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In 1989, the Saskatchewan Geological Survey (SGS) in­
itiated a program to remap the western Flin Flon- Amisk 
Lake area at a minimum of 1 :20 000 scale in order to 
better understand the distribution and controls on gold 
and base metal deposits in this region. In 1990, this pro­
gram was incorporated into the Canada-Saskatchewan 
Partnership Agreement on Mineral Development 1990-
1995 as Project Seagull (Reilly et al., in press). In 1991, 
the Geological Survey of Canada (GSC) initiated the 
Shield Margin Project of the national mapping program 
(NATMAP) to provide for geoscience studies in the Flin 
Flon- Snow Lake-Hanson Lake belt, including extrapola­
tion of the exposed Precambrian Shield rocks under the 
Phanerozoic cover rocks. This multi-disciplinary ap­
proach (with participants primarily from the GSC, SGS, 
and Manitoba Geological Survey) has enhanced our 
knowledge of the Shield margin area. This report re­
views the geological setting of mineral deposits in the 
Flin Flon-Amisk Lake area in light of these new per­
spectives. 

1 . Regional Geology 

The Flin Flon- Amisk Lake area lies within the Flin Flon­
Snow Lake greenstone belt (i.e. Flin Flon Domain). 
which forms a relatively low metamorphic grade compo­
nent and most southerly exposed part of the Palepro­
terozoic Trans-Hudson Orogen (Figure 1 ). The 
greenstone belt has a transitional boundary to the north 
and to the east into high-grade gneisses of the Kis­
seynew Domain, and is in tectonic contact with the Han­
son Lake Block to the west. The greenstone belt is 
unconformably overlain by flat-lying unmetamorphosed 
Ordovician rocks to the south which include marine 
sandstones of the Winnipeg Formation and dolomites of 
the Red River Formation. 

The Flin Flon-Snow Lake greenstone belt comprises a 
diverse suite of volcanic, sedimentary, and intrusive 
rocks. These rocks have previously been described in 
terms of two stratigraphic groups: Amisk Group volcanic 
rocks and Missi Group continental sedimentary rocks 
(Bruce, 1918). However, the belt is now recognized as 
an amalgamation of several distinct 1.92 to 1.84 Ga li­
thotectonic assemblages (Figure 2), referred to as the 
Amisk Collage (Lucas et al., in press). which are in­
truded by 1.87 to 1.84 Ga plutons and unconformably 
overlain by 1.87 to 1.84 Ga volcanic and sedimentary 

rocks. Five main assemblage types, which are defined 
as stratified volcanic and/or sedimentary rocks depos­
ited during a discrete interval of time in a common set­
ting, are found in the Flin Flon- Snow Lake greenstone 
belt: juvenile arc, juvenile ocean floor, oceanic pla­
teau/ocean island basalt, isotopically evolved arc, and 
Archean crustal slices (Watters et al., 1994; Stern et al., 
1995a, b; David and Syme, 1994). Informal assem­
blages of the Flin Flon-Amisk Lake area, which are sub­
ject to further modifications, are shown in Table 1. 

2. Volcanogenic Massive Sulphide 
Deposits 

The Flin Flon-Snow Lake greenstone belt is one of the 
most productive base metal mineral regions in Canada, 
hosting over two dozen producing and past-producing 
mines. Production plus reserves in these mines total 
109.5 million metric tons of Cu and Zn (Syme and 
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Figure 1 • Locatton map of the Flin Fkm- Amisk Lake area. 

(1) Saskatchewan Project F.102 is a continuation of Project A.112 initiated under the Canada-Saskatchewan Partnership Agreement on Mineral 
Development 1990·95; funding in 1995 was under the Saskatchewan Energy and Mines Geosclence Program. 
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Figure 2 - Lithotectonic assemblages of the Flin F/on-Amisk Lake area. VMS deposits: A=Ca/linan; B=Flin Flon; C=West Arm; 
D=Coronation; E:=Flexar; F=Birch; G=Konuto Lake; and H=Fon Zone. Gold deposits: 1=Newcor: 2::Rlo; 3=Henning-Maloney; 
4=Graham; 5=Laural Lake; and 6=Monarch/Prince Albert. Cu=porphyry copper occurrences. 

Bailes, 1993). The value of contained base metals per 
square kilometre of greenstone belt is estimated at six 
million dollars, approximately three times that of the Abi­
tibi greenstone belt (Franklin, pers. comm., 1994). Base 
metal mineralization in the region has been reviewed by 
Sangster (1972), Koo and Mossman (1975), Stauffer et 
al. (1975), Price {1977), Thomas {1990), Coombe 
(1991), and Syme and Bailes (1993). The deposits are 
classified as volcanogenic massive sulphide (VMS) de­
posits. 

At Flin Flon-Amisk Lake, two producing mines (Callinan 
and West Arm}, four past-producing mines (Flin Flon, 
Coronation, Birch, and Flexar}, a potential mine (Konuto 
Lake), and an undeveloped deposit (Fon Zone) are the 
major deposits found to date. All deposits are hosted by 
juvenile island arc rocks; however, deposits fall into four 
distinct categories in terms of rock type/metal associa­
tion, as follows: 

1. tholeiitic basalt-dominant, rhyolite-subordinate Zn-Cu 
deposits, 

2. tholeiitic basalt-dominant Cu-rich deposits, 

4 

3. calc-alkaline felsic-dominant Zn±Pb-Cu deposits, and 

4. sediment-dominant Cu-Zn deposits. 

a) Tholeiltic Basalt-dominant, Rhyolite-
subordinate Zn-Cu Deposits 

The Flin Flan mine, the largest deposit (62.4 Mt) in the 
Flin Flon-Snow Lake greenstone belt, and its strati· 
graphic equivalent, the Callinan mine (2.8 Mt), are 
hosted by a rhyolite which yields a U-Pb age at 1904 
+6/-3 Ma (David et al., 1993) within a predominantly 
tholeiitic basalt sequence of the Flin Flon lithotectonic 
assemblage. The South Main basalts in the strati­
graphic footwalt form a thick sequence of relatively shal­
low-water (300 to 700 m) pillowed flows and pillow 
fragment breccias (Syme and Bailes, 1993). A discor­
dant chloritic alteration zone occurs beneath the mas­
sive sulphide orebody of pyrite, sphalerite, pyrrhotite, 
and chalcopyrite which is contained in the mine "rhy­
olite". The "rhyolite". which at this location is a 200 m 
thick package of rhyolite flows and breccias, is immedi­
ately overlain by a very thin unit of bedded volcaniclas­
tic rocks. Hanging-wall Hidden Lake basalts comprise a 
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3.3 km thick relatively uniform succession of porphyritic 
pillowed flows that are compositionally unrelated to the 
South Main basalts (ibid.). 

b) Tholeiltlc Basalt-dominant Cu-rich Deposits 

The Coronation (1.3 Mt), Flexar (0.31 Mt), Birch 
(0.28 Mt), and Konuto Lake deposits together define a 
copper-rich trend. At the Coronation Mine, the mineral­
ized zone of pyrite, pyrrhotite, and chalcopyrite is inti­
mately associated with a variably sheared and layered 
tuffaceous(?) horizon which lies between an amygdaloi­
dal basaltic flow and a stratigraphically overlying mas­
sive to pillowed flow (Coombe, 1991). Cordierite­
anthophytlite rocks represent a metamorphosed chloritic 
zone of a large alteration pipe (Whitmore, 1969; 
Froese, 1969). The geological setting of the Flexar and 
Birch Lake deposits is very similar. Chlorite schist in the 
vicinity of the chalcopyrite, pyrrhotite, and pyrite ore­
bodies, possibly represents modified footwall alteration 
(Coombe, 1991). The Birch Lake deposit is hosted by a 
thin rhyolite tuff-agglomerate, structurally underlain by 
pillowed basalt and overlain by andesitic(?) tuff. Mas­
sive sulphide mineralization of the Flexar deposit is con­
tained in chlorite schist sandwiched between two 
andesitic(?) flows. 

c) Cale-alkaline Felsic-dominant Zn±Pb-Cu 
Deposits 

The Fon deposit (5.1 Mt) is hosted by a calc-alkaline se­
quence of dominantly felsic volcanic and volcaniclastic 
rocks of the West Amisk assemblage which gives a U­
Pb zircon age of 1888 ±3 Ma (Heaman et al., 1993). 
The mineralized zone consists of massive and dissemi­
nated pyrrhotite-pyrite-sphalerite-chalcopyrite. Cordierite­
anthophyllite-sillimanite, garnet-staurolite-biotite, 
actinolite-chlorite-biotite, and garnet-anthophyllite rocks 
proximal to mineralization represents metamorphosed 
Fe-Mg alteration zones (Schwann, 1992). Silicified and 
carbonatized felsic-mafic volcanic rocks and sediments 
envelope the Fon deposit. 

d) Sediment-dominant Cu-Zn Deposits 

The West Arm mine (1 .6 Mt), located approximately 
600 m east of the Saskatchewan-Manitoba border, is 
hosted by pyritic graphitic argillite of the Flin Flon as­
semblage in tectonic contact with the West Arm assem­
blage. The structural footwall to the deposit comprises 
strongly silicified and carbonatized pillowed basalts, pil­
low fragment breccias, and diorite. These rocks were 
described previously as dacites because of their 
bleached white to buff weathered colour which is now 
attributed to alteration along the West Arm shear zone. 
No VMS-style footwall alteration is recognized, the ore­
body likely being structurally controlled and probably 
not in situ. Mineralization consists of chalcopyrite, 
sphalerite, pyrite, and minor pyrrhotite. The structural 
hanging wall is found to be silicified and carbonatized 
basalt and diorite overlain by unaltered and undeformed 
basaltic flows above the West Arm shear zone. 
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3. Porphyry-style Mineralization 

Porphyry-style copper {-molybdenum-gold) mineraliza­
tion was first documented on Missi Island of Amisk 
Lake by Kirkham (1974). Porphyry dykes ranging in 
composition from rhyolite to andesite {Harper, 1993) 
and transitional into felsic to intermediate flows and frag­
mental rocks (Kirkham, 1974) are interpreted as a sub­
volcanic vent complex (Chute and Ayres, 1977). 
Copper, molybdenum, and gold mineralization associ­
ated with extensive zones of pyritization is found near 
Cougal Lake in the central part of the island and on the 
Brain and adjacent properties on the west side of the is­
land. Chute and Ayres (1977) recognized pervasive 
silicification and sericitization affecting both porphyries 
and country rocks, and an extensive development of 
veinlets of quartz, carbonate, chlorite, epidote, hematite 
or pyrite. Younger, discrete stocks of porphyritic grano­
diorite, which yield a single-zircon Pb-evaporation age 
of 1848 ±11 Ma (Ansdell and Kyser, 1991b), intrude the 
dyke suite on Missi Island. 

Porphyry-style mineralization in the Phantom Lake area 
was recognized by Wallster (1979) and is documented 
by Pearson et al. (1986) and Galley and Franklin (1987, 
1989). The Boot Lake-Phantom Lake Intrusive Com­
plex (PUC) is a high-level zoned calc-alkaline intrusion 
which ranges in composition from gabbro (oldest) to mi­
crocline porphyritic monzogranite (youngest). The PUC 
gives a conventional U-Pb zircon age of 1838 ±2 Ma 
(Heaman et al., 1992). Zones of propylitic and phyllic al­
teration, with associated copper, tungsten, molybde­
num, silver, and gold within the PUC, are controlled by 
faults and shears (Galley and Franklin, 1989). 

4. Mesothermal Shear Zone-hosted Gold 
Mineralization 

The largest mesothermal shear zone-hosted gold depos­
its in the area include the Rio Mine, Monarch/Prince Al­
bert Mine, and Graham Mine. Gold is hosted by 
auriferous veins of quartz±ankerite±chlorite±tourmaline± 
muscovite occurring in brittle-ductile shear zones which 
cut all lithological units. Alteration includes silicification, 
carbonatization, chloritization, sericitization, and over­
prints regional metamorphic assemblages. The main sul­
phides associated with the gold, pyrite and 
arsenopyrite, give rise to extensive gossanous zones. 
Mineralizing fluids were 300° to 450°C, of low salinity, 
C02-bearing, and derived by ongoing prograde meta­
morphism at depth (Ansdell and Kyser, 1992). The 
dominant vein-forming episode is constrained by the 
40Arf39Ar method at 1791 ±4 Ma (Fedorowich et al., 
1991) and a Rb-Sr isochron age of 1760 ±9 Ma 
(Ansdell and Kyser, 1992). 

5. Epithermal Gold-Silver Mineralization 

The Laural Lake Gold-Silver deposit has geological, 
structural, mineralogical, and fluid characteristics that re­
semble an epithermal system and distinguish it from 
other gold occurrences in the area (Walker and McDou­
gall, 1987; Ansdell and Kyser, 1991a}. This pre-meta-
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Table 1 - A comparison of lithotectonic assemblages of the Flin Flon-Amisk Lake area. 

Assemblage Flin Flon (Creighton S&Ction) West Arm Mystic lake Birch Lake 

Dominant Lilhology Mafic volcanics Marie >'Olcanies Tonahte Mafic volcanics 

Volcanic Rock Type Lava nows > volcanlciastics Lava flows NIA lava flows > volcaniclastics 

Charactertstics: Subaqu&OcJs aphyric to feldspar- Subaqueous massive to pU\owed Protomylonllic to ultramylonitic 
medium- to coarse-gr8ff10d tonatite 

ano minor quartz diorite to gabbro. 
Variably strained pegmatilies and 
fine-grained to aphinitic telsic and 
mafic Sheets. 

Subaqueous massive 10 !eldspar­
phync nows are dominant. Pillowed 
to piNow breccia flows are 
subordinate. Minor volcaniclaslics 
and voicanogenic coog!omerate. 
Ubiquitous feldspar, quartt, and 
epido!e net veining. Rare felSic 
(silicilled?) volcanictastics. 

phyric pilowed to amoeboid flows flows and piftow breccias. Local 
dominate. Highly amygdaloldal letdspar-phyric !lows. Synvolcanic 
!lows. RhyoNte flows and po,J)hyries gabbroic sifts are common. 
found locally. Heterolilhic mafic Epidotiza!iOn is widespread. 
voican\clastics are common. 

Thickness (approximate) 4000m 2500 m 

Upper bo1J11dary Tectonic Tectonic 

Lower boundary Tectonic Tectonic 

Magma Series ThO\eiitic basalts Tholeiitie basalts 

Tectonic Setting Island arc Ocean floor 

Age(Ma) 1904 (OaVid et at., 1993) 

VMS Potential Zn-Cu tow 

morphic hydrothermal deposit is hosted by quartz and 
feldspar-phyric rhyolite and felsic fragmentals near the 
stratigraphic top of the West Amisk assemblage. These 
rocks yield a U-Pb zircon age of 1887 ±3 Ma (Heaman 
et al., 1993). Mineralization consists of irregular veins of 
quartz-muscovite-pyrite-sphalerite-galena-chalcopyrite­
tennantite-electrum-carbonate within a more wide­
spread zone of potassium metasomatism (Ansdell and 
Kyser, 1991a). Mineralizing fluids were >300°C, saline, 
C02-bearing, and representative of modified seawater 
(ibid.). Gold deposits, such as the Monarch/Prince Al· 
bert, are hosted by flanking volcanogenic greywacke-ar­
gillite sediments of the Welsh Lake assemblage, and 
may represent remobilized equivalents of deposits origi­
nally formed from epithermal systems (Harper, 1993). 

6. Discussion 
The relationship between an island arc tectonic setting 
and VMS mineralization in the Flin Flon-Snow Lake 
greenstone belt was first proposed by Syme and Bailes 
(1993). Throughout geological time it holds true that 
VMS deposits preserved in arcs are an order of magni· 
tude larger than those preserved at spreading centres 
(Franklin, 1995). Therefore, assemblages of ocean floor 
and ocean plateau affinities in the belt are deemed to 
have a lower potential for exploration. Additionally, VMS 
deposits formed in these settings may have been de­
stroyed through subduction. This is a useful first order 
exploration guide. 

Although the VMS deposits may share a common tec­
tonic setting, they exhibit a wide-range of ore composi­
tions and depositional styles. Their differences may be 
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explained in several ways, however, there is a strong 
empirical relationship between the deposit type and the 
dominant lithology of the stratigraphic footwall (Fox, 
1976) which is discussed below. Water depth may also 
play a significant role in controlling metal content (Frank­
lin, 1993). Deposits formed in deep water contain only 
sphalerite and chalcopyrite whereas those formed in 
shallow water typically contain recoverable galena. High 
copper/(copper+zinc) ratios are found in stratigraphi­
cally lower zones and lower ratios in the upper zones. 
Deposits can be further classified on this basis. 

Tholeiitic basalt-dominant, rhyolite-subordinate Zn-Cu 
deposits are classified as typical Noranda-type deposits 
which exhibit the following characteristics: concordant to 
semi-concordant, massive iron-rich sulphide bodies, 
commonly underlain by vein systems constituting 
stringer ore with chloritic alteration pipes, within vol­
canic sequences dominated by mafic volcanic rocks, 
with locally important felsic rocks, and deposited in 
water depths of more than 500 m (Franklin, 1993). 
Other examples of this type of deposit in the Flin Flon­
Snow Lake greenstone belt are the Anderson and Stall 
mines of Snow lake. 

The significantly smaller tholeiitic basalt-dominant Cu­
rich deposits which share many of the features of the 
Zn-Cu deposits (except felsic rocks are much less im­
portant and often absent) are interpreted as relatively 
deeper water deposits based on the abundance and 
small size of the amygdales in the associated pillowed 
and massive tholeiitic basalt flows. It remains unclear 
whether the orebodies found within the Birch Lake as­
semblage are hosted by a single favorable horizon 
(Price, 1977). 
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Table 1 (can't) • A comparison of lithotectonic assemblages of the Flin Flon-Amisk Lake area. 

Sandy Bay Crater Island Muskeg Bay WestAmlsk Welslllake 

Maflc volcanics Mafic volcanics Mafic volcanics Falsie to Intermediate volcanics Greywacke/argilllle 

Lava flows> volcanlclasties? NIA 
Lava flows Volcaniclastrcs c lava nows Volcanic/asllcs > lava !lows 

Subaqueous aphyric, plllowed 
flows are dominant. Amygdaloidal 

flows are subordinate. Massive 
flows and synvolcanic gabbro 
intrusions are common. Fk>w 
breccias ocrur tocaNy. 
Vok:.aniclastics are rare. 

Subaqueous massive to piNowed 

feldspar·pt,yric flows dominate. 
lnterflow luff and lapilli tuff and 
synvoicanic gabbro intt\Jsions are 
commoo. Olivine- and pyroxene­
rich flows SO! rare. Minor highly 
amygdatoidal subaerial flows. 
Subaeriaf volcaniclastics of tuff 

and lapllN tu1f are abUndant. 

Subaqueous massive to pillowed 
aphyric flows are dominant. 
Feldspar·phyric and amygdaloidal 
flows are found locally. Otivirlo· 
normalive base and quart,:· 
normabve top. Synvotcanic 
gabbro lntrosions are cornmon. 
Volcaniclasties are rare and 

Subaerial volcanidastics aO! 
dominant. Tuft breccia, lapilN 
lull, and IUl1 are present. Rare 
subaqueous volcanic!astics. 

Minor SUbaqueous Nows and !low 
breccias are typically feldspar, 
homblende·phyric Pillowed flows 
and amygdaJes are rare . 

Monotonous sequence of very 

thinly to thonly bedded greywacke 
and argilite. Bouma sequences 
pO!senl. Local p,,bble conglomerate 
and ran, potymlctic cobble 
conglomerate. 

found near top. 

4000m 3000m 2500m 3000m 1000·5000 m 

Tectonic Conformably overla!n by 
West Amisk assemblage. 

Conrormab!y overlain by 
West Amisk assembjage. 

Conformably ovel1aln by 
Welsh Lake assemblage. 

Tectonic 

Tectonic Unknown Unknown 

Tt,ote,itic basalls Tholeiitic basalls ThOleiilic basalts 

Back-an:/oceanic plateau Island arc 

low Zn-Cu 

Zn±Pb-Cu deposits occur primarily in stratigraphic foot­
wall sequences of dominantly felsic care-alkaline vol­
canic rocks, with or without associated sedimentary 
strata. The deposits are tabular, concordant, massive 
pyritic bodies, typically underlain by less prominent 
stringer ore and sericitic alteration pipes (Franklin, 
1993). Examples of this type of deposit include the 
Kuroko deposits of the Hokuroko district of Japan, and 
Buchans, Newfoundland. The Chisel, Lost, and Ghost 
mines of Snow Lake, and the Western Nuclear and Mcll­
venna Bay mines at Hanson Lake are also found in a 
similar setting. 

The sediment-hosted deposits resemble Besshi-type de­
posits which typically form stratiform lenses and 
sheetlike accumulations of semi-massive to massive sul­
phide (±footwall feeder zones) occurring in elastic sedi­
mentary rock and intercalated basalt (Slack, 1993). 
Examples are the Besshi District, Japan and Windy 
Craggy, British Columbia. The Cuprus and White Lake 
mines, located approximately 8 km east of the Saskatch­
ewan/Manitoba border, are found in a similar environ­
ment. 

At Amisk Lake, the calc-alkaline falsie-intermediate 
West Amisk assemblage is deposited on the tholeiitic 
basalt Muskeg Bay/Crater Island assemblages and in­
truded by porphyritic dykes of the hypabyssal suite. The 
West Amisk assemblage exhibits variations in erupted 
products and evidence of mass wastage of a steep­
sided cone resulting in a complex stratigraphy typical of 
a stratovolcano (Cas and Wright, 1987). Such edifices 
may host vein stockwork porphyry-copper-molybdenum­
gold deposits, which are formed during the final consoli­
dation of high-level magma chambers beneath felsic-
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Conformably unde~ain by Crater 
Island/Muskeg Bay assemblages. 

Calo-alkaline andesites-rhyolites 

Island arc 

1882·1888 

Zn, Pb·Cu 

Conlormably undel1ain by 

West Amisk assemblage. 

NIA 

Tutbidite basin 

1 884· 1913 aetrital zircons 
(Heaman et al., 1993) 

low 

intermediate stratovolcanoes (Sillitoe, 1973), and shal­
low level epithermal gold and silver deposits, like the 
Laural Lake deposit. This geological setting is similar to 
that observed at Missi Island. 

Recognition of porphyry-style mineralization in the Pre­
cambrian Shield has increased since the first discover­
ies in the early 1970s (Kirkham, 1972). This type of 
deposit is now well documented in some regions of the 
Precambrian Shield, for example the Archean porphyry 
Cu-Au±Mo camp in the Dore Lake area of Chibouga­
mau, Quebec (Pilate and Guha, 1995). 

The majority of the approximately 50 gold occurrences 
found in the Flin Flon-Amisk Lake area (Byers and 
Dahlstrom, 1954; Byers et al., 1965; Coombe, 1984; 
Pearson et al., 1986; Ansdell and Kyser, 1992) exhibit 
characteristics akin to epigenetic mesotherrnal minerali­
zation, similar to shear-hosted lode gold deposits found 
in the Archean (Colvine et al., 1988). The Flin Flon­
Amisk Lake occurrences are generally small and mar­
ginally economic. Their small alteration haloes and 
relatively low gold contents suggest that the fluid flux 
through these vein systems was probably small in rela­
tion to that of the giant Archean deposits. Additionally, 
shear systems do not represent transcrustal structures 
like the terrane-bounding faults in Archean greenstone 
belts (Ansdell and Kyser, 1992). 

Excluding the mesothermal gold deposits, mineral de­
posits of the Flin Flon-Amisk Lake area have been 
modified by metamorphism and deformation related to 
the Trans-Hudson Orogeny. A complex history is appar­
ent in these generally low-grade sub-greenschist to 
lower amphibolite metamorphic rocks. Additionally the 
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distribution of strain is heterogeneous resulting in areas 
of low strain with relatively undeformed stratigraphic sec­
tions and localized areas of high strain with transposed 
stratigraphy (Figure 3). A summary of the structural and 
metamorphic events is presented in Figure 4. 

Two deformation events, post-dating 01 accretion of dis­
tinct lithotectonic assemblages, which give rise to re­
gional fold structures are recognized. North-south 
shortening (02) and accompanying regional metamor­
phism resulted in recumbent folding and westerly trend-

Figure 3 - Transposition of easterly trending bedding into north­
erly trending orientation in greywackel argilfite of Welsh Lake 
assemblage. 

r · - - - -··· ····-- - ····- -·· · --- - --

ing fold axes. Superimposed east-west shortening (tran­
spression?) (03) produced northerly trending upright 
folds under peak metamorphic conditions. In the Amisk 
Lake area, Type 3 fold interference patterns are ob­
served on a macroscopic scale (Figure 5) and 
mesoscopic scale (Figure 6). The Laural Lake Au-Ag 
vein system is folded about a 03 north-trending upright 
fold (Walker and McDougall, 1987; Harper, 1993); how­
ever, structural repetition of the orebodies during 02 
folding needs to be tested. In the Flin Flon area, Type 2 
to Type 3 fold interference patterns have been docu­
mented, and the stratigraphic equivalent of the mine 
"rhyolite" is found on the west limb of a 03 north-trend­
ing fold (Hidden Lake Synform) at Millrock Hill (Thomas, 
1994). Folding at this location is shown in Figures 7 
and 8. The Flin Flon Mine orebodies plunge parallel to 
the 03 fold axis and 02/03 intersection lineations, but 
the possibility that the orebodies were structurally re­
peated during 02 folding remains unclear. Gale et al. 
(in press) have attempted to unravel this structural prob­
lem in the Flin Flon area. 

Shearing and faulting have also played a significant role 
in modifying the mineral deposits. The West Arm Mine 
deposit is an example of an orebody controlled by a 
shear zone, the West Arm shear zone, which marks a 
tectonic break between an ocean floor assemblage and 
an island arc assemblage. Like most Besshi-type depos­
its, it is highly deformed due to the competency contrast 
between the host argillites and the surrounding basalts. 
The enveloping basalts are intensely altered exhibiting 
silicification, which appears to be earlier than the chloriti-
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Figure 4 - Geochronology and tectonic summary of the Flin Flon-Amisk Lake area. 
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zation, sericitization, and ankeritiza­
tion. A strain gradient is observed 
whereby relatively undeformed 
amygdaloidal pillow basalts at the 
margin of the shear zone are trans­
formed into silicified "cherty" mylo­
nites in the centre (Thomas, 1990; 
Reilly, 1990). The West Arm shear 
zone was probably active from 01 
accretion to 04 which is manifest 
as discrete brittle-ductile shear 
zones and associated retrograde 
metamorphism. The amount of dis­
placement along the structure is 
unknown, but the orebody plunges 
parallel to the stretching lineation 
of the shear zone. The orebody is 
probably not in situ. A complex 
shearing and faulting history has 
been recognized in the Flin Flon 
area where 03 to 04 shears have 
produced a series of 100 to 400 m 
wide structural blocks which dis­
rupt the stratigraphy, including the 
orebody at the Callinan deposit 
(Thomas, 1994). 

Figure 5 - Type 3 fold interference pattern in West Amisk Lake area. 

Alteration assemblages associated 
with the mineral deposits in the 
area are modified during metamor­
phism. Ayres and Findlay (1976) 
point out that the wide spread al­
teration associated with many por­
phyry deposits, which is one 
means of identifying such depos· 
its, may have been obscured or 
transformed during metamorphism. 
In the case of VMS mineralization, 
original chloritic zones associated 
with alteration pipes in the footwall 
volcanics may be metamorphosed 
to form cordierite·anthophyllite al­
teration assemblages. This is docu­
mented at the Coronation Mine 
(Whitmore, 1969; Froese, 1969) 

Figure 6 - Type 3 fold interference pattern in interbedded 
gamet·rich and s taurolite-rich metasediments of Welsh Lake 
assemblage. 
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Figure 7 · 52153 relationships in amoeboid pillow breccia of 
South Main basalts at Mil/rock Hill, Flin Flon area. 
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Figure 8 - S2/S3 relationships in heferolithic volcanic breccia af 
Mil/rock Hill, Flin Flon area. 

and in the Attitti Block, which represents the high meta­
morphic grade equivalent of the Flin Flon-Amisk Lake 
area (Ashton and Leclair, 1991). 

7. Conclusions 
1) VMS deposits are associated with juvenile island 

arc sequences in the Flin Flon-Amisk Lake area. 

2) Within the arc systems, the VMS deposits exhibit a 
wide-range of ore compositions, host lithologies, 
and depositional styles. Four deposit types are rec­
ognized on this basis. 

3) The potential for low-grade, high-tonnage porphyry­
style Cu mineralization has not been fully evaluated. 

4) Epithermal-like gold and porphyry-style Cu minerali­
zation may represent different crustal levels of a 
stratovolcano. 

5) Mesothermat gold mineralization resembles Archean 
shear-hosted lode gold deposits, however, large eco­
nomic deposits have not been found. 

6) Orebodies and their related alteration assemblages 
have been modified by metamorphism and deforma­
tion during the Trans-Hudson Orogeny. 
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