maximum age of
deposition of 2693 Ma based on detrital zircon analysis (Zaleski, van Breemen and Peterson 1999).
At this stop, the metagreywackes (Photo 18) are planar bedded at the centimetre-scale. They are finegrained and composed of biotite, quartz, feldspar, and varying amounts of hornblende and muscovite.
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Elsewhere in the belt, there are chaotic folds between planar layers that are interpreted to be soft sediment
deformation features (Zaleski et al. 1995; Zaleski, van Breemen and Peterson 1999).

Photo 18. Planar bedded metagreywacke.

Stop M9 – Willroy Mill Site
585743E 5445822N
From the Willroy tailings pond building access road, turn left and drive northward on the main road for about
400 m to an intersection. Keep right at the fork to avoid going back to the containment dam. From the
intersection, continue northward 1.2 km to the next stop. The large cleared area on top of the hill is the
former mill site for the Willroy mines. The field trip stop is at the former rail bed.

Photo 19. (Left) Coarse garnet with radiating orthoamphibole. (Right) Large, 40 cm cordierite crystal.

The unit that is exposed has been seen at previous stops and will also be exposed at the last stop. The
purpose of this stop is to see the orthoamphibole-garnet-cordierite gneiss and the extraordinary grain sizes
that can develop in this unit. Please no hammering on these rocks. There are a few exposures where these
coarse grain sizes can be found.
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The orthoamphibole-garnet-cordierite gneiss has variable amounts of biotite, plagioclase, and
staurolite and is interlayered on the metre-scale with garnet-biotite-sillimanite±cordierite gneiss/schist.
The orthoamphibole crystals (Photo 19 (Left)) are often as large as 5 cm and occur as aligned or radiating
prisms. Cordierite crystals (Photo 19 (Right)) can be very large and are up to 40 cm in size.
Stop M10 – Willroy 1 Open Pit
586606E 5445517N
Drive eastward from the former Willroy mill site about 200 m and turn right onto a narrow road that leads to the
Willroy 1 open pit. The pit is about 800 m off the main road. WARNING: The open pit is fenced off but is still
very dangerous. Please stay away from the fence and under no circumstances attempt to go inside the fenced
area. This is the last stop of the field trip.

The purpose of this stop is to show the deposit-scale variation in the alteration facies present in most of
the orebodies in the Manitouwadge mining camp. The Willroy 1 deposit (Photo 20 (Left)) was a stringerto-disseminated copper sulphide orebody hosted in altered felsic volcanic rocks near the contact between
the orthoamphibole-cordierite-garnet gneiss and sillimanite-muscovite-quartz schists (Figure 8). New
trace element data of these rocks reveals the pre-alteration bimodal composition of the volcanic rocks
(according to the revised Winchester and Floyd (1977) plot by Pearce (1996)) and F-III classification
(Hart, Gibson and Lesher 2004) of the felsic lithofacies (Figure 9).

Photo 20. (Left) Willroy 1 open pit. (Right) Sillimanite-clotted altered felsic volcanic rock.

A short walk south along the access road from the fence reveals an exposure of the quartz-phyric felsic
volcanic unit that was observed at Stop M5. There is considerably more deformation at this location as
evidenced by a stronger foliation with kink folds. There are also some tonalitic and aplitic dikes that
intrude this unit. The rocks are relatively unaltered but have a very similar primitive mantle-normalized
trace element patterns (normalizing values from Sun and McDonough 1989) to the altered facies that
occurs closer to the open pit (Figure 9).
The sillimanite-muscovite-quartz±garnet schist is exposed just south of the fence. Walking east
along the fence, the schist becomes increasingly sillimanite knotted (Photo 20 (Right)). These knobs are
more resistant to weathering and are 1 to 2 cm in size. There are also pegmatite and tonalite dykes
intruding these layers. Geochemically, these rocks are FIII-type felsic volcanic rocks (see Figure 9).
Directly along strike from the open pit (and therefore the Willroy 1 orebody) is a muscovite-schist
that is similar in appearance to the schists that envelope some of the Geco orebodies. The muscovite is
fairly coarse grained and feels silky to the touch. Sillimanite is present as pinkish rosettes on the foliation
28
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Figure 8. Detailed geology of the area around the Willroy 1 open pit. Figure is modified from Zaleski et al. (1995). Unit colors are the same as in the legend for Figure 4 and 7.
Circles indicated sample numbers and correlate with geochemistry diagrams in Figure 9.
Figure 8. Detailed geology of the area around the Willroy 1 open pit. Figure modified from Zaleski et al. (1995). Unit colors are the same as in the legend for
Figure 4 and 7. Circles indicate sample numbers and correlate with geochemistry diagrams in Figure 9.
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Figure 9. Trace element diagrams for samples collected from the strata hosting the Willroy Cu-stringer ore body. Classification diagram from Winchester and Floyd (1977) as
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surface. Closer to the contact with the orthoamphibole-cordierite-garnet gneiss, the muscovite-sillimanite
schist is increasingly quartz rich and very strongly foliated.
Continuing northward on the eastern edge of the fence are exposures of the orthoamphibole-cordieritegarnet gneiss. There are some exposures of large 10 to 15 cm cordierite crystals. Ortho-amphiboles often
display a blue iridescence caused by the presence of exsolution lamellae. Garnets are 1 to 4 cm in size and
commonly show a dextral sense of rotation based on quartz inclusions and trails. On larger outcrops,
metre-scale layering within this unit is defined by variation in mineral abundances and grain sizes. The
cause of the layering could either be because of compositional variation in the alteration facies or prealteration lithofacies.
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Metric Conversion Table
Conversion from SI to Imperial

Conversion from Imperial to Sl

SI Unit

Multiplied by

Gives

Imperial Unit

1 mm
1 cm
1m
1m
1 km

0.039 37
0.393 70
3.280 84
0.049 709
0.621 371

LENGTH
inches
1 inch
inches
1 inch
feet
1 foot
chains
1 chain
miles (statute)
1 mile (statute)

1 cm2
1 m2
1 km2
1 ha

0.155 0
10.763 9
0.386 10
2.471 054

square inches
square feet
square miles
acres

1 cm3
1 m3
1 m3

0.061 023
35.314 7
1.307 951

cubic inches
cubic feet
cubic yards

AREA
1 square inch
1 square foot
1 square mile
1 acre

VOLUME
1 cubic inch
1 cubic foot
1 cubic yard

CAPACITY
1 pint
1 quart
1 gallon

1L
1L
1L

1.759 755
0.879 877
0.219 969

pints
quarts
gallons

1g
1g
1 kg
1 kg
1t
1 kg
1t

0.035 273 962
0.032 150 747
2.204 622 6
0.001 102 3
1.102 311 3
0.000 984 21
0.984 206 5

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)
tons (short)
tons (long)
tons (long)

1 g/t

0.029 166 6

1 g/t

0.583 333 33

MASS
1 ounce (avdp)
1 ounce (troy)
1 pound (avdp)
1 ton(short)
1 ton (short)
1 ton (long)
1 ton (long)

CONCENTRATION
ounce (troy) /
1 ounce (troy) /
ton (short)
ton (short)
pennyweights /
1 pennyweight /
ton (short)
ton (short)

Multiplied by
25.4
2.54
0.304 8
20.116 8
1.609 344

Gives
mm
cm
m
m
km

6.451 6
0.092 903 04
2.589 988
0.404 685 6

cm2
m2
km2
ha

16.387 064
0.028 316 85
0.764 554 86

cm3
m3
m3

0.568 261
1.136 522
4.546 090

L
L
L

28.349 523
31.103 476 8
0.453 592 37
907.184 74
0.907 184 74
1016.046 908 8
1.016 046 9

g
g
kg
kg
t
kg
t

34.285 714 2

g/t

1.714 285 7

g/t

OTHER USEFUL CONVERSION FACTORS
1 ounce (troy) per ton (short)
1 gram per ton (short)
1 ounce (troy) per ton (short)
1 pennyweight per ton (short)

Multiplied by
31.103 477
0.032 151
20.0
0.05

grams per ton (short)
ounces (troy) per ton (short)
pennyweights per ton (short)
ounces (troy) per ton (short)

Note: Conversion factors in bold type are exact. The conversion factors have been taken from or have been derived from factors given
in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, published by the Mining Association of Canada in
co-operation with the Coal Association of Canada.
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