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Abstract

The Sioux Lookout orogenic (“greenstone’) belt, arelatively small part of the western Wabigoon
subprovince in northwest Ontario, is composed of the following tectonized stratigraphic units, from north
to south: 1) the Northern Volcanic belt; 2) the Patara Formation; 3) the “Big Vermilion—Daredevil unit”; 4)
the Ament Bay Formation; 5) the Daredevil Formation stratotype; 6) the Central Volcanic belt; 7) the
Minnitaki Group; and 8) the Southern Volvanic belt. The Sioux Lookout belt is bounded to the north by the
Winnipeg River subprovince and to the south by the Basket L ake batholith.

Tectono-stratigraphic analysis of the metamorphosed and variably deformed Archean supracrustal
rocks of the Sioux Lookout belt suggests the accumulation of lower, older, subagqueous basaltic successions
(Stage 1 magnesian tholeiites of MORB to arc character presumably were deposited in anarrow ocean;
Stage 2 iron tholeiites of E-MORB character, ca. 2733 Maold, represent ajuvenile arc setting), followed
by development of alocal andesitic volcanic centre (Stage 3, ca. 2732 Ma: apartly rifted arc?), al of which
were then capped by sequences of more felsic vol caniclastic and sedimentary rocks (Stage 4 calc-akalic
late arc dacites and rhyolites, including adakites, ca. 2714 Ma old). Associated sediments such as turbidite
deposits (e.g., Minnitaki Group, Stage 4) were influenced by synchronous intermediate-felsic volcanism
(interbedded tuffs, volcanic pebble-conglomerate, magnetite iron formation), and within one horizon, distal
coarse clastic sedimentary facies and iron formation can be traced along strike to their probable proximal
volcanic dome source.

A relatively small, 3 km thick, partly subaerial, andesitic stratovol cano succession (pyroclastic and
sedimentary facies, lavaflow facies, synvolcanic dikes) has alocal (nonregional) distribution, suggestive of
a fault-bounded volcanic basin such as agraben. Thiswell preserved andesitic succession and its
comagmatic dioritic subvolcanic intrusion (Stage 3) were coeval with similar rocks 60 km to the east at
Sturgeon L ake (caldera complex pyroclastic rocks and the Beidelman Bay subvolcanic pluton). Such a
correlation implies that the Sturgeon Lake caldera-hosted VM S deposits formed during Stage 3 tectonism
(interpreted as arifted arc phase). The sporadic presence of similar ca. 2733 Ma andesitic rocks at
widespread sites in western Wabigoon subprovince suggests that a laterally discontinuous system of coeva
rifts, graben and local andesitic volcanic centres formed at that time.

Geochronological relationships and sub-regiona scal e structural—stratigraphic map patterns suggest
that approximately northwest—southeast compression segmented the original basin (arc units on early
basalt, buried and flanked by younger volcanically sourced detritus) into an imbricate stack of numerous
thrust slices that generally dip and young to the southeast (Stage 5: a foreland-vergent fold-and-thrust
belt). Fluvia polymict conglomerates (Ament Bay Formation) accumulated in a narrow, linear
(strike-parallel), intra-orogenic “molasse” piggyback basin and were overthrust by older volcanic rocks
forming the bases of thrust slices (relative ages confirmed by published U/Pb zircon dates).

Many of the mgjor faults in the Sioux L ookout orogenic belt appear to be sigmoida sinistral strike-slip
faults (Stage 6), some of which may be reactivated thrust faults (i.e., Stage 6 superimposed on Stage 5).
Granitoid plutons appear to have intruded along some of these major faults; one small, undated plutonic
complex has sanukitoid characteristics. Sub-regional map patterns suggest that late stage sinistral-sense
strike-dlip (to oblique-dip) motions produced features such as: 1) strike-slip duplexes (multi-scale
clusters of 1-10 km long sigmoidal fault-bounded stratal lenses); 2) a pull-apart basin: the Patara
Formation has a 20 km long, lazy S-shaped outline, and its basin fill sequence coarsens up to basalt-clast
fluvia conglomerate (the basalt and accessory BIF clasts being derived from the adjacent “Northern
Volcanic belt”); 3) releasing-bend (dilational jog) plutons (roughly sigmoidal in map view); and 4) alarge
“Riedd flake structure” (7 km diameter, rotated counter-clockwise). The regiona-scale sinistral faulting is
thought to be arecord of movements near the west margin of the “Wabigoon Indenter”, and the structural
style of the northern half of the Sioux Lookout orogenic belt can be considered as the southwest
continuation of the northeast-trending Miniss River Fault.
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A large volume of basaltic strata (the “Northern Volcanic belt,” aformational unit which forms the
northern part of the Sioux Lookout orogenic belt) was overturned adjacent to the microcontinental
Winnipeg River subprovince foreland. The overturning was likely produced by large-scale faulting;
specific hypotheses include: 1) the south margin of the Winnipeg River subprovince was a
southeast-vergent Laramide-type uplift (i.e., athick-skin thrust or the hangingwall block above a
high-angle reverse fault, the major fault being the Miniss River Fault); and 2) listric-upward thrust
wedging within transpressional positive flower (palm tree) structures rotated some thrust wedges into
shallowly dipping orientations.

The nature of the mineralization in the belt is directly related to the different tectono-stratigraphic
evolutionary stages. During Stages 1 and 2 deep water exhalites (magnetite iron formation, chert, pyrite)
formed; pyrite was formerly mined in the area. Stage 3 volcanism produced ore deposits in an adjacent
greenstone belt (the Cu-Zn VM S deposits at Sturgeon Lake), but in correlative rocks in the Sioux Lookout
areano VMS deposits, no epitherma mineralization, and only insignificant amounts of porphyry
copper-type mineralization, have been found. During Stage 4 basina development alarge magnetite iron
formation unit accumulated in the southeast part of the belt, but in other areas only minor (uncommon)
vol canogenic sulphide mineralization and sub-exhalite hydrothermal alteration are present, and the “FI”
character of the Stage 4 dacitic—rhyalitic rocks does not suggest good VM S potential. Synorogenic (Stages
5 and/or 6) quartz veins appear to be thicker and more abundant, and contain more gold, near the major
deformation zones (thrust and/or strike-slip faults), suggestive of formation as typical
structurally-controlled Archean mesothermal lode gold deposits. At aregional (10 to 100 km) scale, gold
occurrences appear to be located along lineaments which resemble a Riedel shear fracture system.

Recommendation for exploration: It is suggested that in order to explore for gold deposits in the Sioux
Lookout belt (and in other similar areas), geologists should: 1) perform detailed mapping and sampling of
guartz-veined aress in tectonic deformation zones (perhaps regardless of the type of rock hosting the
veins); and 2) attempt to classify and interpret the history of the belt’s various, probably complex, late
orogenic stage transtensional and transpressional structural domains.
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Introduction

The Sioux Lookout orogenic belt (Figure 1) isarelatively small segment of the vast network of Late
Archean (2.7 Ga) supracrustal rocks and associated intrusions that comprise the “western Wabigoon region”
of the Wabigoon subprovince (Blackburn et al. 1991). The following preliminary reports of results from
recent reconnai ssance-scal e bedrock mapping of the Sioux Lookout orogenic belt (an approximately 1000
km? study area; Devaney and Borowik 1994; Devaney et al. 1995a,b; Devaney and Babin 1996, Devaney
1997, 1998, 1999a), this report summarizes the descriptive and interpretative aspects of the various
supracrustal units which constitute most of the Sioux Lookout orogenic belt (Figures 1, 2, and map in
pocket), with an emphasis on the metasedimentary and fragmental metavol canic units. This knowledge has
been integrated with other geological data selected from previous studies in order to place the mineral
occurrences of the Sioux Lookout orogenic belt in an improved tectono-stratigraphic context and thus aid
mineral exploration.

ACCESS

The Sioux Lookout areais easily reached by road (Highway 72; Figure 1) and airplane. A network of
subsidiary roads and highways and the larger lakes (Minnitaki, Little Vermilion, “Big” Vermilion, Abram,
Pelican) provide excellent access throughout the area.

ACKNOWLEDGMENTS

Senior assistants A. Borowik, D. King and D. Babin mapped a significant part of the study area. Junior
assistants M.McKenzie, M.Mitchell, B. MacFarlane, P. Smoter, M. Smethurst, D. Leng, J. Brownbill and
W. Chisel provided fine field assistance, including some independent mapping by McKenzie, Smoter and
Smethurst. D. Janes and G. Seim (Sioux Lookout Resident Geologist’s Office) and the Ministry of Natural
Resources provided much valuable support for the field operations. L.D. Ayres, P.C. Thurston, D.W. Davis
and D.G.F. Long offered useful geological advice during their field visits. R.O. Page's gift of unpublished
volcanological data, including a map of the Northeast Bay of Minnitaki Lake ares, is greatly appreciated.
Earlier versions of this manuscript were edited by P.C. Thurston, D.G.F. Long, and G.M. Stott.

PREVIOUS WORK

The distribution and apparent thickness (width of units perpendicular to strike) of the various lithological
unitsin the Sioux Lookout orogenic belt study area (Figure 1) is shown in detail on the maps of Johnston
(1969, 1972) and Devaney et a. (1995b; map in pocket). Figure 2 is a cross-section summarizing the
general geology of the Sioux Lookout orogenic belt, and illustrates how previous studies contrast with this
study.

Mapping of the Sioux Lookout orogenic belt appears to have followed a 20 year cycle, with the main
periods of study in the 1930s, 1950s, 1970s and 1990s. Following the earliest geological exploration of the
Sioux Lookout area, which include reports of gold mineralization dating back to 1898 (Johnston 1972),
Hurst (1933) produced the first modern geologica map of the Sioux Lookout orogenic belt and Horwood
(1938) reported on mineralized areas east of Sioux Lookout (Zarn Lake area).

Pettijohn (1934, 1935, 1936, 1937, 1939) studied selected parts of the Sioux Lookout orogenic belt and
was one of the first geologists to perform specialized sedimentological research on Archean metasediments,
and his attempts at |arger-scale stratigraphic correlation (Pettijohn 1937) are part of the foundation of
similar contemporary efforts (Blackburn et al. 1985, 1991). New observations and interpretations of
Pettijohn’s “ Patara Formation” (Figure 3) are an important part of the present study.



Many of the Sioux Lookout orogenic belt lithotectonic units extend to the Dryden area (Blackburn et
al. 1991). East of Dryden, historically important tectono-stratigraphic relationships were investigated in the
Thunder Lake area (Pettijohn 1939, Satterly 1943, Blackburn et al. 1985); gold mineralization near
Thunder Lake is presently attracting strong economic interest (Blackburn et a. 1998). A few years of
production at the Goldlund gold mine (see: Page 1984; Chorlton 1990, 1991), about halfway between
Dryden and Sioux Lookout, likely spurred the mapping of the surrounding area by Armstrong (1951) and
Harding (1951).

A compilation by Skinner (1969) offered little information about the Sioux L ookout orogenic belt.
Detailed mapping of the Sioux Lookout orogenic belt by Johnston (1969, 1972) and reconnai ssance
mapping of the surrounding area by Breaks et a. (1976) and Sage et a. (1974) provided a foundation for
the comprehensive work of Trowell and others, which included discussion of the volcanology,
geochemistry, regional stratigraphy, and potentially economic mineralization of the Sioux Lookout
orogenic belt and other western Wabigoon subprovince areas (Trowell et a. 1977, 1978, 1980, 1983;
Blackburn et a. 1985, Trowell and Johns 1986). The plate tectonic scenario advanced by Blackburn (1980,
Figure 4) was visionary for itstime, and included a cross-section through the Sioux Lookout orogenic belt.

A series of 1:20 000 scal e airborne el ectromagnetic maps (OGS 1982) can be used to outline major
structures of the Sioux Lookout orogenic belt. This data was recently reprocessed and published in
CD-ROM format (OGS 1997).

The publication of Johnston’s (1969, 1972) preliminary and final maps likely spurred the following
efforts. Walker and Pettijohn (1971) and Turner (1972; Turner and Walker 1973) performed detailed
sedimentological studies of the Sioux Lookout orogenic belt metasedimentary units, drawing further
attention to the well preserved strata of the Abram and Minnitaki groups (see above for earlier studies by
Pettijohn). Gold mineraization in and margina to felsic porphyry bodies was studied by Sutherland and
Colvine (1979) and McMullan (1980). Page and Clifford (1977), Page et a (1978), and Page (unpublished
datain OGS archives) studied the volcanology of the well preserved volcaniclastic deposits (pyroclastic to
more sedimentary “reworked” facies) and lavaflow faciesin the Northeast Bay area of Minnitaki Lake.
Page also mapped larger areas around Sioux L ookout (Page 1978, 1984; Page and Moller 1979a,b; Page
and Christie 1980a,b), with an emphasis on volcanology and potentially economic mineralization. The
writer has found Page's geological mapping of the Sioux Lookout orogenic belt to be particularly accurate.

Davis and Trowell (1982) and Davis et a. (1988) reported the first U/Pb dates of zircon grains
extracted from Sioux Lookout orogenic belt rocks, data which is an extremely important part of the most
recent geological syntheses of the Sioux Lookout orogenic belt (Blackburn et al. 1985, Davis et a. 1988,
Davis 1990, Blackburn et a. 1991, Devaney 1997, 1999a, and this report). Having accurately dated rocks
(e.g., plusor minus only afew million years) enabled geologists to offer more refined views of the tectonic
evolution of the Sioux Lookout orogenic belt, including an emphasis on the likely role of thrusting (Davis
et al. 1988, Beakhouse 1988, Davis 1990, Blackburn et a. 1991).

The geological mapping in the Sandybeach Lake area, southwest of the present study area, by Berger
(1989, 1990) and Chorlton (1990, 1991) provides additional data for the along-strike extensions of most of
the lithotectonic units described in this report. Aside from Pettijohn’s (1934) brief note on the strike-dlip
nature of “shear faults’ in the Sioux Lookout area, and Beakhouse's (1988) brief mention of “transcurrent
faulting,” Chorlton (1990, 1991) is the only previous worker to have recognized the probable importance of
late tectonic strike-dlip faulting, particularly sinistral sense motions, in the evolution of the Sioux Lookout
orogenic belt. Chorlton’s (1990, 1991) detailed structural analysis also suggested early thrusting, in
agreement with the conclusions of Devaney (1997, 1999a) and this report.

Preliminary reports on parts of the present study are those by Devaney and Borowik (1994), Devaney
et a. (19953,b), Devaney and Babin (1996), Babin et al. (1996), and Devaney (1997, 1998, 1999a). Results
from volcanological thesis work by McKenzie (1995) and D. Babin (in preparation) on Northeast Bay of
Minnitaki Lake area stratovol canic facies (Page and Clifford 1977, Devaney and Babin 1996, Devaney
1998) are incorporated in this report, and Figure 4 shows the transgression—regression cycle model
(Devaney 1998) devised for the andesitic succession in this area.



A large number of assessment file reports concerning the geology and mineral deposits of small areas
within the Sioux Lookout orogenic belt are available viaeither the Sioux Lookout Resident Geologist
Office or the ERLIS system.

Areas surrounding the Sioux Lookout orogenic belt are: 1) to the NW and N, the eastern Winnipeg
River subprovince (Breaks and Bond 1977, Breaks 1988, Sanborn-Barrie 1988, Beakhouse 1991, Corfu et
al. 1995, Ciceri et d. 1996, Cruden et al. 1997); 2) to the NE and E, the Zarn Lake area (Page 1978, Page
and Moller (1979a,b) and other areas which bridge the gaps between the Sioux Lookout orogenic belt and
the Sturgeon Lake and Savant Lake belts (e.g., see Trowell referencesin Blackburn et al. 1991); 3) to the
SE, the Basket Lake batholith (Sage et a. 1974, Szweczyk and West 1976), which is part of the western
margin of the central Wabigoon region (Blackburn et al. 1991); and 4) to the S and SW, the Dinorwic and
Dryden areas (Pettijohn 1939, Satterly 1943; Blackburn et a. 1985, 1991, 1998; Berger 1989, 1990;
Chorlton 1990, 1991). At aregional scale, supracrustal rocks in the Sturgeon Lake and Savant L ake areas
extend to the east and northeast of the Sioux Lookout orogenic belt (Blackburn et al. 1991, Figures 9.3,
9.40), and the recent interpretation of the evolution of the “Sturgeon—-Savant belt” by Sanborn-Barrie and
Skulski (1999) includes important similarities and differences with the proposed evolution of the Sioux
Lookout orogenic belt (Devaney 1999a, and herein).

Geology of Stratigraphic Units

STRATIGRAPHIC OVERVIEW

The Sioux Lookout orogenic belt is composed of the following tectonized stratigraphic units, from north to
south: 1) the Northern Volcanic belt (or Botham Bay Group); 2) the Patara Formation; 3) the “Big
Vermilion-Daredevil unit”; 4) the Ament Bay Formation; 5) the Daredevil Formation stratotype; 6) the
Central Volcanic belt (or Neepawa Group); 7) the Minnitaki Group; and 8) the Southern Volvanic belt
(Figures 1, 2). The Sioux Lookout orogenic belt is bounded to the north by the Winnipeg River
subprovince (Beakhouse 1991) and to the south by the poorly known Basket Lake batholith (Szewczyk and
West 1976, Berger 1989, Blackburn et a. 1991). Previous stratigraphic and regional geological studies of
the Sioux Lookout orogenic belt were summarized by Johnston (1969, 1972) and Blackburn et al. (1985,
1991). Most of the major stratigraphic units of the Sioux Lookout orogenic belt continue to the southwest,
an area described in recent reports by Berger (1989, 1990), Chorlton (1990, 1991), and Page (1984), and
some units continue to the east (Page and Moller 1979a,b; Trowell et al. 1982, 1983). Studies by Davis and
Trowell (1982), Davis et a. (1988), Davis (1990) and Devaney (1999a) have provided a small number of
radiometric ages for the rocks in and around the Sioux Lookout orogenic belt (Figure 2).

The distribution of the linear, belt-like lithological units which form the various stratigraphic units of
the Sioux Lookout orogenic belt is shown in Figure 1, on the accompanying map (Devaney et al. 1995b),
and on the older maps of Johnston (1969, 1972) and Blackburn et a. (1985; 1991, Figures 9.12, 9.40). The
map width of the typically very steeply dipping units approximates their tectonized “stratigraphic”
thickness. Geographic localities referred to below are shown on the accompanying map (Devaney et al.
1995b), the maps of Johnston (1969, 1972), and other maps cited herein.

Owing to: 1) alack of detailed structural and geochronological studies; 2) the low amount of
continuous exposure (including large covered intervals); and 3) the near total absence of exposed
boundaries (contacts) between the major stratigraphic units, the degree of structural disturbance, both
between and within the various stratigraphic units of the Sioux Lookout orogenic belt, is mostly unknown
(or not reliably known), and in most cases lateral and vertical (upward) trends within the formation-like
units cannot be reliably interpreted as true stratigraphic trends. Asis common in the other Archean
greenstone belts of northern Ontario, the nature of the exposure and potential structural complexity severely
limit attempts at conventional stratigraphic descriptions and interpretations, and a more generalized,
lithofacies-oriented approach must be taken. References regarding more general aspects of interpretation
common to the supracrustal rocks of most Archean greenstone belts (e.g., the subagueous origin of



pillowed basalt flows) are not given; if hecessary, the reader should consult volcanologica and
sedimentol ogical reviews and texts (e.g., Easton and Johns 1986, Cas and Wright 1987, Miall 1990, Walker
and James 1992, McPhie et al. 1993).

The Northern Volcanic belt was not studied in detail. For the purposes of this study, its most important
characteristics are its overturned nature (Trowell et a. 1977, 1978; Page 1984, Devaney 1999a) and its
geochemical composition (see: below, and Trowell and Johns 1986).

Classification of the “Patara sediments’ (Pettijohn 1935, Johnston 1972) or “Patara Group” (Blackburn
et a. 1985, Davis et al. 1988) has varied over time, and the use of the term “Patara Formation” hereinis
based on alithologically finer subdivision of units than in Johnston’s (1972) maps (Devaney and Borowik
1994, Devaney et al. 1995b, Devaney 1999a) and areturn to the original definition and mapping of
Pettijohn (1934). Previously thought to be the oldest sedimentary unit in the Sioux Lookout orogenic belt,
the Patara Formation is in fact one of the two youngest sedimentary formations in the Sioux L ookout
orogenic belt; thisinterpretation (Devaney 1997, 1999a, and herein) was recently confirmed by
geochronological data (Fralick and Davis 1999). Also, previous workers described the conglomeratic Patara
Formation as unconformably (to conformably) overlying the Northern Volcanic belt, and did not recognize
that the Patara Formation appears to form a moderatel y-dipping northwest-facing sequence that faces
opposite to the adjacent overturned (southeast-younging and northwest-dipping) Northern Vol canic belt.

Volcanic and sedimentary facies of the “Big Vermilion—Daredevil unit,” arecently proposed informal
term (Devaney 1999a) described in detail for the first time herein, were previously considered part of the
“Patara Sediments” of Johnston (1972), Turner and Walker (1973, Figure 1) and Trowell et a. (1977,
1978), the “Patara Group” of Blackburn et a. (1985, p. 104) and Davis et al. (1988), and the “Northern
Sedimentary belt” of Beakhouse (1988). Based on similar lithofacies and dates obtained from zircon grains
from both volcanic and detrital rocks, the Big Vermilion—-Daredevil unit isinterpreted to be correlative with
the Daredevil Formation (see below) and related adjacent strata (Little Vermilion Formation of Turner and
Walker 1973).

Previously, the term “ Abram Group” was used (Pettijohn 1934, Turner and Walker 1973, Blackburn et
al. 1985, 1991) for atriad of formations (from north to south: the Ament Bay, Daredevil and Little
Vermilion formations) which presumably formed a continuous, south-younging, homoclinal
(“homofacing”) sequence. However, geochronological data of Davis et a. (1988) demonstrate, and
interpretations by the author (Devaney 19993, and herein) suggest, that the sequence is not continuous and
homoclinal but is structurally disturbed, with an older formation (Daredevil) juxtaposed (faulted) over a
younger formation (Ament Bay). This invalidates the “ Abram Group” as a stratigraphic term, and its use
must be discontinued.

The structural scenario above accounts for the apparent repetition of Daredevil-like stratigraphic units,
with the Ament Bay Formation unconformably overlying the Big Vermilion—-Daredevil unit (basal
conglomerate of Turner 1972, Turner and Walker 1973) and structurally overlain by the Daredevil
Formation type section.

Within the study area, the Daredevil Formation (sensu stricto: Pettijohn 1934, Turner and Walker 1973)
appears to be areadily mappable unit only in its type area. The proposed Little Vermilion Formation was
not found to be areadily mappable unit, so it is recommended that use of this stratigraphic term be
discontinued.

The Central Volcanic belt (or Neepawa Group) is alarge (thick), stratigraphically and structurally
complex group of predominantly volcanic units. The various major units differ strongly in their lithofacies
and geochemica composition, and likely represent vol canic centres and stratigraphic units of significantly
different ages and tectonic settings. Owing to alack of stratigraphic and structural resolution, the
characteristics of the Central Volcanic belt are described separately for numerous distinct geographic aress.
Some felsic volcanic units may be proximal equivalents of the adjacent, mostly sedimentary Minnitaki
Group.



The term “Neepawa Group” is misleading because it gives the impression of a coherent stratigraphic
group rather than the stratigraphically and structurally complex “package” of numerous, very different
types of volcanic rocks which are present and represent approximately 30 Ma of volcanic episodes.
Accordingly, use of the term “Neepawa Group” should be discontinued.

The Central Volcanic belt is notable for the extremely well preserved physical volcanological details of
andesitic pyroclastic stratain the Northeast Bay, Minnitaki Lake area (Page and Clifford 1977, Devaney
and Babin 1996, Devaney 1998). Interestingly, this distinctive sequence of north-trending, well preseved
andesitic stratais oriented at avery high angle to the rest of the northeast- to east-trending Central
Volcanic belt, and may represent asmall (7 km diameter) rotated crustal flake (Devaney 19993, and herein).

Descriptions and interpretations of the Minnitaki Group given below supplement the previous results of
Walker and Pettijohn (1971). Proximal to distal stratigraphic trends appear to be present along strike, and
structural repetition viafolding and faulting within the Group is suspected.

The Southern Vol canic belt was not studied in detail. The present study relies partly on the previous
work of Johnston (1969) and Trowell et al. (1982, 1983), and descriptions of the extensions of the Southern
Volcanic belt to the west (Berger 1989, Chorlton 1991) and east (Trowell et al. 1983).

Because the western Wabigoon subprovince is a region known for its long-range stratigraphic (and
other geological) correlations, implying broad similarities in geologica evolution among the various
individual greenstone “belt” segments comprising the region (Blackburn 1980, Trowell et al. 1980, Trowell
and Johns 1986, Blackburn et al. 1985, 1991), the tectono-stratigraphic interpretations of the various units
within the Sioux Lookout orogenic belt (Devaney 1999a, and herein) may also be applicable to other parts
of western Wabigoon subprovince.

NORTHERN VOLCANIC BELT

The Northern Vol canic belt (or “Botham Bay Group”) is the northwestern-most supracrustal unit in the
generally northeast-trending Sioux Lookout orogenic belt. As noted by Trowell and Johns (1986), it is
correlative with the Jutten Group, located to the northeast in the Sturgeon—-Savant belt, and other similar
“older” tholeiitic mafic volcanic units of western Wabigoon subprovince (Blackburn et al. 1985, 1991).
Note that much of the Northern Volcanic belt is outside of the present map area, and was well described by
Page (1984), so its treatment herein is minimal.

Lithofacies

The Northern Vol canic belt is composed principally of mafic volcanic flow facies. The massive to pillowed
(including pillow breccia) basalt flows are typically nonvesicular and nonporphyritic. Relatively large
pillows are about 1 m in diameter (in horizontal outcrop plane views). Coarser gabbroic areas may
represent sills or interiors of thick flows (in northern Ontario, this ambiguity and lack of resolution isa
common problem owing to the typically small, discontinuous nature of the exposures).

Physical volcanological details of pillowed flows include: 1) quench-fractured pillow rims (brecciated,
jigsaw-textured); 2) hyaloclastic chips; 3) breached pillow selvages that reveal sequential pillow budding;
4) small “bun” pillows in inter-pillow matrix areas; and 5) pipe vesicles. At a spectacular roadside outcrop
(along Highway 664), overturned pillows have superbly defined shapes (keels at base, convex-up tops),
gas cavities (lensoid; some are flat-floored, and thus serve as geopetal structures; typically in the upper half
or third of a pillow), some concentric pillow structure, and superb fully to partly spalled-off hyaloclastic
pillow rinds.

Pyroclastic rocks are rare; for example, one site with bedded and cross-bedded mafic lapilli-tuff was
noted. Epiclastic sedimentary rocks were not observed, but Beakhouse (1988) noted interbeds of “quartz
arenite” in one banded iron formation (BIF) unit.



Units of chert—magnetite (BIF), up to tens of metres thick, comprise a minor amount of the Northern
Volcanic belt. The “bands’ are tectonized |aminae and beds; thicker bands are tens of centimetres thick.

Pyritic BIF isless common (e.g., thin massive to internally layered pyrite bands). A pyrite deposit in
the Northern Vol canic belt, the former North Pines mine, was mined during the 1920s (Johnston 1972).

The BIF units form prominent stratigraphic (or lithotectonic) units, with the lateral continuity and
strike length of these being best expressed on aeromagnetic maps (OGS 1982, 1997).

GEOCHEMISTRY

Trowell and Johns (1986) demonstrated the tholeiitic nature of the Northern Volcanic belt basalts and their
strong similarity to the Jutten Group basalts. Data presented below (see “Geochemistry”) and anayses by
D. Wyman (written communication, 1998) show that the Northern Vol canic belt basalts have a MORB
(mid-ocean ridge basalt) composition. Using Wyman's analyses, the Northern Vol canic belt can be
subdivided into two geochemically defined units: a main northwestern unit, and arelatively thin unit along
the southeast margin of the Northern Volcanic belt. (Importantly, the basaltic part of the northwestern
Central Volcanic belt also displays the same two-part subdivision, suggesting correlation of the Northern
Volcanic belt and Central Volcanic belt.)

Interpretation

The abundance of pillowed basalt flows, MORB-like composition, and the great extent of the Northern
Vol canic belt appear to be diagnostic of oceanic crust, a deep marine mafic plain paleoenvironment. The
chert-magnetite BIF units should represent exhalites precipitated from seawater to form interflow chemical
sediments.

Although undated, such mafic sequences in western Wabigoon subprovince are thought to be older than
the “diverse intermediate to felsic volcanic sequences’ (Blackburn et al. 1991).

TOP INDICATIONS

Tops indications in the Northern Vol canic belt to the south or southeast, based mostly on pillow shapes, are
very consistent. Also, reports of this top direction have been consistent from study to study: for example,
Pettijohn (1934, 1935), Johnston (1972), and (Devaney et a. (1995b). However, despite brief mentions of
the overturned nature of the Northern Volcanic belt sequence by Trowell et a. (1977, 1978) and Page
(1984), it has not been previously stressed that these widespread tops to the southeast occur in moderately
to steeply northwest-dipping strata. (Note that it is the orientation of schistosity, rather than bedding, which
is more commonly recorded on most maps of the Northern Volcanic belt.)

Based on the maps of Johnston (1972) and Page (1984), and the results of the present study (Devaney
et al. 1995b), overturned basdtic strata in the Northern Vol canic belt are widespread. This suggests the
possibility that the entire Northern Volcanic belt has been overturned.

PATARA FORMATION

Introduction, Definition and Age

Use of the term “Patara Formation” herein is consistent with Pettijohn’s (1934, 1935) origina definition
and mapping of the distinctive mafic-clast conglomerate unit present along the southeast margin of the



Northern Volcanic belt from central Vermilion Lake to south Pelican Lake. This 20 km long formation
extends for arelatively short distance aong strike compared with the other formations, lithological units or
“belts’ in the map area.

Other more felsic rocks lumped together as “Patara sediments” by Johnston (1972) and Blackburn et .
(1985) are herein considered to be stratigraphically equivaent to the Daredevil Formation, and are herein
informally termed the “Big Vermilion—Daredevil unit” (see below, and Devaney 1999a). This an important
point because Davis et a. (1988), using the geological framework of Johnston (1972), reported aca. 2712
Ma age from a sample of supposed “Patara sediment.” That sample is from the eastern part of the Big
Vermilion—-Daredevil unit, and is closaly similar in age to other samples from the vol canic Daredevil
Formation (type ared) and the clastic Minnitaki Group dated by Davis et al. (1988). Fralick and Davis
(1999) report an age of ca. 2700 Mafor detrital zircon grains from the sandy component of the mafic-clast
conglomerate in the Patara Formation, which confirms the previous interpretation by the author (Devaney
1997, 1999a) of the synorogenic nature of the Patara Formation

Johnston (1972) reported trachytic dikes from the roadside section of the Patara Formation described
below. Given the interpretations proposed herein for the Patara Formation, more study of the dikesis
warranted.

Lithofacies

CONGLOMERATIC FACIES

Conglomerate-dominant outcrops or intra-outcrop horizons are typically crudely bedded, with vague
coarser versus finer layers and rare well bedded lenses. Subtle compositional layering (e.g., clusters of
clasts with recessively weathered rims) also defines bedding. Sandy interbeds are up to tens of centimetres
thick, and commonly contain pebble bands. The conglomerate has atightly clast-supported framework of
pebbles and a coarse sandstone matrix.

Clast composition is mostly oligomict, consisting of mafic volcanic clasts (commonly dark brown to
bluish coloured; some clasts weather very light brown or grey), plus a minor component of clasts of
gabbro, magnetite BIF (with one 41 by 26 cm magnetite boulder clast), chert-magnetite BIF, and chert.

Rare clasts with recessively weathered rims could represent individual pillows transported as clasts, or
intense weathering of some clast rims. Rare quartz pebbles are probably chert (recrytallized?). At some
sites, gabbroic cobbles are the largest clasts; clast size may partly reflect the jointing and “toughness’ of the
source area lithologies.

The rounded form of many of the clasts appears to be a primary feature. Regarding the preservation of
such primary features, it is notable that superbly preserved pillowed basalts are close by in the adjacent
Northern Vol canic belt, and well preserved sedimentary structures are found to the south in the sandier
facies of the Patara Formation, illustrating that well preserved primary fabrics are common.

Johnston (1972) considered the conglomerate along the line of inferred (unexposed) contact with the
Northern Volcanic belt to be a*“basal” horizon and described the Patara Formation as having a “basal
breccia’ unit. However, at severa sites near the contact the clasts are round to sub-angular, and are thus do
not constitute a breccia. Also, the view presented herein (see below) is that the conglomerates along the
contact with the Northern Vol canic belt likely represent the top, not the base, of the Patara Formation

Small rare exposures of mafic-clast conglomerate may be present along strike east and west from the
known disribution of the Patara Formation (along potential fault zones). One such exposure was identified
just east of the town of Sioux Lookout (next to a bypass bridge built after publication of the map of
Devaney et al. 1995b).



SANDIER FACIES

At central Vermilion Lake, some outcrops display a sandstone-dominated section, with lamination,
cross-lamination, cross-bedding, fine-grained interbeds, and thin (10 cm) fine pebble conglomerate beds
and pebble bands (all suggestive of amore distal facies suite than in the coarse conglomeratic areas; see
below). At Pelican Lake, deformed laminated to thinly bedded mafic siltstone and sandstone may contain
concretions.

Outcrops aong Highway 664, southeast of the predominantly conglomeratic horizon, contain a
moderately northwest-dipping cross-section of conglomerate and sandstone, with all top indicationsin this
area to the northwest (Figure 3). The subegua amounts of conglomerate and sandstone present contrast
greatly with the conglomeratic horizon adjacent to the north. A few sandy beds contain faint small
crossbeds, cross-lamination (ripples, including rare bed plane views of straight ripple crests), and one bed
with flat (paleo-horizontal) to low-angle laminae and regularly spaced small clusters of afew pebbles
(interpreted as antidune laminae, with the pebble clusters as transverse ribs). One 4 m thick horizon
contains two fining-upward sequences, defined by rhythmic repetition of the sequence conglomerate to
sandstone to finer laminated sandstone.

MUDSTONE FACIES

Finer grained dark mudstone strata farther to the southeast along Highway 664 contain sharp-based
laminae and very thin beds of fine to silty sandstone. Some of these coarser beds and laminae are graded,
and others are cross-laminated and display small asymmetric ripple forms (e.g., “lenticular bedding” and
“starved” ripples, including ripple forms less than 1 cm thick) and load structures, with all top indications
to the northwest. Mud drapes are visible on some foreset micro-laminag, indicating aternating episodes of
current and suspension deposition. The very dark colour of the fresh surfaces may indicate mafic silt
content.

Interpretation

Coarse clastic strata of the Patara Formation are interpreted as fluvial (braided river) deposits. Evidence of
marine deposits, such as turbidites, is absent, and the Patarafluvia facies are similar to many other
conglomerate—sandstone units thought to be of braided river origin (e.g., Eriksson 1978, Boothroyd and
Nummedal 1978, Miall 1978, Rust 1978, Devaney 1987). Based on the lithofacies and sedimentary
structures present and their relative and local abundance within the section (this includes the local
conglomerate to sandstone ratios), the best exposures, aong the Highway 664 roadside section (Figure 3),
consist of, from north (top) to south, fairly good examples of proximal, medial and distal facies.

The proximal faciesis coarse conglomerate with very little interbedded sandstone, possibly of mixed
aluvial fan and braided river origin (e.g., coarse horizons lacking sandstone interbeds may represent the
mass flows of a higher paleoslope, aluvia fan sub-environment). The medial fluvial faciesis amixed
conglomerate and sandstone horizon, with thin fining-upward sequences and crossbedded and
cross-laminated sandstone. One laminated pebbly sandstone bed within the media facies contains pebble
lenses interpreted as transverse ribs, structures which are considered diagnostic of upper flow regime
antidune deposits that develop in very shallow subaerial streamflow (e.g., Koster 1978). The distal facies
are more thinly bedded, contain minor muddy laminae and thin beds, and are more deformed (e.g.,
metre-scale folds). They offer less information than the medial and proximal facies regarding their
paleoenvironment, but are probably distal fluvial deposits based on the proximal to distal continuum of
features present.

As recognized by previous workers (Pettijohn 1934, Trowell et a. 1978, Beakhouse 1988), the basaltic
clast provenance directly reflects the erosion of the local (adjacent to the northwest) Northern Volcanic belt
mafic volcanic rocks, with accessory magnetite and chert (BIF) clasts reflecting the relatively minor



amount of interbedded BIF unitsin the source area. Geochemical analyses (see “ Geochemistry”) confirm
the compositional match between the basaltic Northern Volcanic belt and the Patara Formation basalt-clast
conglomerate (three samples of each were analyzed).

Within the dark mudstone unit exposed along Highway 664, graded and rippled “event beds’: 1) may
be either tempestites (storm beds) or turbidites (density current, or gravity current, underflows); 2) may be
either lacustrine or marine deposits; and 3) do not resemble the coarser and more thickly bedded
monotonous successions of turbiditic graded beds so common in Archean greenstone belts (e.g., Ojakangas
1985).

The top indications and moderate dips to the northwest in this proximal to the northwest transect
suggest a coarsening-upward (prograded) sequence. Because the top indications and other sedimentary
details were not previously documented, this new prograded sequence interpretation may seem surprising.
The presence of highly overturned pillows in the adjacent Northern Vol canic belt (in along roadside
outcrop along Highway 664 see above, and Figure 3) was not previously appreciated, and thus the
potential importance of the highly overturned Northern Vol canic belt strata adjacent to oppositely facing
Patara Formation strata was not previously recognized.

As noted previously (Devaney 1997, 1999a) and detailed bel ow, the Patara Formation is herein
interpreted as a synorogenic, 20 km long strike-slip basin (Sioux Lookout orogenic belt
tectono-stratigraphic Stage 6), based partly on its lazy-S shape in map view. The prograded sequence of
fine grained aguabasinal (lacustrine or marine) deposits coarsening upward to locally derived, partly
bouldery proximal fluvial (and perhaps also aluvial fan) depositsis similar to theinfill sequences of many
strike-dlip basins (e.g., Nilsen and McLaughlin 1985). Dates of ca. 2700 Ma detrital zircon grains from the
Patara Formation roadside outcrops (Fralick and Davis 1999) confirm the synorogenic context (cf.
Blackburn et a. 1991). Note that synorogenic, “ Timiskaming-type” conglomerates in Superior Province
usually have polymict clast compositions, but the Patara Formation is a synorogenic, nearly oligomict
(basalt clasts) conglomerate.

Regarding the probable nature of the covered contact between the Northern Vol canic belt and the Patara
Formation, interpretation of the Patara Formation as the infill of a strike-dlip (to oblique-slip) basin would
require that the contact was a subagerially exposed fault zone during deposition of the fluvia facies of the
Patara Formation. As such, this basin margin fault zone would have been at |east partly eroded, and the
erosion surface would have been an angular unconformity. The present boundary between the Northern
Volcanic belt and Patara Formation should represent a deep erosion-level view of the original Patara basin
margin fault (plus the effects of any subsequent reactivation of the fault). Note that this scenario differs
strongly from the view of previous workers (see above) that considered the Patara Formation to
unconformably overlie the Northern Volcanic belt in a structurally continuous, southeast-younging
sequence.

The south margin of the Patara Formation is hidden benesth alarge covered interval, and thus the
nature of its relationship with the adjacent Big Vermilion—Daredevil unit is uncertain. At central Vermilion
Lake, outcrops display avariety of features (e.g., quartzose sandstone, finer pebbles, rare felsic pebbles,
granulestone, rounded granules) that differ from Patara Formation facies. This site is located south of a
tectonically folded horizon, and may represent a northern facies of the Big Vermilion—-Daredevil unit near a
potentially deformed contact (afault?) with the Patara Formation.

The strike-slip basin interpretation for the Patara Formation implies that some sediment would have
been supplied from highlands along the south margin of the basin, highlands presumably composed of the
Big Vermilion-Daredevil unit. Evidence of such has not been recognized. More detailed study of the Patara
Formation and Big Vermilion—Daredevil unit exposures would help, but the lack of exposure suggests that
this piece of the regional geological puzzleisnot likely to be solved.

Interestingly, “back-rotation” of the Sioux L ookout orogenic belt strata (about 60° to 80° to the
northwest, about an axis along the genera line of strike) would produce a mostly flat to moderately
southeast-dipping Sioux Lookout orogenic belt (e.g., approximating the form of athrust belt before



wrench-induced verticalization of strata, depicted as “Stage 5” in Devaney 1999a, Figure 23.1a), except for
a highly overturned Patara Formation This suggests that the Patara Formation is significantly younger than

the other Sioux Lookout orogenic belt stratigraphic units, including the polymict conglomeratic Ament Bay
Formation

BIG VERMILION-DAREDEVIL UNIT

Introduction, Definition and Distribution

The informally named “Big Vermilion—-Daredevil unit” is atectonized volcaniclastic stratigraphic unit
located north of the Ament Bay Formation and south of the Northern Volcanic belt and Patara Formation
and extending continuously along strike across the map area. This newly defined unit groups together the
similar lithologies on the maps of Johnston (1972), Turner and Walker (1973), Page (1984, and
unpublished data), and Devaney et a. (1995b), and its distribution is shown on subsequent diagrams
(Devaney 1999a, Figure 23.2, and figures herein). As described above, this unit appears to have been
lumped in with the “Patara Group” sediments by Johnston (1972) and others. The name “Big
Vermilion—-Daredevil unit” is meant to imply alithological similarity to, and probable correlation with, the
“Daredevil Formation,” a geographically separate unit located south of and adjacent to the Ament Bay
Formation at Little Vermilion Lake.

The eastern part of the Big Vermilion—Daredevil unit, at the northeast end of Abram Lake, was mapped
as the Daredevil and Little Vermilion formations by Turner and Walker (1973, Figure 1) and was mapped
as containing polymict conglomerate and “Patara sediments” by Johnston (1972). Johnston did not
distinguish these supposed “conglomerate”’ exposures from the local polymict conglomerate of the Ament
Bay Formation As noted by Devaney and Borowik (1994, p. 46), “some outcrops mapped by Johnston
(1972) as “Abram metasedimentary conglomerate (5d)” and “Patara tuffaceous metasediments (3f)” are
better considered as coarse, possibly pumiceous, intermediate to felsic pyroclastic rocks of the Daredevil
Formation.” These rocks are now included in the Big Vermilion—-Daredevil unit.

The central part of the Big Vermilion—Daredevil unit extends through an area with very little exposure
(eastern Little Vermilion Lake to west Abram Lake). The western part of this unit in the study area appears
to consist of two sub-units separated by a mafic volcanic unit. The separation is postulated to be structural
(seediscussion of sites 4 and 5 under “Analysis of atransect across the Sioux Lookout orogenic belt,”
below), but detailed structural studies were not performed and much of this areais covered by Big
Vermilion Lake.

West of the study area, the continuation of this unit was mapped by Page (1984), and contains an area
of volcanic flows he termed the “Redhat volcanics.” These flows may have been a source areafor the
predominantly volcaniclastic facies that comprise most of the Big Vermilion—-Daredevil unit.

Based on lithofacies descriptions, regional map patterns, and geochronological and geochemical data,
the Daredevil Formation at its type locality, Little Vermilion Lake, is considered to be part of the larger
“Big Vermilion—Daredevil unit.” However, because the Daredevil Formation is a unit with along history
(Pettijohn 1934, Turner and Walker 1973) and it does form a geographically separate unit, it is separately
described below.

Lithofacies

The Big Vermilion—Daredevil unit is lithofacies suite comprised of awide variety of intermediate to felsic
volcanic rocks, especially volcaniclastic facies that likely vary from pyroclastic rocks (e.g., tuff to
tuff-breccia, some crystal tuff) to presumably more distal facies variably reworked by sedimentary
processes: for example, “volcanic pebble conglomerate”. Sedimentological and volcanological resolution is
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limited by poor quality exposures, tectonic deformation, and alack of detailed study of some portions of
the unit.

Geochemical analyses of samples, including volcaniclactic facies, reveal adakite-like characteristics
(see “ Geochemistry”).

WESTERN EXPOSURES

The far western exposures in the map area, in Echo and Lomond townships (Page and Christie 1980b, Page
1984) contain outcrops of felsic porphyry (flow or intrusion?), felsic “porkose’ rock (tuff or porphyry?
such ambiguity isatypical problem for Superior Province workers), and one example of a graphite band (5
cm thick) in tuff.

BIG VERMILION LAKE AREA

Facies that possibly indicate sedimentary reworking include examples of: 1) oligomict lapillistone (with
amygdaloidal pumice clasts) as a pyroclastic or volcaniclastic bed, apparently overlain by arippled layer (a
reworked cap?); 2) conglomeratic rock with a slightly polymict clast composition (mixing of clasts from
multiple oligomict flow deposits during sedimentary reworking?); 3) polymict conglomerate
(intermediate-felsic volcanic clasts) with an interbedded sandy lens; and 4) one notably unusual,
“sedimentary-looking” outcrop of polymict conglomerate (on an island at southwest Big Vermilion Lake:
clast-supported, very coarse, with intermediate-felsic volcanic and porphyritic clasts; a potential precursor
facies to the younger Ament Bay Formation conglomerates?).

Thelocal porphyritic rocks are felsic, with visible quartz, and of “granitic” or quartzo-feldspathic
composition. Davis et a. (1988, p. 182) gave an age of 2701.0-2705.4 Mafor arock described by them as
a“‘subvolcanic quartz porphyry intruded into the Patara Group'” (as noted above, most of the former
“Patara Group” and the lithological units at west Big Vermilion Lake are herein considered to be part of the
Big Vermilion—Daredevil unit).

Unusud lithofacies exposed on island outcrops at Big Vermilion Lake include a distinctive white
felsite (brittle, highly fractured and veined; the fractures do not equal clast boundaries) and a black-clast
breccia (tightly clast-supported, sandy matrix, very angular clasts). The well developed black-clast breccia
fabric appears to be volcanic or sedimentary, not tectonic, and may represent highly proximal, formerly
glassy brittle clasts.

The colour of volcanic rocks is not always areliable indicator of their composition. For example, light
“felsic-looking” clasts (low colour index) may be altered fragments of a more mafic protolith, and dark
“mafic-looking” clasts are problematic: are they mafic, intermediate, felsic (e.g., black rhyolite), or
altered? Similarly, dark matrix sandstone or tuff in the matrix areas of conglomerate, |apillistone or
tuff-breccia may represent originally felsic glassy fragments (vitric grains) which were altered and/or
metamorphosed to darker chloritic grains.

Mafic volcanic rocks, some of which may be gabbroic, are problematic in that they may be structurally
interleaved slices of another lithostratigraphic unit rather than a true component of the Big
Vermilion-Daredevil unit.

BIG VERMILION LAKE AREA ALTERATION AND MINERALIZATION

Calcium carbonate is common as veins and afew prominent bands (metre-wide to small outcrop-scale).
Geochemical analyses (see “Geochemistry”) suggest minor additions of CaO and CO».

Samples from the Big Vermilion Lake area (unpublished data: G. Seim, written communication, 1995)
are notable for their intermediate silica content (andesite—dacite?) and carbonate content (carbonate
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alteration). Low-intensity mafic ateration appears to have been devel oped, based on the presence of
relatively high amounts of iron and magnesium oxides in some samples.

Some exposures of |apillistone (or volcanic pebble conglomerate) are rusty wesathering (pyritic gossan).
Only low-grade disseminated sulphide minerals appear to be present in the outcrops. The weak alteration
suggested by geochemical analyses and the calc-akalic nature of the rocks (see Geochemistry section) do
not suggest good potential for VM S (vol canogenic massive sulphide) deposits.

The “Eimiller occurrence” is agold showing on the south shore of Big Vermilion Lake (Johnston 1972,
Trowell et al. 1978). Tuffs or sandy sedimentary rocks are in sharp, tectonized contact with quartz
porphyry, with quartz—carbonate alteration and veins near the contact (especially within 1 m of it). This
seems to be an example of veining at a site of competency contrast.

HIGHWAY 664 AREA

Along Highway 664 (the road to Hudson, which crosses the stratigraphy), the contact between the Patara
Formation and the Big Vermilion—Daredevil unit lies beneath alarge covered interval. Near this contact,
tectonized sandstone and siltstone exposures that presumably are part of the Big Vermilion—Daredevil unit
are coarser and more thickly bedded than an exposure of dark, fine grained, laminated, cross-laminated,
and graded beds that is located to the northwest and is thought to be a southern portion of the Patara
Formation

Small folds may be soft-sediment (penecontemporaneous) features rather than tectonic, based on
apparent partial erosion and truncation of some of the folds.

A very rusty-wesathered series of roadside outcrops contain clast-supported fine pebble conglomerate
which is poorly sorted and crudely bedded, with sandy matrix and thin laminated sandstone interbeds (e.g.,
5 cm thick). The distinctive white siliceous (felsic volcanic) clasts are small (few centimetres) and round to
angular. The rounding of such ahard, physically and chemically resistant clast lithology indicates a
significant degree of sedimentary reworking, hence the intense rusty weathering at this outcrop is probably
not reflective of any volcanogenic sulphide mineralization.

FROG RAPIDS AREA

Near Frog Rapids (between the western parts of Pelican and Abram lakes), roadside outcrops consist
mostly of highly sheared tuff or very fine-grained wacke to siltstone. Some beds are graded, with rare
cross-laminae. More siliceous bands could represent felsic ash layers or ateration related to the local
guartz veins. Other features noted in the vicinity include: graded clast-supported fine pebble conglomerate
or lapillistone (fining to the south), pebbly sandstone or lapilli-tuff with light (“felsic”) clasts, and odd
small (about 1 m long) dark alteration(?) lenses.

Highly deformed bedded rocks, suggesting the presence of afault zone, are prominent in one roadside
outcrop. Distinguishing the fabrics of tectonic deformation from soft-sediment deformation can be difficult
and uncertain, but in this case the following observed features are likely tectonic: thin lensoid layers
(tectonic truncation viatransposition of layering, rather than sedimentary erosion or slumping), veining,
pinching and swelling of bed width/thickness (boudinage), cleavage, brecciation (with interlocking
jigsaw-clast shapes and highly local (0.5 m scale) variation in breccia devel opment), a“pebbly” layer of
pseudo-clasts, afault plane (obvious offset), kinks, Z-folds, rusty (pyritic) layers (probably the result of
fault permeability along fractures rather than pyritic exhalite laminae), and sigmoidal fabrics (shear zones).

PELICAN LAKE AREA

Shoreline outcrops at Pelican Lake contain tectonized, laminated to thinly bedded tuff or wacke-siltstone,
thinly layered magnetite (not mapped by Johnston 1972), and crudely bedded conglomerate (or lapillistone)
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with small intermediate-felsic volcanic clasts and rare intraclasts. Rare very siliceous layers may be fine
felsic tuff, similar to those at Frog Rapids (see above). Rare dikes may be the “trachyte” mapped by
Johnston (1972).

Conglomerates and coarse sandy beds interbedded with magnetite (lean BIF) and fine grained clastic
facies suggest deposition of “resedimented” subagueous conglomerates.

In one outcrop area, polymict conglomerate contrasts with oligomict conglomerate located to the north;
this may be the contact between the north margin of the Big Vermilion—-Daredevil unit and the south margin
of the Patara Formation.

A western exposure of polymict volcanic pebble conglomerate is clast-supported, with small felsic
pebbles common (e.g., felsic volcanic clasts; notable porphyry clasts; one quartz (chert?) cobble). This
conglomerate is not as polymict as the Ament Bay Formation but is more polymict than the nearly
oligomict Patara Formation. The contrasts in composition with other conglomeratic facies in the Big
Vermilion—Daredevil unit, such as the white felsic clast conglomerate (along Highway 664; described
above) and other conglomerate exposures nearby on Pelican Lake, indicate that a variety of different source
areas provided clasts.

CENTRAL ABRAM LAKE AREA

Sample 7 (fraction 26) of Davis et a. (1988) is from this area, in which the rocks were classed as as “ Patara
sediments’ by Johnston (1972). Davis et a. (1988) used Johnston’s terminology, so, in order to avoid
confusion, the reader should note that the ca. 2712 Ma age of this “tuff” sample, herein considered to be
representative of the Big Vermilion—-Daredevil unit, should not be confused with ayounger (ca <2700 Ma)
detrital zircon age obtained from a different unit, the Patara Formation (mafic clast conglomerate unit; see
above).

Thelocal strata contain polymict fine volcanic pebble conglomerate (e.g., intermediate—felsic volcanic
clasts, variable clast size of mostly small pebbles, variable texture), and coarse to fine sandstone interbeds,
some of which are laminated.

NORTHEAST ABRAM LAKE AREA

Coarse pyroclastic strata were previously mapped by Johnston (1972) as polymict conglomerate with the
same map code as nearby exposures of the Ament Bay Formation.

Thinly bedded felsic lapilli-tuffs which are coarse and poorly sorted (felsic fragments in “pebbly
beds’) arelocally common, with some graded beds (tops to south).

One outcrop is notable for its slightly polymict, clast-supported (lapillistone) to matrix-supported
(lapilli-tuff) rock, with large dark pumice clasts (of felsic composition, with visible quartz) in a coarse tuff
matrix. In this outcrop, the pumice clasts are more flattened than the lithic fragments nearby. The layers
richer in pumice clasts may reflect a density grading of clast types.

A minor amount of BIF is present as athin (intra-outcrop) unit of thinly layered magnetite and wacke
(varies from coarse-grained to very fine-grained to siltstone; laminated to thinly bedded, with graded
beds). The paleoenvironmental interpretation is similar to that of other sandstone-hosted BIF units: a
low-energy deep water setting where fine sediments and precipitated magnetite settled from suspension,
with episodic deposition of turbidites via coarser sandy density currents.

Stratigraphic Conclusion

Much of the Big Vermilion—Daredevil unit appears to be composed of subagueously deposited
“volcaniclastic” facies, varying from pyroclastic to sedimentary in character, but the unit appears to offer
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few clues regarding the specific sedimentary and vol canic processes and pal eoenvironments of the original
Late Archean (ca. 2712 Ma) basin. This may be because in avolcanically active basin, factors such as
eruptions of pyroclastic material, earthquakes, and steep depositional slopes will result in ahigh
sedimentation rate and an abundance of thick (to very thick) sediment gravity flows (“resedimented” facies;
refer to Cas and Wright 1987, McPhie et al. 1993). Such avolcaniclastic succession is likely to differ
strongly from classical sedimentary successions which typically consist mostly of thinly layered, well
structured lithofacies assemblages that conform to various well known sedimentary facies models.

More detailed study would be required to resolve the potential structural and stratigraphic complexities
of thisunit. As suggested by Davis et a. (1988) using older stratigraphic terminology and Devaney (1997,
19994a) using newer terms, the Big Vermilion—Daredevil unit may be correlative with the Minnitaki Group.
If so, the Big Vermilion—-Daredevil unit and the Daredevil Formation might represent a more proximal and
varied assemblage of lithofacies than in the Minnitaki Group. (As expanded upon below, all of these
stratigraphic units are interpreted to have formed the sedimentary to pyroclastic infill of “ Stage 4” basinal
areas.)

Stratigraphic Patterns, Potential Correlations, and Faulting

It is notable that afew kilometeres to the south in the Central Volcanic belt there is a stratigraphic pattern
similar to that at Big Vermilion Lake: in each area, porphyritic and pyroclastic rocks are situated southeast
of amonaotonous pillowed mafic volcanic succession. This repeated pattern in generally
southeast-younging strata suggests that faulting (e.g., large thrust slices) may repesat the gross stratigraphic
succession of lower mafic volcanic units transitional upward to compositionally and texturally more
diverse intermediate—felsic volcanic units with associated subvolcanic porphyries.

AMENT BAY FORMATION

Lithofacies

The Ament Bay Formation is a conglomerate-dominant lithofacies assemblage with thin sandstone
interbeds (Pettijohn 1934, Turner 1972, Turner and Walker 1973). Sandstone-rich units within the
formation are found at Ament Bay (Turner and Walker 1973) and in the southwest part of the map area
(east of Kathlyn Lake Road: Page and Christie 1980).

Clast-supported polymict conglomerate, up to cobble or boulder grade in places, is crudely to well
bedded (e.g., beds tens of centimetres thick, sharp contacts, some scour pockets).

As previously described by Turner (1972, Turner and Walker 1973), awide variety of volcanic and
plutonic rocks are present as clasts in the conglomerate and pebbly sandstone. Rare and notable clast
lithologies include: granitic gneiss (one 1 m clast observed), chert—-magnetite BIF, recessive weathered
mafic volcanic clasts, clasts with preerosion veining, aclast with axenaolithinit (see aso Turner and
Walker 1973), a pyritic pebble, and some muddy intraclasts in sandstone. The largest clasts are mostly
granitoid, plus some large felsic volcanic clasts. Davis et a. (1988, p. 183) provided dates for two clasts: a
2887-2919 Ma “foliated tonalite clast” and a 2694-2702 Ma “massive granodiorite clast.”

Beds of coarse-grained sandstone are usually pebbly and up to tens of centimetres thick. These sandy
lenses and wedges contain plane laminae, crossbedding (e.g., finer versus coarser foresets, rare large trough
Cross-sets), cross-laminae (trough ripples), scour-based lenses, pebble bands, and small-scale |ateral facies
changes.

In the western part of the map area (the Kathlyn Lake Road area), coarse sandstone with pebble bands
and thin (10-20 cm) pebbly conglomerate beds displys trough crossbedding, scours, and cross-lamination
(ripples) and plane laminae in notably finer grained sandstone beds.
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Interpretation

The conglomeratic assemblage displays features typical of deposition in a proximal braided river
environment (e.g., Eriksson 1978, Boothroyd and Nummedal 1978, Mial 1978, Rust 1978, Devaney
1987). The thick sandy horizons (Turner and Walker 1973) should represent a more medial to distal braided
fluvia facies. (Note: older references on the sedimentology of braided river deposits have been used
intentionally; the generally poor quality of the small exposures does not provide the level of resolution
necessary for the more sophisticated and contemporary “fluvial architecture” approach.) Some
conglomerates deposited in degp marine settings can resemble some coarse fluvia facies (Hein 1984), but
the features of aresedimented or turbiditic facies assemblage (Hein 1984, Ojakangas 1985) are not present
in the Ament Bay Formation

Turner and Walker (1973) considered the Ament Bay Formation to consist of alluvia fan rather than
fluvia deposits, but their interpretation was based on criteria which now, as aresult of subsequent research
on fluvial facies models (see references above), would be considered antiquated and incorrect. Alluvial fan
sequences usually contain sediment gravity flow and hyperconcentrated flow deposits (Blair and
McPherson 1994), and such facies do not appear to be present in the Ament Bay Formation. However, it
should be remembered that, based on observations of modern fan settings, alluvial fans can be constructed
partly or wholly by braided streams (Schumm 1977).

Sedimentological details, mostly from the best exposures, at Ament Bay, include: 1) cobble bands,
with no small pebbles present, along scour surfaces (suggestive of high-energy winnowed |ag surfaces);
2) afining- and thinning- upward segquence 2.8 m thick (typical of thin braided river channdl fill
sequences); 3) an unusua example of clast imbrication; in this case, disc-shaped clasts lie flat aong foreset
surfaces and thus dip toward the paleoflow direction, or downflow, opposite to the typical upflow-dipping
clast imbrication fabric produced viatraction of clastsin gravelly braided rivers; 4) subtle top indicators;
5) wedging of beds (produced by thinning near channel margins and/or erosiona truncation by overlying
beds); 6) an intra-outcrop horizon of thin conglomerate beds shingled obliquely to the main strike of
bedding (low-angle cross-stratification or lateral accretion surfaces); 7) bedsin which the larger clasts are
well rounded (in both two- and three-dimensiona views) versus smaller, more angular clasts (suggesting
that smaller clasts were less abraded during transport and primary clast shapes are well preserved); and
8) the largest clast observed, a 1.40 by 1.05 m granitoid boulder (on an island at central Abram Lake).

Sedimentological details in the western sandstone-dominant unit include: 1) rare ssgmoidal foresets,
2) overturned foresets (tractional drag-induced soft- sediment deformation); 3) downclimbing foresets
(deposition on downstream accretion surfaces); 4) argillite-clast breccia (intraclastic channel floor lag);
5) load structures and convoluted laminae (balls, |oads and flames); 6) mudstone laminae (slack water or
waning stage mud drapes); 7) atiny dewatering pipe; 8) “ripple trains’ (i.e., beds composed of aregularly
spaced series of asymmetric ripples); 9) odd nodules (concretions?); 10) desiccation cracks; 11) a1 m thick
bed composed mostly of mafic clasts (sourced from a highly local (“short-headed”) stream or weathered
mafic boulder?); and 12) possible fining-upward sequences. The various well preserved sedimentary
structures top to the south.

In this western area, ripple paleocurrents are to the west, versus crossbed foresets indicating pal eoflow
to the east. The small number of observations makes any paleocurrent analysis difficult and unreliable. Two
speculative scenarios are that the ripples could be: 1) the result of eolian reworking on the subaerially
exposed tops of sandbars; or 2) tidal deposits (e.g., tidal flood stage-oriented ripples versus fluvial
crossbeds?). No evidence diagnostic of eolian or tidal environments was noted.

There may be a proximal (conglomeratic) to the east, distal (sandy) to the west pattern in the Ament
Bay Formation in the study area, but stratigraphic resolution is severely limited by the paucity of exposure
and potentia stratigraphic and structural complexities.

The highly polymict suite of clast lithologiesimplies afairly complete or diverse erosional sampling of
greenstone belt-type lithologies, such as would result from synorogenic erosion of a greenstone belt (which
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seems to be the case here; see discussions of Stage 5, below), plus a minor input of gneissic clasts (one of
2.9 Ga age) presumably supplied from the Winnipeg River subprovince. The 2694—2702 Ma age of the
youngest clast known from the Ament Bay Formation is not precisely a*maximum age for deposition”
(term of Davis et al. 1988, p. 183) because a period of time (probably at least afew million years) must be
allowed for the erosional unroofing of the source granodiorite intrusion (a pluton?). Thus the Ament Bay is
highly unlikely to be older than 2700 Ma and could easily be younger than 2690 Ma, but is likely to be
older than the ca. 2680 Maregional strike-dlip faulting interpreted by Devaney (1999a) to have affected the
Ament Bay Formation Such strike-dlip faulting in the region was subsequently documented and dated by
Bethune et al. (1999) at ca. 2680-2690 Ma.

The geochemical composition of the one sample of Ament Bay Formation sandstone analyzed is
similar to that of samples from the Big Vermilion—Daredevil unit and Daredevil Formation (see
“Geochemistry™), suggesting that the sand in the Ament Bay Formation sample was derived from older Big
Vermilion—-Daredevil exposures in the provenance area.

BASAL CONGLOMERATE OUTCROP

Turner and Walker (1973) described and interpreted a basal conglomerate outcrop (not observed during the
present study) at the north margin of the Ament Bay Formation Interpretations presented in this report
(below) allow for a section of volcanic rocks at Big Vermilion Lake (the Big Vermilion—Daredevil unit) to
be unconformably overlain by the Ament Bay Formation.

Stratigraphic Revision: Invalidation of the Term “Abram Group”

Based on the original stratigraphic work by Pettijohn (1934) and Turner and Walker (1973), Blackburn et
al. (1985, 1991) and others considered the Ament Bay Formation to be the oldest unit in the “ Abram
Group” (i.e., asupposedly south-younging sequence of the Ament Bay Formation, overlain in turn by the
Daredevil Formation and the Little Vermilion Formation). However, the geochronological results of Davis
et a. (1988) require that: 1) most or all of the Ament Bay Formation be younger than one of its granitoid
clasts dated at 2694-2702 Ma; and 2) the Ament Bay Formation is thus younger than the ca. 2715 Ma
volcanic rocks of the Daredevil Formation Therefore the term “Abram Group” is no longer valid and usage
of the term must be discontinued.

The abrupt contact between the Ament Bay and Daredevil formations was thought by Turner and
Walker (1973) to be the result of a subaerial ash fall blanketing an area of alluvial fans, followed by
continued vol caniclastic deposition to form a continuous stratigraphic section. However, as outlined below,
the sharp linear contact between the Ament Bay and Daredevil formations at their type locality, Little
Vermilion Lake, islikely athrust fault juxtaposing older, south-younging Daredvil Formation on top of the
younger, south-younging Ament Bay Formation Interestingly, Pettijohn’s (1934) origina work in this area
noted the many likely faults along the long straight shorelines of the lakes, but he and subsequent workers
interpreted that a continuous and homoclinal section of formations was present.

Northeast Conglomerate Unit

A smaller separate unit of polymict conglomerate and sandstone crops out east of Sioux Lookout (Johnston
1972, Devaney et a. 1995b). The rocks are more deformed in this northeast part of areathan in the main,
larger part of the Ament Bay Formation This is a tectono-stratigraphically problematic unit; possible
scenarios for its origin include: 1) it is astructural repetition of the main polymict conglomerate unit in the
Sioux Lookout orogenic belt; 2) it represents a separate synthrust (piggyback) basin; or 3) it represents a
strike-dlip basin infilled by polymict gravel, and thus differs from the Ament Bay Formation (For
tectono-stratigraphic interpretations and discussion, see below.)

DAREDEVIL FORMATION

As described above, the Daredevil Formation is likely correlative with the “Big Vermilion—Daredevil unit”;
that is, it isinterpreted that they were originaly deposited in the same basinal succession, and later
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separated by faulting into the two geographically separate units exposed today. The name “ Daredevil
Formation” is retained only for the strata in the type area (of Pettijohn 1934; see also Turner 1972, Turner
and Walker 1973) at Little Vermilion Lake, which appear to be volcaniclastic deposits varying from
pyroclastic to more reworked sedimentary facies.

Lithofacies

The northernmost (basal) facies is very coarse-grained, poorly sorted crystal |apilli-tuff with broken grains,
quartz grains, poor bedding, and rare accessory/accidental clasts (very dark, mafic). Turner and Walker
(1973, Figure 10) also described this “felsic crystal tuff.” The directly volcanic nature of this basal faciesis
important because the ca. 2713-2719 Ma age of sample 8 dated by Davis et al. (1988, p. 179, 183) isfrom
this distinctive facies/unit. This age should represent the time of direct volcanic deposition, unlike the case
of reworked tuffs, for which the age of deposition may be considerably younger than the contained detrital
zirons.

The remainder of the Daredevil Formation, as observed in shoreline exposures mostly along the north
shore of Little Vermilion Lake, consists of “volcaniclastic” rocks; pyroclastic or sedimentary classification
terms may be equally valid. Thickly bedded, coarse-grained strata (Iapillistone, lapilli-tuff) contrast with
thinly bedded finer strata (e.g., very fine-grained tuff or siltstone). Graded beds, some with AB, ABD, and
BCD “Bouma sequences,” are likely turbidites rather than tempestites because no shallow water
wave-formed structures were recognized.

Sedimentary structures present in the sandstone beds are vague scours and ripples, starved ripples
(ripple forms surrounded by muddy sediment), and penecontemporaneous (soft-sediment) deformation
structures (loads, injections, potential slump horizons). Contorted bedding may form a slump horizon
correlatable for kilometres aong strike. Top directions are predominantly to the south to southeast.

The coarsest facies is fine volcanic pebble conglomerate (or clast-supported |apillistone and
tuff-breccia) with sandy matrix, and coarse sandstone-tuff interbeds. The clast composition is “slightly
polymict,” with variety of types of intermediate to felsic clasts, no granitoid clasts, and rare dark (mafic?)
clasts.

LITTLE VERMILION FORMATION

Rejection of the Term “Little Vermilion Formation”

During field work, the author could not reliably identify the previously proposed “Little Vermilion
Formation.” According to Turner and Walker (1973, Figure 1), exposures of the turbiditic Little Vermilion
Formation occur at western Little Vermilion Lake and eastern Abram Lake. Because the “Little Vermilion
Formation” is not a distinctive, regional-scale lithological unit mappable in thefield, it fails the test for
being aformation, and the supposed “Little Vermilion Formation” deposits are herein lumped with other
stratigraphically contiguous and similar lithofacies units to form the Big Vermilion-Daredevil unit
(described above).

At the type area of Little Vermilion Lake, significant differences between the “Little Vermilion” and
Daredevil formations were not recognized in the exposures visited. The general similarity of the lithofacies
within all three of the Daredevil Formation, “Little Vermilion Formation” and Big Vermilion—Daredevil
unit suggests that they originally formed together in one volcaniclastic basin (see above).

CENTRAL VOLCANIC BELT: NORTHWEST (LOWER) BASALTIC PART

The northwest part of the Central Volcanic belt consists predominantly of massive to pillowed mafic
volcanic rocks, with relatively minor felsic volcanic racks, intrusive gabbro and felsic porphyry (Johnston
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1969, 1972; Trowell et a. 1977, 1978; Reid 1978). Some mafic flow facies are vesicular or porphyritic.
Top directions from pillow shapes are to the southeast; given the predominance of tops to the southeast
throughout the Central Volcanic belt, this northwest part is probably the lower part. In deformation zones,
shear lenses may resemble the form of pillows.

Geochemical analyses (see “ Geochemistry”) show that within this band of tholeitic basaltic rocks
along the northwestern-most part of the Central Volcanic belt, two different “sub-units” are present, a
northwest sub-unit and a southeast sub-unit. This subdivision was not apparent from field studies. Thisis
similar to the case for the Northern Vol canic belt, and illustrates the importance of geochemistry in
outlining cryptic stratigraphy and suggesting correlations. The southeast sub-unit has the compositional
characteristics of E-MORB (enriched-MORB) basalts (see “ Geochemistry™).

The portions of the Central Volcanic belt dominated by mafic volcanic flow facies were not examined
in detail; brief highlights of some areas are listed below (in east to west order).

Superior Junction

Rhyalitic rocks crop out in the Superior Junction areain the northeast part of the map area, and are more
abundantly exposed to the east in the adjacent Zarn Lake map area (Page and Moller 1979a,b). These felsic
volcanic rocks are highly siliceous (whitish colour, low colour index, visible quartz, waxy lustre). Some
outcrops contain lapilli-tuff (e.g., poorly sorted fabric, subangular to subround clasts, flow-banded clasts),
minor amounts of recognizable bedding, and porphyritic (quartz-phyric) aress.

These Superior Junction arearhyolitic rocks differ greatly from the rest of the Central Volcanic belt and
are thus difficult to relate to the other volcanic stratigraphic units. The restricted distribution of these
rhyolitic rocks may record alocal felsic volcanic centre. Geochemical anayses (see “ Geochemistry”)
suggest that these undated calc-alkalic rhyalitic rocks are “ Stage 4” vol canic rocks (see below). Based on
data provided by D. Wyman (written communication, 1998), these rhyolites differ geochemically from
other white rhyolitic rocks in the Central Volcanic belt, such as those near Miles Lake (see below).

Abram Lake

Along the south shore of western Abram Lake, pillowed mafic flow rock isinterlayered with rare interflow
chemical sedimentary facies (e.g., brecciated chert with accessory sulphide minerals).

An age of 2731.6-2733.9 Mawas obtained by Davis and Trowell (1982) from afelsic lapilli-tuff
sampl e taken from a Highway 72 roadside outcrop near the west end of Abram Lake.

Little Vermilion Lake

The local mafic rocks are partly fine- to medium-grained, massive to sheared, and notably metagabbroic in
places (green, metamorphosed). Chorlton (1991) described metagabbroic rocks in outcrops along strike to
the southwest.

Highway 72 Roadside Outcrops

Felsic porphyritic intrusions are locally notable; highlights include: 1) thick felsic porphyry dikes which are
schistose (and therefore predate regional deformation), and are cross-cut by syntectonic quartz veins; 2) a
contact outcrop, with pillowed mafic flow facies north of felsic lapilli-tuff, both intruded by feldspar
porphyry sills and dikes, plus later (cross-cutting) quartz veins, and 3) some rounded-margin phenocrysts,
which could be mistaken for lapilli.
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Miles Lake

At the west end of Miles Lake, highly siliceous, white felsic volcanic rock, with visible quartz grains and a
waxy lustre, isintensely deformed (e.g., lensoid fabric areas, shear bands, folded veinlets, fractures).

A very similar white felsic rock crops out at eastern Big Vermilion Lake, suggesting a possible
correlation between two separate predominantly mafic units (i.e., correlation of the southern marginal
horizons of the Northern Volcanic belt and Central Vol canic belt, each with minor felsic bodies). White
felsic volcanic rock is aso notable in the Central Volcanic belt in the northeast part of the map area (at
Superior Junction; see above), but the geochemistry of the Miles Lake arearhyaolitic rock differs
substantially from that of the Superior Junction area calk-akalic rhyolites. Based on data from D.Wyman
(written communication, 1998), the Miles Lake arearhyolite is significantly more evolved and less
fractionated (suggesting atholeitic affinity) than the Superior Junction rhyolites.

A gold occurrence near Miles Lake (Johnston 1969) appears to have been based on analysis of a quartz
vein in mafic volcanic rock (no in situ outcrop at this site, only blasted rubble).

Lateral Lake

Highly schistose amphibolite contains pink granitic veins (sourced from the local granitic pluton?). The
boudinaged form of some of the veins demonstrates that they are not posttectonic granitic rocks.

Southwest Echo Township

The region near the former Goldlund gold mine, notable for its auriferous quartz veins in an area of mafic
volcanic and felsic porphyritic rocks, was only briefly examined. The reader is referred to reports by Page
(1984) and Chorlton (1991) for detailed descriptions and interpretations of the local geology and
mineralization.

CENTRAL VOLCANIC BELT: NORTHEAST BAY OF MINNITAKI LAKE
AREA

The volcanology of the rocks in the Northeast Bay, Minnitaki Lake area was studied by Page and Clifford
(1977), Page et d. (1978), and Page (unpublished map and other data). Owing to the near absence of
penetrative deformation in much of the stratain this particular area, physical volcanological features are
extremely well preserved. These features have more recently been described and interpreted by the author
and his former field assistants (McKenzie 1995, Devaney et d. 1995a,b; Devaney and Babin 1996, Babin
et al. 1996, Devaney 1998).

The well preserved strata at Northeast Bay occur mostly within an ovoid area, the margin of whichis
vaguely outlined by faults or deformation zones (Johnston 1972, Page and Clifford 1977, OGS 1982, 1997,
Devaney et al. 1995b, Devaney 19994). Covered intervals, including Minnitaki Lake, limit resolution of
this margin. Within this ovoid area, various facies of volcanic flows, pyroclastic to “volcaniclastic” strata,
and minor sedimentary interbeds form a 4—6 km thick, somewhat “homoclinal” and apparently continuous
(structurally undisturbed) succession. The lower part of this succession is dominated by subagueous mafic
flows and the upper part is a varied and complex suite interpreted herein as subaerial to subagueous,
andesitic pyroclastic facies with coeval lavaflows and dikes. The succession has been subdivided into
various scales of stratigraphic units (Page and Clifford 1977, Figure 89.1 and Table 89.1; Page,
unpublished map; Devaney and Babin 1996, Figure 9.1). For the present study, equivalent strata to the
southwest of the ovoid area (Page and Clifford 1977, Figure 89.1) received |ess detailed examination.
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Page and Clifford (1977) interpreted the predominantly pyroclastic succession in the upper part of the
the Northeast Bay succession as proximal facies of a“composite cone” (stratovolcano) or “vent complex,”
and inferred that the adjacent Northeast Bay pluton or dioritic complex (see below) was the coeval
subvol canic magma chamber source of the proximal volcanic facies. Subsequent work (cited above) and
the present study confirm this interpretation. However, Page and Clifford (1977) did not explicitly describe
subaerial facies.

Pending the completion of aM.Sc. thesis by D. Babin. The following description is summarized from
discussions with D. Babin and the author’s field observations.

Eastern Predominantly Basaltic Units

The eastern (lower) part of the volcanic succession in the Northeast Bay areais composed predominantly of
mafic flows with well defined pillows. Flows (or flow units) with an internal east-to-west stratigraphy of
massive to pillowed to pillow brecciafacies (tops to the west) are common. Some units are porphyritic,
with large (centimetre-scale) and abundant plagioclase phenocrysts.

The pillowed flows indicate a subaqueous depositiona environment (e.g., amafic plain or shield
volcano). Physical volcanological details include examples of: 1) top indications via vesicles concentrated
near the arcuate, convex-to-west rims (upper parts) of pillows; 2) pillow breccia fragments near the
inferred top of one flow unit that appear to have sagged down, as load structures, into the formerly soft
flow below; 3) ametre-scale “infolded cusp” shape at one flow contact, suggestive of localized |oading of
part of an upper flow downward into a partly cooled lower flow; 4) westward (upward) increases in the
abundance of vesicles/amygdules within flows; 5) scoria, highly vesicular fragmentsin lapilli tuff or pillow
breccia; and 6), a northern Alcona Bay, pillow breccia with a matrix containing superb examples of small
clasts with the form of vitric shards (e.g., triangular and cuspate shapes, and some internally
jigsaw-fractured clasts).

Minor amounts of interbedded felsic tuff or wacke-siltstone exhibit grading, lamination,
cross-lamination (ripples), load structures, and rare scours. These units are interpreted as interflow
sediments deposited in deep water (below wave base).

Western Predominantly Andesitic Pyroclastic Units

The mixed volcanic and sedimentary succession in the western (upper) part of the Northeast Bay areais
notable for its basaltic andesite composition and the excellent preservation of awide variety of pyroclastic
and sedimentary features. Pyroclastic to variably reworked “volcaniclastic” facies are predominant, with
less common flows and dikes.

STRATIFICATION

Bedding is crude to well defined, with crude bedding defined by subtle variations in clast size and sorting
that form layers pardlel to local well defined bedding. Massive horizons are more poorly sorted and lack
obvious fabrics. Coarse massive to poorly internally stratified beds suggest deposition by gravity flows,
either hot pyroclastic flows or cold sediment gravity flows.

It is common for the coarser beds to be relatively thick and finer beds to be relatively thin. The typical
proportionality of grain sizeto bed thicknessis a primary sedimentological relationship (and is widely
useful for recognizing primary layering in deformed metasedimentary rocks).

PRIMARY FRAGMENTAL FABRICS

Most of the tuffs and the local clasts, flows and dikes contain coarse plagioclase grains or crystals. Because
the clasts and matrix may be very similar in appearance, it can be difficult to distinguish porphyritic clasts
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(plagioclase-phyric clasts are very common) from crystal tuff matrix (similar size and appearance of
plagioclase grains) in this area. Geochemical analysis shows that the local tuffs, clasts, flows, and dikes are
of strongly similar andesitic composition (see Geochemistry section), reflecting their co-magmatic origin.

In the coarser beds, both the clast frameworks and matrix tuff are typically poorly sorted. Clasts may be
tightly packed, particularly in more well sorted lapillistone beds, or beds may appear loosely
clast-supported, transitional to a more matrix-supported lapilli tuff

CLAST COMPOSITION

Although most or all clasts are of intermediate (andesitic) volcanic composition, and thus should be classed
as oligomict in composition, some beds contain multiple types of intermediate clast lithol ogies and thus
appear polymict. Beds described in the field as “variably polymict” or “dlightly polymict” include
“texturally polymict” facies (e.g., clasts are andesitic but are of different grain sizes, and some clasts may
be porphyritic). Local contrastsin the composition of clastsin different beds or units (e.g., oligomict versus
more polymict compositions, amygdaloidal versus porphyritic clasts) reflect compositional stratification.
Leucocratic, apparently “felsic” clasts may be light-weathering intermediate composition clasts.

Clusters of similar to identical clasts define compositional bedding, which may reflect individual
pyroclastic flows, (e.g., ablock and ash flow sourced from alava flow during dome collapse), or local
sedimentary reworking of avolcanic flow. One outcrop contains a rare example of beds of
matrix-supported tuff-breccia with porphyritic clasts that have angular, fractured-looking outlines and
some jigsaw (interlocking) shapes (Devaney and Babin 1996, Photo 9.2), suggesting emplacement as a
pyroclastic breccia: e.g., ablock and ash flow or avalanche deposit, with cooling-cracked clasts.

Other notable aspects of clast composition include: 1) an unusual oligomict mega-clast band
(representing some type of sediment gravity flow?); 2) very rare coated bombs, with features interpreted to
be an asymmetric coating and a coating coarser than the bomb clasts; 3) clasts in one bed with
discontinuous rims in the matrix surrounding the clasts, interpreted as “ heat-welded” rims that devel oped
in ahot pyroclastic flow; 4) rare clasts with spherules, suggesting a devitrification texture developed in
vitric clasts; 5) clasts with highly vesicular (“bubble-supported”) texture, interpreted as pumice clasts; and
6) rare large flow-banded clasts (suggesting erosion of local proximal lavaflows).

CLAST SHAPE

Clast outlines vary from angular to round, with increased rounding presumably reflecting an increased
degree of sedimentary reworking. Angular shapes are triangular, diamond, hexagonal, and polygonal
(polyhedral); the latter were likely sourced from jointed flows or blocks, with little or no sedimentary
reworking. Unusual and rare clast shapesinclude: 1) ajigsaw micro-fractured clast rim, interpreted as a
quench fabric of subaqueously erupted or peperitic lava; and 2) an outcrop horizon with large
straight-edged clasts, interpreted as products of steam-fracturing (phreatic or phreato-magmatic activity)
and disaggregation of solidified lava flows.

CLAST SIZE

Coarser lithofacies such as tuff-breccia and |apillistone are abundant; this western succession is not
dominated by tuff. In the Northeast Bay area, relatively large clasts have long dimensions of 30 cm or
more. The largest clast identified wasa 1.8 m by 1.8 m mega-block, and one large, carefully studied
outcrop contains a partly exposed rock body thought to be a>10 m mega-clast (Devaney and Babin 1996,
Photo 9.1). The typically small size of outcrops and fairly continuous exposed surfaces (metres to tens of
metres) limits resolution of very large clasts and very thick beds.

GRADING

Grading in pyroclastic rocks is problematic for field geologists in deformed successions because,
particularly in coarser beds, pyroclastic flows and similar sediment gravity flows may either fine or coarsen
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upward. Examples of both westward-fining (normal graded, fining-upward) tuff-breccia and
westward-coarsening (inversely graded, coarsening-upward) tuff-breccia and lapilli-tuff were identified in
the Northeast Bay area. Reliable top indications from such types of grading require corroborating top
indications from within the same outcrop of a structurally undisturbed sequence of beds. The best examples
of inverse grading are from an outcrop in which other types of top indications to the west are present (e.g.,
faintly defined cross-laminag, open matrix-filling laminae texture), and aso because in the entire
Northeast Bay succession tops to the west are ubiquitous, the coarsening-west beds are considered to be
inversely graded.

Graded tuffs are not common, suggesting that neither turbiditic subagueous flows nor direct deposition
of air fall or waterlain graded tuffs were important processes in the deposition of the finer units of the
succession.

SEDIMENTARY STRUCTURES

One outcrop contains thick beds of well laminated tuff/sandstone (well defined planar and parallel laminae;
parald to the strike of other local beds and thus probably orginally horizontal laminae) which may be
interpreted as either airfall tuff or fluvial sheetflood deposits. A laterally discontinuous band of clasts
between laminated horizons represents either vol canic bombs or a sedimentary erosional lag horizon. Only
one bed containing well defined volcanic bomb-sag laminae was identified.

Crossbedding is rare. Cross-lamination (ripple foresets) is uncommon, with cross-sectiona views of
locally very well preserved ripple features. Apparent paleocurrent directions of the cross-laminae, defined
by steep foreset slopes and the preserved stoss and |ee shapes of some asymmietric ripple shapes, are nearly
always to north (to northwest). The ripples appear to be asymmetric current ripples; no symmetric ripples
or wave ripple structures were identified. Most of the ripples are in units or stratigraphic horizons
interpreted to have been deposited in a subaeria setting, and the consistent paleocurrent direction is
thought to reflect fluvia transport in an environment with a high-angle paleoslope (e.g., flank of a
stratovol cano reworked by braided streams).

Rare examples of slump facies include contorted layering in tuff beds, and very rare soft-sediment
injection fabrics which may be related to slumping.

A spectacular >10 m block (the size is approximate because the block or mega-clast is larger than the
outcrop) with flanking conglomerate beds, pebble bands and sandstone beds is interpreted as a slump block
buried by fluvial deposits. The block isinternally stratified, an erosion surface cross-cuts the intra-block
layering, and the onlapping clastic beds, which are parallel to the generally north-striking beds in the area,
are angularly discordant to the intra-block layering. In one relatively small area adjacent to the block,
angular clasts form a small wedge of breccio-conglomerate, with some clasts identical to thinly bedded
stratainside the block. The wedge is interpreted as alocal colluvium deposit of block-derived talus.

At one lapillistone outcrop, a minor amount of quartz is sporadically present in matrix (inter-clast)
areas, suggesting the precipitation of quartz via subaerial vapour phase crystallization (McPhie et al. 1993)
in inter-clast pore spaces. (Nearby outcrops contain other features suggestive of subaerial deposition.)

At one of the outcrops studied by McKenzie (1995), awide variety of pyroclastic features have been
identified by the author, McKenzie, and others. Highlights of this well bedded outcrop include: 1) normal
and inversely graded | apilli-tuff beds, some of which are low-angle strata (i.e., having depositional dip
angles several degrees from the paleo-horizonta), interpreted as pyroclastic surge deposits, with the
low-angle strata similar to that of the large-scale antidune deposits of Rowley et a. (1985); 2) unusual
small clasts with round to ovoid outlines, some of which appear indented or deformed, and some of which
display fine concentric laminae, interpreted as accretionary |apilli; some of these soft clasts were dented
during deposition; 3) very angular and broken-looking clasts (including odd “ridgy” textured clasts),
suggestive of the explosive fragmentation of solidified (preconsolidated) lava; and 4) one bed with
discontinuous rims in the matrix surrounding large clasts (as noted above, interpreted as heat welding of the
matrix by hot bomb clasts).
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Part of this outcrop (about 1 m of section) contains laterally discontinuous bands of accretionary lapilli
(described above) which are capped by cross-laminated (rippled) beds, and are interpreted as a genetically
linked sequence of beds. In this scenario: &) within an ash cloud, some ash grains formed accretionary
lapilli and other grains acted as condensation nucle for raindrops; b) accretionary lapilli landed on the earth
surface; ¢) during or after the rain event, ephemeral runoff deposited tuffaceous sandy laminae and
cross-laminae that buried the accretionary lapilli bands; and d) following a runoff event, mud in slack
water pools settled from suspension to form ripple drapes (flaser bedding). Alternative interpretations are
availablein McKenzie (1995), who recognized neither accretionary lapilli nor ripples, and interpreted this
deposit as a “hyper-concentrated flow” (by definition, hyperconcentrated flows do not contain lower flow
regime structures such asripples: e.g., Smith and Lowe 1991).

An adjacent outcrop (to the west) displays facies of a more sedimentary upper part of the local
cross-section, with crossbedding, a small scour or channel, cross-laminae (ripples), and load structures.

LAVA FLOW BRECCIA FACIES: SUBAERIAL DEPOSITS

Lavaflow facies are aminor component of the predominantly volcaniclastic western andesitic succession.
Parallelism of plagioclase phenocrysts locally defines flow banding (regarding this fabric, note that no
schistosity isreadily observable in these rocks).

Autoclastic flow breccias are composed of plagioclase-phyric porphyritic andesite, with ovoid shapes
representing vaguely defined breccia clasts and curvilinear “wisps’ of darker matrix outlining large
“pseudo-clasts.” These subtly defined clast fabrics suggest incipient brecciation. At one unusual site,
laminated sandstone is present in one triangular matrix area between clasts. Thisisinterpreted as an open
framework-filling “sieve” deposit; sand from the upper surface of the flow, and/or sand produced by the
mutual abrasion of blocks within amoving flow, was funneled down into alarge open matrix space
between clasts to form infilling laminae.

Breccias with sharply defined fragments consist of angular, blocky oligomict clasts, some of which fit
together in interlocking fabric (jigsaw clasts, or crackle breccia). The degree of brecciation, clast
interlocking, and packing density of clasts all vary localy (e.g., over 0.1-1.0 m scale). Such breccias are
interpreted as aa flows (rubbly flows or flow tops) or flow-marginal talus deposits. Some clasts are flow
banded, suggesting that in some lava flows, laminar flow formed rheomorphic flow banding, followed by
cooling, brecciation, and continued flow as an aa-type aggregate of blocks.

Because of the high viscosity of these types of flows, indicated by the flow banded and variably
developed rubbly flow breccia fabrics, such flows are typically interpreted to have been short and thick
(versus the long thin form of low viscosity flows: Cas and Wright 1987) and thus should indicate a
vent-proximal setting. The lack of quench fabrics suggest deposition in a subaerial setting.

DIKES

Dikes are less common than flows in this area. Based on both field observations and geochemical analyses,
the dikes are of the same composition as the surrounding clasts, tuffs and flows, demonstrating their
comagmatic origin (see “ Geochemistry”). A few gabbroic dikes are aso present.

Most notable are the rare examples of dikes with margins that are “squiggly” (tortuous and embayed, at
a 10 cm scale), chilled and vesicular. This squiggly form shows that such dikes intruded into
unconsolidated vol caniclastic sediments, with some sagging and loading of the dike margin by the
surrounding sediments. Kokelaar (1982) has suggested that the presence of avapour film at adike margin
would provide the cohesiveness necessary to prevent the peperitic mixing of dike magmas with host
sediments.

Other examples of unusua dike structures include an outcrop of crystal tuff showing the lateral
termination of adike and irregularly shaped dike margins (boudinaged and swirly to wispy to embayed
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shapes, suggesting intrusion into soft sediments and subsequent deformation before cooling), with a dark
band in the country rock possibly the result of minor hydrothermal alteration (dikes would have heated the
local pore water).

ALTERATION FABRIC

Rare examples of irregular dark (chloritic?) fracture patterns (e.g., a northwest Neepawa Island),
previoudy identified as autoclastic flow breccia by Johnston (1972), are thought to represent small-scale
hydrothermal conduits that produced a pseudo-brecciafabric in lapilli-tuff. (Breccia fabrics are commonly
problematic for field geologists; e.g., Allen (1988) and McPhie et al. (1993) have described the difficulties
of describing and interpreting breccia fabrics.) Geochemical analysis of rock from this site does not suggest
any strong degree of ateration.

SEDIMENTARY FACIES: SUBAERIAL (FLUVIAL) REWORKING

An unusua outcrop contains sedimentary rather than pyroclastic facies. Polymict, tightly clast-supported
conglomerate and sandstone with plane laminae, pebble bands, and rare crossbedding are well exposed.
The notably well rounded clasts in the conglomerate contrast strongly with the angular to subround clasts
in the local pyroclastic rocks. Other evidence of sedimentary reworking at this site includes the polymict
clast composition (more polymict than much of the local, more oligomict coarse pyroclastic rocks), the
tightly packed clast framework (produced by the clast-by-clast accretion of tractionally rolled clasts), and
stratified sandy matrix, indicative of stages of open-framework infilling in a subaerial setting. This suite of
featuresistypical of braided fluvia deposits. Adjacent outcrops contain pyroclastic breccia fabrics (aa or
talus flows, and potentially phreatic “steam-fractured” clasts, as described and interpreted above), so the
stratigraphic section records fluvial reworking of a predominantly volcanic environment.

Another example of potential sedimentary reworking is a wedge-shaped bed of well layered sandstone
capping (to the west of) abreccia bed displaying tightly packed clasts and minor jigsaw-clast fabric,
interpreted as an autoclastic or aaflow breccia (not afluvial conglomerate) capped by athin fluvial channel
fill of thinly bedded sandstone.

Therarity of fluvia depositsin the Northeast Bay area (these two examples above, plus the example of
fluvia deposits onlapping a mega-clast described above) suggests that subaerial sedimentary reworking of
the preserved parts of the succession was minor.

SEDIMENTARY FACIES: SUBAQUEOUS DEPOSITS

Exposures in the northwest part of Northeast Bay contain well stratified (thinly to thickly bedded) sandy
facies, climbing ripples, and scours, features which indicate, respectively, a prevalence of currents, rapid
sedimentation (perhaps from suspension to traction), and turbulent flows, in a subagqueous (lacustrine or
marine) setting.

Another outcrop in this northwest area, consisting of thinly layered fine sedimentary facies with thick

interbeds containing laterally discontinuous clusters and bands of large clasts, isinterpreted as a
low-energy aguabasinal setting periodically invaded by coarse gravity flows.

MAFIC TO INTERMEDIATE FLOW FACIES: SUBAQUEOQOUS DEPOSITS

These flows are massive or pillowed, and up to metres thick where measured in the typically small
outcrops. Some flows appear to be mafic in composition (dark green, high colour index), but the few
geochemical analyses performed indicate a basaltic andesite composition.
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Pillows are locally abundant and form laterally continuous units. Physical volcanological details
include: 1) concentric layering within pillows (or pillow tubes?); 2) pillow budding (lateral sequential
development of pillows via breached margins); 3) downward pointing keels; 4) thin selvages, 5) vesicles
(recording exsolution of gasin ashallow water environment); 6) large (1 m) pillows; 7) pillow breccia
(flow top breccia, plus some flow margin or flow snout rubble facies); 8) one example of aflow with
pillow imbrication (pillows were rolled forward, flow to the south); 9) spalled-off hyaloclastic pillow rims;
10) rare concentric zonation of varioles within pillows; and 11) rare gabbroic areas (co-magmatic dikes?).

Pillow structures are characteristic of subagueous flows, and are usually assumed to be marine
deposits. For parts of this western andesitic succession, the possibility of alacustrine pal eoenvironment for
the pillowed flows merits consideration. It is well known that volcanic eruptions often disturb fluvial
drainage and create lakes (e.g., Cas and Wright 1987). This situation would allow for aminor amount of
subagueous units within a predominantly subaerial succession. Alternatively, this predominantly
volcaniclastic succession may have been submerged by marine transgressions during some periods of
mafic-intermediate (basaltic andesite) flow deposition.

OTHER LITHOLOGIES

Quartz porphyry dikes with coarse (0.5-1 cm) phenocrysts, and some finer-grained felsic to granitic dikes,
arerare.

The absolute age of these felsic dikes is unknown, but the quartz porphyry dikes appear to cross-cut
the youngest pyroclastic unit in the Northeast Bay area. It would be of interest to see whether these dikes
correspond to ayounger stage of more felsic volcanism (e.g., Stage 4), or are related to postvolcanic
granitic intrusions (e.g., Stage 6; for stages, se below). In the latter case, the dikes might record the
“stitching together” of components of the orogenic belt by granitic intrusions.

Rocks identified during the present study as coarse-grained mafic-intermedite volcanic rocks and a
very different looking coarse intrusive trondjhemite-diorite were all classed as “diorite’ by Johnston
(1972). A brief description of the dioritic intrusive body in the Northeast Bay areais given below.

Johnston (1972) grouped mafic pillow breccia with intermediate tuff-breccia as “mafic-intermediate
agglomerate’. Distinction of these lithologies by Devaney et a. (1995b) improves stratigraphic resolution
of this portion of the map area.

Interpretation of Paleoenvironments and Stratigraphic Trends

As also noted in previous preliminary reports (Devaney and Babin 1996, Devaney 1998, 1999a), the
present study interprets the upper andesitic, predominantly pyroclastic succession as proximal to medial,
subagueous to subaeria deposits with minor sedimentary reworking. Evidence of hot deposition is rare, but
the unreworked nature (e.g., angular clasts, poor sorting, poor stratification) of much of the strata suggests
that they are indeed pyroclastic (or sightly reworked, more equivocal “volcaniclastic” facies), rather than
more fully reworked sedimentary facies. Thin pillowed units are thought to be subagueous deposits, versus
the thicker units of coarse fragmental facies, most of which are interpreted to be subaeria deposits. The
latter coarse, supposedly subaerial units do not contain features such as mudstone beds or units, exhaite
layers, and common quenched lava fabrics which might indicate a subagueous pal eoenvironment, and do
not contain deposits indicative of shallow water (above wave base) conditions (e.g., wave-formed
structures such as wave ripples, hummocky cross-stratification, and crossbedded shoreface sequences).
Primary structures potentially diagnostic of deposition in asubaerial environment (interpreted above)
include: antidune laminae in pyroclastic surge beds, heat welded rims on blocks, airfall bomb clasts,
subaerial vapour phase crystallization in lapillistone, aa flows lacking quench fabrics, a colluvial talus
wedge adjacent to a mega-block, asymmetric current ripples with paleocurrents approximately to the north
(suggestive of fluvia paleoflow away from the inferred proximal volcanic vent area), and well stratified
fluvia beds with laminated conglomerate (open framework-filling laminag) and notably rounded clasts.
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The abundance of very coarse and angular clasts of volcanic composition, including mega-blocks,
suggests a proximal to medial setting. The proportion of lava flow facies present is minor, suggesting that
the depositional sites were more commonly in medial, rather than proximal, zones. Most of the section
does not appear to be distal in nature; a greater proprtion of finer, more thinly bedded facies with more
abundant evidence of sedimentary reworking would be expected in a distal setting. The variety of facies
and sedimentologica and volcanological features described above suggest deposition in a stratovolcanic
cone setting subdivisible into proximal and distal zones (e.g., models of: Easton and Johns 1986, Cas and
Wright 1987, Hackett and Houghton 1989). Page and Clifford (1977) suggested that the source vent for the
pyroclastic deposits was only afew kilometres away, with the Northeast Bay pluton representing the
subvol canic feeder pluton to the pyroclastic succession. However, for the present study, it has not been
assumed that only one vent area was present, and the potential presence of multiple satellite vents would
complicate the generalizations about proximal-distal trends.

Although the physical volcanological and sedimentological features present seem to indicate a
stratovol cano succession, the geochemical compositional variability typical of stratovol canoes (Cas and
Wright 1987) is not present. Page and Clifford (1977) described this upper pyroclastic part of the
succession as amix of basaltic, andesitic, dacitic and felsic rocks. The variable colour of the rocks in field
exposures does suggest such arange in composition, but the geochemical analyses of the present study (see
“Geochemistry”) show that these rocks are mostly of basaltic andesite composition.

It is postulated that transgression-regression cycles (Figure 4) may be preserved in the upper
pyroclastic part of the succession, an apparently homoclinal, continuous and orderly section of well
preserved subagrial to subaqueous facies. In this scenario, major episodes of volcanic aggradation and
progradation would have caused subaerial emergence and aregressional shift of paleoenvironmental facies,
versus major episodes of submergence, and possibly also subsidence (e.g., caused by the loading effect of
the volcanic pile, and/or evacuation of magma chambers?), which would account for transgressive shifts to
subagueous facies (Devaney 1998). Three large-scal e stratovol canic transgression-regression cycles (or
sequences), about 1 km thick each, may be present, and would represent the cyclic alternation and
accumulation of subaerial and subaqueous facies belts (stratigraphic units), somewhat similar to the cyclic
transgression-regression cycles of clastic marine successions (e.g., Galloway 1989). The transgressive units
need not be marine; volcanic deposits can dam fluvial drainage to form lakes.

At the scale of the Sioux Lookout orogenic belt, the volcanic succession at Northeast Bay represents a
distinctive, relatively small, local volcanic centre within the Central Volcanic belt. Similar volcanic strata
are thought to be present over extents of about 10 km aong strike to the west and northeast (Page and
Clifford 1977; Page, unpublished map; Page and Moller 1979a,b), but the local nature contrasts strongly
with other much more extensive volcanic units in the Central Volcanic belt. The fault-bounded nature of
the volcanic succession at Northeast Bay (an ovoid area suggested to be a crustal flake rotated during late
tectonism; see the introduction to this Northeast Bay section, above, and discussion of site 15 in Figure 23
under “Analysis of atransect across the Sioux Lookout orogenic belt,” below) suggests structural
reactivation of an originally fault-bounded basin such as a volcanic graben (see below and Devaney
19994). In western Wabigoon subprovince, the sporadic distribution of andesitic and dioritic units of ca.
2732 Maage (Blackburn et a. 1991), the geochemical composition of older, coeval and younger arc-like
units, and the presence of the ca. 2734 MaVMS deposits at Sturgeon Lake (Davis et a. 1985, Morton et al.
1991) collectively suggest the interpretation of partially rifted arc settings for the various ca. 2732-2734
Marocks, including the Northeast Bay succession of the Sioux L ookout orogenic belt (see below and
Devaney 1999a).

CENTRAL VOLCANIC BELT: NORTHEAST BAY PLUTON (DIORITIC
COMPLEX), NORTHEAST BAY OF MINNITAKI LAKE AREA

The Northeast Bay pluton was previously described by Johnston (1972), Page and Clifford (1977) and
Trowell et al. (1983). As noted above, Page and Clifford (1977) considered this pluton to represent a
volcanic neck or core (feeder pluton) below a vent arealocated at or near the west end of the pluton, and

26



geochemica data (see “Geochemistry”) confirm the co-magmatic link between this pluton and the nearby
andesitic volcanic rocks. In onerelatively small part of this western area, multiple dikes and lithological
variability suggest the presence of amargina dike swarm (Devaney and Babin 1996; see below).

Based on lithological and geochemica similarities, the author correlated the Northeast Bay volcanic
centre and subvolcanic pluton with the Sturgeon Lake vol canic centre (caldera succession of Morton et al.
1991) and subvolcanic Biedelman Bay pluton (Poulsen and Franklin 1981), located about 60 km to the east
along strike. (Devaney 1997). D.W. Davis (Royal Ontario Museum) dated arock from this dioritic plutonic
complex at 2730-2734 Ma (Davis, written communication 1998; Devaney 1999a). Therefore the Northeast
Bay pluton is the same age (within experimental error) as the Biedelman Bay subvolcanic pluton and the
South Sturgeon volcanics (dates of Davis et al. 1985, Blackburn et al. 1991), and the ages confirm the
previous lithological correlation.

Lithologies

Rocks of intermediate composition, identified in the field as diorite, tonalite, and trondjhemite
(leuco-tonalite), are fine- to medium-grained (minor coarse-grained areas too), with agood crystalline
igneous texture of interlocking crystals. (One northeastern exposure appears to be more granitic.)

Dike features include chill margins, porphyritic textures, and late quartz veins. Both felsic dikes and
small fractures have the same “ X" pattern (conjugate fractures?), suggesting that various types of fluids
(felsic magmas, sulphidic and siliceous fluids) followed the same fracture pathways. Some margina areas
of the pluton contain small mafic bands or brecciated blocks with sharp contacts which may represent
inclusions, xenoliths or dikes; poor exposure limits resolution.

Sulphide minerals are concentrated along rusty fracture planes and 1 m wide pyritic gossans aong
vertical fracturesin the diorite; malachite stain israre. It is not known to what degree the sulphides may
have been “remobilized” during recent weathering of the outcrops.

Note that Cu-Mo showing on Johnston’s (1972) map is actually in the mafic volcanic country rock at
the border area and not in the dioritic intrusion.

The presence of very minor amounts of Cu and Mo in adioritic pluton suggest a possible porphyry
copper type of mineralization. Note the similarities with mineralization identified farther east in the coeval
and lithologically similar Beidelman Bay intrusion (Poulsen and Franklin 1981).

Heavily Diked Zone (Potential Pluton-margin Dike Swarm)

The shoreline exposures aong the islands exposing the southwestern end of dioritic complex display
complex and unusual features.

Numerous thin (<1 m wide) plagioclase-phyric dikes, some trending east-southeast, are commonly
spaced several metres apart. Thereis ageneral alternation of pyroclastic rocks and porphyry bodies along
the island shore outcrops, but outcrop resolution of contacts is poor. The better exposures revea dikes at
perpendicular angles to each other, and other examples of multiple generations of cross-cutting dikes (eg.
younger porphyry in older coarser porphyry). The high density and variability of dikes appearsto define a
dike swarm, which may have functioned as feeder dikes to stratigraphically higher pyroclastic and lava
flow facies.

One outcrop contains an odd brecciated zone with large (<0.5 m) dioritic breccia blocks. Highly
variable dioritic lithologies display polygonal to irregular patterns and interlocking (jigsaw-clast) shapes,
suggesting multiple stages of dioritic “auto-injection,” and perhaps marking a border zone of the dioritic
intrusion.
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One small island outcrop contains the only example seen in the study area of concentrically zoned and
rimmed clasts (alteration “shells,” similar to those illustrated by McPhie et a. (1993, Plate 43-5)). These
are |located near potential examples of dark alteration conduits and an intrusion (equivocal field data). It is
suggested that the numerous dikes in the vicinity caused local episodes of hydrothermal flow and alteration
around the rims of clasts, producing the unusual zoned and multiply altered clasts.

A complex area of flows and tuff without dikes appears to mark the west margin of the dioritic area
(the covered interval of Minnitaki Lake limits resolution).

CENTRAL VOLCANIC BELT: CENTRAL MINNITAKI LAKE AREA

The stratigraphy at Troutfish and Lyons bays, with abundant pyroclastic rocks, resembles that of Northeast
Bay (Page and Clifford 1977), versus the lithological units at south Burnthut and south Neepawa islands
which are more similar to the rocks in the southwest Minnitaki Lake area. Page and Clifford (1977) and
Page (unpublished data) thought there was an orderly stratigraphy in the Troutfish—Lyons area, outlining
anticline-syncline pairs, but this was not confirmed by the present study. However, because the present
study was not as detailed as Page's careful volcanological mapping, Page's stratigraphy and folds are
considered to be reasonable interpretations.

Lithofacies

A wide variety of intermediate—felsic pyroclastic to volcaniclastic facies are present (Devaney et a. 1995h).
Highlights include rare examples of: 1) well-bedded graded tuff-wacke; 2) tightly clast-supported beds
with a high percentage of fairly well sorted, rounded, very small clasts (local evidence of a significant
sedimentary reworking history); and 3) two outcrops with superbly preserved flow banding and rubbly aa
flow fabrics.

Mafic volcanic rocks are commonly porphyritic, with large plagioclase phenocrysts and typical pillow
and pillow breccia fabrics. Some problematic outcrops contain light “clasts’ in adark matrix. (The
continuum of fabrics in various outcrops suggests that the “ clasts’ are variably deformed pillows rather
than the clasts of a sheared-up pyroclastic brecciawith dark (altered?) matrix). At Burnthut and Neepawa
islands, carbonate zones (orange-brown, cross-cut by quartz veinlets) are developed in fine- to
medium-grained flow facies with vesicular pillows. Sedimentary interbeds of chert and laminated to
rippled sandstone are rare.

BURNTHUT ISLAND

This small areais notable for its variety of lithologies and its history of exploration for gold (Johnston
1972).

At Burnthut Island, the following four lithological units (described below) crop out from south to
north: felsic porphyry, basalt, wacke, and tuff. The quartz-feldspar porphyry is mesoscopically similar to
the nearby Pickerel Arm porphyry bodies (see below, and Johnston 1969) aong strike to the west.
Distinguishing intrusive porphyritic rock fabrics from potentia pyroclastic fabricsislocally problematic
and uncertain (asis common for some Archean felsic rocks). Mafic volcanic rocks reveal few
volcanological details, probably as aresult of tectonism (the rock is highly veined in places, with quartz
and epidote veins). Bedsin aminor unit of sandstone (wacke) are laminated, cross-laminated, and graded
(some top reversals), and are variably sheared, particularly in the finer-grained (slaty) and more schistose
layers. Pyroclastic facies along the north shore of theisland vary from tuff-breccia (oligomict, with large
porphyry clasts) to tuff.
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CENTRAL VOLCANIC BELT: PICKEREL ARM OF MINNITAKI LAKE
AREA

Rocks in the following four areas form a predominantly felsic and volcanic unit of the Central Volcanic belt
that crops out between the basaltic part of the Northern Vol canic belt to the north and the Minnitaki Group
to the south.

Highway 72 Roadside Outcrop: Alteration and Exhalite Sequence

In the southwest corner of the map area, a geologically complex outcrop with sulphide mineralization and
rusty weathering displays the following characteristics. From inferred base to top, the following sequence
of units 1 to 3isinterpreted as afootwall ateration zone sequence beneath an exhalite deposit (unit 4); the
sequence of units 1 to 4 is 150 m wide, with unit 1 forming the lower half: 1) layers of “FIM”
(felsic-in-mafic) breccia (garnetiferous mafic ateration bands) in coarse felsic tuff-breccia; 2) felsic
pyroclastic rocks (including lapillistone, clast-supported tuff-breccia, porphyritic clasts, rusty matrix);
clast resolution is lost upward as ateration intensity increases; 3) asilicified “underlayer” (uppermost
footwall), with pseudo-breccia texture and vague jigsaw fractures; and 4) a chert-magnetite-pyrite BIF
unit (lower chert, upper pyrite; laminated; weak magnetism may reflect pyrrhotite content; centimetres thin
massive pyrite layers).

This sequence illustrates that “VMS-type” footwall ateration also occurs below BIF units, and implies
that the alteration is hydrothermal and sub-exhalite rather than VM S-related. Evidence of similar alteration
is present along strike nearby to the southwest outside the map area (Chorlton 1991).

Franciscan Creek Area BIF Unit

Chorlton (1991) mapped the BIF unit in the Franciscan Creek area. Some exposures of thinly layered
chert-magnetite contain structures interpreted herein as brittle deformation features. An equivocal example
of this fragmental fabric (“intraformational breccia’ of Chorlton 1991, Plate 2) could be of either
sedimentary (intraclastic breccia) or tectonic origin.

Exposures of FIM breccia (e.g., “felsic” tuff-brecciato lapillistone, with mafic matrix, sulphides and
magnetite) in the vicinity are interpreted to represent weak mafic hydrothermal ateration of footwall strata
beneath the BIF unit.

Pickerel Arm Area Pyroclastic Rocks

Along the north shore of western Pickerel Arm of Minnitaki Lake, a variety of pyroclastic rocks are found:
lapilli-tuff, clast-supported lapillistone, and crudely bedded (beds tens of centimetres to metres thick)
polymict tuff-breccia. The coarse pyroclastic rocks contain intermediate-felsic volcanic clasts (including
guartzose felsic volcanic clasts, porphyry clasts, and dark clasts which are not mafic) and afew horizons
with very coarse clasts (up to 2.5 by 0.5 m) and some relatively large dark vesicular (pumice) clasts. (Small
black accessory clasts are similar in appearance to those in outcrops of Daredevil Formation crystal tuff at
Little Vermilion Lake, but contrasting geochemical compositions do not support a potential correlation.

Field identification of the local feldspar porphyry (with subhedral phenocrysts) is problematic (i.e.,
distiguishing lapilli crystal tuff with rare accidental clasts from intrusive porphyry with rare xenoliths).
Distinguishing sigmoidal shear lenses from subtly defined clasts can aso be an uncertain exercise.

A feldspar porphyry dike in tuff may be similar to dikes present in the nearby central and southwest
Minnitaki Lake area wacke exposures.
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AGE AND UNCERTAIN STRATIGRAPHIC CONTEXT

A sample of “quartz-phyric felsic tuff” (Davis 1990, p.3) exposed along the north shore of Pickerel Arm
(Davis 1990, Figure 2) was considered to be from the Minnitaki Group by Davis (1990) but these rocks are
described herein as part of the Central Volcanic belt. The problem is that these rocks are located along a
zone that may be between the Central Volcanic belt and the Minnitaki Group, and their stratigraphic affinity
is thus uncertain: they may be part of the Central Volcanic belt, the Minnitaki Group, or they may be part
of asmall, thin younger volcanic unit. The sampled tuff’s age of 2701-2707 Mais based on a single zircon
grain, and this unpublished but repeatedly cited age was quoted with certainty by Blackburn et a. (1991,
Figure 9.40). This age might be flawed (Devaney 19993, p.161; i.e., about 10 Matoo young for Minnitaki
Group deposition?), but other volcanic rocks (which may include reworked tuffs?) of this ca. 2704 Ma age
have recently been found elsewhere in the western Wabigoon subprovince (e.g., Sanborn-Barrie and
Skulski 1999) and other parts of Superior Province, so the 2704 Ma age may be valid for the Pickerel Arm
area pyroclastic rocks. (Because postarc orogenic activity in western Wabigoon subprovince has previously
been thought to begin at ca. 2710 Ma (Davis et a. 1988, Davis 1990, Blackburn et a. 1991), it is not clear
whether these apparently ca. 2704 Ma vol canic rocks represent late arc volcanism or synorogenic
volcanism. Perhaps late arc volcanism overlapped with early orogenesis during the 2700-2710 Ma period?)

Pickerel Arm Area Porphyry Bodies

Slightly mineralized (gold-copper) felsic porphyry bodies, which may represent subvolcanic intrusions,
were previously described by Johnston (1969), Sutherland and Colvine (1979) and McMullan (1980).
These porphyry bodies occur at or near the contact between the basaltic part of the Central Volcanic belt (to
the north; thought to be the lower part of the Central Volcanic belt) and the Minnitaki Group (Johnston
1969, 1972; Devaney et al. 19953,b), but the nature and amount of any structural repetition or disturbance
of the origina stratigraphic section is unknown.

At the largest porphyry body (east end of Pickerel Arm), compositional variability within the porphyry
and the presence of dikes suggests either border phase variability within the intrusion, or a composite
intrusion. The adjacent mafic volcanic rocks contain felsic porphyry dikes (some quartz porphyry, with
notably round quartz “eyes’ up to 1 cm, and some feldspar porphyry). Minor pyrite, malachite stain, and
rusty weathering were observed at the surface exposures. (Most of the old trenches and pits shown on the
map of Johnston (1969) could not be located.)

INTERPRETED STRATIGRAPHIC CONTEXT

The age of the porphyry bodies is unknown. The geochemical composition of the similar porphyry at
Burnthut I1sland (see above) suggests that the calc-akalic porphyry (see Geochemistry section) isrelated to
“Stage 4” volcanism (the youngest stage of volcanism in the Sioux Lookout orogenic belt, and broadly
correlative with the Minnitaki Group; see below). If the felsic porphyry bodies are indeed Stage 4
subvolcanic intrusions, they may represent parts of the volcanic centres which were sources of clastic
detritus (e.g., felsic volcanic and porphyry clasts, volcanic sand-size rock fragments) and minor tuffaceous
interbeds during Minnitaki Group deposition. Trowell et al. (1983, p. 68) made a similar suggestion
regarding the provenance of the Minnitaki Group. (Stratigraphic evidence of this type of proximal volcanic
source area appears to be preserved in the southeastern-most part of the Minnitaki Group; see below).

Stratigraphic Interpretation

The stratigraphic context of the rocks exposed in the above four areasis not reliably known, and potential
structural complexity precludes simple stratigraphic correlations. However, the rocks in these areas have
characteristics of facies and rock bodies commonly considered to be proximal to “felsic” (rhyolitic to
dacitic) volcanic centres (e.g., coarse pyroclastic facies, potentially subvolcanic porphyry bodies, exhalative
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BIF units, sub-exhalite alteration), and may collectively form a suite/assemblage of proximal units
compared with more distal volcanic and sedimentary deposits of the Big Vermilion—Daredevil unit and
Minnitaki Group (i.e., it can be interpreted that they are all “ Stage 4" deposits of a mixed
volcanic-sedimentary basin; see Devaney 19993, and below). The presence of “felsic” volcanic or
porphyritic clastic detritus, “felsic” pyroclastic units or interbeds, and exhalative BIF unitsin both the Big
Vermilion—-Daredevil unit and the Minnitaki Group supports this interpretation.

Previous workers considered the predominantly volcanic and felsic rocks in the above Pickerel Arm
areasites to be part of the Central Volcanic belt, but these Pickerel Arm arearocks could alternatively be
assigned to the Minnitaki Group, or could be considered to represent the stratigraphic interfingering of the
Central Volcanic belt and the Minnitaki Group. If the Central Volcanic belt and Minnitaki Group in this
area (Pickerel Arm—central Minnitaki Lake) are lumped together thereis, in avery broad sense, an overall
north to south transition from felsic pyroclastic facies to clastic sedimentary facies (wacke-dominated) with
detritus likely sourced from the felsic pyroclastic facies. The mafic flow facies in the northwesternmost part
of the Central Volcanic belt could also be considered as part of the generalized north to south transition.
Thisiswhy the gross sequence in this area was previously described as “transitional,” and it was suggested
that the Minnitaki Group could be considered as the uppermost part of the Central Volcanic belt (Devaney
et a. 19953, p. 27). Geochronological data suggest that thereis likely a major time gap between the
basaltic part of the Central Volcanic belt (Stage 2) and the younger rocks to the south (e.g., Stage 4
Minnitaki Group, presumed Stage 4 Pickerel Arm areafelsic and volcanic rocks, and the Pickerel Arm area
pyroclastic rocks dated at ca. 2704 Maand discussed above), and more geochronological work would be
required to refine these interpreted stratigraphic scenarios (for interpretations, including Stages 2 and 4, see
below).

MINNITAKI GROUP

Following very early work by Pettijohn (1936), the deep-water sedimentary deposits of the Minnitaki
Group, including turbidites, were described in detail and interpreted by Walker and Pettijohn (1971), and
are further discussed below. Two main types of facies assemblages are present: thinly bedded facies (e.g.,
typical sandy turbidites) and thickly bedded facies (coarser; includes “resedimented” conglomerate,
possible channel facies). The preservation of sedimentary structures and sedimentological relationships
(e.g., bed thickness trends) is commonly excellent in this area. Important proximal-to-distal stratigraphic
trends appear to be resolvable too.

Lithofacies

THINLY BEDDED FACIES

The thinly bedded facies assemblage consists of laminated to thinly bedded sandstone (wacke) and
siltstone. The typical greenish grey colour of the wacke indicates that it is amuddier sandstone than the
“clean” whitish arenities seen elsewhere in the Minnitaki Group.

Graded bedding is very common (e.g., BC turbidites). Cross-lamination, which may form the C layer
in Bouma sequences, outlines well defined asymmetric ripples, micro-ripples, rippletrains, starved ripples,
and climbing ripples. Convolute lamination (including slightly folded to loaded ripples), load structures
and small scours are locally present. Interestingly, the approximate direction down pal eosl ope suggested by
flame structure asymmetry (“flames’ being upward pointing cusps between downwardly convex lobate
load structures; flames point downslope where soft sediment-shearing during gravity-induced flowage has
rotated the flames toward the downslope direction) agrees with that indicated by local ripple paleocurrents.

Anomalous green (chloritic?), coarse-grained interbeds in one outcrop are interpreted to be tuff, and
thus constitute a rare small-scale example of interfingering of volcanic facies (Synchroneity of volcanism
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and sedimentation). Other good examples of rare tuff interbeds seen at southwest Minnitaki Lake (Pickerel
Arm wackes).

At one site, mudstone appears to contain small (centimetre-scale) concretions.
THICKLY BEDDED FACIES

Sandy strata in the thickly bedded facies assemblage, characterized by an abundance of very coarse to
coarse sandstone in beds tens of centimetres thick (up to about 1 m thick), are more thickly bedded and
generally coarser than in the thinly bedded facies (above). Many very thick “beds’ are actualy vertically
amal gamated sets of beds; recognition of such usually requires careful examination for subtle bed contacts
(e.g., shown viagrain size changes, rippled bed tops, muddy intraclast bands).

Beds which are pebbly only near the base exhibit “ coarse-tail grading.” Load structures (including
flame structures) are present where some beds were loaded down into muddier layers.

Conglomerate beds are typically clast-supported. Clast size varies widely, from poorly sorted
frameworks with rare boulders, to better sorted fine pebble conglomerate. Stratification within
conglomerate horizons is defined by clast size variations, sharp bed contacts, and scour surfaces.

Regarding graded conglomerates, because grading can be normal (fining-upward) or inverse
(coasening-upward) in conglomeratic sediment gravity flows, other evidence for the local top direction is
usually necessary. For example, for one normal graded conglomerate bed aload structure indicated the way
up, and inverse grading in another conglomerate bed was shown by the upward concavity of a nearby scour
pocket.

The clast framework composition is typically oligomict to slightly polymict (e.g., only two clast
types), with quartz porphyry clasts and some “felsic” (light-coloured intermediate-felsic) volcanic
fragments too. Black intraclasts (rip-up clasts), some of which are large blocks, are distinctive versus the
whitish porphyry clasts. Some associated pebbly sandstone is notably feldspathic (arkosic), further
illustrating the probable strong influence of porphyritic, volcanic source rocks on the composition.

The presence of both around quartz “eye” inside a clast (presumably resorbed quartz) and a round
guartz sand grain in nearby sandstone suggests that, in contrast with more normal sedimentary processes,
sand grain rounding was not necessarily erosional in this area, and provides a general lesson that sandstone
proximal to source areas with porphyry may contain little-eroded but well rounded quartz grains.

Deformed strata with features suggestive of penecontemporaneous deformation, including small-scale
soft-sediment injection fabrics, are locally present. Widely separated outcrops of red-weathering deformed
strata appear to be correlative over about 1 km along strike (interpreted as a slump horizon;
loading/injection/slumping produced dismembered or contorted layering). In some exposures it can be
difficult to distinguish the clast-like appearance of highly contorted fine thin beds from true rip-up clasts.

FINER (DISTAL) CONGLOMERATIC FACIES

In the Redpine Bay area, thin clast-supported beds of fine pebble conglomerate with rip-up clasts and
some felsic volcanic fragments (but still a predominantly quartz-feldspar porphyry clast composition) are
interbedded with graded beds and “ clean” whitish arenite. The thin beds of small clasts indicate a more
distal setting than that represented by the coarser and more thickly bedded conglomeratic exposures
common to the east. Although distal, these pebbly and arenitic distal facies are till fairly coarse-grained,
high-energy facies, with little mud present except as intraclasts.

PICKEREL ARM AREA WACKES AND LAPILLI-TUFF
Notable local details are the presence of argillite or slate beds, sandy sections with wacke beds tens of

centimetres thick, dark mudstone intraclasts at the bases and tops of some beds, and small felsic volcanic
pebbles which define coarse-tail grading in some beds.
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One outcrop contains important examples of probable tuffs (the best examples found in the Minnitaki
Group in the study area). These anomalous, generally thin interbeds are coarse-grained, dark, green to
brown weathering, relatively recessive weathered, and centimetres to tens of centimetres thick. One
compound unit of three vertically amalgamated beds has a cross-laminated (rippled) bed cap on top of one
of the beds, suggesting inter-event reworking of the bed top. The beds contain only afew white,
pebble-size, felsic volcanic lapilli, including flow-banded clasts. The clasts in these |apilli-tuff beds are
significantly larger than the tiny pebbles present in the wackes, which suggests that these tuffs are indeed
more proximal and more volcanic than the potentially “volcanogenic” wackes.

CENTRAL MINNITAKI LAKE AREA

Local sedimentological detailsinclude: 1) graded beds up to 0.5 m thick; 2) a soft-sediment fold; 3) arare
small channd fill; 4) some very felsic graded beds (tuffs?); 5) felsic volcanic pebblesin wacke (generaly
rare; e.g., awacke outcrop may contain only one felsic volcanic pebble); and 6) felsic fragments in coarser
“arkosic” sandstone. In one lapilli-tuff interbed, clasts thought to be pumiceous have a pitted, highly
vesicular, “bubbly” appearance and are far more flattened (less structurally competent) than the lithic clasts
present.

Clast-supported fine pebble conglomerate is texturally polymict (two types of porphyry clasts present),
with prominent white quartz porphyry clasts, rare pumice, and some angular (proximal?) clasts. Thick
conglomerate beds are coarser than the local thinner ones, illustrating a common sedimentary relationship
(proportionality of bed thickness to grain size) and thus showing that at least some of the bedding does not
consist of random tectonic strips and panels.

Felsic porphyry sills are 1-2 m thick, with chill margins and structurally sheared margins.

Mafic volcanic flow facies with pillows and pillow breccia, may represent structurally interleaved units
rather than stratigraphically intercalated units (Devaney 1999a).

Southeast Area Lithofacies: Southeast and Twin Bays of Minnitaki Lake

Stratain the Southeast Bay and Twin Bay areas are smilar to the local Minnitaki Group suite of facies but
are not part of the main contiguous map unit of Minnitaki Group strata. The two areas are separated from
the main unit by awest-tapering volcanic unit (Trowell et a. 1982, Devaney et al. 1995b) and are probably
part of a separate thrust slice (see interpretations outlined below).

A facies suite of conglomerate, sandstone, and magnetite BIF is present. Some of the coarse sandstone
iswhitish (mud-free, “clean”; a high-energy facies). Grading is common (turbidite beds), including one
example of a scour pocket which preserved coarser sand than in the rest of the bed (representing an early
phase of turbidity current flow that bypassed most of this depositional site).

Clasts are of felsic porphyry and felsic volcanic composition. The coarse sandstone, with its 2-3 mm
quartz grains, further suggests derivation from a source area of quartz-feldspar porphyry (such as the
“felsic” rocks present nearby to the east along strike; see below).

Magnetite BIF units are about 1 m thick each, and are internally laminated to micro-laminated,
including accessory chert layers. Within some units, thinner magnetite bands have regular thicknesses (1-2
cm) and spacing (centimetre-scale), possibly suggesting cyclic sedimentation (e.g., waxing and waning of
chemical sedimentation). The source area for the presumably exhalative BIF may be the same volcanic area
nearby to the east along strike that appears to have supplied clasts and sand (see below).

The presence of some sedimentary stratification patterns, such as outcrop cross-sections in which
sandstone bed thicknesses increase upward (tops from grading) as the abundance of magnetite decreases
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(illustrating how an increased clastic sedimentation rate drowned out the effects of chemical
sedimentation), show that portions of the bedded strata represent structurally undisturbed sequences of
layers.

Horizons of fine-grained, greenish (metamorphosed muddy matrix), laminated sandstone and
magnetite BIF indicate deposition in alow-energy setting with background chemical sedimentation. In
contrast, coarse, white (arenitic), more thickly bedded sandstone, with deeper scours than in the local thinly
bedded sandstone, represents a higher-energy sub-environment, with conglomeratic beds representing
flows of the greatest power and competency.

One odd interbed identified as lapilli-tuff/crystal tuff might represent the stratigraphic interfingering of
unreworked pyroclastic facies and the proximal volcanic eguivalent of more reworked coarse white
sandstone. Some beds of “siltstone” to very fine-grained “sandstone” may be distal felsic ash layers.

Based on coarseness, bed thicknesses, and map patterns, these strata in the Southeast Bay—Twin Bay
area are interpreted to be some of the most proximal facies of the Minnitaki Group.

Interpretation

The Minnitaki Group is a predominantly sandy, turbiditic succession that records significant transport and
reworking of material from a volcanic source area by sedimentary processes. The immature nature of the
clastic sedimentary facies, the interbedded exhalite facies (BIF presumably sourced from alocal volcanic
centre during inter-eruptive periods), and avery minor amount of directly volcanic products (tuffs)
interpreted to be to be present, show that sedimentation was synchronous with vol canism. Because of this
synchroneity, the ca. 2713 Ma age obtained from Minnitaki Group detrital zircon grains by Davis et al.
(1988) should closely approximate the age of both the volcanism and the probable rapid redeposition of
volcaniclastic material via sedimentary processes.

Predominantly turbiditic successions such as the Minnitaki Group are usualy interpreted as having
been deposited in a degp marine setting such a submarine fan or ramp. Submarine fan interpretations were
often based on faith in what was, for many years, the sole available paleoenvironmental model. It is notable
that even in younger and better exposed turbiditic successions, it is very rare to find evidence for actual fan
shapes, such as aradial paleocurrent pattern (in plan view) or wedge- to lens-shaped rock bodies (in
cross-section). An aternative pal eoenvironmental setting for a turbiditic succession is that of a submarine
ramp, an “unstructured” ramp, apron or slope with a*“line source” area from which sediment flows were
supplied, as opposed to the “point source” of a submarine fan (Heller and Dickinson 1985). Other
alternative paleoenvironmental settings are structural troughs in which most of the turbitic flows are
funnelled longitudinally, and the submarine slopes of conical volcanic edifices.

Sites with quartz porphyry clast conglomerate, rip-up clasts, and “clean” (nonmuddy) white sandstone
represent a high-energy facies, confirmed by the local presence of bouldery conglomerate, scours and small
(intra-outcrop) channels (e.g., coarse conglomerate and rapid facies changes in the compound infill of a
small channel unit). The conglomeratic facies likely represent sub-environments such as channel fillson a
suprafan lobe or channels crossing a ramp surface. The abundance of turbidites and the presence of
climbing ripples and slump facies suggest a high rate of sedimentation during episodic sedimentation
events (e.g., slumps high on aramp triggered sediment gravity flows down a sloping ramp).

Stratigraphic Aspects

At the best continuous exposure (and the best stratigraphic section), smaller-scale (515 m thick)
fining-upward sequences are part of alarger (approximately 100 m thick) sandier-upward sequence (i.e.,
an overall coarsening upward, with upward increases in the “sand:shal€’ ratio and mean bed thickness
suggesting a progradational trend).
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Most of the apparent paleocurrents from ripples are approximately to the west (data from flat
two-dimensional outcrops allow only approximations of paleocurrents; only afew paleocurrents are to the
east).

Within the main conglomeratic “horizon” of the Minnitaki Group (approximately aong the south shore
of Minnitaki Lake, from East Bay islands to Redpine Bay), conglomerate beds generally become finer,
thinner, and less abundant (i.e., inter-related features typical of a decrease in the conglomerate:sandstone
ratio) to the southwest along strike, indicating a proximal to the east, distal to the west polarity. The same
distal to the west pattern is present in what appears to be a separate and approximately parallel unit of the
Minnitaki Group at Southeast and Twin bays (see above), with the likely volcanic source area preserved
along strike to the east (suggesting a volcanic to sedimentary facies change; see Devaney 1998, 1999a, and
interpretations below). There may aso be a facies change to more distal strata, from south to north or from
southeast to northwest, that links the two presumably related stratigraphic units of the Minnitaki Group
(different thrust slices?).

It is notable that within the Minnitaki Group, along strike stratigraphic trends are reasonably well
preserved, but vertical (cross-sectional) trends are commonly not well defined. Thisis likely the result of
structural disturbance of the section; for example, structural repetition obscures the original cross-section
of the entire Minnitaki Group, but leaves the stratigraphy well preserved within thrust slices and the limbs
of upright folds (see Devaney 1999a, and below).

THE “MUD PROBLEM”

Regarding the paucity of slate/argillite exposures, mud seems to be “under-represented” in many Archean
greenstone belts (see reviews of Archean metasediments by Ojakangas (1985) and Eriksson et al. (1994)),
including the Sioux Lookout orogenic belt. (Admittedly, a significant amount of mud forms the tops of
turbiditic graded beds, but there is still a general uncommonness of thick mudstone or slate unitsin the
Archean sedimentary record, particularly in deep water facies in which mud would have been very likely to
accumulate.) This under-representation is likely aresult of exposure bias; recessive weathering of muddy
lithol ogies has produced a biased lithological record, with the coarser, more resistant lithologies tending to
form outcrops and the less resistant slates or mudstones more commonly lying benesth covered intervals.
Structural overprinting can further enhance this exposure bias; faults and more deformed zones might tend
to follow the less competent finer grained lithologies in a heterogeneously layered sequence, with deformed
fine-grained zones more susceptible to weathering than undeformed ones.

However, a volcanol ogical/sedimentological explanation might be even more relevant. If abasin’s
source of clastic detritus was pyroclastic edifices which experienced little or no chemical weathering (as
would be expected in a submarine setting, or arapidly eroded subaerial setting), very little fine mud (clay)
would be transported to the more distal parts of the basin. (Obviously, Precambrian basins lack the biogenic
mud component common in Phanerozoic basins.) The sandy, vol caniclastic composition of many Archean
clastic sediments suggests that this was a common scenario during the Archean (Ojakangas 1985).

Both exposure bias and the likely influence of coarse pyroclastic source areas that supplied little clay
may be significant factors in accounting for the rarity of the fine mud fraction in the Minnitaki Group and
other similar units (e.g., the Big Vermilion—Daredevil unit, and stratigraphic units in other greenstone
belts).

SOUTHERN VOLCANIC BELT

The predominantly mafic volcanic rocks of the Southern Volcanic belt were previously mapped by
Pettijohn (1936), Johnston (1969, 1972) and Trowell et al. (1982, 1983), and were only briefly examined as
part of the present study. Top directions from pillowed mafic flows are predominantly to the south (Trowell
et a. 1982, Devaney et al. 1995b). These Southern Volcanic belt mafic volcanic rocks extend along strike
to the southwest (Berger 1989) and to the east toward the Sturgeon Lake area (Trowell et al. 1982, 1983).
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For the present study, attention was focused on ardatively small intermediate—felsic pyroclastic unit
exposed on the east side of Southeast Bay.

Volcanic Fragmental Lithofacies

Fragmental intermediate to felsic facies vary from tuff to tuff-breccia (although a directly volcanic origin is
not certain for most exposures and some facies may be slightly reworked “volcaniclastic” deposits). These
facies are the “ Southeast Bay Pyroclastics’ of Trowell et a. (1983).

In contrast with the Minnitaki Group sedimentary rocks to west at Twin Bay and Southeast Bay, only
34 km away aong strike, the eastern pyroclastic facies are: 1) partly composed of tuff (including crystal
tuff), much of which is as coarse as the western sandstone; 2) more poorly sorted than the western
sandstone; 3) not as well bedded as the western sedimentary facies; and 4) not as diverse afacies suite as
that in the western sedimentary facies suite.

The lesser development of sorting, bedding and facies diversity present to the east likely reflects the
predominance of volcanic, rather than sedimentary, processes there. Johnston (1972) mapped the
tuff-breccia as sedimentary conglomerate, but the oligomict clast composition, poor sorting, and poor
stratification present, plus the presence of some other features suggestive of volcanic processes (see below,
and Trowell et al. 1983), support classification as volcanic rocks.

Distinguishing some feldspar-phyric porphyritic rocks from arkosic rocks can be problematic for the
field geologist dealing with less than ideal exposures. Locally, rare clasts in lapilli-tuff and the presence of
bedding demonstrate a pyroclastic or volcaniclastic origin.

Local volcanological detailsinclude: 1) one area with white, nonporphyritic clasts, defining
compositional bedding at both large and small scales; 2) afew interlocking clasts (jigsaw fractures) in
tuff-breccia (possibly the products of high-energy collisions, such as in an avalanche deposit, or cooling
cracks in aonce-hot pyroclastic flow); and 3) straight-edged clasts in tuff-breccia (possibly the products of
phresatic steam-fracturing of ajointed flow?).

One good example of autoclastic flow breccia displays variably defined, mostly vague (“ghost-like”)
clast outlines. Subangular pseudo-clasts are of similar composition and appearance to the matrix, with
some vague jigsaw shapes. Darker areas may be slightly atered, or are a matrix of finer-grained porphyry
(e.qg., later, fracture-filling phases that cooled more quickly).

Interpretation

Results of the present study agree with the interpretation of Trowell et al. (1983, p. 67): “The coarse clast
size and the general lack of rounding of the clasts suggest that this major pyroclastic sequence was likely a
proximal, near-vent deposit.” The coarse facies could represent pyroclastic avalanche or sedimentary talus
deposits proximal to an exogenous subagueous vol canic dome, with rare lava flow facies (e.g., autoclastic
flow breccia) deposited on or very near the dome. Exhal ative venting of hydrothermal fluids from seafloor
sitesin the vicinity of these proximal facies and subsequent local precipitation of magnetite to form
chemical sediments likely accounts for the major BIF unit present along strike nearby to the west.

These pyroclastic facies appear to be a source area contiguously linked along strike to the west to the
Minnitaki Group sediments (Devaney et a. 1995a,b; Devaney 1998, 1999a). In contrast, the map of
Trowell et al. (1982) placed alarge northerly trending fault benesth the middle of Southeast Bay, based on
ageophysical signature. Visua depictions of the amount of apparent offset along this supposed fault have
varied over the years, but the facies documented herein (see both “Volcanic fragmental lithofacies’ of the
Southern Vol canic belt and “ Southeast area lithofacies: Southeast and Twin bays of Minnitaki Lake” of the
Minnitaki Group, above) and the map pattern present suggest that at Southeast Bay atransition (or facies
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change) from eastern pyroclastic facies to coeval, stratigraphically equivalent, western sedimentary facies
of the Minnitaki Group is preserved in asingle stratigraphic unit. A fault may indeed be present beneath
Southesast Bay, but it does not appear to have disturbed the above well preserved stratigraphic pattern, and
such afault may have been synvolcanic (which could have allowed magma to reach the pal eo-seafloor and
form the interpreted felsic dome).

As aproximal volcanic centre, these eastern pyroclastic facies are a probable source for the quartz
porphyry clasts in the Minnitaki Group conglomerates. Note that clast lithologies need not match exactly
the rocks of their proposed source areas, because some lithologies may have been completely eroded and
transported away from the ancient source area (or may lie hidden beneath today’s surface as subcropping
units) and would therefore not be preserved there (or are hidden from view).

The geology of the Southeast Bay areais similar to the pattern interpreted for the Central Volcanic belt
and Minnitaki Group at Pickerel Arm (volcanic centres as sediment sources; see above), but with a
different porphyry, a greater amount of conglomerate, and more magnetite BIF in the southeastern area.

OTHER LITHOLOGICAL UNITS

Granitoid Intrusions

The few granitoid intrusions in and near the area of supracrustal rocks mapped for this study are located
mostly in the northern part of the Sioux Lookout orogenic belt, particularly in the Northern Volcanic belt
(Johnston 1972). These granitic plutons are not part of the present study and were only briefly examined.
Their teardrop to sigmoidal outlinesin map view may be an important aspect of the late orogenic
development of the Sioux Lookout orogenic belt (speculated upon below). The Lateral Lake stock, dated
by Davis (1990) at ca. 2708 Ma, was described by Colvine and McCarter (1977) and Page (1984), and is
notable for its molybdenite mineralization.

Granitic plutons are more abundant in the extensions of the Sioux Lookout orogenic belt to the east
(Page and Moller 1979a,b) and to the southwestwest of the mapped study area. Two granitic intrusionsin
the southwest continuation of the Sioux Lookout orogenic belt (Berger 1989, 1990; Chorlton 1990, 1991)
have been dated at 26932699 Ma (Crossecho L ake stock) and 2693-2697 Ma (Sandybeach L ake stock) by
Davis (1990).

Northeast Intrusive Complex

Geochemical analyses of intrusive rocks from the “Northeast Intrusive Complex,” an area between
Northeast Bay and Superior Junction (Johnston 1972, Devaney et a. 1995b), have compositions similar to
sanukitoid rocks (see “ Geochemistry”). By analogy with other sanukitoid plutons in Superior Province, the
undated Northeast Intrusive Complex may be arelatively young synorogenic to postorogenic intrusion
(e.g., <2690 Ma, very late tectono-magmatic context). Major faults are prominent in the area around the
Northeast Intrusive Complex (Johnston 1972, Page and Moller 1979a, Devaney 1999a), and may have been
the conduits aong which late sanukitoid magmas were intruded.

Winnipeg River Subprovince Gneiss

The Sioux Lookout orogenic belt is bounded to the north by the Winnipeg River subprovince (Beakhouse
1991). The granitic gneisses of the Winnipeg River subprovince are not part of the present study and were
only briefly examined. In aroadside outcrop at the east edge of the Sioux Lookout airport (Devaney et al.
1995b), “hybrid” gneiss (multiple lithologies, including tonalite) contains steeply plunging lineations. Such
lineations are consistent with potential southeast-directed faulting of the Winnipeg River subprovince over
the Sioux Lookout belt, which is the regional sense of faulting suggested by Williams et a. (1992).
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Structural Geology

Because the focus of the present study is on the sedimentology, volcanology and stratigraphy of the
sedimentary and vol caniclastic units that comprise large parts of the Sioux Lookout orogenic belt, the
structural geology of the Sioux Lookout orogenic belt was not studied systematically or in detail. However,
small-scale (intra-outcrop scale) structural features are briefly described, interpreted and discussed below
for two reasons. Firstly, some documentation of observations of small-scale structures is a basic (and thus
expected) part of the descriptive mapping process when dealing with rocks which have been tectonically
deformed to varying degrees. Secondly, there is the need on the part of the author to demonstrate that,
during the present study, sedimentary and volcanic structures have been reliably distinguished from

tectonic structures.

A discussion of the various previously interpreted major faults (or deformation zones) in the Sioux
Lookout orogenic belt, features which are rarely exposed but are very likely (and, in some cases,
undoubtedly) present, is also given below. Interpretations of the roles of these and other large-scale
structures in the multi-stage tectonic evolution of the Sioux Lookout orogenic belt are listed below under
“Analysis of atransect across the Sioux Lookout orogenic belt.”

SMALL-SCALE STRUCTURES

Deformation zones are defined by the presence of one or more of the following features in outcrops:
1) ahighly schistose fabric, versus much less schistose rocks away
from such zones;

2) transposed layering (“shear lenses’ or “bed shreds’), with lenses of laterally discontinuous strata
(commonly observed at the 0.1 m scale) rather than the presumably originally laterally continuous
Strata;

3) laterally discontinuous schistosity-parallel veins;
4) sigmoidal fabrics;

5) smal tight to isoclinal folds (e.g., 0.01-0.1 m amplitudes and wavelengths), with rarely observed axial
planar cleavage in some sequences of folded bedding; and

6) variable (reversing) top indications (with observations biased toward thinly bedded sedimentary units,
which normally contain more top indications than do most other lithological suites).

Aspects of the structural geology which overlap with stratigraphic description, such as top indications
and the nature of some of the contacts between units, are discussed above under “Geology of stratigraphic
units.”

Brittle features include kinks, tension gashes, fractures (some X-shaped conjugate patterns), and small
fault offsets. Kinks tend to be developed preferentially in thinly layered strata. Ductile features include
various folds (e.g., tight, asymmetric), shear zone and boudinage fabrics, and deformed clasts (oblate or
flattened clasts most common,; only rare examples of prolate stretched clasts observed).

Bedding-cleavage/schistosity relationships, some of which are documented on the accompanying map
(Devaney et a. 1995b), were not studied in detail. Both bedding and cleavage/schistosity are normally

steeply dipping.
Quartz veins, locally folded and boudinaged, are very common in all of the Sioux Lookout orogenic

belt supracrustal units. Some quartz-carbonate veins are present, particularly in or near basaltic units.
Accessory sulphide minerals are generally rare. Epidote veins are aso found in the more mafic units.
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Quartz veins with low to flat dips are uncommon to rare. The potential importance of low-dipping
guartz veins to a specific structural scenario favourable for gold mineralization is discussed bel ow, under
“Mineralization in the Sioux Lookout orogenic belt.”

Interpretations of the above features 14 are:

1)  highly schistose fabric presumably reflects more intense recrystallization focused along faults and
other deformation zones (e.g., along surfaces of relative displacement between lithological units,
with the “units” varying from beds to kilometre-thick units);

2)  transposed layering formed vialayer-parallel shearing, particularly in the more thinly layered and
heterogeneously layered sequences (e.g., in thinly bedded wacke-mudstone, shear was preferentially
along the less competent mudstone laminae and beds);

3) laterally discontinuous veins parallel to the main fabric, normally schistosity, presumably represent
originally more continuous veins disrupted by transposition along schistosity planes (alternatively, in
some cases, such discontinuous veins may represent filling of extensiona fractures); evidence such
as tectonically disrupted bedding may corroborate a transposition origin; and

4)  sigmoidal features likely formed viathe: a) folding of older fabrics, such as bedding, at restraining
bends (a transpressional sigmoid) and releasing bends (a transtensional sigmoid); and b) creation of
new cleavage or fractures/veins (e.g., a shear zone fabric defined by shear sigmoids between
schistosity planes; atranstensiona “tension gash”).

Regarding the orientation of folds, asis commonly the case for the generally flat and smooth outcrops
of northern Ontario, good three dimensional exposure of fold axesis rare, and thus the ratio of upright folds
to sideways closing folds is not reliably known. (Simplistically, upright folds are often interpreted to form
during an early compressional stage, versus sideways closing folds produced during alater wrenching
phase.)

Regarding the scale of folds, large folds (e.g., wavelengths and amplitudes of >5 m) are probably
present in the Sioux Lookout orogenic belt, but resolution of large folds is strongly limited by the fact that
the areas of covered intervalstypically greatly exceed the size of the small scattered outcrops. A general
absence of marker beds also limits reslotion of large folds. Such scale and resolution problems are common
to northern Ontario field studies.

The scale and lateral continuity of deformation zones are problematic because of the nature of northern
Ontario Shield exposures. Although maps of the Sioux Lookout orogenic belt (and many other “greenstone
belts”) commonly depict long (e.g., 0.5-20 km) curvilinear deformation zones, the normally discontinuous
nature of the small exposures does not alow reliable distinction of the “medium-scae’ (e.g., 0.01-0.1 km)
form of the deformation zones (e.g., identification of planar versus braided fault zones, presence or absence
of fault splays).

The effects of relative lithological competency in heterogeneously layered sequences are also important
in defining deformation zones. Although deformation zones might be most ideally defined by contrasts or
gradients within structural units of one uniform lithology (e.g., a highly schistose massive basalt zone
flanked by weskly schistose massive basalt), deformation along the contacts between major units composed
of different lithologiesis very common in the Sioux Lookout orogenic belt, and most other deformed belts.
At such sites of lithological contrast, allowance must be made for the easier devel opment of schistosity in
originally more micaceous lithologies (e.g., weakly schistose metawacke versus slaty mudstone).

Regarding the form of veins, athough folded and boudinaged veins obviously reflect postvein
deformation, deformed veins do not necessarily imply amajor “early” tectonic stage of vein devel opment
versus “late” tectonic stage vein deformation: multiple late increments of deformation may deform
tectonically late veins. Also, in cases of complex strain partitioning within orogens, some lithotectonic
units may be less deformed internally (e.g., early veins unaffected by “late” tectonism) while other units
become very deformed (e.g., “early” and/or “late” veins affected by late tectonism). Detailed structural
study would be required to resolve various episodes of veining and deformation and their spatial variability.

39



LARGE-SCALE STRUCTURES

Description and structural analysis of the large-scal e structures of the Sioux Lookout orogenic belt is
beyond the scope of the present stratigraphic study. However, large-scal e structures and map patterns
evident from past and present mapping obviously need to be incorporated into any regional geological
interpretations. Aside from the extensive faults and deformation zones discussed below, large-scale
structural features of the Sioux Lookout orogenic belt are summarily listed and briefly interpreted under
“Analysis of atransect across the Sioux Lookout orogenic belt” (see below) and by Devaney (1999a).

DISCUSSION OF PREVIOUSLY MAPPED FAULTS

Asaresult of previous mapping of the Sioux Lookout orogenic belt by Johnston (1969, 1972), numerous
linear and curvilinear “faults” were depicted on Johnston’s three maps (Maps 2155, 2242, 2243). Most of
these faults are parall el to the strike of the major lithostratigraphic units in the Sioux Lookout orogenic
belt, plus afew faults at high anglesto strike (splays, “cross-faults’) and some faults of limited extent in
small areas of relatively deformed rocks. Using some terms defined during earlier work by Pettijohn
(1934-1937), the longer and presumably more important faults were named and described in some detail
by Johnston (1969, 1972). In more contemporary terms, these “faults’ might be better described as more
broadly defined “deformation zones’ (see above). (Faults are brittle features by definition, and in some
cases, more ductile features such as shear zone fabrics are present along these Sioux Lookout orogenic belt
“fault zones.”)

Importantly, it is noted in the legend for Johnston’s (1969, 1972) maps that the presence of these faults
in the Sioux Lookout orogenic belt is “assumed” (i.e., interpreted) rather than observed. This is because, as
is commonly the case in the glaciated Shield terrain of northern Ontario, faults and other deformation zones
tend to have been recessively weathered and lie beneath covered intervals such as lakes. Thus, asis aso the
case for many other geological maps of northern Ontario greenstone belts, on Johnston’s (1969, 1972)
Sioux Lookout orogenic belt maps interpreted features such as the faults inferred to be present have been
mixed with descriptive data.

Even though the interpretations of the presence of faults by Johnston (1969, 1972) may be very
reasonable, the general lack of exposure of the major deformation zones presents a huge problem for
geologists who would like to actually observe, map and interpret the structural featuresin the area. Many of
the faults depicted on Johnston’s (1969, 1972) maps were incorporated directly into the map of Devaney et
al. (1995b; see accompanying map).

The faults on Johnston’s (1969, 1972) maps were suggested by the presence of both large-scale map
patterns (e.g., long straight shorelines near the contacts between major lithostratigraphic units: Pettijohn
1934) and small-scale deformation fabrics in the outcrops near the inferred faults. As direct evidence of
deformation within or adjacent to the mapped faults, Johnston (1969, 1972) emphasized the presence of
one or more of the following: relatively intensely developed schistosity; “shearing”; alteration (especially
carbonitization); quartz veins (or, more rarely, epidote veins); and occurrences of certain minerals (e.g.,
gold, sulphide minerals).

Although the present study is focused on regional stratigraphic descriptions and interpretations rather
than documentation of structural fabrics, field observations confirmed the importance of the five features
listed above in defining Sioux Lookout orogenic belt deformation zones. Intense schistosity along
deformation zones contrasts markedly with the weakly schistose rocks which make up most of the Sioux
Lookout orogenic belt. (Rocks with well preserved primary volcanological and sedimentological fabrics
and little or no readily observable mesoscopic schistosity are locally common in the Sioux Lookout
orogenic belt). Indeed, basaltic and conglomeratic rocks along the shoreline of eastern Abram Lake (near
where the “Little Vermilion Fault” and “ Abram Lake Fault” converge, according to Johnston 1972) are so
schistose, with “slaty” cleavage in places, that modern erosion has formed “shingle beaches” of platy clasts.
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Observations made during the present study confirm the probable presence of major deformation zones
at the following localities mapped as faults by Johnston (1969, 1972): Big Vermilion Lake (*Whitefish Bay
Fault”); Little Vermilion and Abram lakes (“Little Vermilion Fault” and “ Abram Lake Fault”); northwest
shore of Northeast Bay of Minnitaki Lake; southeast shore of Northeast Bay of Minnitaki Lake (part of the
“Ruby Island Fault”); Neepawa Island; Burnthut Island; and Pickerel Arm (particularly along the north
shore). In the western half of the study area, within the predominantly basaltic part of the northern Central
Volcanic belt, the extent (along-strike continuity) of deformation zones near Miles and Misfit lakesis
unknown.

The presence of most of the larger scale faults proposed and depicted by Johnston (1969, 1972) can be
inferred from contrasts and discordances in patterns of total field magnetism (e.g., datain OGS 1982,
1997).

Of dl of the major faults proposed by Johnston (1972), only one, a supposedly
west-northwest-trending fault located immediately east of the town of Sioux Lookout, is rejected as
unlikely. The stratigraphy presented herein (see “Big Vermilion—Daredevil unit,” above; see aso
accompanying map) suggests that the major lithostratigraphic units present east of the Sioux Lookout town
area are laterally continuous rather than truncated or offset by afault (e.g., an apparent sinistral offset of
“Patara metasediments’ shown on Johnston’s (1972) Map 2243). The supposed fault isin alinear areawith
almost no bedrock exposures. Geophysical maps (e.g., total field magnetism: OGS 1982, 1997) suggest
that, at the 5 km scale, strata (probably part of the Northern Vol canic belt) may have been warped into a
west-northwest-striking orientation by the intrusion of a granitic pluton in the Pelican Lake area. One of
these west-northwest lineaments, which are discordant to surrounding east-trending and
east-northeast-trending lithostratigraphic units, may have been mistaken as a fault.

Many of the faults interpreted by Johnston (1972) are very relevant to the structural scenarios outlined
in the present report (see below). The “Little Vermilion Fault” along the north margin of the Central
Volcanic belt should be a north- to northwest-vergent thrust which placed the Central Vol canic belt above
younger sedimentary and volcaniclastic units to the north (Davis et a. 1988), and the “Daredevil Fault”
should be a northwest-vergent thrust which juxtaposed the older Daredevil Formation above the younger
Ament Bay Formation (Devaney 1999a). Johnston (1972) agreed with Pettijohn’s (1934) suggestion that
strike-dlip faulting was important in the Sioux Lookout orogenic belt, and mapped some strike-dlip faults
(“Ruby Island Fault, Twinflower Fault, East Bay Fault”) as being sinstral-oblique (Johnston 1972, Figure
2). The“bending” and “horsetailing” of some of Johnston’s (1972) faults define map patterns suggestive of
sinistral strike-slip duplexes (see Devaney 1999a, and below). Indeed, Johnston (1972, p. 30) recognized
that the faults in the northern Sioux L ookout orogenic belt are likely a southwest extension of the Miniss
River Fault, which is considered herein (see Devaney 19993, and below) to be a key aspect of the
large-scale regiona geology.

Although detailed mapping of the faults and deformation zones of the Sioux Lookout orogenic belt by
astructural geology specialist would obviously be a good complement to the stratigraphic work presented
herein, and would be very relevant to improved understanding of gold mineralization in the region
(probable | ate tectonic, mesothermal lode gold deposits), a structural specialist should expect to be
frustrated by the general absence of exposure of the deformation zones and the poor quality of most
exposures (e.g., small, discontinuous exposures; unclean outcrop surfaces; rarity of good three-dimensional
exposure). (Note: exposure quality considered “poor” by global standards would be considered as “typical”
or even “good”’ by many workers with experience biased towards northern Ontario terrain. The more global
standard has been used herein.)

Geochemistry

Lithogeochemica analyses of 85 samples from the Sioux Lookout orogenic belt study area (Figure 5:
sample location map) are given in Table 1. The analyses were performed by the Geoscience Laboratories,
Ontario Ministry of Northern Development and Mines, using: X-ray fluorescence (major oxides, Ba, Cr,
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As, Pb, Zr, Y); inductively coupled plasma-optical emission spectroscopy (Cu, Zn, Ni, Sc, Au, Co, Mo,
V), inductively coupled plasma-mass spectroscopy (REE, Th, U, Hf, Ta, Rb, Sr, Nb, Cs), anion analysis
(Cl, F), and atomic absorption spectroscopy (Ag, Cd, Li, Hg).

The samples are listed according to their stratigraphic unit, lithology and type of ateration in Table 2.
(Therock typeslisted in Table 1 arefield terms, and differ slightly from those in Table 2.) Averages of the
major oxide composition of the principal units are shown in Table 3. For Figures herein which use major
oxide values, recalculated volatile-free values have been used. Total iron oxides are listed as Fey0s.

In most cases, geochemical analysis confirmed the correctness of the field identification of the various
rock types. Despite some dteration, the SiO, content of the different stratigraphic or lithologic unitsis
appropriate for the assigned rock type names (e.g., averages in Table 3). Identification of the altered nature
of some of the samples (Tables 2, 4) is based on relatively high or low abundances of oxides or volatiles;
for example, abundances above or below arbitrarily chosen threshold levels. Following this approach, and
in agreement with threshold levels derived from other studies (e.g., Devaney 1996), rocks with >4% LOI
and/or >1% CO, and/or <1% NaxO are considered to be altered. Regarding the sample codes used in Tables
2, 4 and 5, samples prefixed with a: @) “B,” or having no prefix, are “94JRD-" samplesin Table 1; and b)
“DB” are “95JRD-" samplesin Table 1.

GEOCHEMICAL SUBDIVISION OF STRATIGRAPHIC UNITS

Previous studies of the major element geochemistry of the Sioux Lookout orogenic belt and surrounding
areas (Trowell et al. 1983, Blackburn et a. 1985, Trowell and Johns 1986, Blackburn et al. 1991)
established a general stratigraphic framework of older magnesian tholeiitic basalts versus younger
high-iron, high-titanium tholeitic basalts and a diverse suite of calc-akalic volcanic rocks.

Selected basaltic discrimination diagrams (Figure 6a-€) and plots of the contents of selected high field
strength elements (HFSES; e.g., TiOo, P2Os, Zr) and Zr/Y versus SiO provide subdivisions of both the
volcanic rock samples (Figure 7a-c) and the entire Sioux Lookout orogenic belt sample set (Figure 8a-f).
These subdivisions (unlabelled) are defined by discrete data point clusters according to sample lithology
and/or stratigraphic unit; many such clusters are mutually exclusive with other clusters.

Based on selected trace element ratios and plots of selected high field strength elements (Ti and P
oxides, and La, Nb, Th, Zr) and Zn versus SiO, (Figure 9a-g), the sampled basaltic subunits of the Sioux
L ookout orogenic belt form 2 discrete groups (Tables 5, 6). Very similar compositions allow the correlation
of the Northern Volcanic belt and the northern Central Volcanic belt basalts (as one group), versus the
distinctly different, more southern Central Volcanic belt basalts.

The Central Volcanic belt “mostly dacitic pyroclastic rocks” sample group in Table 2
(intermediate-to-felsic volcanic (“ifv”) in Tables 3, 6, and 7) can be subdivided into 3 subgroups via plots
such as Th/Taor (La/Yb)cn versus TiO; (Figure 10a,b).

As expanded upon below, the discrete and coherent lithological subdivisions (data point clusters)
apparent in Figures 6 to 10 directly reflect the orderly contrasts in composition of the various Sioux
Lookout orogenic belt stratigraphic units.

RARE EARTH ELEMENT DATA

The rare earth element (REE) data (Table 1) for each sample group are presented in chondrite-normalized
plots (Figure 11; note some subgroups) and in N-MORB-normalized extended trace element plots (Figure
12; data are normalized to chondrite and N-MORB reference standards of Sun and McDonough 1989).

Basalts of the Northern Volcanic belt (Figure 11a) and northern Central Volcanic belt (Figure 11c) have
fairly flat REE plot slopes (low [L&/Y b]cy ratios) and REE abundances at about 10x chondrite level.
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REE characteristics of the Patara Formation mafic sediments (Figure 11b) mimic those of the Northern
Vol canic belt basalts (Figure 11a), consistent with the probable derivation of the Patara sediments from the
Northern Volcanic belt. Slightly higher REE concentrations (up to 20x chondrite level) in some Patara
samples may be due to sedimentary enrichment (e.g., viawinnowing) of REE-bearing heavy mineral sand
grains.

Contrasting with the above basalts, more southern basalts of the Central Volcanic belt (Figure 11c)
have low REE plot slopes ([La/Y b]¢n ratio of about 6) and LREE abundances of about 40—-70x chondrite
level. These basalts are more evolved (E-MORB; criteria of Pearce and Peate 1995) and fractionated
(steeper REE plot slope) than the more primitive (N-MORB-like) basalts of the Northern Vol canic belt and
north Central Volcanic belt (Figure 11a,c; see also Figure 12a,c).

Most of the remainder of the plots (Figure 11d-n), of intermediate to felsic rocks, display high slopes
with chondritic abundances of about 100x (La) decreasing to 10x (Y b). Elevated L REE content is notable
in some dacitic to rhyolitic rocks (Figure 11j,k) and Northeast Intrusive Complex samples (Figure 11m).
Superior Junction rhyolite samples display slightly elevated HREE content in 4 of 5 samples (Figure 11j).
The atypical composition (low HREE abundance) of sample J-92 (Figure 11i), a tuffaceous sandstone,
could reflect carbonate alteration (HREE lost to carbonate-bearing fluids: Kerrich and Fryer 1979) or some
volcanic or sedimentary mixing of grains from multiple source areas (e.g., mafic and felsic sediments
deposited together at bed scale).

The basaltic andesites of the Northeast Bay of Minnitaki Lake area are of similar REE composition in
the lower, middle and upper parts of the stratigraphic section (east to west; Figure 11d,ef, respectively).
The various distinct lithofacies (flows, dikes, coarse and fine pyroclastics) aso have uniform REE
characteristics, suggesting little or no disturbance of “pyroclastic” facies by sedimentary reworking (much
sedimentary transport would segregate heavy minerals) and thus fairly proximal conditions. The strong
similarity between the plots of the dioritic Northeast Bay pluton and the upper (and other) basaltic andesite
samples (Figure 11d-h) is further evidence of their co-magmatic relationship.

Within the entire Sioux Lookout orogenic belt sample set (Figure 11), negative Eu anomalies are more
common than a positive anomaly or no anomaly. Negative Eu anomalies are the results of plagioclase
fractionation or alteration, with the latter case involving loss of Eu during the chemical breakdown of
feldspar grains (Rollinson 1993). Because the Superior Junction rhyolites are likely atered (shown by
abundances of some major and minor elements: Table 4), the large negative Eu anomalies in these rocks
(Figure 11j) may also be an dteration signature. Plagioclase-phyric dikes in the Northeast Bay of
Minnitaki Lake andesites (Figure 11€) have a greater negative Eu anomaly than in tuffaceous samples from
nearby sites, suggesting the greater influence of plagioclase fractionation for the dike samples.

Extended trace element plots (“ spidergrams’) normalized to N-MORB composition are shown in
Figure 12. Most notable are the slight/minor negative Nb anomalies in the basaltic rocks, alarger
(moderate) negative Nb-Ta anomaly in the basaltic andesites, and the large (more prominent) negative
Nb-Taanomalies in the dacitic-rhyolitic rocks (Figure 12i,j,k), granitoids (Figure 12n) and 2 of 3
Northeast Intrusive Complex samples (Figure 12m).

The Hf data for the more mafic rock samples appears to be experimentally flawed (Tomlinson et al.
1999) and thus the apparent negative Hf anomalies are considered to be false ones.

GOLD ASSAY DATA

Lithogeochemical analyses and assays resulted in only one important new gold occurrence, sited on the
mainland west of Burnthut Island, at the “Number 3 zone” reported by Johnston (1972, p. 43). A sample
from apyritic quartz vein yielded assays of 2.12 and 2.34 ounces Au per ton (Devaney et al. 1995a); a
previous assay reported by Johnston (1972) yielded only 0.04 ounces Au per ton, illustrating the erratic or
variable nature of the gold mineralization.
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DISCRIMINATION PLOTS

Data from the Sioux Lookout orogenic belt basaltic samples are shown on 5 different discrimination
diagrams (Figure 6a-€). Such diagrams were designed for elucidating the tectonic setting of basaltic rocks,
but some workers (e.g., Wood 1980) a so include more felsic rocks for purposes of comparison. Table 7
summarizes the fields that the various Sioux Lookout orogenic belt volcanic stratigraphic units plot in,
which alow the interpretations summarized in Table 8.

Using a Rb versus Y +Nb plot (Pearce et al. 19844, Christiansen and Keith 1996), all of the plutonic
samples plot in the “I-type” or “volcanic arc granite” field (Figure 13a), and nearly all of the intermediate
to felsic volcanic rock samples plot in the same field (Figure 13b).

SUBDIVISION VIA Mg#

The Sioux Lookout orogenic belt sample groups define fairly discrete fields on a Mg# versus SIO, plot
(Figure 14a; Mg# = MgO/[MgO+FexO3*]: Rollinson 1993, p. 74, recalcul ated volatile-free oxide values
used herein). A plot of Mg# versus K»O for samples with less than 3% K»O (Figure 14b) shows the low-K
nature of the magnesian basalts (Northern Volcanic belt, north Central Volcanic belt; Mg# >0.3; Stage 1
magnesian tholeites), ferro-basalts (south Central Volcanic belt; Mg# <0.3; Stage 2 iron tholeiites), and
many of the basaltic andesites (Northeast Bay of Minnitaki Lake; average Mg# is 0.30; Stage 3). A plot of
Mg# versus La/Sm (Figure 14c; the latter ratio defines LREE fractionation or enrichment) provides a
particularly good subdivision of the various rock types and genetic (evolutionary) stages.

Rocks from the Sioux Lookout orogenic belt with a Mg# of greater than 0.3 (Northern Vol canic belt
and north Central Volcanic belt Stage 1 basalts, many of the Northeast Bay of Minnitaki Lake Stage 3
andesites; 2 of 3 Northeast Intrusive Complex sanukitoid samples) can be considered to be more
“primitive” (“quasi-primitive’ ?) than those with alower Mg#. Concentrations of Ni and Cr are high (>90
ppm Ni, >130 ppm Cr), relative to other Sioux Lookout orogenic belt rocks, in these * quasi-primitive’
rocks. Note that the change from Stage 2 to more primitive Stage 3 volcanic rocks coincides with an
interpreted “rifted arc” extensional phase (see below, under “Evolutionary stages of the Sioux Lookout
orogenic belt”). The primitive nature of the possibly late-stage Northeast Intrusive Complex sanukitoid
rocks (see below) reflects their probable mantle derivation (e.g., Stern and Hanson 1991, Evans and
Hanson 1997).

FEATURES OF E-MORB CLASSIFICATION

For basalts, aplot of Zr/Y b versus Nb/Y b shows the enriched versus depleted continuum within aMORB
array of values (Pearce and Peate 1995). In Figure 15, southern Central Volcanic belt basalts (relatively
more E-MORB-like; Stage 2) are more enriched than the Northern Vol canic belt and northern Central
Volcanic belt basalts (which are closer to average N-MORB values; Stage 1), adistinction whichisin
agreement with other discrimination plots.

A plot of Th/Nb versus Nb/Y (Syme et al. 1996, Figure 16) shows southern Central Volcanic belt
basdltsin or near the E-MORB field (Figure 16), versus the Northern Vol canic belt and northern Central
Volcanic belt basalts which plot in the “N-types with arc signature” field (the “arc signature” being the
negative Nb anomaly, or Th/Nb of >0.1).

FEATURES OF BACK-ARC BASIN BASALT CLASSIFICATION

Basalt samples which have negative Nb anomalies and slight LREE enrichment (relative to N-MORB) and
which plot in atransitiona N-MORB to island arc tholeiite field on discrimination diagrams (see Figures
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6a-c and Figures 12a,c) are commonly interpreted as back arc basin basalts (e.g., Saunders and Tarney
1984, 1991; Day 1990, Donato 1991). Both the Northern Volcanic belt and Central Volcanic belt basalts
(Stages 1, 2) could be interpreted as back arc basin basalts. However, in the case of the Sioux Lookout
orogenic belt, there is no known arc sequence of appropriate age (Stages 1, 2) and location (probably
southeast of the Sioux Lookout orogenic belt) that would have been required in order for alinked arc and
back-arc pair to have existed, so theterm “pre-arc” (Pearce et al. 1984b), rather than back-arc, may be
more appropriate for Stage 1 basalts. Stage 2 basalts may represent a change to ajuvenile arc setting (Table
8). (Note: although coeval and older arc sequences are present to the east of the Sioux Lookout orogenic
belt at Sturgeon Lake (Blackburn et al. 1991, Sanborn-Barrie and Skulski 1999), the Sioux L ookout
orogenic belt is not considered to be a back-arc arearelative to the similar arc sequences at Sturgeon Lake.
At an appropriately large scale of view (200 km), the Sioux Lookout orogenic belt, relative to the Sturgeon
Lake area, is considered to be in an “aong-arc,” rather than “back-arc,” position.)

Based on the geochemical diagrams and discussion of Saunders and Tarney (1991), theratio plotsin
Figures 17a-c show that the Sioux Lookout orogenic belt basalts (Northern Vol canic belt, Central Volcanic
belt) have back arc basin basalt to island arc characteristics, with the southern Central Vol canic belt basalts
in the E-MORB field (in agreement with other discrimination plots) in Figure 17b (Ce/Zr vs. BalZr).

ADAKITES

Adakites are high-Al trondhjemite-tonalite-dacite/granodiorite rocks) with geochemical signatures thought
to have been produced via partial melting of subducted slabs of MORB-type basalt (oceanic lithosphere;
Sgjonaet a. 1993, Drummond et a. 1996). The adakitic signatures apparently were not obscured by the
ascent of slab melts through mantle wedge regions.

Based on the geochemical diagrams and discussion of Drummond et a. (1996), the ratio plotsin
Figure 18a-e show that the Big Vermillion—Daredevil unit and some Central Volcanic belt dacitic rocks
(both Stage 4) have adakite characteristics, and the Northeast Bay of Minnitaki Lake basaltic andesites
(Stage 3) have “island arc andesite-dacite-rhyolite” to transitional adakite characteristics. Potential
mobility of Sr and Cs has not been a problem because the same trends are seen in both the unaltered and
altered samples. Nb-enriched basalts tend to be associated with adakites (Drummond et al. 1996); note that
the Northeast Bay of Minnitaki Lake basaltic andesites contain approximately 10-20 ppm Nb, arelatively
high concentration for the Sioux L ookout orogenic belt samples and a further indication of their
near-adakitic nature.

FI-FIl FELSIC VOLCANIC ROCKS

Plots (not shown) of Zr/Y versus' Y and chondrite-normalized La/Yb versus Yb (e.g., Lentz 1998) for
Sioux Lookout orogenic belt felsic volcanic rocks (Stage 4) have FI (Lesher et a. 1986) to unclassified
characteristics. These highly fractionated, calc-akalic rocks can thus be considered to have poor VM S
potential. Unanalyzed and undated rhyolites spatially associated with Stage 1 or 2 basalts (e.g., in western
Sioux Lookout orogenic belt, at Miles and Franciscan lakes; see site 12 in Figure 23 and maps of Johnston
(1969) and Page and Christie (1980b)) may be of amore tholeiitic nature (e.g., an earlier stage bimodal
basalt-rhyolite succession?) and might have better VM S potential.

SANUKITOID CHARACTERISTICS OF THE NORTHEAST INTRUSIVE
COMPLEX SAMPLES

Three samples from the northeast intrusive complex are highly fractionated (steep REE plot slopes) with
high LREE content and little or no Eu anomaly (Figure 11m). These REE characteristics, the mean Mg#
(0.33; see dso Fig. 14a), and the mean contents of LILEs (e.g., Ba: 1266 ppm; Sr: 1187 ppm) and
transition elements (e.g., Cr: 128 ppm; Ni: 43 ppm; Co: 15 ppm) meet most of the criteria of Stern and
Hanson (1991) for intermediate intrusive sanukitoid rocks.
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It is notable that the Northeast Intrusive Complex, asmall plutonic unit, islocated where interpreted
strike-dlip faults are clustered and converge in the northeast part of the Sioux Lookout orogenic belt; late
orogenic faults are commonly thought to have provided conduits for sanukitoid magmas (Kerrich 1989).

VOLCANIC ARC GEOCHEMICAL EVOLUTIONARY STAGES

By synthesizing stratigraphic relationships, geochronologica data (Davis et al. 1988, Davis 1990), and the
geochemica descriptions and interpretations presented above, the Sioux Lookout orogenic belt samples can
be interpreted to represent 4 main volcanic stages plus other postvolcanic sedimentary and plutonic stages
(Tables 5, 6, 7, 8).

Sioux Lookout orogenic belt volcanism developed from early tholeiitic mafic stages to late calc-alkalic
intermediate to felsic stages (Tables 3, 6) during the ca. 2740-2710 Ma period. A REE plot combining a
representative sample from each interpreted vol canic stage (Figure 19) shows that the Sioux Lookout
orogenic belt volcanic rocks became more evolved and fractionated over time. An extended trace element
plot of the same 4 samples (Figure 20) illustrates the progressively increased magnitude of the arc
(subduction) signature (negative Nb or Nb-Taanomaly: Hofmann 1988; Pearce 1996) developed over time.

A plot of the measures of arc signature ([Th/Nb] normalized to N-MORB) versus fractionation
(chondrite-normalized [L&/Y b]) for al the Sioux Lookout orogenic belt samples (Figure 21) shows that
both the volcanic stages (1 to 4) and the individual sample groups (stratigraphic or plutonic units) occupy
discrete fields on the diagram, thus providing a useful descriptive and interpretative tool. Stage 1 volcanic
rocks appear to have agreater “arc” signature than the Stage 2 volcanic rocks, but this need not necessarily
indicate an arc setting. The higher Th/Nb ratio in the Stage 1 rocks may reflect crustal contamination (i.e.,
contamination by mixing with, or assimilation of, nonprimitive material of more felsic or sedimentary
heritage) rather than a true or pure subduction signature. (Isotope data would be required for sophisticated
testing for the potential effects of crustal contamination.) Such crustal contamination, as evidenced by
negative Nb anomalies, elevated LILE and LREE content, and low HFSE abundances, is well known from
studies of continental tholeiitic flood basalts (e.g., Dupuy and Dostal 1984, Arndt and Jenner 1986, Jolly
1987, Hawkesworth et al. 1992, Saunders et al. 1992, Pearce 1996). Also, some geochemical signatures of
subduction are interpreted to have been inherited from much older (unrelated) subduction events and rocks
(e.g., Fitton et a. 1991, Hawkesworth et a. 1992, Bacon et a. 1997); increasing documentation of such
complicating factors can likely be expected in the future.

Evolutionary Stages of the Sioux Lookout Belt

Figure 22 outlines the proposed main stages of development of the Sioux L ookout orogenic belt in
cross-section. The earlier the stage, the more speculative its interpretation. The series of stages are “time
slices” spaced about 10 to 15 Ma apart. Note that the cartoons are not to scale and represent different
scales. For simplicity, basinal water levels are not shown (deposits during Stages 1, 2 and 4 were
subagueous, Stage 3 deposits were partly subaerial, and Stage 5 and 6 deposits were mostly subaerial
fluvial). Qualifying statements and explanatory comments regarding each of the cartoon views of the stages
are listed below. Because of both the flat, peneplained type of Shield exposure and the stratigraphic
reconnaissance nature of this project, data on three-dimensional fault kinematic indicators are presently not
available; interpretations such as Stage 6 sinistral faulting are based on large-scale map patterns and, to a
far lesser degree, small-scale structures. Use of the term “orogenic belt” rather than “greenstone belt” is
intended to draw attention to the similarities the tectonized Sioux Lookout orogenic belt has with many
post-Archean orogenic belts. (This section is taken, with modifications and additions, from Devaney
1999).

Aspects of the interpreted evolutionary stages which rely on geological patterns seen in map view are
summarized below under “Analysis of a transect across the Sioux Lookout orogenic belt.”

46



STAGES O, 1

The hypothesis that the Winnipeg River subprovince (Beakhouse 1991) and central Wabigoon region
(Blackburn et a. 1991) were formerly joined as a (micro-)cratonic block and were subsequently rifted apart
(Figure 22; see also Blackburn 1980) is admittedly highly speculative; presently there is no match of
specific geological features between the two areas, and there are no known rift sediments or faults. (Could
any rifting have been subagueous, with no subaerial erosion and no aluvial fan-fluvial sedimentation?)
The vertical “wall” between the cratonic areas and the basina basaltic pile is adiagrammatic

simplification.

Massive to pillowed tholeiitic basalt flows and associated facies of the Northern Volcanic belt (or
“Botham Bay Group”: Trowell and Johns 1986) and Southern Volcanic belt (Berger 1989) are
predominantly deep water deposits (“mafic plain”-type assemblage of Williams et al. 1992, Table 25.2;
“lower mafic sequences’ of Blackburn et al. 1991). Trace element patterns indicate transitional
MORB-VAB (mid-ocean ridge basalt—volcanic arc basalt) compositions (Pearce 1996; see “Volcanic
geochemistry highlights,” below). It has been suggested by Ayer (1991) that the basalts may have floored a
back-arc basin, but there is no known arc succession of appropriate age (>2735 Ma) for the basalts to have
been behind (in “back” of), so the term “pre-arc” basin basalts (Pearce et al. 1984b) may be more accurate.

Exhalite deposition likely produced the interlayered magnetite and pyrite iron formation units, which
include the site of the North Pines pyrite mine of the 1920s (Johnston 1972).

STAGE 2

There are distinct geochemica differences between the Central Volcanic belt (or “Neepawa Group”)
E-MORB basdlts and the Northern Vol canic belt MORB basdlts; e.g., TiO, content (see “Volcanic
geochemistry highlights,” below). In rocks to the southwest, Berger (1989) noted similar differences
between the basalts of the Southern Volcanic belt and Central Volcanic belt.

The 2734-2732 Ma age reported for the Central Volcanic belt (Davis and Trowell 1982, Davis et al.
1988, Blackburn et al. 1991, Figure 9.40) is from a“felsic tuff” interlayered with basalt; unless the dated
tuff is athrusted basal layer of the Central Volcanic belt, some of the underlying Central Volcanic belt
basalts must be older than this (and thus also older than the 2734-2730 Ma age of Stage 3).

STAGE 3

A partly subaeria basaltic andesite stratovol cano succession about 3 km thick appears to lie on a Stage
2-type basdltic platform (Devaney and Babin 1996; see Figure 22 and Figure 23, sites 15, 16). The
comagmatic dioritic subvolcanic pluton (see Figure 23, site 16) has a preliminary age of 2734-2730 Ma (D.
Davis, written communication, 1998).

The areally restricted (nonregional) distribution of andesitic rocks (Figure 23) offers admittedly weak
support for the interpretation of a fault-bounded local volcanic centre (e.g., agraben in Figure 22), but the
presumed presence of a concentration of synvolcanic faults prone to later (Stage 5, 6) tectonic reactivation
would help account for the abnormal orientation of alarge (7 km) ovoid part of the andesites (see
comments on site 15 in Figure 23, below).

RELATIONSHIP OF SIOUX LOOKOUT OROGENIC BELT STAGE 3
DEPOSITS TO CORRELATIVE VOLCANOGENIC MASSIVE SULPHIDE
DEPOSITS AT STURGEON LAKE

Given that the Sioux Lookout orogenic belt andesitic stratovol cano succession and its feeder pluton
(27302734 Ma) can now be correlated with the caldera-hosted VM S deposits and subvolcanic intrusion
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(ca. 2734 Ma) 60 km to the east at Sturgeon Lake (same ages, similar subvolcanic pluton geochemistry, but
significantly different volcanic facies: Davis et al. 1985, Morton et a. 1991, Blackburn et al. 1991), it is
suggested that extensional volcanic regimes developed at both sites (Figure 22). Indeed, a“rifted arc”
scenario such as thisis commonly thought to be favourable for the generation of VM S deposits (e.q.,
Cathles et al. 1983, Syme et al. 1996).

The partialy intermediate/andesitic vol canic units/centres of similar age (about 2733 Ma) and character
(lithology, paleoenvironment, geochemistry) that are sporadically distributed throughout western Wabigoon
subprovince (Atikwa—L awrence area of Edwards and Davis 1984; southwest continuation of Sioux
Lookout orogenic belt, area of Berger 1990; Manitou |akes area of Berger 1991; Blackburn et a. 1991)
may have a common origin, perhaps reflecting aregional extensional event that developed only local areas
of extension, transtension or partia rifting. Within this group of supposedly tectono-stratigraphically
related areas that might have elevated potentia for VMS deposits, the south Sturgeon Lake belt is presently
the only known area in western Wabigoon subprovince where conditions were suitable for the formation
and preservation of economic VMS deposits (e.g., a subagueous caldera as arestricted basin; the
Biedelman Bay intrusion as an adequately large and deep subvolcanic “heat engine” for the hydrothermal
system). It is suggested that the ca. 2733 Ma volcanic-subvolcanic systems in the Sioux Lookout orogenic
belt and south Sturgeon Lake belt formed during the same rifted arc episode (Sioux Lookout orogenic belt
Stage 3 in Figure 22). (For a Proterozoic example of andesites in intra-arc graben, see Thompson 1993.)

STAGE 4

Stage 4 basinal deposits (Fig. 22) record a continuum of volcanic to sedimentary processes, with the latter
being more common. In both the northern and southern areas (Figures 22, 23): proximal lava flow/dome
facies (Trowell et al. 1983, Page 1984) are rare; unequivocal primary (unreworked) pyroclastic tuffs
(Devaney and Borowik 1994, Devaney et al. 1995a) are extremely rare (felsic tuff dated at ca. 27192713
Ma Davis et al. 1988, Table I); magnetite iron formation signifies volcanogenic exhal ative chemica
sedimentation during eruptive quiescence; thin bedded turbiditic wackes (Walker and Pettijohn 1971) are
very common (they are ubiquitous to the south, in the Minnitaki Group, versus more variable degrees of
sedimentary reworking in the Big Vermilion—Daredevil unit and Daredevil Formation to the north); and
resedimented conglomerates are interbedded with the turbiditic wackes and iron formation. The
conglomerates are composed of intrabasinally-sourced felsic volcanic and/or felsic porphyry clasts (“ quartz
porphyry” clast dated at 27142711 Ma: Davis et al. 1988).

The names used for these Stage 4 units have been a source of stratigraphic terminological confusion.
The revised, ssmpler and more linear stratigraphy presented herein is supported by mapping (Devaney et a.
1995b). To the north, the correlative Big Vermilion—Daredevil unit and Daredevil Formation are exposed in
different fault slices (see Figure 23, sites 7, 10). The “Little Vermilion Formation” of Turner and Walker
(1973) is not areadily mappable unit and has been grouped herein with these northern units. A rock
containing zircons ranging from 2720 to 2702 Ma (“best analysis’ is 2712 Ma Davis et al. 1988, p.183)
was considered by Davis et a. (1988) to be from the “Patara Formation” of Johnston (1972), but is here
considered part of the eastern Big Vermilion—Daredevil unit. (The Patara Formation is described herein as a
unit of very different character, consistent with Pettijohn’s (1934) original definition.) A felsic pyroclastic
rock supposedly from the western Minnitaki Group has been dated at 2707-2701 Ma (Davis 1990,
Blackburn et a. 1991, Figure 9.40), based on a single zircon grain. However, this dated sample is from
either the southern Central Volcanic belt or northern Minnitaki Group, and has lithological and
geochemical similarities with Stage 4 rocks, which suggests the following two interpretations. The felsic
pyroclastic rock may be a Stage 4 deposit more than 2710 Ma old, implying that the ca. 2704 Ma ageis
incorrect, or aternatively, a minor volcanic unit of ca. 2704 age is present in a stratigraphically and
structurally complex small area, implying that Stage 4 late arc volcanism continued until ca 2704 Maand
may have overlapped with early Stage 5 tectonism (the ca. 2710-2695 Ma period).

With regard to the interpreted volcanic arc context (Stages 2 to 4; compare with the stages of evolution
of the Okinawa Trough back-arc basin: Letouzey and Kimura 1986), any accretionary prism and
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subduction zone was likely to have been located beyond the south margin of the Wabigoon subprovince
(e.g., Blackburn et al. 1985, Figure 17; Devaney and Williams 1989). Despite interpretative suggestions of
accretionary prism lithotectonic assemblages within the western Wabigoon region (Blackburn 1980,
Sanborn-Barrie and Skulski 1999), there is no evidence for such prism assemblages in this region. Note
that the commonly turbiditic Stage 4 sequences (Minnitaki Group, and correlative Warclub “sediments”)
also contain units which record coeval arc volcanism, which likely negates any prism interpretation for
these turbiditic sequences.

VOLCANIC GEOCHEMISTRY HIGHLIGHTS

Contents of SIO, versus TiOy, P,Os, Zr and Zr/Y provide useful stratigraphic subdivisions of the
metavolcanic rock samples. Based on plots of SiO, versus TiO,, P,Os, La, Nb, Th, Zr and Zn, the basaltic
subunits of the Sioux Lookout orogenic belt form two discrete groups; strongly similar compositions allow
the correlation of most of the Northern Volcanic belt with the northern Central Volcanic belt basalts (as one
group), versus the distinctly different (higher Ti, P, La, Nb, Th, Zr and Zn content), more southern
(probably younger) Central Volcanic belt basalts and similar basalts a ong the south margin of the Northern
Volcanic belt.

Basalts of the Northern Volcanic belt (excepting the south margin sub-unit noted above) and northern
Central Volcanic belt have flat REE plot slopes and REE abundances at about 10x chondrite level. More
southern Central Volcanic belt basalts have low REE plot slopes (chondrite-normalized L&Y b ratios of
about 6) and abundances of about 40—70x chondrite level; these basalts are more evolved (E-MORB) and
fractionated than the more primitive (transitional MORB-VAB) basalts of the Northern Vol canic belt and
north Central Volcanic belt. Most of the intermediate to felsic volcanic rocks display high REE plot slopes
with chondrite-normalized abundances of about 100x Lato 10x Yb.

Use of tectonic discrimination diagrams (Wood 1980, Pearce 1996) suggests the following progression:
Stage 1 tholeiitic MORB-VAB seafloor basalt (pre-arc spreading); Stage 2 tholeiitic to more variable
(E-MORB) basdlt, of transitional oceanic to juvenileisland arc character; Stage 3 calc-alkalic (transitional
to tholeiitic) basaltic andesite, of variable within-plate to island arc character, and with relatively high Nb
content (for rifted arc interpretation, see above); and Stage 4 calk-alkalic dacite-rhyolite of mature island
arc character (see Table 7), including adakitic rocks. Similar histories based on geochemical interpretations
have been suggested for the extreme western end of Wabigoon subprovince by Day (1990) and Ayer and
Davis (1997).

On extended trace element plots normalized to N-MORB composition, Stage 1 and 2 basalts display
minor negative Nb anomalies, versus larger negative Nb anomalies (arc signature) in Stage 4
dacitic-rhyolitic rocks.

Thus the geochemical signatures corroborate the inferred tectono-stratigraphic scenarios in Figure 22
and the thrust repetition of the two-stage basaltic lower part of the basin (Figure 23).

STAGE 5

The predominantly layered architecture of the Stage 4 basin was compressed and segmented into a north-
to northwest-vergent fold-and-thrust belt (Figures 22, 24), with the Winnipeg River subprovince as a
microcontinental foreland and the Central Wabigoon region of Wabigoon subprovince as a hinterland block
or thick-skin thrust. This interpretation is based on geochronology (in parallel units with the same
prevalent younging direction, two cases of older units juxtaposed over younger ones), map patterns (Figure
23), and field geology (e.g., faultsin the Sioux Lookout orogenic belt are narrow, highly deformed zonesin
abelt typified by supracrustal rocks with well preserved primary features). Beakhouse (1988) and Davis et
al. (1988) previously offered generalized interpretations of the thrusted nature of the Sioux Lookout
orogenic belt.
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The Stage 5 cartoon (Figure 22) is schematic; it is not a balanced cross-section. The nature of the
sub-basaltic basement is unknown. Presumed mounta nous topography is not shown, for ease of
comparison with the Stage 6 cartoon. The beginning of postarc orogenesis in western Wabigoon
subprovince was during the ca. 2710-2700 period (Davis et d. 1988, Davis 1990, Blackburn et a. 1991).

The conglomeratic Ament Bay Formation (Pettijohn 1934, Turner and Walker 1973, Devaney and
Borowik 1994) contains a granitic clast dated at 2702—2694 Ma (Davis et a. 1988), establishing a
maximum age for deposition of at least some of the formation. The erosion of a presumably high-relief
thrust belt exposed numerous layers of different lithologies, resulting in the highly polymict composition of
clasts in the Ament Bay Formation. Braided rivers transported sand and gravel to an intermontane basin,
probably a piggyback basin atop athrust slice (Figures 22, 25; e.g., Steidtmann and Schmitt 1988). The
molassoid conglomerates were then overridden during continued thrusting (confirmed by geochronology:
see Figure 23, sites 10, 11; compare with the Alpine molasse (Butler 1992) and Slave Province thrust-tip
conglomerates (Kusky 1991)).

The north/northwest limits of sedimentation in the Stage 4 and 5 cartoons (Figure 22) have been drawn
conservatively, according to what has been preserved; extensions onto the Winnipeg River subprovince
(e.g., Cruden et a. 1997) are speculative. Detrital zircons in metawacke indicate sedimentation at asitein
the Winnipeg River subprovince during the ca. 2717-2700 Ma period (Cruden et a. 1997). It is uncertain
whether this age signifies the northwest continuation of the Sioux Lookout orogenic belt Stage 4
volcaniclastic basin or a Stage 5 foreland basin, or some other type of basin coeva but unrelated to the
Sioux Lookout orogenic belt.

STAGE 6

Interpretation of late orogenic, Stage 6 sinistral strike-dlip faulting is based on the geometric forms of
sub-regional map patterns (mostly “lazy S’-shaped sigmoidal forms; see Figure 26 and Figure 23, sites 2,
3, 6, 15) which appear to postdate the Stage 5 thrust belt structures. Northward movement of the
“Wabigoon Indenter” (Stott and Corfu 1991, Corfu et a. 1995), alarge crustal block now exposed as the
Central Wabigoon region of Wabigoon subprovince, resulted in sinistral faulting aong the indenter’s
western flank, where the Miniss River Fault (Bethune et al. 1999) and the Sioux Lookout orogenic belt are
located (i.e., the Miniss River Fault forms a diffuse sinistral fault zone throughout the northern half of the
Sioux Lookout orogenic belt).

Note: in the Stage 6 cartoon (Figure 223), the hook-shaped forms with north-younging black arrows
show mapped younging reversals interpreted to have been produced by hangingwall anticlines (Figure 27;
Stage 5 features?), and the sill-like form of the granitoid intrusions (compare with the interpretive
cross-section of the Barberton belt by de Wit et al. (1987, Figure 8)) is wholly conjectural. The Basket
Lake batholith is poorly known; Szewczyk and West (1976) proposed that it is an 8 km deep intrusion.

In order to account for the widespread overturning of the Northern Vol canic belt, two main hypotheses
are suggested (Figure 28). The southeast margin of the Winnipeg River subprovince (not studied in this
project) may be a southeast-vergent, Laramide-type thrusted uplift (probably an oblique-dlip fault, given
theregional sinistral faulting; e.g., faulting within a*broken foreland”: Jordan 1995), which could have
rotated the north marginal strata of the Sioux Lookout orogenic belt awvay from the foreland, similar to the
rotation and overturning seen adjacent to Laramide-type uplifts (e.g., Erslev 1986, Spang and Evans 1988,
Allmendinger 1992). Similar overturning in correlative boundary units far to the southwest was described
by Ciceri et a. (1996) and Cruden et a. (1997). Along the boundary to the northeast, the “northwestern
hanging-wall of the northeast-trending, sinistral, oblique-slip Miniss River Fault... brings to the surface
granulite facies supracrustal gneisses’ (Williams et al. 1992, p. 1289; see also Beakhouse 1991, p. 297, and
Bethune et al. 1999). South- to southeast-directed reverse faulting of the north margin of the Sioux
Lookout orogenic belt, between the above two areas, seems reasonable given thisregiona context.

Alternatively, a second hypothesis suggests that steeply oriented strata near the belt boundary may have
been transpressed into large flower structures (for explanation and examples of flower or palm tree
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structures, see: Christie-Blick and Biddle 1985, Harding 1985, Nance 1987, Ramsay and Huber 1987,
Sylvester 1988, Schreurs and Colletta 1998), in which dlices of the basaltic Northern Vol canic belt were
thrust upward and outward (Figures 28, 29; south-vergent slices would be overturned). Regardless of the
tectonic mechanism, uplifted basaltic areas supplied basalt clasts and a few iron formation clasts (a nearly
oligomict composition) to the adjacent Patara strike-slip basin (Figure 23, site 6). The relatively shallowly
dipping, predominantly north-dipping and north-younging Patara succession contrasts sharply with the
other sedimentary units in the Sioux Lookout orogenic belt.

RESOLUTION AND TIMING OF STAGE 5 AND 6 OROGENIC EVENTS

The sequence of various orogenic events is not yet precisely subdivided or tightly constrained. The
orogenic scenario of Stage 5 thrusting followed by Stage 6 sinistral strike-slip (“wrench”) faulting,
summarized in the highly idealized cartoonsin Figure 22, largely agrees with the results of the detailed
structural study by Chorlton (1990, 1991) of the area adjacent to the southwest of the present Sioux

L ookout orogenic belt study area.

In the Sioux Lookout orogenic belt and other parts of western Wabigoon subprovince, postarc
orogenesis began during the ca. 2710-2700 period (Davis et a. 1988, Davis 1990, Blackburn et a. 1991).
As noted above (see “Stage 4”), any ca. 2704 Ma late arc volcanism may have overlapped with early
orogenic events. Deposition of some, but not necessarily all, of the synthrust Ament Bay Formation must
postdate its youngest dated clast (2702—-2694 Ma); if the date represents the upper part of this apparently
thick formation, the lower part could be significantly (5-10 Ma) older. Also, afew million years should
probably be alowed for the erosional unroofing of the granitic plutonic source of the clast. The subsequent
sinistral motions along the Miniss River Fault, and presumably also within the northern Sioux L ookout
orogenic belt as the southwest continuation of the fault, occurred at ca. 2690 Ma (Bethune et a. 1999).
Thus, deposition of the dated part of the Stage 5 synthrust molasse deposition of the Ament Bay Formation
was most likely during the 2700-2690 Ma period, presumably followed by the increased compression (or
transpression) and steepening of stratato vertical in the Ament Bay and other Sioux Lookout orogenic belt
formations and units. If Stage 6 strike-slip faulting occurred when the Sioux Lookout orogenic belt stratal
units had finally become predominantly steeply dipping (i.e., oriented in the “proper mechanical
alignment” for “wrenching” during regional horizontal compression/transpression), at about 2690 Ma, this
implies that much of the presently observed stratigraphy of the Sioux Lookout orogenic belt was rotated
from flat or low dips to steep dips during about 10 Ma (ca. 2700-2690 Ma) of tectonism.

During Stage 6 deposition of the Patara Formation strike-slip basin (see site 6 in Figure 23, and its
discussion below), zircon-bearing sand was supplied from source areas containing rocks as young as 2700
Ma. The ca. 2700 Madetrital age should not be treated as a potential depositiona age; it isimportant to
note that the “structurally anomalous’ Patara Formation was not orogenically steepened in the manner that
the other Sioux Lookout orogenic belt stratigraphic units were, reflecting the postthrusting, Stage 6 timing
of its deposition and deformation. Based on the geological arguments presented herein, the age of the
Patara Formation should be considered to be about 2690 Ma or younger.

The syntectonic basinal setting of the Ament Bay Formation, including its northeast conglomerate unit,
could have been more complex than the generalized interpretation offered herein. For example, as the
Ament Bay Formation was tectonized, could it have been uplifted and partly eroded, with polymict clasts
redeposited in Stage 6 strike-dlip basins on top of or alongside the original Ament Bay Formation units?
Such “auto-cannibalization” of an older unit to form ayounger one could be very difficult to recognize
without good data on unconformities and other structural relationships.

Because the schistosity in the Ament Bay Formation conglomerate and sandstone: a) must postdate the
accumulation of these sedimentary facies during Stage 5 thrusting; and b) resembles the main schistosity
fabric seen in the other pre-Patara Sioux Lookout orogenic belt units (very steeply dipping; parallel to the
strike of the large-scale stratigraphic units), much of the schistosity in all of the pre-Patara unitsislikely a
late orogenic feature; that is, it likely formed principally during Stage 6 strike-slip faulting (and perhaps
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also during later phases of Stage 5 thrusting). If so, features such as veins with very low dips that crosscut
the very steep schistosity indicate increments of vertical extension during the later phases of Stage 6
tectonism. Such vertical extension would be expected at any transpressional sites within the Sioux Lookout
orogenic belt, and larger-scal e transpressional structures such as positive flower structures may aso have
developed (see above under “ Stage 6”; see below under “Mineralization in the Sioux Lookout orogenic
belt”).

The specific role(s) of synorogenic granitic intrusions is poorly known. With the exception of the
Lateral Lake stock (2711-2705 Ma: Davis 1990) at the west margin of the present study area, granitic
plutons within the study area are undated. Chorlton (1990, 1991) thought that pluton intrusion (at ca. 2695
Ma: Davis 1990; see below) followed thrusting and preceded sinistral strike-dlip faulting in the part of the
Sioux Lookout orogenic belt immediately west of the study area. However, two lines of evidence require or
suggest alonger history of granitic plutonism. Firstly, an abundance of coarse granitic clasts in the Ament
Bay Formation suggests granitoid intrusion within or near the Sioux Lookout orogenic belt before or
during Stage 5 thrusting. Secondly, the somewhat sigmoidal form in map view that some of the granitic
plutons display suggests that they may have formed during Stage 6 strike-dlip faulting (see site 3 in Figure
23, and its discussion below).

Immediately southwest of the study areathere is akink-like bend in the regiona layering of the
supracrustal belt, so the possibility that 2699-2693 Ma and 2697-2693 Ma granitic plutons (Crossecho,
Sandybeach: Davis 1990, Larbi et a. 1996) may have formed in large releasing bends or a
northwest-trending kink-band mega-structure (Figure 30; cf. Fernandez and Castro 1997) should be
investigated.

Postorogenic granitic and pegmatitic intrusions in areas near the Sioux Lookout orogenic belt are as
young as ca. 2650 Ma (Larbi et al. 1996, 1999), and represent a potential seventh stage in the region’s
devel opment.

Analysis of a Transect Across the Sioux Lookout Belt

Figure 23 is a semi-schematic map (some north-south exaggeration of scale for graphical purposes,
compare with maps of Johnston 1972 and Devaney et al. 1995b) of a north—south transect across the Sioux
L ookout orogenic belt. Most of the major contacts between units of different lithologies are not exposed or
are poorly exposed, but are thought to be faulted. The presence of the faultsis largely inferred in that they
are recognized mostly via map-scal e patterns (discussed below) and the relatively few observations of
outcrop-scale features indicative of high strain. The latter suggests the rare exposure of deformation zones
(e.g., more easily eroded zones covered by lakes and overburden) versus the abundant exposure of less
deformed “panels’ of supracrustal rocks bounded by the faults or deformation zones.

Asoutlined in Figure 22 and below, the map pattern (Figure 23) is interpreted to represent a pre-arc to
arc succession compressed into a predominantly south-younging, steeply south-dipping fold-and-thrust
belt which was subsequently significantly modified by strike-slip faulting. The evolutionary Stages 1 to 6
referred to below are those of Figure 22.

The most geologically important features of the area are labelled as sites 1 to 27 in Figure 23 and are
discussed in sequence in the correspondingly numbered paragraphs below. (This section is taken, with
modifications, from Devaney 1999a.)

1) Thereisno evidence that the Winnipeg River subprovince-Sioux Lookout orogenic belt boundary
was also the depositional margin of avolcanic or sedimentary basin (Stages 1 to 4); that is, the Sioux
Lookout orogenic belt supracrustal units may or may not have extended past this present north margin of
the Sioux Lookout orogenic belt (e.g., Figure 22 versus scenario of Cruden et al. 1997). This boundary is
interpreted as a zone affected by early orogenic thrusting (Stage 5, approximately north-vergent toward a
foreland Winnipeg River subprovince), late orogenic (Stage 5 and/or 6) high-angle reverse faulting (e.g., a
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Laramide-type uplift, south-vergent toward the hinterland), and sinistral strike-dlip faulting (Stage 6;
Figures 22, 26, 28).

2) BIF horizons (Stage 1 exhalite deposits) within the Northern Volcanic belt (Johnston 1972, OGS
1982) may have acted as weak detachment (decollement) surfaces during later deformation events, such as
Stage 5 thrusting and Stage 6 sinistral faulting (Figures 22, 26).

Notably, this presumed intra-Northern Vol canic belt thrust stacking occurs where the Northern Vol canic
belt is widest and/or thickest (Figures 1, 23).

The sigmoidal distribution (“lazy-S” shape) of the faulted BIF horizons appears to help define
sinistral-sense fault-bound “lozenges” (horses) within the Northern Volcanic belt (Figure 23). Sets of
laterally continuous lozenges may be grouped into strike-slip duplexes (Figures 23, 26).

In Figure 23, one sigmoidal BIF horizon is collinear with the east part of the Winnipeg River
subprovince-Sioux Lookout orogenic belt boundary, suggesting that both may be faulted, or are present
along one fault.

Schistosity within the Northern Vol canic belt dips moderately (e.g., 60°) to steeply to the NW or N, but the
top directions from well preserved lava pillow structures are to the SE (Pettijohn 1935, Johnston 1972,
Devaney et a. 1995b) and strata are thought to be overturned. Severe overturning is widespread within the
Northern Vol canic belt, and may be the result of south-vergent Laramide-type faulting and/or motion along
flower stuctures produced by strike-slip faulting (Figures 28, 29).

3) Based on the maps of Johnston (1972) and OGS (1997), the four northern granitoid plutons within the
Northern Vol canic belt (one cross-cuts the Patara Formation too) have tapered or partly sigmoidal outlines
and appear to be preferentialy located in releasing bend areas (dilational jogs or transtensional sub-zones;
loosely anal ogous to large-scal e tension gashes) margina to sigmoidal, sinistral strike-dlip faults (Figures
23, 26, 31). Intrusion into transtensional sites such as fault releasing bends has been proposed as a
generally common mode of dike and pluton intrusion by granite specialists (e.g., Guineberteau et al. 1987,
Hutton 1988, 1992; Glazner 1991; D’Lemos et a. 1992), which suggests the interpretation that these four
undated plutons were intruded during Stage 6 strike-dlip faulting of the Sioux Lookout orogenic belt. This
interpretation relies on map-scale (15-20 km) patterns; note that the fault-bound panels (discussed above)
which contain the plutons are sigmoidal (lazy-S shaped) fault |ozenges.

4)  The nature of the contact between the Northern Volcanic belt and the Big Vermilion—Daredevil unit
adjacent to the south (except where the Patara Formation is present) is poorly known because it is generally
not exposed and at western (Big) Vermilion Lakeit is likely structurally complex and possibly repeated.
The contact may have been a Stage 4 stratigraphic contact, modified by subsegquent Stages 5 (Figure 22)
and 6 faulting. Map patterns suggest modification by Stage 6 sinsitral strike-slip faulting (Figures 23, 26).

5) Thestructura nature of the east-tapering mafic volcanic unit exposed at the west half of (Big)
Vermilion Lake (Johnston 1972, Page 1984) is poorly known owing to poor exposure and probable
structural complexity (see#4, above) and lack of study. Potential explanations for the presence of this unit
include athrust-faulted repetition of part of the Northern Volcanic belt (Figure 22) or a position as the
basaltic core of an anticline. (Presently there are no kinematic data with which to constrain these
suggestions.)

6) The 20 km-long Patara Formation (Figures 23, 26; Pettijohn 1934) consists mostly of coarse clastic
detritus, the coarsest materia being conglomerate composed predominantly of basalt pebbles to boulders.
The clast litholgies present (basalt, chert-magnetite iron formation) and the geochemical composition
(Tables 1, 3, 6) of coarse clastic samples of the Patara Formation match well with the lithofacies and
chemical composition of the Northern Volcanic belt, showing that the Patara Formation was derived from
the Northern Vol canic belt adjacent to the north (Thisimplies that the Northern Vol canic belt was adjacent
to the north both at the time of sedimentation and in present exposures.) The best cross-sectional transect
shows a north-dipping, north younging, coarsening-upward sequence (good top indications present) from
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aquabasinal (lacustrine?) mudstones and graded beds to fluvial sandstone to bouldery conglomerate.
Pillowed metabasaltic rocks of the Northern Volcanic belt immediately adjacent to the north are
south-younging and highly overturned (moderately north-dipping). The coarsening-upward sequence of
the Patara Formation (Figures 3, 28) is interpreted as the result of infilling of alate (Stage 6, Syntectonic)
pull-apart basin bounded to the north by a sigmoidal sinistral strike-slip fault (Figures 3, 23, 26, 31) which
may have been part of a positive flower (palm tree) or pop-up structure.

The present-day sigmoidal outline of the Patara Formation should also represent roughly the
syndepositional shape of the original basin and not the folding of aformerly straight (linear) dipping unit;
that is, the along-strike distribution of the Patara Formation is restricted to the extent of the formerly and
presently sigmoidal fault margin of the basin, suggesting that strike-slip (or oblique-slip) faulting was
active during deposition. If correct, the viewpoint that the original shape of the basin appears to be fairly
well preserved indicates that it was a very late feature in the development of the Sioux Lookout orogenic
belt, asisrequired by itsinterpretation as a Stage 6 (late orogenic) feature in Figure 22. Note that this
contrasts sharply with previous views that the Patara metasedi ments were the oldest sedimentary unit in the
Sioux Lookout orogenic belt and were a south-younging unit lying unconformably on top of the Northern
Volcanic belt.

Note that the Patara Formation lacks granitic clasts (Pettijohn 1935), and the granitic pluton which
cross-cuts the Patara Formation is younger and was not a source area for clasts. (If both the Patara
Formation and the granitic pluton formed in atranstensional strike-dlip setting (Stage 6), the pluton must
be at least slightly younger.)

Following interpretations of the Patara Formation as a Stage 6 unit (Devaney 1997, 1999a, and herein),
Fralick and Davis (1999) reported that detrital zircon grains from the Patara Formation are as young as
2700 Ma, confirming the synorogenic (postvolcanic) age of this clastic formation (<2700 Ma). Note that
this date isin effect aminimum age of the source terrain and a maximum age of sedimentation, and is not
the exact age of Patara sedimentation (i.e., the presence of a 2700 Ma detrital zircon grain in the Patara
Formation does not mean that the Patara Formation is older than the Ament Bay Formation).

7) In contrast with previous mapping (Johnston 1972), the “Big Vermilion—-Daredevil” unit on Figure
23; likely equal to the “Redhat volcanics’ of Page 1984) has been mapped as a much more laterally
continuous, tectonized, formation-scale unit of intermediate-felsic, predominantly fragmental

metavol canic rocks (Devaney et a. 1995b). Two small magnetite iron formation units (at the two 7sin
Figure 23) signify at least partly subagueous deposition for the unit. The west one, at Pelican Lake, is
interbedded with conglomerate and sandstone (Devaney et a. 1995b) and was not recognized by previous
workers. Near the east one, pumiceous lapilli-tuff similar to exposures of the Daredevil Formation at Little
Vermilion Lake (Turner and Walker 1973, Figure 1) was previously mapped as “polymict conglomerate” of
the Ament Bay Formation by Johnston (1972). Dates from zircon grains (Davis et a. 1988) demonstrate
correlation with both the type area of the Daredevil Formation (Pettijohn 1934, Turner and Walker 1973) to
the southwest (see #10, below) and the Minnitaki Group (Figure 22).

According to Turner (1972, Turner and Walker 1973), the two BIF units are part of the “Little
Vermilion Formation”, but because the present writer does not consider the Little Vermilion Formation to
be areadily mappable unit, the two BIF units have been grouped in with the predominantly volcaniclastic
Big Vermilion—Daredevil unit.

8) Coarse sandstone and highly polymict conglomerate of the Ament Bay Formation (Pettijohn 1934,
Turner 1972, Turner and Walker 1973, Devaney and Borowik 1994) are braided river deposits interpreted
to have formed in alinear, strike-parallel, intra-orogenic, synthrust piggyback “molasse” basin (Figures
22, 23, 25; see “Stage 5,” above). Based partly on U/Pb dating by Davis et al. (1988), the Ament Bay
Formation is interpreted as a postarc, ca. <2694 Ma deposit that was overthrust by the older Central
Volcanic belt (ca. 2733 Ma) to the east and the older Daredevil Formation (ca. 2711-2719 Ma) to the west.

Structural features of the Ament Bay Formation, such as south-younging beds, steep dips, and
schistosity (oblate clasts), are typical of most of the supracrustal units in the Sioux Lookout orogenic belt,
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and contrast sharply with structural features in the Patara Formation (see #6, above). As the Ament Bay
Formation thins eastward at eastern Abram Lake, along the north margin of the Central Volcanic belt, it
becomes extremely deformed.

9) A geographically separate northeastern unit of polymict conglomerate (Ament Bay Formation, or an
equivalent unit) may have been separated from the more extensive exposure of the Ament Bay Formation
by faulting or folding, or rather than the deposition of one continuous sheet or wedge of sediment, the
Ament Bay Formation may have been deposited in two separate orogen-paralld valleys (Stage 5
longitudina partitioning, with multiple thrust slices and multiple molassoid valley fill sequences).

Alternatively, the northeastern polymict conglomerate unit could represent a small Stage 6 pull-apart
basin, its polymict composition reflecting the variety of lithologies in the immediately surrounding source
area (and the present northeast map area) versus the oligomict composition of the Patara Formation
pull-apart basin conglomerates derived from the Northern Vol canic belt.

10) At Little Vermilion Lake, the type locality of the Daredevil Formation (Pettijohn 1934, Turner
1972), and presumably also in areas along strike to the southwest (e.g., Page 1984), south-topping, older
(ca 2713 Ma) Daredevil Formation strata are structurally juxtaposed (thrust) over the south-topping,
younger Ament Bay Formation (at least part of which must be younger than the ca. <2694 Ma clast that it
contains; dates from Davis et a. 1988).

Even though Pettijohn (1934) noted the linear and most likely faulted nature of the Ament Bay
Formation—Daredevil contact, an apparently conformable, south-dipping succession of Ament Bay
Formation overlain by the Daredevil Formation, comprising the lower part of the “ Abram Group,” was
described by previous workers (e.g., Pettijohn 1934, Turner and Walker 1973, Blackburn et al. 1985, 1991).
Because of the highly probable presence of athrust fault at the Ament Bay Formation—-Daredevil contact
(i.e., aong the south margin of the Ament Bay Formation and the north margin of the Daredevil
Formation; Figure 23), interpretation of a continuous and conformable succession is now considered
erroneous, and thus use of the term “Abram Group” must now be considered nonvalid and should be
discontinued.

Similar lithofacies (Johnston 1972, Devaney et al. 1995b) and radiometric dates (Davis et al. 1988)
suggest that the Daredevil Formation is correlative with the Big Vermilion—Daredevil unit (hence the
name), and the Daredevil Formation and Big Vermilion—-Daredevil unit may have formed alaterally
continuous, Stage 4 volcaniclastic sequence (Figure 22) that was later broken into separate fault slices by
Stage 5 thrusting (Figures 22, 23).

11) Metagabbroic intrusive bodies are present near the north margin of the Central Volcanic belt
(Johnston 1972), which should be the base of the (lowest?) Central Volcanic belt thrust slice. It is thought
that within the Central Volcanic belt section there was probably a structural competency contrast between a
deep-level basaltic section, one heavily intruded by gabbroic bodies and thus “welded” together, and a
shallow-level, well stratified, less welded-together section of basaltic flows with few gabbroic intrusions.
During regional compression (Stage 5), a (sub-)horizontal thrust fault might be expected to have formed
along the irregular contact between the lower gabbro-rich section and the upper gabbro-poor section, with
afew of the uppermost gabbro bodies transported away in the lower part of the resultant thrust slice and
exposed today near the north margin of the Central Volcanic belt (Figure 23).

Geochronology by Davis et a. (1988; Blackburn et a. 1991, Figure 9.40) demonstrate
out-of-sequence stratigraphy, and the map patterns present thus require north-vergent thrusting of the
Central Volcanic belt over the younger Daredevil and Ament Bay formations (see 10 and 8, above).

12) Various undated felsic volcanic bodies (lavas, porphyries, and associated tuff-breccia) exposed at or
near the southern margin of the main basaltic part of the Central Volcanic belt (Figure 23; Johnston 1969,
1972; Devaney et a. 1995b) have been interpreted as proximal volcanic dome facies (Trowell et al. 1978,
1983; McMullan 1980, Page 1984, Chorlton 1991) and signify either: 1) an apparent stratigraphic change
from basaltic volcanism (Stage 2) to more felsic volcanism (Stage 4; Stage 3 is restricted to areas discussed
below under #14, 15 and 16), or 2) Stage 2 bimodal basalt-rhyolite volcanism (these rhyolites are undated).

55



Note that similar felsic volcanic rocks are seen at the south margin of the Northern Volcanic belt at
(Big) Vermilion Lake (Johnston 1972, Devaney et a. 1995b), suggesting that this stratigraphic,
mafic-to-felsic transition has been repeated by thrusting at widely separated localities within the Sioux
L ookout orogenic belt.

A felsic “pyroclastic’ rock from the southeast part of the study area (western Pickerel Arm of
Minnitaki Lake) has been dated at ca. 2704 Ma, based only on asingle zircon grain (Davis 1990;
Blackburn et a. 1991, Figure 9.40), and is herein considered to represent an erroneous age, an intrusive
porphyry, or arelatively very young volcanic unit. Examination of pyroclastic rocks near the probable
sample site (north shore of Pickerel Arm) suggests that the rocks resemble Stage 4 (>2710 Ma) dacitic
pyroclastic deposits, therefore the reported ca. 2704 Ma age might be erroneous, perhaps about 10 Matoo
young. If the age and assessment as pyroclastic are both correct, an episode of volcanism localized in a
small intra-orogenic basin (e.g., a pull-apart basin, with atranstensional fault zone conduit for the magma)
might account for the presence of ca. 2704 mafelsic pyroclastic rocks.

13) Somefelsic volcanic bodies, interpreted as subvolcanic to volcanic dome deposits (Sutherland and

Colvine 1979, McMullan 1980), likely assisted in “welding” basaltic sections of flows together into more
structurally competent units that later formed thrust slices (similar to the gabbroic case described for #11,

above).

The faulting in this area (Pickerel Arm: Johnston 1969) is poorly known and is likely very complex
(the map patterns here are not as easily interpreted as el sewhere in the map area), thus the display of faults
on Figure 23 is highly conjectural (e.g., interpretation of basalt-based north-vergent thrusts). Felsic
porphyry bodies are near notable quartz vein-hosted gold occurrences (Johnston 1969; Devaney et a.
1995a: two assays of 2.1 and 2.3 oz./ton from a pyrite-bearing quartz vein west of Burnthut Island, at the
“Number 3 zone” of Johnston (1972, p.43)).

14)  From the area of Butterfly Lake, Lyons Bay and Troutfish Bay (Johnston 1969, 1972; Devaney et .
1995b; Page, unpublished data), there is an eastward structural, and possibly also stratigraphic, thickening
of intermediate (andesitic) pyroclastic to volcaniclastic rocks, with probable complex folding and faulting
(e.g., anticline-syncline pairs: Page and Clifford 1977). These andestic rocks have been studied in more
detail farther to the east where they are less deformed and likely form aless disturbed, more continuous
stratigraphic sequence (see #16, below).

15) The 4—6 km thick supracrustal pile at the Northeast Bay of Minnitaki Lake area (Johnston 1972,
Page and Clifford 1977, Devaney et a. 1995a,b; Devaney and Babin 1996) is interpreted to consist of a
volcanic succession having lower (eastern) basaltic shield volcano facies (Stage 2 or 3) and upper (western)
basaltic andesite, partly subaeria, proximal to media stratovol cano facies (Stage 3 deposits). The subaerial
facies are comparabl e to facies on modern volcanoes such as Ruapehu (Hackett and Houghton 1989), Mt.
St. Helens (e.g., large pyroclastic surge antidunes of Rowley et al. 1985), and Mt. Pelee (e.g., fractured
block-and-ash flow pyroclasts described by Perret 1937; for facies model, see Easton and Johns 1986), and
may form the upper parts of three transgression-regression cycles (Figure 4; Devaney 1998). Subvolcanic
intrusions (see #16, below) likely helped to “weld” the section together to form arigid block or flake that
was structurally competent and internally resistant to deformation during subsequent tectonic episodes.

It is thought that before strike-dlip faulting (Stage 6) affected much of the Sioux Lookout orogenic
belt, strata of the Northeast Bay area were tilted, perhaps by synvolcanic graben formation (Stage 3 in
Figure 22a) and/or synthrust (Stage 5) rotation or folding, to form a north-younging succession. It is
interpreted that during Stage 6 sinistral strike-slip faulting, the Northeast Bay area acted asa 7 km
diameter “Riedel flake” structure (Figure 32; term of Gallo et a. 1980 and Sengor et al. 1985) which was
rotated counter-clockwise, presumably above afault (a detachment surface; e.g., reactivation of a Stage 3
synvolcanic graben sole fault or the bowl-shaped base of a calderafill succession?) at a shallow crustal
depth, to form the north-striking, west-younging succession preserved inside the Rieddl flake structure.
The southwest margin of this Riedel flake is under the waters of Northeast Bay and its presence thereis
thus inferred, but the other margins of the structure are expressed as deformation zones (faults along the
northwest and southeast margins of the flake structure) and schistosity orientations (e.g., east- to
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southeast-striking schistosity along the proposed north to northeast margin of the flake structure) on
previous maps (Johnston 1972, Page and Clifford 1977; Page, unpubl., OGS 1982; see a'so OGS 1997).

16) Much of the thick section of lower basaltic and upper andesitic facies described above (#15) is
cross-cut by a subvolcanic (synvolcanic, comagmatic) diorite-trondhjemite intrusion (Page and Clifford
1977, Devaney and Babin 1996; “Northeast Bay pluton” of Trowell et al. 1983) with a preliminary age
(based on U-Pb content in two zircon grains) of 2734-2730 Ma (D.W. Davis, written communication,
1998). An aureole of contact metamorphism is not present, supporting the synvolcanic interpretation
(intrusion into a wet supracrustal pile, heat convected away). Geochemical analyses of the dioritic rocks are
very similar to those of the andesitic rocks (flows, related dikes, pyroclastic facies) in the upper part of the
adjacent stratovol canic succession (Figure 11d-h).

In the vicinity of the western margin of the intrusion, the following suite of features suggests the
presence of adike swarm near the inferred apex of the pluton: great lithologic variability of intermediate
rocks over small (10-100 m) areas, dikes of variable grain size and fabric, dikes within dikes, sulphide
mineralization (pyrite, chalcopyrite) aong fractures, and an unusual breccia (probably a marginal intrusion
breccia).

This subvolcanic intrusion and its mineralization (trace Cu and Mo) are similar to the subvolcanic, ca
2734 MaBeidelman Bay pluton (Poulsen and Franklin 1981, Morton et a. 1991) situated about 60 km to
the east, in the Sturgeon Lake belt (Blackburn et al. 1991). This suggested a correlation of the two areas
before the 2734-2730 Ma age from the Sioux Lookout orogenic belt was obtained (Devaney 1997), and is
perhaps &l so suggestive of an extensional setting for both areas (Stage 3 in Figure 22): a subaqueous
calderaat Sturgeon Lake (Morton et al. 1991) and partly subaerial graben at Northeast Bay (Sioux Lookout
orogenic belt).

17)  Highly deformed rocks along or near the contact between the Central Volcanic belt and the
Minnitaki Group (Johnston 1972; Page, unpubl.) are continuous aong strike to the northeast with the
“Alcona Deformation Zone” (Zarn Lake area: Page 1978, Page and Moller 1979Db). Distinctive andesitic
pyroclastic stratain the Zarn Lake and Northeast Bay (see #15, above) areas appear to be sinistrally offset
by about 7 km (Figure 32).

18) Multiple basaltic units within the folded and faulted Minnitaki Group may be interpreted as
volcanic-cored anticlines (Pettijohn 1937) or basalt-based thrusts which repeat sections of the Minnitaki
Group and an underlying layer of basalt (Stage 5 imbricate thrusts; Figures 22, 23, 24). If the view of
thrust-repeated basalt—wacke “ couplets’ is correct, this calls into question the concept of “upper mafic
sequences’ (Blackburn et a. 1991) in the western Wabigoon region.

19) Lateraly persistent (2 km scale), strike-parallel zones of uniform top indications (from graded
bedding) suggest alternating anticline-syncline pairs (perhaps as originally “upright” folds, with
quasi-horizontal hinges later tilted or folded?), interpreted as the result of synthrust (Stage 5)
compressiona folding of athinly bedded sandy turbidite succession (Minnitaki Group). In such a
thrust-faulted succession, drag-folded hangingwall anticlines and footwall synclines might be expected
(Figure 27).

20)  The conglomeratic horizon (deep-water turbidites) in the southern exposures of the Minnitaki Group
fines and appears to become thinner along strike to the southwest (individual conglomerate beds also are
thinner and less abundant southwestward; the actua (total) horizon thickness is not readily measurable),
indicating a general proximal to the east, distal to the west polarity. The felsic porphyry clasts that make up
much of the conglomerate are thought to have been sourced from a volcanic dome now exposed in a
separate thrust slice to the southeast (see #22, below).

21) Mgagor faults may be present along: a) a horizon with four small, widely separated outcrops of mafic
rock (present over a 10 km distance along strike; Johnston 1969), possibly representing faulted “slivers’ of
an “exotic” lithology within the Minnitaki Group; or b) an hypothesized detachement (decollement) surface
along a structurally weak BIF horizon.
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22) At Southeast Bay of Minnitaki Lake (Trowell et al. 1982, 1983) there is lithological contrast
between eastern exposures of coarse intermediate-felsic pyroclastic facies (tuff-breccia, autobreccia) and
western exposures of Minnitaki Group sediments (conglomerate, coarse and fine sandstone with graded
beds, magnetite BIF) with clasts of volcanic porphyry. Based on a geophysical signature (OGS 1982) and
mapping of apparently “offset” stratigraphy, previous workers interpreted a north—south fault underneath
the 3 km wide covered interval of Southeast Bay (Trowell et a. 1982, 1983). The present study has found
no significant offset of stratigraphy (map of Devaney et a. 1995b) and interprets the along-strike
lithological contrast as alateral facies change from an eastern proximal volcanic dome to western, more
distal, subagueous clastic detritus and BIF exhalite layers (both sourced from the dome area; Devaney
1998). (Thereis no direct evidence for the dome being subagueous, but the BIF layers were likely sourced
from a subagueous volcanic site, such as a smoker vent, with the eastern dome area being the most likely
candidate for the source aread).

Regarding the presence of the supposed north—south fault near the site of the interpreted abrupt facies
change, volcanic dome development may have been localized above a synvolcanic fault, one subject to
later tectonic reactivation (Devaney 1998).

23) Totheeast, at Southeast Bay, top directions within the moderately south-dipping pillowed
metabasalts of the Southern Volcanic belt are predominantly to the south (Trowell et a. 1982, 1983),
toward the belt-marginal “batholith”, with more variable top directions near the faulted north margin of the
Southern Vol canic belt (versus the case in #24, below). This does not support older views (e.g., Trowell

and Johns 1986, p. 51) that “lower” mafic volcanic sequences/units “invariably” face away from the large
belt-margina granitic batholiths in western Wabigoon subprovince.

24)  Tothewest, “anomalous’ north-younging top directions in pillowed flows near the north margin of
the Southern Vol canic belt (Pettijohn 1937, Figure 4; Johnston 1969) may represent a hangingwall
anticline, adrag fold (e.g, north-younging north limb, south-younging south limb) that formed near the
base of athrust in agenerally north-vergent thrust belt (i.e., thrusting of the Southern Volcanic belt over
the Minnitaki Group; Figures 22, 23, 24, 27).

25) Berger (1989) provided evidence of intrusion of the Basket Lake Batholith (BLB) into the Southern
Volcanic belt, but the composite BLB is poorly known to the east and el sewhere (see Szewczyk and West
1976, Blackburn et al. 1991). Gneissic rocks of the BLB to the east may be older and part of a* Central
Wabigoon Region” cratonic block (Blackburn et a. 1991) or “Wabigoon Indenter” (Stott and Corfu 1991).
The presence of such a“thick-skinned” cratonic block pushing north to northwestward might account for
the “thin-skinned,” north-vergent thrust belt style that appears to have been preserved (despite subsequent
sinistral strike-slip faulting) in the Sioux Lookout orogenic belt. (Compare with larger scale, thin-skinned
Phanerozoic orogens having thick-skinned hinterlands: e.g., Appalachians: Hatcher and Hooper 1992;
British Columbia Cordillera: Brown and Journeay 1987.)

26) Farther to the southwest aong strike, the Sandybeach Lake granitic pluton crops out (Berger 1989;
Chorlton 1990, 1991; 2697-2693 Ma old: Davis 1990). Note that the supracrustal successions in the Sioux
Lookout area have a paucity of granitic plutons, versus the more intruded areas adjacent to the east and
west (see Blackburn et al. 1991).

27)  Farther to the southwest aong strike, the deformed, granitic Lateral Lake stock crops out (Colvine

and McCarter 1977; Page 1984; 2711-2705 Matitanite minimum age: Davis 1990). The Lateral Lake stock
appears to form the intrusive core of alocal anticlinal structure.

TESTING OF INTERPRETATIONS AND HYPOTHESES

Further testing of the interpretative ideas proposed herein will require much detailed mapping of the faults,
deformation zones, and pluton margins in the Sioux Lookout orogenic belt, including their form and
orientation at depth. Small-scale kinematic indicators and other structures that formed during Stage 5
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thrusting may be difficult or impossible to distinguish from those that formed during Stage 6
strike-dlip/transpressional/transtensional faulting (e.g., were early orogenic, synthrust horizontal lineations
later rotated to vertical, or were vertical lineations formed by late orogenic transpressive dip-dlip
movements?) For relevant discussions of transpressional “lineation switching” and variability, see: Tikoff
and Greene (1997), Dewey et a. (1998) and Ebert and Hasui (1998).

Suggested geochronological priorities for the Sioux Lookout orogenic belt are dating of the: 1)
Northern Volcanic belt (basalt or any clastic interbeds; compare with older ages in western \Wabigoon
subprovince); 2) rhyolitic bodies in the Central Volcanic belt (test for the possibity of ca 2735 Ma bimodal
basalt-rhyolite volcanism); 3) small, roughly sigmoidal granitic plutons within the Northern Volcanic belt
(this may date the Stage 6 strike-dlip faulting); 4) Northeast Intrusive Complex (did these sanukitoid rocks
intrude very late in the tectonic history?); and 5) Patara Formation sandstone beds (how young is the sand
in this pull-apart basin?). Although the Patara Formation is now known to contain detrital zircon grains as
young as ca. 2700 Ma (Fralick and Davis 1999), more dates could potentially characterize any variability
within the formation.

Mineralization in the Sioux Lookout Belt

STAGES 1-4 VOLCANOGENIC MINERALIZATION IN THE SIOUX
LOOKOUT OROGENIC BELT

As shown in Figure 22, the different types of mineralization found in the Sioux L ookout orogenic belt
appear to have been generated during specific tectono-stratigraphic stages. The interpreted mineralization
processes conform with standard contemporary ore deposit models and are appropriate to the lithologies
and structures present at mineralized sites.

Within a basalt-floored oceanic basin (Stages 1 and 2), some hydrothermal flow of metalliferous fluid
upward aong sub-seafloor features such as extensional faults, fractures and permeable horizons likely
would have occurred during periods of local eruptive quiescence. Layered exhalite units (e.g., BIF) would
have formed via either seafloor venting of the fluid (*smokers’) and gravity settling of precipitates, or fluid
diffusion within the upper vol cano-sedimentary pile.

The subvolcanic Northeast Bay pluton (Stage 3) contains only minor amounts of sulphide
mineralization and rare accessory Cu and Mo, suggesting very weakly developed porphyry copper-type
mineralization. In the comagmatic and most likely coeval basaltic andesite stratovol canic succession, the
paleoenvironment is interpreted as having been partly subaerial (subaerial regressive periods alternated
with subaqueous transgressive periods: Devaney 1998), which would not have been conducive to the
preservation of any vented hydrothermal fluid. During subaqueous periods, the subvolcanic pluton(s) was
too small to create a hydrothermal system large or hot enough to generate exhalite deposits.

In contrast, elsewhere in the western Wabigoon region, at Sturgeon Lake (approx. 60 km east of the
Sioux Lookout orogenic belt), conditions during synchronous volcanism (ca. 2734 Ma) were far more
favourable for the generation and preservation of VM S deposits: the Beidelman Bay pluton acted as alarge
subvolcanic “heat engine,” able to drive an adequately large hydrothermal system, and a subaqueous
caldera setting allowed local (sub-basinal) concentration and preservation of VMS deposits (Morton et al.
1991).

The highly local distribution of andesitic pyroclastic units in the Sioux Lookout orogenic belt (forming
a Stage 3 volcanic centre: sites 14 and 15 in Figure 23) and similarities with some examples of intra-arc
andesitic (sub-)basins suggests the accumulation of the andesitic succession in a small fault-controlled
basin, such asalocal graben. (Later fault reactivation appears to have obscured any direct evidence of
synvolcanic faulting.)
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Given that the adjacent Sturgeon Lake belt also records similar synchronous (Stage 3, ca. 2733 Ma)
plutonism, volcanism and alocal extensional sub-basin (caldera), there were likely similar tectonic
conditions (an extensiona or rifted arc stage) in both the Sioux L ookout orogenic belt and the Sturgeon
Lake belt (Figure 22). Indeed, the conditions in the two areas are probably merely regional variations
(within the western Wabigoon region) of the same vol cano-plutonic event, but the “components”
(subvolcanic pluton, subaqueous volcanic centre, extensional sub-basin) were all larger at Sturgeon Lake,
an essential factor in forming the economic-grade VM S deposits there.

Note that thisis the first interpretation of the Sturgeon Lake VMS deposits as having formed in arifted
arc setting (Devaney 1997). However, the conclusion should not be surprising given that the rifted arc
setting, including some back-arc basins, is now thought to be one of the most favourable toward generation
of economic VMS deposits (e.g., Syme et a. 1996, Lentz 1998).

At ca. 2733 Ma, the proposed rifted arc phase (Sioux Lookout orogenic belt Stage 3) produced
relatively small, localized vol canic centres within the western Wabigoon region (Edwards and Davis 1984,
Berger 1991), versus the much more widespread volcanic units of earlier and later volcanic stages. The
various ca. 2733 Mavolcanic centres could be explored in more detail regarding their potential
volcanogenic mineralization.

Stage 4 deposits are typically dactic pyroclastic to volcaniclastic rocks with highly fractionated FI type
geochemical characteristics (see “ Geochemistry”) and only minor amounts of rusty weathering (gossan) of
pyrite in outcrop. These features signify poor VMS potential. Iron formation units (magnetite, chert, pyrite)
with probable “footwall alteration,” including “felsic-in-mafic” breccias with hyrothermally altered
matrixes (e.g., Devaney 1996), are present (Chorlton 1991) rather than VMS layers.

A REGIONAL RIEDEL SHEAR LINEAMENT PATTERN OF GOLD
OCCURRENCES?

Figure 33 shows gold occurrences in the area of the Sioux Lookout orogenic belt and equivalent rock units
to the southwest, plus a proposed lineament pattern connecting the occurrences. Major stratigraphic and
fault surfaces trend at approximately 64° (Johnston 1969, 1972; Devaney et a. 1995b). Given the
importance of |ate (Stage 6) sinistral strike-slip faulting outlined above, structura theory (see Figures 33,
34) dlows that a conjugate Riedel shear fracture set (R and R’ surfaces) could have formed. Based on this
pattern, it is hypothesized that a regional-scale network of such R and R’ fractures (Figure 33) formed a
permeability system for the flow of gold-bearing fluids (i.e., the present auriferous quartz veins; for
Teck-Corona gold prospect and Goldlund Mine, see: Page 1984, Chorlton 1991, Blackburn et a. 1998).

Although other lineament patterns are also possible (e.g., transpressional P shears), it is suggested that
an orderly sinistral set of R and R’ surfaces (faults, fractures, shears) might be expected as |ate
transtensional tectonic features in such aregion of sinistral strike-slip faulting. The lineaments of the
proposed R and R’ system are not mapped continuous faults, but may be preferred sites and orientations for
discontinuously developed fracture, fault or shear systems. Note that planar features need not be in their
“ideal” orientations; late faulting and progressive deformation may have rotated R, R’ and other surfaces
from their ideal theoretical orientations (e.g., Tchalenko 1970, Hempton and Neher 1986), and local
anisotropies are likely to have influenced or deflected stresses.

This R—R’ hypothesis (Figure 33) is consistent with much of the detailed structura analysis of
Chorlton (1990, 1991), whose study of the areaimmediately southwest of the present study area noted the
importance of northeast- and east-northeast-trending veins and shear zones (some auriferous) and sinistral
movements, amidst various structural complexities, in the southwest ared's late stage tectonism and related
gold mineralization.

If the concept of aregiona-scale Riedel shear/fracture set pattern (Figure 33) is correct, the pattern
would have to be avery late, cross-cutting overprint on the previously complexly tectonized Sioux
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L ookout orogenic belt. This would conform with the common view that gold was typically deposited very
late in the tectonic history of Superior Province greenstone belts (e.g., Colvine et a. 1988, Groves and
Foster 1991). Any similarly late granitic plutons intruded into transtensional sites (e.g., releasing bends)
could have provided hesat for hydrothermal vein systems.

Given that regional-scale Riedel and P-shear/fracture patterns in other orogenic belts have been
interpreted as controlling factors in pluton emplacement (Petford and Atherton 1992, Tikoff and Teyssier
1992) and Archean gold mineralization (Mueller et al. 1988, Peterson 1997), the similar interpretation in
Figure 33 might be mechanically reasonable. Although requiring much future testing, this new hypothesis
could serve as an exploration model for the Sioux Lookout orogenic belt and other similar areas.

DISCUSSION OF THE POTENTIAL IMPORTANCE OF TRANSPRESSION,
VERTICAL EXTENSION, AND HORIZONTAL VEINS

As demonstrated by a number of recent studies concerning variable strain partitioning in orogens,
particularly in wrenched belts (e.g., Holdsworth et a. 1998), at intra-orogen sites where transpressional
(obliquely compressional) forces are near to orthogonal to strata (i.e., a a greater than 70° angle to the
main, steeply dipping, planar orogenic fabric) rather than closer to parallel, vertical motions are to be
expected. Because of natural geometric irregularitiesin the orientation of faults, such vertical extension as
the result of transpressional forces may be localized at appropriately oriented fault restraining bends (e.g.,
inasinistral setting, lazy-Z sigmoidal forms of opposite sense to the lazy-S sigmoidal forms of
transtensional fault releasing bends), in contrast with zones where transpressional forces are closer to
parallel with faults and strike-slip faulting will occur. Vertical extensional forces may result in: vertical (or
steep) displacements aong faults, vertical or steep lineation or stretching fabrics (Tikoff and Greene 1997,
Dewey et a. 1998), and horizontal (or nearly so) planar fractures and veins. Structures that form viathe
vertical displacement of blocks or slices at transpressional sites such as fault releasing bends are known as
“pop-up” structures (and various synonymous terms; “push-up” structures, “positive flower” structures, or
“palm tree” structures; Harding 1985, Sylvester 1988), and occur at scales of centimetres to entire orogens.

Planar veins with very low dip angles are uncommon in the Sioux L ookout orogenic belt, but are
worthy of future detailed study owing to their potential similarities with documented gold-bearing vein
systems. Sibson et a. (1988) noted a common association of high-angle reverse faults with “vein flats’
(i.e., vein systems with flat or low dips) in selected areas of gold mineralization. In such cases, it is
suggested that a steeply oriented reverse fault might represent part of a positive flower or pop-up structure,
and vertical extension associated with the localized transpressional strain within and around the pop-up
structure would have created the vein flats (Devaney 1999D).

Thus, zones with (quasi-)vertical extension features may be expected within wrenched belts or
transpressiona orogens (e.g., much of Superior Province) and are potential hosts for auriferous veins.

SUMMARY

The nature of the mineralization in the belt is directly related to the different tectono-stratigraphic
evolutionary stages (Figure 22). During Stages 1 and 2 deep water exhalites (magnetite iron formation,
chert, pyrite) formed; pyrite was formerly mined in the area. Stage 3 vol canism produced ore deposits in an
adjacent greenstone belt (the Cu-Zn VMS deposits at Sturgeon Lake), but in correlative rocks in the Sioux
Lookout areano VMS deposits, no epithermal mineralization, and only insignificant amounts of porphyry
copper-type mineralization, have been found. During Stage 4 basina development alarge magnetite iron
formation unit accumulated in the southeast part of the belt, but in other areas only minor (uncommon)

vol canogenic sulphide mineralization and sub-exhalite hydrothermal alteration are present, and the “FI”
character of the Stage 4 dacitic—rhyalitic rocks does not suggest good VM S potential. Synorogenic (Stages
5 and/or 6) quartz veins appear to be thicker and more abundant, and contain more gold, near the major
deformation zones (thrust and/or strike-slip faults), suggestive of formation as typical
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structurally-controlled Archean mesothermal lode gold deposits. At aregiona (10 to 100 km) scale, gold
occurrences appear to be located along lineaments which resemble a Riedel shear fracture system.

RECOMMENDATION FOR MINERAL EXPLORATION

It is suggested that in order to explore for gold deposits in the Sioux Lookout orogenic belt (and in other
similar areas), geologists should: 1) perform detailed mapping and sampling of quartz-veined areasin
tectonic deformation zones (perhaps regardless of the type of rock hosting the veins); and 2) attempt to
classify and interpret the history of the belt’s various, probably complex, |ate orogenic stage transtensiona
and transpressional structural domains. Given: 1) the affinity of mesothermal and epithermal gold deposits
for late tectonic strike-dlip faults in both Archean and younger orogens (Colvine et al. 1988, Mueller et al.
1988, Wyman and Kerrich 1988, Kerrich 1989, Eisenlohr et al. 1989, Vearncombe et a. 1989, Nesbitt
1991, Groves and Foster 1991, Henley and Adams 1992, Hagemann et a. 1992, Hodgson 1993, DeRonde
and De Wit 1994, Robert and Poulsen 1997); 2) the numerous examples of gold mineralization hosted by
guartz veinsin late tectonic structures in the Sioux Lookout belt (Johnston 1969, 1972; Page 1984; Brown
1985; Chorlton 1990, 1991; Devaney et al. 1995a; see also Sutherland and Colvine 1979, McMullan 1980);
and 3) the importance of |ate orogenic strike-slip faulting in the Sioux L ookout orogenic belt (documented
by Chorlton (1990, 1991) and interpreted herein), the strong relevance of structural geological conceptsin
the search for mesothermal lode gold deposits in areas such as the Sioux Lookout orogenic belt should be
apparent.

Discussion: Relevance of Results of This Study to the
Western Wabigoon Subprovince and Other Areas

This report provides a new synthesis of the Sioux Lookout orogenic belt, a synthesis emphasizing
sedimentary geology but also integrating a variety of other geological subdisciplines (e.g., volcanology,
geochemistry, regiona tectonics). The main conclusion of this study is that the Sioux Lookout orogenic
belt was produced during multiple, very different stages of evolution; this “greenstone belt” represents not
one, but several, types of successively developed Late Archean volcanic—sedimentary basins (Figure 22).
The different types of mineralization present correspond directly with different stages of basinal evolution
and, at the largest scale, plate tectonic evolution. The final form of the Sioux L ookout orogenic belt is that
of an orogenic belt similar in style to other belts of both Precambrian and Phanerozoic age.

The Sioux Lookout orogenic belt may serve as amodel or “template’ to interpret other similar parts
(belts) of the western Wabigoon subprovince and perhaps also similar orogenic belts of any age. Geologists
have long noted broad stratigraphic similarities within the entire western Wabigoon subprovince (Pettijohn
1937, Trowell et a. 1980, Blackburn et a. 1985, 1991), so it may prove useful to extrapolate and test ideas
generated as parts of this study throughout the rest of the subprovince. (Models are idedlistic, so local
minor variance from the Sioux L ookout orogenic belt model should be expected. If there is major variance
between the Sioux L ookout orogenic belt model and a belt undergoing comparison, the model would not
apply to the compared belt.) As the following discussion builds on content previously presented and
referenced herein, see the previous sections of this report for supporting data and interpretations.

In the case of multiple available models, this requires critical evaluation by the reader in order to
choose the best model to apply. Because Sanborn-Barrie and Skulski (1999) offered a significantly
different model of the part of the western Wabigoon subprovince adjacent to the east and northeast of the
Sioux Lookout orogenic belt, discussion of the strengths and weaknesses of their model (see below) is
relevant to its potential application to the Sioux Lookout orogenic belt and other parts of the subprovince.

STAGE 1: INITIAL RIFTING AND THE FORMATION OF A WESTERN
WABIGOON OCEAN BASIN

Evidence of an initia rifting stage may have been only rarely and locally preserved in the large “basin”
represented by the western Wabigoon subprovince. Sanborn-Barrie and Skulski (1999; see also Cortis et al.
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1988) interpreted the basal unit of the Sturgeon—Savant belt, quartzose coarse clastic facies of the Jutten
Group, as arift margin deposit overlain by magnesian tholeitic submarine basalts. These Jutten Group
basalts are equivaent to the Stage 1 basalts of the Sioux Lookout orogenic belt (e.g., the Northern Volcanic
belt) and are very similar or equivalent to the lower mafic sequences present throughout the western
Wabigoon subprovince (Trowell and Johns 1986, Blackburn et al. 1991, Ayer and Davis 1997). This
suggests that the Stage 1 scenario in Figure 22a, a basalt-floored narrow oceanic basin, is broadly
applicable to the entire western Wabigoon region. Owing to rarity of isotopic data, the potential influences
of (felsic) crustal contamination on Stage 1 basalt compositions are not yet well constrained or understood,
but are suspected (see “Geochemistry,” and Sanborn-Barrie and Skulski 1999).

If thisrift to ocean extensional basin scenario is correct, it need not be assumed that a simple single
basin formed. Large rifted areas may be compartmentalized into a number of stratigraphically discrete
sub-basins (e.g., the “multi-rift model” of Tamaki 1985, 1988), a concept which could help to account for
variability (including geochemical composition) among the individua belts (sub-basins?) which together
comprise the western Wabigoon subprovince. Although early stage structures such as rift-related fault
systems would have been present, subsequent episodes of tectonism appear to have completely obscured
the record of any such mega-structures. Any speculations about whether the present distribution of early
basaltic units might directly reflect former Late Archean extensional sub-basins are unconstrained.

STAGES 1 TO 3: OLDER BASALTIC UNITS, WITH COMMENTS ON
SUPPOSED “BACK-ARC BASALTS”

Based on the geochemical characteristics of the older basaltic units in the western Wabigoon subprovince,
some workers have suggested that these units represent the infill of back-arc basins (e.g., Day 1990, Ayer
1991, Ayer and Davis 1997). However, no arc to back-arc linkage (stratigraphic polarity) or

pa eogeographic rel ationships have been documented. Ideally, ancient back-arc basins should be
interpreted viatheir stratigraphic and tectonic context, and not merely viathe relative abundances of certain
trace e ements as plotted on the currently popular “tectonic discrimination diagrams.”

Stage 2 basalts, interpreted as juvenile arc deposits, presumably developed in what was formerly a
nonarc rift basin (Figure 22), implying that the ascent of magmas from a subduction zone took advantage
of the available rift basin site to form an arc. Alternatively, both the Stage 1 and 2 basalts may have been
products of subduction, similar to the early stages in some continental back-arc basin models (e.g.,
Okinawa Trough: Letouzey and Kimura 1986).

Sequences of predominantly volcanic rocks which are interpreted as ca. 27452704 Ma arc sequences
are exposed to the east and northeast of the Sioux Lookout orogenic belt, in the Sturgeon Lake and Savant
L ake areas of western Wabigoon subprovince (Blackburn et a. 1991, Sanborn-Barrie and Skulski 1999). In
abroad regional sense (i.e., at @200 km scale of view), these areas are along regional strike from the Sioux
Lookout orogenic belt, and thus coeval volcanic rocks of the Sioux Lookout orogenic belt would have been
inan “along-arc” rather than “back-arc” position. The nature of any segmentation of awestern \Wabigoon
arc into intra-arc basins or sub-basins, perhaps influenced by the locations of any earlier rift sub-basins
(see above), is poorly known. Note too that because of tectonic deformation, the present configuration of
the individual orogenic belt segments in the tectonized western Wabigoon region need not clearly reflect
their relative positions 2.7 Ga ago (e.g., the potentially displacive role of the Lewis Lake batholith
(Blackburn et al. 1991, Figure 9.3) is unknown).

STAGE 3: PARTIAL OR INCIPIENT RIFTING OF AN ARC?

Following the work of Page and Clifford (1977), results presented herein provide more detailed
descriptions and interpretations of the sequence of andesitic volcaniclastic rocks (and related flows and
dikes) exposed in the Northeast Bay of Minnitaki Lake area. Documented occurrences of subaeria volcanic
facies and andesites are generally rare in Superior Province, so their presence in the Sioux Lookout
orogenic belt should be of general interest to Superior Province workers.
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This andesitic sequence and its comagmatic subvolcanic pluton, newly dated at ca. 2732 Ma, are
correlative with the VM S-bearing cal dera succession and subvol canic Beidleman Bay pluton at Sturgeon
Lake (Devaney 1997, 1999a). These and other widely scattered ca. 2735-2732 Madioritic and andesitic
rocks within western Wabigoon subprovince (e.g., Edwards and Davis 1984) may represent
intermediate—felsic volcanic centres and related subvol canic plutons that developed at local sites of
incipient or partial rifting of awestern Wabigoon arc basin. Scenarios involving such types of extensional
volcanic sub-basins within arcs, including VM S-mineralized intra-arc basins, are increasingly being
documented from both Archean and younger arc successions (Cathles et al. 1983, Smellie 1995, Syme et
al. 1996, Lentz 1998). Some “extensional” volcanic sub-basins may actually be transtensional pull-apart
volcanic basins (e.g., Sasso and Clark 1998, van Wyk de Vries and Merle 1998); such resolution would
depend on preservation of good quality regional structural data and might not be available for many
Archean belts and subprovinces.

POTENTIAL RESOLUTION PROBLEMS INVOLVING
GEOCHRONOLOGICAL DATA AND THE EQUIVOCAL IDENTIFICATION
OF “TUFFS”

Some of the geochronologica database for the western Wabigoon subprovince and other areas is based on
rocks which have in the past been identified as “tuffs’ or other pyroclastic rocks. However, Superior
Province workers have long appreciated the difficulties involved in dinstinguishing tuffs from wackes (e.g.,
Pettijohn 1935, p. 1902), and some recent volcanological research (Cas and Wright 1987, 1991) asserts that
many volcanic fragmental (tephra) deposits are/were generally highly prone to sedimentary reworking,
suggesting the need for amore critical assessment of rocks identified as “tuffs” and coarser pyroclastic
facies.

Because sedimentary mass flow (or gravity flow) deposits have depositional fabrics similar or identical
to those of many unwelded hot pyroclastic (or other directly volcanic) mass flow deposits, and field
evidence of hot emplacement tends to be very rare in Superior Province rocks, an unknown number of
Archean “tephra’ beds may be resedimented “volcaniclastic” facies rather than beds of truly pyroclastic
origin (Devaney 1999c).

There may be a mapping bias against thick beds and mass flow deposits, versus more easily
recognizable thin beds of current deposits (e.g., turbiditic wackes). Massive or poorly bedded fragmental
facies with accessory oligomict volcanic clasts (e.g., a“felsic lapilli tuff”) have commonly been identified
as pyroclastic rocks, but in some (or perhaps many?) cases they may be thickly bedded proximal
sedimentary facies rather than pyroclastic facies. Particularly problematic would be any very thick (>5-10
m) mass flow beds, beds thicker than the width of the typically small outcrops in northern Ontario. Along a
volcanic to sedimentary facies gradient, thickly bedded proximal sedimentary facies composed of originally
volcanic grains and clasts would represent an intermediate zone between a highly proximal volcanic centre
and amore distal, probably finer grained and deeper water facies (Devaney 1999c).

Zircon grainsin any such resedimented “tuffs’ are detrital, suggesting the need for re-examination of
some Superior Province data and interpretations. For example, it has been assumed by Sanborn-Barrie and
Skulski (1999) that the ca. 2775 Ma age of the “Fourbay sequence’ of the Sturgeon-Savant belt (see also
Davis et a. 1988) reflects the volcanic deposition of true tuffs, and hence dates the early stage development
of “oceanic basement” in the belt (equal to Sioux Lookout orogenic belt Stage 1 Northern Volcanic belt).
However, neither Davis et al. (1988) nor Sanborn-Barrie and Skulski (1999) have provided descriptions or
arguments that might allow for discrimination of these supposed “tuffs’ as either true tuffs or resedimented
facies. In the latter case, the dated grains would be detrital, and thus the depositional age could be
considerably younger than 2775 Ma.

Similarly, the 2734-2732 Ma age (Davis and Trowell 1982) of afelsic tuff interbedded in the Sioux
L ookout orogenic belt Stage 2 basaltic section of the Central Volcanic belt may be less reliable than
previously thought. Brief observations of this outcrop did not suggest that the distinction between a
pyroclastic or sedimentary origin could be made reliably.
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In contrast, the ca. 2719-2713 Ma age of adistinctive felsic crystal tuff from the Sioux Lookout
orogenic belt Stage 4 Daredevil Formation (lithology: Turner and Walker 1973; date: Davis et a. 1988) is
considered to record the directly pyroclastic deposition of this apparently non-resedimented rock.

If sedimentary reworking rapidly followed volcanic deposition, the gap between the time of volcanic
deposition (e.g., asrecorded in zircon grains) and the time of sedimentary deposition would be minor or
trivial. In volcanically active basins, steep depositional slopes and earthquakes would be expected, and
resedimentation in proximal zones would be characteristic. Thisis thought to have been the case for the
deposition of the Minnitaki Group, for which the ca. 2714 Ma age of detrital zircon grains should
approximate the age of the synchronous volcanism, BIF deposition and clastic sedimentation in the Sioux
Lookout orogenic belt Stage 4 deep marine arc basin.

Consideration of the above factors may improve future resolution of other volcanic and sedimentary
events el sawhere in the western Wabigoon subprovince.

STAGES 4 TO 6: NEW DESCRIPTIVE AND INTERPRETATIVE
STRATIGRAPHY OF VOLCANICLASTIC ARC DEPOSITS AND
SYNOROGENIC CONGLOMERATIC FORMATIONS

The new descriptive stratigraphy presented for the Big Vermilion—Daredevil unit (informal term) and
surrounding formations is a simpler framework of more linear map units than that of previous mapping,
and is consistent with geochronological data. The old term “Abram Group” has been invalidated by this
geochronological data, which require that the “ Abram Group” cannot be a continuous and conformable
seguence of three formations, as was previously thought. Thus the reviews of the Sioux L ookout orogenic
belt in the summaries of the western Wabigoon subprovince by Blackburn et a. (1985, 1991) require
updating:

1 the Patara Formation, formerly thought to be the oldest sedimentary unit in the Sioux Lookout
orogenic belt, is now known to be one of the youngest sedimentary units (probably the youngest unit in the
Sioux Lookout orogenic belt), a synorogenic conglomerate;

2) the Ament Bay Formation, formerly thought to form the basal unit of the “ Abram Group” and to
conformably underlie the Daredevil Formation, is now known to be younger than the Daredevil Formation,
and is one of the youngest sedimentary units in the Sioux Lookout orogenic belt, a synorogenic
conglomerate.

Recognition of conglomeratic units which underlie other units structurally (e.g., because of thrust
faulting) rather than stratigraphically (as in older views of “homoclinal” segquences), as exemplified by the
context of the Ament Bay Formation, may prove equally useful in other parts of the western Wabigoon
subprovince. Thrust faults responsible for the stacking of *“homoclinal-looking” sequences may be narrow,
cryptic or unexposed, and may be revealed by geochronology rather than field mapping.

APPLICATION OF SIOUX LOOKOUT OROGENIC BELT STAGE 4,5 AND
6 STRATIGRAPHIC AND STRUCTURAL CONCEPTS TO
INTERPRETATION OF THE STURGEON-SAVANT BELT: REJECTION OF
A “FOREDEEP BASIN” INTERPRETATION

The scenario described above, concerning older turbiditic and volcaniclastic facies in fault contact with
younger conglomerates, isworthy of consideration for part of the Sturgeon—-Savant belt, for which
Sanborn-Barrie and Skulski (1999) placed a polymict conglomerate unit (which contains a 2705-2703 Ma
granitoid clast) below “turbiditic wacke,” tuff and iron formation (with detrital zircon grains as young as
2704 Ma), supposedly together forming the “conformable” (*same-facing”) infill of a“foredeep” basin as
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young as 2701 Ma. However, afew million years should probably be allowed for the erosional unroofing
of the 27052703 Ma granitoid clast, which would require deposition of that part of the conglomerate unit
to be of about 2700 Ma age or younger

The “turbiditic sediments’ of the proposed foredeep basin (i.e., Savant Lake and Quest Lake sediments:
Sanborn-Barrie and Skulski 1999, p. 216, 219) and associated tuff and iron formation resembl e the suite of
faciesin the Stage 4 rocks of the Sioux Lookout orogenic belt (ca. <2714 Mato 2704 Ma: Minnitaki
Group, Big Vermilion—Daredevil unit). Thus, based on the points listed above, it is proposed that:

1) the conglomerate unit in the Sturgeon—Savant belt (probably <2701 Ma) may be younger, rather than
older, than the ca. 2704-2701 Maturbiditic Savant—Quest sediments;

2) the conglomerate unit in the Sturgeon-Savant belt may be cryptically in fault contact with the
turbiditic Savant—Quest sediments; according to M. Sanborn-Barrie (personal communication, 1999), field
relationships do not suggest a faulted contact, but in the Sioux Lookout orogenic belt similar contacts (e.g.,
Ament Bay Formation—-Daredevil Formation contact, Patara Formation—Northern Vol canic belt contact)
were for many decades considered to be in conformable rather than faulted contact, which may be a useful
lesson concerning the difficulty of recognizing subtly faulted contacts;

3) because the polymict conglomerate in the Sturgeon—Savant belt is distributed along late (“D2")
deformation zones (M. Sanborn Barrie and T. Skulski, personal communications, 1999), this suggests that
it may be a synorogenic conglomerate broadly correlative with the <2700 Ma synorogenic conglomerate
units in the adjacent Sioux Lookout orogenic belt; and

4) the turbiditic wackes, tuffs and iron formation (Savant—Quest sediments) of the Sturgeon—Savant
belt were deposited in the same mature arc basin, or asimilar and coeval arc basin, as the Stage 4 units of
the Sioux Lookout orogenic belt (Figure 22a) rather than in the “ Savant sedimentary foredeep basin” of
Sanborn-Barrie and Skulski (1999, p. 219).

Furthermore, the deposits of aforeland or foredeep basin, by definition (e.g., Miall 1995), would be
positioned adjacent to an orogenic belt (not within it, as is the case for the Sturgeon—Savant belt) and would
be supplied with clastic sediments from the tectonized (usually thrusted) rocks of an adjacent orogenic belt
(no such adjacent orogenic belt has been recognized by Sanborn-Barrie and Skulski (1999) or any other
workers). Because the proposed foredeep basin interpretation satisfies neither of these basic criteria, it is
rejected in favour of the arc subagueous basin (Sioux Lookout orogenic belt Stage 4 depositional style)
interpretation. The record of volcanism as active during sedimentation of turbiditic sequences (e.g.,
interbedded felsic tuffs and exhalative iron formation) further supports an arc rather than foreland context
(In contrast with the conventional foreland/foredeep basin definition (e.g., Miall 1995) used above,
DeCelles and Giles (1996) have proposed a different, expanded, four-fold subdivision of foreland basins.
In their scheme, piggyback basins would be part of an orogenic “wedge-top depozone” adjacent to a
“foredeep depozone.” Recognition of syndepositional thrusting is essential in order to apply these terms.)

It is suggested that attempts to apply models directly based on interpretations of the Sioux L ookout
orogenic belt (e.g., Figures 22a, 25, 31) may be useful in elucidating the history of the Sturgeon—Savant
belt, alowing for some local (belt-to-belt) variance.

REJECTION OF INTERPRETATIONS OF ACCRETIONARY PRISM
DEVELOPMENT WITHIN THE WESTERN WABIGOON SUBPROVINCE

Thereis no uneguivocal evidencein Sioux Lookout orogenic belt, or el sawhere in western Wabigoon
subprovince, for the development of the type of subduction zones and accretionary prism assemblages
proposed by Blackburn (1980) and Sanborn-Barrie and Skulski (1999). It is suggested that any proposed
subduction zone within the western Wabigoon subprovince (Blackburn 1980, Figure 4; Sanborn-Barrie and
Skulski 1999, Figure 13) would have been unredlistically small, even in a microplate context, versus
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interpretations of an appropriately larger scale, north-dipping subduction zone with a trench located south
of the Wabigoon subprovince (Blackburn et al. 1985, Figure 17; Devaney and Williams 1989).

It has been suggested that an accretionary prism succession might lie buried beneath “foreland”
depositsin the Sturgeon—Savant belt (T. Skulski, personal communication, 1999). However, this hypothesis
is problematic because the interpretation of “foreland” deposits has been rejected (see above) and the
hypothesis cannot be tested by field mapping. Given the scal e considerations noted above, the accretionary
prism presumably generated by the subduction which produced the ca. 2745-2704 Ma volcanic arc
successions in the western Wabigoon subprovince is likely represented by the metasedimentary—plutonic
Quetico subprovince (Blackburn et al. 1985, Figure 17; Devaney and Williams 1989).

Similar problems of scale and lack of evidence of any prism succession apply to the interpretation by
Sanborn-Barrie and Skulski (1999, Figure 13) of asmall subduction zone presumed to have sourced older
(ca 2745-2718 Ma) “Handy arc” volcanic rocks. Note that a sediment-starved trench would not likely
develop during such amajor period of arc growth and generation of huge volumes of pyroclastic to
volcaniclastic detritus, so any subduction zone-related trench present should have accumulated and
accreted much sediment in an accretionary prism. The absence of such a prism succession favours instead
the far-distant Quetico prism scenario noted above.

The tectono-stratigraphic style of the Minnitaki Group of the Sioux L ookout orogenic belt, a
predominantly turbiditic wacke succession with intercal ated basaltic units specul atively interpreted as an
internally folded thrust stack (Figure 23), might suggest to some workers an origin as an accretionary
prism. However, no “melange’ or “broken formation” fabrics (Cowan 1985, Rast and Horton 1989,
Maltman 1998), or other evidence of accretionary prism rather than arc basin development, have been
recognized in the Minnitaki Group. (In contrast, sedimentological and structural evidence supporting an
accretionary prism interpretation for the Quetico subprovince has been presented by Williams (1989, 1991)
and Fralick et al. (1992).)

ADAKITIC MATURE ARC (STAGE 4) ROCKS, AND THEIR RELEVANCE
TO POTENTIAL PLATE TECTONIC SCENARIOS

Volcaniclastic rocks (i.e., pyroclastic rocks, or products of minor sedimentary reworking of pyroclasts; not
as “fully reworked” as true sedimentary facies) of the Big Vermilion-Daredevil unit have adakitic
characteristics. Documentation of adakites has only recently begun for Superior Province and other
Archean cratons. The preservation of an orderly geochemical pattern, such as an adakitic signature, in
volcaniclastic rocks implies that there has been little or no problematic sedimentary reworking of the
original primary pyroclastic composition, and subsequent alteration and metamorphism also have not
obscured orderly signatures.

The potential plate tectonic context of adakites (late arc, preorogenic compression?) is relevant to
regiona interpretations of the Sioux L ookout orogenic belt and the rest of western Wabigoon subprovince.
Adakitic magmas are thought to be products of the subduction of young (e.g., <25 Ma) oceanic lithosphere
(Drummond et a. 1996). In such convergent plate margin settings, the subduction of younger, hotter and
less dense oceanic crust is expected to have been at lower dip angles and to have caused regional
compressional stresses, versus the case for older, colder and denser crustal slabs subducting under
conditions of regiona extension (e.g., Morris and Witt 1997, Figure 9; see also Busby et al. 1998). Asthe
slab subduction angle decreases, the mantle wedge region (Pearce and Peate 1995) would become smaller
and thus slab melts would increasingly be less likely to be diluted in the mantle wedge region, therefore
increasing the likelihood of adakitic metasomatism of the mantle wedge and the “survival” of the adakitic
signature in magmas eventually erupted as vol canic rocks.

Following this model view, adakitic rocks of the Sioux Lookout orogenic belt (some Stage 4 volcanic

rocks), which ideally would reflect the Late Archean low-angled subduction of then-young oceanic crust
and thus the presence of regional compressional stresses, would have been deposited between Stage 3
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volcanism (interpreted extensional stresses: e.g., intra-arc rifting above a steeply subducting slab) and
Stage 5 early orogenic collision and compression (thrusting of older Sioux Lookout orogenic belt arc
sequences). Perhaps, as appears to be the case for the Sioux L ookout orogenic belt, the generation of
adakitic magmas can signal the forthcoming end of subduction and onset of collisiona orogenesis. Such
geochemically-based scenarios may be relevant to models of arc evolution (e.g., the extensiona to
compressional model of Busby et al. 1998).

TECTONO-STRATIGRAPHIC CONTEXT OF CA. 2704 Ma VOLCANIC
ROCKS

Sites in the western Wabigoon subprovince of volcanic rocks dated at ca. 2704 Ma (Davis 1990,
Sanborn-Barrie and Skulski 1999) are becoming more numerous and widespread. These volcanic rocks
may be interpreted as: a) late arc deposits, which would require that postarc orogenic events occurred after
ca. 2700 Ma; or b) synorogenic deposits, with orogenesis beginning at ca. 2710-2705 Ma and volcanic
centres perhaps localized at sites of intra-orogenic wrenching (e.g., magma conduits in transtensional
zones) or other types of large structures; or c) representative of atransitional phase during which terminal
arc development overlapped with early collisiona orogenesis (e.g., transition from a Stage 4 compressional
arc to a Stage 5 fold-and-thrust belt).

GEOCHEMICAL PATTERNS AND TRENDS

This study has provided new Sioux Lookout orogenic belt geochemical data, especially for the
(meta)volcanic rocks. The upward transition from tholeiitic mafic to calk-akalic intermediate-felsic
volcanic rocks, typical of Archean greenstone belts, is present. The change in basalt composition from
Stage 1 (N-MORB/“arc”) to Stage 2 (E-MORB) rocks should indicate a shift from a depleted to a more
enriched mantle source (e.g., Figure 15) and may reflect the onset of subduction. Rocks of Stages 2 to 4
record progressive (orderly?) evolution of an arc: for example, increased fractionation of magmas over
time, and an increasingly negative Nb anomaly over time (Figures 19, 20, 21). Along with this Nb anomaly
trend, the change in composition from Stage 3 “transitional adakites’ to Stage 4 adakites (Figure 18)
indicates an increasingly strong subduction signature over time. The increase in fractionation presumably
reflects a thickening of the arc crust over time, the thicker crust being able to contain more vertically
stacked magma chambers, which would have alowed more opportunities for multiple fractionation of
magmas.

The geochemical (“geodynamic”) signatures present in the Sioux Lookout orogenic belt (see
“Geochemistry”) have been identified: a) from both unaltered and altered rocks, suggesting that the
supposedly “immobile” trace elements which define most of these signatures were indeed immobile, and
any obfuscating effects of alteration have been averaged out in the sample groups; and b) from both
volcanic flows and volcaniclastic facies in Stage 3 and 4 units, suggesting that any resedimentation, which
could have formed disorderly (“disequilibrium™) assemblages of clastic grains, was not a problematic
factor. These results indicating multi-stage tectono-magmatic evolution are comparable with those of the
more geochemically sophisticated studies of other western Wabigoon subprovince vol canic successions by
Ayer and Davis (1997) and Sanborn-Barrie and Skulski (1999).

SEDIMENTARY PATTERNS AND TRENDS

Small-scale sedimentological and physical volcanological features recognized in the Sioux Lookout
orogenic belt help define alarger-scale stratigraphy which is supported by geochemistry and
geochronology (Figures 2, 21, 22) and reflects stages of evolution typical of arcs (Stages 2 to 4) and
orogenic belts (Stages 5 and 6). Clastic and chemical sedimentary facies faithfully record the differences
among these stages, and such facies analysis may be similarly useful el sewhere in the western Wabigoon
subprovince.

68



The predominantly basaltic Stages 1 and 2 record only a very low amount of clastic sedimentation
(e.g., deepwater “starved” basinal facies) versus far more significant exhalative chemical sedimentation.
The Stage 3 andesitic succession, alocal volcanic centre, records abundant pyroclastic deposition and
minor clastic reworking in both subaerial and subagueous, proximal to medial settings. Stage 4 pyroclastic
facies and dlightly to highly reworked (“resedimented”) sedimentary deposits, including the classic graded
turbiditic wackes so common in the arc portions of Archean greenstone belts, form large stratigraphic units
and contain interbedded BIF units. Stage 5 and 6 formations are coarse clastic units containing neither
chemical sedimentary facies nor volcanic facies

The composition of the Stage 1, 2 and 4 chemica sedimentary facies (e.g., magnetite, pyrite and chert
in BIF units) directly reflects broadly synchronous vol canism, which provided the hest to drive the
circulation of hydrothermal fluids in the volcanic basement beneath the seafloor, followed by venting of
those fluids on the seafloor, presumably during inter-eruptive hiatal periods.

(Any exhalative faciesin the VM S deposits at Sturgeon L ake represent Stage 3 chemical
sedimentation.)

There are sharp contrasts between the coarse clastic, synorogenic, predominantly fluvial, Stage 5 and 6
formations. The Stage 5 Ament Bay Formation is alarge unit with a highly diverse (polymict) composition
of clasts, versus the significantly smaller Stage 6 Patara Formation and its near oligomict suite of very
locally derived (from the Northern Vol canic belt) basalt clasts. The composition of the clasts in these two
synorogenic conglomeratic units contrasts sharply with the exclusively intermediate-felsic volcanic clasts
(including porphyritic clasts) of the relatively minor conglomeratic units in the Stage 3 and 4 successions.

OROGENIC STAGES 5 AND 6: GENERALIZATIONS

The term “orogenic” has been considered herein to apply to the postvolcanic, postarc stages of the Sioux

L ookout orogenic belt when most of the supracrustal rocks presumably acquired their penetrative
deformation fabrics. (Technically, some workers would consider arc development to be one type of
orogenesis, and because arcs can be variably deformed as they develop, the “late orogenic” events of some
workers may equal the “late arc” events of others.)

Postarc orogenesis in the western Wabigoon subprovince began at about 2710-2700 Ma (Blackburn et
al. 1991). The escape of magma and heat, which was presumably formerly confined to the western
Wabigoon volcanic arc, became more diffused, as recorded by widespread 27102690 Ma synorogenic
plutonism in both the western Wabigoon subprovince and the adjacent Winnipeg River subprovince
(Beakhouse 1991, Corfu et al. 1995).

The results presented for the Sioux Lookout orogenic belt are in general agreement with Chorlton’s
(1990, 1991) structural study of the area adjacent to the southwest, and are consistent with Davis
geochronologica framework (Davis and Trowell 1982, Davis et al. 1988, Davis 1990, Blackburn et al.
1991, Devaney 19994). Prior to the present study, only Pettijohn (1934) and Chorlton (1990, 1991)
recognized the importance of strike-dlip faulting in the development of the Sioux Lookout orogenic belt.

The pattern of thrust faulting followed by strike-dlip faulting (“wrenching”) inferred for the Sioux
Lookout orogenic belt Stages 5 and 6 has been commonly recognized in orogenic belts of all ages, and
presumably reflects the concepts that: &) an adequately long period of orogenic compression or
transpression of any belt islikely to steepen its strata considerably; and b) as strata steepen to near vertica
orientation, with regionally oblique compression (i.e., transpression) more likely than perfectly orthogonal
compression, strike-dlip (to oblique-dip) motions will likely result. During later orogenic wrenching
stages, predominantly steep permeable horizons such as faults and shear zones would have been suitably
oriented to tap deeper crustal fluids, which may account for the commonly late orogenic timing of plutons
and quartz vein-hosted gold deposits. (Regarding the form and continuity of the steep faults and shear
zones at depth, whether they would flatten listrically at some depth(s) or continue steeply to great depthsis
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beyond the resolution of surface bedrock mapping, but ongoing LITHOPROBE seismic reflection studies
in northwest Superior Province (Cruden and Hynes 1999) should help answer such questions.)

It would be of interest to see how widely a simple scenario of thrusting (e.g., horthwest-vergent, plus
other vergences influenced by the orientation of any underlying older crustal blocks?) followed by
strike-dlip faulting (“wrenching,” likely with many local geometrical complexities) could be applied to the
rest of the western Wabigoon subprovince. “ Strike-slip faulting” would probably have to be treated as an
over-simplification, given: &) the curvilinear rather than linear nature of most belts; b) the high potential
for oblique-dlip and dip-slip motions in transtensional and transpressional zones (Holdsworth et al. 1998);
and c) the likely presence of some zones of more distributed, rather than discretely partitioned, shear. The
Patara Formation of the Sioux Lookout orogenic belt and the Stormy Lake Group of the Manitou Lakes
area (Blackburn et a. 1991, Mueller and Corcoran 1998) are the only strike-dlip basin successions
described so far from the western Wabigoon subprovince.

SYNOROGENIC CONGLOMERATIC UNITS

As the example of the Sioux Lookout orogenic belt illustrates, more than one type of synorogenic
conglomeratic unit can be present in a belt. The presence of multiple conglomeratic units with different
clast compositions, areal extent (sizes of formations), and prevalent top indication trends, representative of
different types of basins within abelt, would likely require a more detailed tectono-stratigraphic
subdivision than the application of one simple “Timiskaming-type’ scenario.

Regarding the terminology for synorogenic strike-slip basins, use of the provincia and antiquated
term “Timiskaming-type” basin should be discontinued in favour of more detailed and sophisticated
contemporary classifications of strike-slip basins and other synorogenic basins (e.g. Nilsen and Sylvester
1995, Miall 1995). However, detailed resolution of the precise type of strike-dip basin (e.g., a
transrotational basin) may not be possible for many Archean belts, so a more general assessment as a
“strike-dlip basin” or “pull-apart basin” may be more redlistic. Also, pull-apart basins may occur as
intra-arc basins (e.g., Hathway 1993, Sasso and Clark 1998). Although thisis a potentially problematic
point, most Archean polymict conglomeratic units are easily interpreted as postarc deposits because they:
a) contain clasts of synororgenic granitoid rocks; b) have been radiometrically (U-Pb) dated as
synorogenic; and c), particularly in some late orogenic strike-slip basins, may be less deformed (e.g., lower
dips, less intense penetrative deformation) than the older stratigraphic units. Associated shoshonitic to
alkalic volcanic units (Williams et al. 1992, Mueller and Corcoran 1998) are not diagnostic of arc versus
postarc settings; they may be either late arc deposits (Hathway 1993, Ayer and Davis 1997) or postarc
Synorogenic deposits.

In contemporary usage, “successor basins’ are postorogenic, not synororgenic (Ingersoll and Busby
1995, p. 50), so use of thisterm for Archean synorogenic clastic units should be discontinued (e.g., as has
been done by Mueller and Corcoran 1998).

The Stage 5 Ament Bay Formation (piggyback basin) is a smaller stratigraphic unit than the Stage 4
units (late arc sequences: Big Vermilion—Daredevil unit, Minnitaki Group and the correlative Warclub
Group), and the Stage 6 Patara Formation (strike-slip or pull-apart basin) is a smaller formation than the
Ament Bay Formation, implying structural partitioning into smaller, tectonically controlled basins over
time, asistypica in orogenic belts.

EARLY STAGE OROGENIC BELT DEVELOPMENT: A
FOLD-AND-THRUST BELT (SIOUX LOOKOUT OROGENIC BELT STAGE
5) ADJACENT TO A BROKEN FORELAND

Despite ararity of good small-scale structura evidence, Late Archean thrust stacking of supracrustal
successions in the Sioux Lookout orogenic belt (Beakhouse 1988, Davis et al. 1988, Chorlton 1990, 1991;
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Devaney 1997, 1999a) and other parts of western Wabigoon subprovince (Blackburn et al. 1991), based
partly on recognition of “out-of-sequence” stratigraphy via radiometric dating, is widely accepted.

Most of the interpreted thrusts in the Sioux Lookout orogenic belt (Figures 22 to 25), some of which
are very speculative, are based on map patterns suggestive of apparent repetition of orderly stratigraphy in
an imbricate thrust stack. In areas lacking both radiometric dates and adequate exposure of deformation
zones, such speculative interpretations may be the only interpretations possible. If the inference of thrusting
of the Northern Volcanic belt over a Winnipeg River subprovince foreland (Figure 22) is correct, the
Northern Vol canic belt would constitute obducted oceanic crust and would thus be ophiolitic.

Regarding the question of what was pushing the northwest-vergent, “thin-skinned,” Sioux Lookout
orogenic belt Stage 5 fold-and-thrust belt, there is a severe lack of resolution of the presumed southeastern
hinterland area (a thick-skinned block?). Presumably, the western flank of the central Wabigoon
subprovince region (“CWR” of Blackburn et a. 1991) acted as an older stable block which pushed against
the Sioux Lookout orogenic belt; if there was a major horizontal detachment surface within this central
Wabigoon block, it would have been a“thick-skinned” block or crustal sheet. At alarger scale, this centra
Wabigoon region functioned as the “Wabigoon Indentor,” the motion of which accounts for the late
orogenic sinistral faulting along the Miniss River Fault (Stott and Corfu 1991, Corfu et a. 1995) and
within the Sioux Lookout orogenic belt (Stage 6 events).

Regarding the nature of the western Wabigoon—Winnipeg River subprovincial boundary, interpretation
of the south margin of the Winnipeg River subprovince as a L aramide-type uplift (Figures 22, 28) is one of
the few ways to account for the overturned Northern Volcanic belt aong the north margin of the Sioux
Lookout orogenic belt and similar structural relationships farther to the (south)west. The large folds
depicted in the Figure 22 Stage 6 cartoon need not be considered an overly speculative or radical
interpretation, because similar large folds in strata adjacent to Laramide uplifts have been documented (eg.
Erdev 1986, Spang and Evans 1988).

In a scenario involving thrusting onto a foreland block (e.g., Sioux Lookout orogenic belt Stage 5 in
Figure 223), it need not be assumed that the foreland was perfectly tectonically stable or inactive. An
important aternative is the broken foreland model (Jordan 1995), in which: &) the cratonic foreland is
partitioned into fault blocks by major reverse faults; b) movement aong these faults produces
Laramide-type uplifts; c) the reverse fault(s) may verge opposite to thrusts in the synchronous
fold-and-thrust belt; and d) “broken-foreland basins’ form adjacent to uplifted blocks. Broken forelands
tend to be associated with episodes of low angle subduction (Jordan 1995), which potentially alows a
broad correlation of ca. 2715-2690 Ma compressional events in the Sioux Lookout orogenic belt:

1) Stage 4 compressional arc conditions may have resulted in eruption of adakitic volcanic rocks (see
above), consistent with late arc stages involving low-angle subduction in the arc models of Morris and Witt
(1997) and Busby et al. (1998), followed by

2) the collisional orogenesis (increased compression?) recorded by the Stage 5 fold-and-thrust belt and
adjacent broken foreland (with the oblique-slip Miniss River Fault and other parts of the present
Wabigoorn—Winnipeg River subprovince contact (Figures 22, 23) as the steep reverse fault bounding a
Laramide-type uplift “breaking” the Winnipeg River subprovince foreland) as potential indications of
continued low-angle subduction and regional compression.

Such broken foreland scenarios have not been widely considered in the past by Archean geologists, and
may be worthy of increased attention or emphasis in the future. The “differential uplifts’ produced by
“sinistral wrench faulting and thrusting along the Miniss River Fault and subsidiary structuresin the
interior of the” English River subprovince (Corfu et a. 1995, p.1232, 1230) are likely examples of a
broken foreland regional setting.

Based on arguments presented herein, the Ament Bay Formation and potentialy similar and correlative

sedimentary units el sswhere in the western Wabigoon subprovince (e.g., in the Sturgeon and Savant lakes
area: Sanborn-Barrie and Skulski 1999) should not be interpreted as foreland basin deposits. A foreland
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basin would be adjacent to an orogenic belt, not inside it. Piggyback basins would be inside a thrust belt (as
has been proposed for the Stage 5 Ament Bay Formation of the Sioux Lookout orogenic belt: Figure 25),
versus aforeland basin which would be on top of a stable foreland block, which would in this case be the
Winnipeg River subprovince. Given the probable post-Archean erosion of any tectonically unburied
supracrustal rocks deposited late in the evolution of the area, Late Archean foreland basins would have had
alow preservation potential, versus piggyback basins which would have been partly buried, and thus
preserved, by the advance of thrust slices. (For an Archean example of a deformed foreland basin sequence
in the Barberton belt, see: Jackson et a. 1987, Eriksson et a. 1994, and Heubeck and Lowe 1994.)

Regarding the chronostratigraphic resolution of orogenic events, athick clastic unit can span an age
range and thus one radiometric date is not necessarily representative of an entire formation. Using the
Ament Bay Formation of the Sioux Lookout orogenic belt as an example, if the 2702-2694 Ma age of the
youngest dated clast (i.e., the “maximum age” of sedimentation) is from the upper part of the formation,
the lower part and the timing of related thrusting could be significantly (several Ma) older.

LATE STAGE OROGENIC BELT DEVELOPMENT (SIOUX LOOKOUT
OROGENIC BELT STAGE 6): EMPHASIS ON STRIKE-SLIP FAULTING

Because the quartz-vein hosted gold deposits in the Sioux Lookout orogenic belt (and elsewhere) have the
characteristics of mesothermal |ode gold deposits generally thought to have formed during late orogenesis,
all of the“Stage 6” aspects discussed below are potentially directly relevant to understanding the regional
structural context of gold mineralization.

The interpretation of major, late orogenic sinistral faults in the Sioux Lookout orogenic belt has been
based on recognition of (sub-) belt-scale map patterns (1-50 km features), not small-scale (1 cm to 1 m)
structural fabrics. One potentia advantage of this approach is that while small-scale fabrics are subject to
tectonic overprinting and thus may preserve a poor record, or no record at al, of earlier deformation events,
many larger scale structures or patterns are too large to be destroyed by subsequent tectonism. Also, efforts
to document the small-scale fabrics of faults and other deformation zones are likely to be frustrated by the
common lack of exposure or poor exposure; in northern Ontario, the actual locations of many mapped
deformation zones are inferred rather than based on direct observations.

For these two reasons (greater preservation of large-scal e structures, rarity of exposure of the actual
deformation zones), increased investigations of potential large-scale strike-slip tectonic structures in the
western Wabigoon subprovince (and el sewhere) are recommended. Such investigations could focus on
large-scale sigmoidally shaped structures: for example, potential late orogenic pull-apart basins and
plutons selectively located in or near transtensional zones, such as releasing bend areas of faults, versus
potential transpressional zones in restraining bend areas as sites for steeply dipping reverse faults and
fault-bounded pop-up structures (Devaney 1999b). For example, the lazy-Z shape of the conglomeratic
Crowduck Lake Group in the Lake of the Woods belt (Blackburn et al. 1991, Figures 9.9 and 9.36b)
suggests an origin as a dextral -sense pull-apart basin, but the presence of supposed early fabrics argues
against this. Any interpretation of synchronous synorogenic dextral strike-dlip faulting and Crowduck
pull-apart basin deposition, presumably followed by increments of deformation of the basin, would require
that early, preorogenic deformation fabrics are not present within Crowduck strata; rather, multiple late
orogenic fabrics would be present

The Sioux Lookout orogenic belt is along strike from the Miniss River Fault, afault with documented
late orogenic sinistral strike-dlip to oblique-slip motions (Williams et a. 1992, Bethune et al. 1999). The
interpreted late orogenic sinistral strike-slip faultsin the northern half of the Sioux Lookout orogenic belt
can be considered as the diffused southwest extension of the Miniss River Fault through the area. Such
sinistral faulting is consistent with the regiona (northwest Superior Province) tectonic pattern of a
conjugate set of major east-trending dextral faults and northeast-trending sinistral faults (Williams et a.
1992) and the interpreted effects of the “Wabigoon Indentor” (Stott and Corfu 1991, Corfu et al. 1995).

It is notable that a simplistic back-rotation of Sioux Lookout orogenic belt strata (down to the
northwest, about an axis along the strike-line) of about 60° would produce a belt with mostly low-dipping
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strata (flat to 30° dip southeast), except in two areas: the Northeast Bay of Minnitaki Lake area, and the site
of the Patara Formation These are the two most important large structures (7—20 km scale) that are
interpreted to have formed during Stage 6 strike-dlip faulting, the Northeast Bay area as arotated crustal
flake (“Riedd flake” in Fig. 32), and the Patara as a strike-slip (pull-apart) basin (Figures 26, 31)
potentially adjacent to aflower structure (Figures 28, 29).

The Riedel flake interpretation (Figure 32) is only the second cited example from Superior Province of
alarge-scale rock body interpreted to have been rotated about a steeply plunging axis. (The other example
isthat of Hale and Lloyd, cited in Stott and Corfu 1991, p.200 and 221.) Although an uncommon type of
tectonic structure, Riedel flakes and potentially rotated blocks might be worthy of the increased attention
by Superior Province workers.

Regarding verticalization of stratain the Sioux Lookout orogenic belt, because synthrust strata of Stage
5 were deposited as flat unlithified beds, and Stage 5 deposits form a unit (Ament Bay Formation) with
very steeply dipping schistose strata similar to the fabric in the older units of the belt, this could imply that
the rotation to vertical and acquisition of schistosity in al of the Sioux Lookout orogenic belt Stage 1to 5
units occurred during late Stage 5 and Stage 6. (Is this scenario of late orogenic wrenching and
development of subvertical schistosity also broadly applicable to other Archean belts?)

Testing of the speculative R-R’ lineament pattern hypothesisillustrated in Figure 33 would require
years of detailed structural mapping.

Study of the Sioux Lookout orogenic belt Stage 6 Patara Formation has generated results and ideas
broadly relevant to views regarding Archean synorogenic deformation. The importance of the newly
documented top indications and other descriptive data presented herein illustrates that there are still basic
contributions to be made to the mapping of geological featuresin the field in northwest Ontario; oft-visted
roadside outcrops are still yielding new data (Figure 3). The new strike-dlip basin interpretation for the
Patara Formation emphasi zes that more than one type and age of synorogenic clastic unit may be present in
a“greenstone” belt. The lazy-S shaped, sigmoidal map view outline of the deformed Patara Formation is
consistent with an origin viasinistral strike-dlip faulting; note that late orogenic events would be the ones
least likely to be tectonically overprinted, implying good preservation potential for at |east the gross
outlines of the primary shapes of large-scale late orogenic features. Recently published detrital zircon data
(Fralick and Davis 1999) confirms that the Patara Formation is synorogenic (<2700 Ma) and thusis not the
oldest sedimentary unit in the belt (versus earlier views: e.g., Blackburn et a. 1985). The newly identified
structural contact between the oppositely facing Northern Volcanic belt and Patara Formation (Figure 3),
which contrasts with the older interpretation of an unconformable contact in a homoclina sequence
(Blackburn et al. 1985), is an unusual relationship and may indicate vertical “upthrusting” and overturning
of afault slice at the margin of a positive flower structure (Figures 28, 29). How many flower structures
might be present in Superior Province?

Note that the maximum age of the Patara Formation (<2700 Ma) does not require that it be older than
the Ament Bay Formation, which has a maximum age of <2702—2694 Ma, because the ages of the detrital
grains date rocks eroded from the provenance area(s), not the time of sedimentary deposition in a basin.
(Obviously, dating of a cross-cutting intrusion would bracket the age range of deposition.) Furthermore,
much of the Patara Formation is lower dipping and less deformed than the Ament Bay Formation,
potentially reflecting alonger deformation history for the | atter.

It isimportant that the Sioux Lookout orogenic belt Stage 6 Patara Formation, like other units
interpreted as Archean late orogenic strike-slip basins, has been tectonized and does not consist of flat or
low-dipping beds. Thisimplies that increments of very late stage synorogenic deformation (compression
and/or transpression) postdated the late orogenic creation and infilling of the Patara basin and other similar
Archean strike-dlip basins. (In strike-dlip belts, many of the numerous deformation “increments” would
have been discrete earthquakes.) Such deformation increments can be geometrically complex; as aresponse
to variationsin local and/or regional stress regimes, strike-slip basins and intra-orogenic blocks may be
transtensionally downdropped and transpressionally uplifted (such up and down displacement has been
termed “porpoising” by Nilsen and Sylvester 1995, p.426), producing a “strike-slip” belt with significant
obligue-slip and dip-dlip displacements a so.
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The moderately to steeply dipping, variably penetratively deformed nature of the Patara Formation and
other similar units also implies that they were not produced during orogenic collapse. Extensional basins
associated with orogenic collapse (Hossack 1984, Dewey 1988, Windley 1995, Devaney 1999b) would
likely consist of low-dipping rift basin stratigraphic sequences having little or no penetrative deformation
within them (unless modified by subsegquent major orogeny).

SYNOROGENIC GRANITIC INTRUSIONS

As discussed above (under “Resolution and timing of Stage 5 and 6 orogenic events’), the temporal
linkages between granitic intrusion and tectonic events in the Sioux Lookout orogenic belt is not finely
resolved. Some granitic plutonism preceded the Stage 5 thrusting. The ages of a granitic clast in the Ament
Bay Formation (2702—2694 Ma: Davis et al. 1988) and two granitic plutons immediately to the southwest
of the study area (2699-2693 and 26972693 Ma: Davis 1990) show that, during the ca. 27002690 Ma
period, granitic plutonism was followed by the deposition and subsequent thrusting of the dated part of the
Ament Bay Formation

The geology of the few granitic intrusions in the Sioux Lookout orogenic belt study area was not
investigated in the present study, and the interpretation that some of these undated granitic plutons may
have intruded into transtensional sites such as Stage 6 fault releasing bends (Figure 31) is speculative but
incorporates recent modelling of granitic intrusion processes. Many synorogenic granitoid intrusions are
increasingly viewed as having been intruded into extensional or transtensional sub-zones within orogenic
belts (e.g., Guineberteau et al. 1987, Hutton 1988, 1992; Glazner 1991, D’Lemos et al. 1992, Tikoff and
and Tikoff and Teyssier 1992), including the intrusion of some plutons in Archean “greenstone” belts
(Devaney 1997, 1999a; Lacroix et a. 1998), and such scenarios are now popular as away of accounting for
the “room problem” regarding plutonic intrusion in general. Regarding resolution of the timing of any
granitoid deformation, particularly near pluton margins, potential complexities include the need to
distinguish deformation structures formed during pluton cooling from those of later solid-state deformation
(e.g., Paterson et a. 1988, 1989; Fernandez et a. 1997). Such models of granitoid intrusion, including
potential direct links between pull-apart basin development at the pal eo-surface and pluton intrusion at
depth (D’Lemos et a. 1992, Devaney 1999b), could probably also be applied el seawhere in the western
Wabigoon subprovince.

CRATONIZATION AND POSTOROGENIC EVENTS

Late orogenic events, such as those of Sioux Lookout orogenic belt Stage 6, are key parts of the

cratoni zation process. Stable cratonic areas do not suddenly appear after orogenic belt development; rather,
orogenesis gradually cratonizes an orogenic belt and may firmly attach such a belt to adjacent crustal
blocks. Based on accounts of orogens of various ages (e.g., Windley 1995), it is expected that as the
components of an orogenic belt become increasingly “welded together” by synorogenic intrusions, motions
along geometrically complex networks of interconnected fault-bounded blocks should become increasingly
difficult (e.g., the “final lateral locking” stage of Chorlton 1990, 1991) and the orogenic belt should be
transformed into arelatively stable, less structurally partitioned crustal block. If the belt is firmly attached
to adjacent crusta blocks, it will be part of alarger craton.

Following such progressive cratonization, postorogenic events in the western Wabigoon subprovince
and surrounding regions include intrusion of pegmetite dikes and granitic plutons at ca. 2680 to 2650 Ma
(Corfu et al. 1995, Larbi et a. 1999) and Early Proterozoic faulting (Kamineni et a. 1990).

“TERRANE” TERMINOLOGY

Regarding use the terms “terrane” and “Sioux Lookout terrane” by some workers (e.g., Beakhouse 1988,
Larbi et al. 1996, 1999, Sanborn-Barrie and Skulski 1999), in these cases the use of “terrane” may be
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misleading because it normally suggests an exotic or allochthonous relationship to adjacent areas
(Schermer et a. 1984), including the docking or accretion of one “exotic” terrane with another terrane
having a very different history as aresult of the two terranes having developed at sites far apart. As shown
in Figure 223, the Sioux Lookout orogenic belt (and also, by extrapolation of this model, the rest of the
western Wabigoon subprovince) is thought to have been adjacent to the older crustal blocks of the
Winnipeg River subprovince and central \Wabigoon subprovince throughout its history, with orogenic
faulting along the Sioux Lookout orogenic belt margin modifying only to a minor degree the largely
autochthonous (“parautochthonous”) relationship of the Sioux Lookout orogenic belt with its foreland
(Winnipeg River subprovince) and hinterland (central Wabigoon subprovince) bounding regions. Within
the western Wabigoon subprovince, there is no known unequivocal evidence for either the subduction
zone(s) proposed by Blackburn (1980) and Sanborn-Barrie and Skulski (1999) or the long-distance
horizontal trangation required for the identification of a discrete “exotic” terrane.

An exception to the comments above would be the case of the “transpressional terranes’ of Ave
Lallemant and Oldow (1988), in which one terrane is very different from the terrane on the opposite side a
major strike-slip fault and the terranes need not be exotic with respect to each other (e.g., there was no
accretion of an outboard exotic terrane; instead, there may have been long-distance displacement of a block
within asingle terrane, making the block appear “exotic” at its new location).
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NVB-Patara Formation Contact in
Cross-Section Along Highway 664

(transect approx. 1 km)

NW £

SE

Patara

coarsening-upward sequence

Figure 3. Roadside cross-section of the Patara Formation and adjacent Northern Volcanic belt (NVB).
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Stratovolcanic Transgression-Regression Cycle

subaqueous retrogradation ("destructive"phase);
—_ — — — — — — — — — subsidence follows emptying of magma
subaerial chamber (which built up the stratovolcano)

—————— maximum emergence

T

stratovolcano growth: progradation and aggradation
("constructive"phase), plus fluvial reworking
("uplift” because filling of magma chamber and/or
eruptive aggradation)

transition (shore facies): a subaerial
——————————————— unconformity may remove mid-cycle
subaqueous transitional facies

other subaqueous volcanic facies, including
%Q those transported from proximal subaerial areas
QQ pillowed flows

o DISTAL .
g, ) - ——- maximum submergence

Z0—0mummoeOMmx
»n
£
o
]
o
3,
)

subaqueous

————————— =" ;= — drowning surface
subaerial

Figure 4. Stratovolcanic transgression-regression cycle model, an idealized composite based on the three cyclesinterpreted to be present at Northeast
Bay of Minnitaki Lake (Devaney 1998). From bottom to top, graphic symbols represent features seen in the Northeast Bay outcrops: subagueous pil-
lowed lava, pebbly beds, climbing ripples, tightly packed clast-supported rounded-clast conglomerate, cross-bedding, low-angle bedding withnormal
or inverse grading, broken clast, talus at aaflow snout, bomb sag laminae, a“ squiggly” synvolcanic dike (irregular and embayed margins, intruded into
unlithified tuffs), airfall bomb clast, and coarse oligomict tuff-breccia with broken angular clasts (broken via ballistic impacts during block-and-ash
flow transport, or former pyroclasts that broke along cooling cracks).
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Figure5a. Geochemical samplelocation map. (Samples34, 35 and 36 arefrom north shore of Minnitaki Lake (Pickerel Arm) sitesabout 1.5 km south
of the southwest corner of the figure.)
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Figure 5b. Geochemical sample location map, Northeast Bay of Minnitaki Lake area.
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Figure 6. Discrimination plots showing inferred plate tectonic affinity of Sioux Lookout orogenic belt basalts: a) after Pearceand Cann (1973); A and
C, volcanic arc basalt; B, mid-ocean ridge basalt + volcanic arc basalt; D, within plate basalt; b) after Wood (1980); A, mid-ocean ridge basalt; B,
mid-ocean ridge basalt + within plate basalt; C, within plate basalt; D, volcanic arc basalt; c) after Meschede (1986); Al and All, within plate alkali
basalts; All and C, within platetholeiitic basalts; B, plume-influenced mid-ocean ridgebasalt; Cand D, volcanic arc basalt; D, normal mid-oceanridge
basalt; d) after Hawkesworth et al. (1993); most valuesare of “oceanic” or juvenilearc affinity (cf. Ayer and Davis 1997, Figure 8); after Pearce (1983;
cf. Ayer and Davis 1997, Figure 7).
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Figure11. Chondrite-normalized rare earth element (REE) plotsfor samplesof Sioux Lookout orogenic belt lithologiesand stratigraphic units; d-hare
for samplesfromthe Northeast Bay of Minnitaki Lake (NEBML) area: a) Northern Vol canic belt basalt; b) PataraFormation basalt-clast conglomerate;
¢) north and south Central Volcanic belt basalt (note distinct north versus south sample groups); d) eastern (lower) andesitic strata (samples J-53, -54,

-102); e) central (middle) andesitic strata (samples J-67, -68,
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Figure 11. Continued. -77 to -81); f) western (upper) andestic strata (samples J-29, -30, -31, B-56); g) dioritic rocks; h) western (upper) andesitic
strata(samplesJ-29to -31) and dioritic rocks (samples J-60 to -63; showsoverlap of thetwo samplegroupswithin anarrow compositional range); i) a
Central VVolcanic belt sandstone (sampleJ-92); j ) eastern Central Vol canic beltrhyolites (Superior Junction areasamples); k) Big-Vermilion-Daredevil
unit and Daredevil Formation intermediate-felsic volcaniclastic rocks; I) Ament Bay Formation sandstone (sample J-6);
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andesitic strata (samples J-53, -54, -102); €) central (middle) andesitic strata (samples J-67, -68, -77 to -81); f) western (upper) andestic strata
(samples J-29, -30, -31, B-56);
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Figure 12. Continued. m) Northeast Intrusive Complex (NEIC) diorite-gabbro; n) granitoids; o, p, q) three Central Volcanic belt sample groups.
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Figure 14. Continued.
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Figure 15. Zr/Yb versus Nb/Y b discrimination diagram (after Pearce and Peate 1995, Figure 2) for Sioux Lookout orogenic belt basalts.
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Figure 17. Discrimination diagrams (after Saundersand Tarney 1991, Figures 10.13, 10.15, 10.16) for Sioux Lookout orogenic belt basalts: a) Baversus
Zr; b) CelZr versus BalZr; c) Ce/Nb versus Th/Nb. BABB, back-arc basin basalts; ORB, ocean ridge basalt; |AB, island arc basalt; OIB, oceanic island
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Figure 18. Adakite classification diagrams (after Drummond et al. 1996, Figures 2, 3, 5, 6, 8) for selected Sioux Lookout orogenic belt volcanic and
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Figure 19. REE plotsfor representative samples of interpreted Stages 1to 4 (stagescircled). Note theincrease in fractionation asexpressed by the
chondrite-normalized La/Yb ratio, over time, from Stage 1 to 4.
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Figure 20. Extended trace element plots for representative samples of interpreted Stages 1 to 4 (stages circled). Note the increasingly large and well
defined negative Nb anaomaly (a subduction signature) over time, from Stage 1 to 4.
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Figure 21. Plot of N-MORB normalized Th/Nb (a subduction signature) versus chondrite-normalized La/Y b (afractionation measure) for all Sioux
Lookout orogenic belt samples. Different lithologiesand stratigraphic units define discrete sample groups, including the interpreted vol canic and tec-
tonic Stages 1 to 4. The position of the fields for stages 2, 3 and 4 isinterpreted to reflect progressive arc development (juvenilearc Stage 2, rifted arc

Stage 3, mature arc Stage 4) during the ca. 2735-2712 (or -2704) Ma period.
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STAGES IN THE EVOLUTION OF THE
SIOUX LOOKOUT OROGENIC BELT

NNW SSE
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early orogenic stage: [ it molasse
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extensional
3 stage: M
calc-alkalic CVB @
intermediate /o g)
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Acronyms: BlIF=banded iron formation; BLB =Basket Lake Batholith; CVB=Central Volcanic Belt; CWR=Central
Wabigoon Region; NVB=Northern Volcanic Belt; SVB=Southern Volcanic Belt; WRS =Winnipeg River Subprovince;
all diagrams schematic, not to scale; U-Pb dates (+/- few Ma) from Davis et al (1988) and Davis (1990)

Figure 22a. Cross-sectional cartoon views of the interpreted evolutionary stages of the Sioux Lookout orogenic (“ greenstone”) belt. See text for
qualifying statements and detailed explanations.
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STAGES OF MINERALIZATION

6, late orogenic stage: late quartz or quartz-carbonate veins with erratic gold values;
most Au occurrences are within the
Neepawa (CVB) and Minnitaki groups and
are distributed along two strike-parallel
ENE-trending lineaments (this fact
previously unrecognized); to the SW, the
former Goldlund gold mine and the current
Teck-Corona Thunder Lake gold prospect
(in Zealand Twp.) are located along these
two lineaments

5, early orogenic stage: quartz and/or carbonate veins

4, late arc stage: iron formation units within the sedimentary Minnitaki Group and the Big
Vermilion-Daredevil volcanic unit (minor chemical sediments in

volcaniclastic sediments): magnetite, pyrite and chert exhalites, and

related synvolcanic hydrothermal alteration (sub-exhalite)

in the underlying upper Minnitaki Group (including volcanic dome

facies) and horizons of the Big Vermilion-Daredevil unit

within the northeast CVB, merely incipient
porphyry copper-type mineralization

(rare Cu-Mo in and marginal to an
intermediate subvolcanic intrusion) and
no evidence of epithermal

mineralization in a genetically linked
andesitic stratovolcano succession

3, middle arc extensional stage: / \

2, early arc stage: minor exhalite layers

1, rift to ocean stage: iron formation units within the basaltic NVB: magnetite, pyrite
and chert exhalites from synvolcanic hydrothermal flow

Figure 22b. Corresponding stages of mineralization.
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Semi-Schematic North-South Transect
Across the Sioux Lookout Belt
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Figure 23. Semi-schematic map of the Sioux Lookout orogenic belt. Discussions of sites1 to 27 aregiven in the text. Abbreviations: WRS, Winnipeg
River subprovince; NVB, Northern Volcanic belt; Big V-Dd, Big Vermilion-Daredevil unit; CVB, Central Volcanic belt; MG, Minnitaki Group; SVB,
Southern Volcanic belt, BLB, Basket Lake batholith.
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Schematic Cross-Sections Modelled on Sioux Lookout Belt
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Figure 24. Schematic cross-sections of the Sioux Lookout orogenic belt, including modelled (hypothetical) palinspastic restoration of thrusts.
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STAGE 5: SEDIMENTATION AND TECTONICS

Ament Bay Fm. braided river deposits,
intra-orogenic syn-thrust molasse deposits

(fluvium eroded away,
@, hot preserved)

>

basal unconformity A

~

Figure 25. Stage 5 sedimentation and tectonics: syn-thrust molasse, piggyback basin paleogeographic scenario.
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Late Stage(Stage 6) Sinistral Strike-Slip Faults,
Sioux Lookout Orogenic Belt

Sioux / -
’{‘ Lookout 7
L v ‘.
v — J

Patara Fm.
strike-slip basin
=
Ament Bay Fm. —
/ (Stage 5 molasse)
=

10 km

Figure 26. Stage 6 Sioux Lookout orogenic belt map: strike-slip duplexes, synorogenic and intra-orogenic sedimentary basins, and graniticintrusions.

124



thrust fault

"mystery contact," footwall hanging wall
{  probably a fault syncline)} ¢ § anticline
= I = = - _):_ N i = =
- > - -
. HOfF S| F r
I sl | |
g ->' =
= | - =»> )l P
map view: observations map view: interpretations
NN\ .
ke \rs
Drag Folds Produced * \
by Thrusting
(may be complicated by
later strike-slip faulting)
A top indications (\

cross-section: interpretations
(if strata are vertical, no overturning)

Figure 27. Cartoon scenario for drag folds produced by thrusting.
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Winnipeg River Subprovince - Sioux Lookout Belt Boundary
in Cross-Section: Multiple Hypotheses

NVB
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NVE overtume(_j . foreland basement uplift
by pluton intrusion

hinterland-vergent, to right (SE)

coarsen-upward
sequence

Flower structure

(sinistral-oblique faults,
fault slices)

Figure 28. Cartoon views of potential Winnepeg River subprovince-Sioux Lookout orogenic belt boundary structures (multiple hypotheses)

126



fault with dip-slip and
strike-slip components

y _
/ transpression
p N

(after Ramsay and Huber 1987)

Figure 29. Sinistral-sense positive flower (palm tree) structure.
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Types of Dilational Openings Arising During
Kink Band Formation

C saddle reef structure B en-echelon extension veins A perpendicular to anisotropy
% % %
E rotation spaces in high angle joint drags D rotation spaces

oy

20 km

(after Ramsay and Huber 1987)

Figure 30. Theory of small-scale kink formation (after Ramsay and Huber 1987, Figure 20.36) applied to “mega-kinks’ (note scale) with dilational
openings as proposed sites for pluton intrusion.
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STAGE 6: SEDIMENTATION AND TECTONICS

releasing bend
granitoid pluton

/ NVB

7

Big-V
Daredevil
unit

Patara Fm.
strike-slip to
oblique-slip

pull-apart basin

Figure 31. Stage 6 sedimentation and transtensional tectonics: pull-apart basin (Patara Formation) and releasing bend pluton.
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Riedel Flake Structure

folded
section 6 71 Lake Fault
174 . Miniss
\ River Fault

flake Deformation
Zone

Cartoon map view of regionally anomalous west-younging strata in the Northwest Bay of
Minitaki Lake (NEBML) area (NE CVB) as a rotated Riedel flake structure; note
sinistral offsets of andesitic pyroclastic units (black), 7 kmeach.

Figure 32. Riedel flake structure; theory in upper panel, application to Northeast Bay of Minnitaki Lake (NEBML) areain lower panel.
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Lineaments Joining Gold Occurrences in the Sioux Lookout Belt
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Figure 33. The proposed lineament pattern joining gold occurrences (black dots) inthe Sioux Lookout orogenic belt (and equivalent rocksto the south-
west) resembles alarge-scale conjugate Riedel shear set (theory shown in inset; major stratigraphic and fault surfaces trend at about 64°).
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Shear Fracture Patterns
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Figure 34. Theoretical shear fracture patterns, with azimuth orientations appropriate to the Sioux Lookout orogenic belt.

132



Table 1. Major and selected trace element data for Sioux Lookout orogenic belt samples.

Sample 94JRD-0002 94JRD-0004 94JRD-0006 94JRD-0008 94JRD-0009 94JRD-0010 94JRD-0013  94JRD-0014A
Rock Type Mafic cng Mafic cng Sandstone Sandstone Felsic tuff Lapilli-tuff Lapillistone Tuff

(field 1.D.)

SiO2 % 48.47 46.14 70.68 62.84 66.34 65.40 62.84 64.44
Aly03 15.02 13.84 11.95 15.13 15.46 15.43 16.35 14.64
MnO 0.41 0.28 0.06 0.10 0.05 0.06 0.08 0.14
MgO 477 471 1.92 241 1.69 214 2.38 1.62
CaO 8.88 815 217 252 314 351 1.85 1.99
NaxO 211 2.19 3.25 3.67 3.98 4.12 2.86 5.93
K20 1.06 0.17 154 1.56 3.26 3.10 2.82 0.64
TiO2 1.26 1.06 0.37 0.51 0.37 0.40 0.51 0.84
P205 0.06 <0.05 <0.05 0.09 0.11 0.13 0.10 0.11
Fe,O3* 15.48 12.71 4.28 6.05 334 3.78 5.50 6.91
LOI 0.82 9.27 3.42 437 1.10 1.23 3.28 241
TOTAL 98.34 98.52 99.64 99.26 98.84 99.29 98.57 99.67
S 0.30 0.01 0.01 0.04 0.01 0.02 0.04 0.02
COy <0.10 5.65 157 1.96 <0.10 0.14 0.64 0.59
FeO 11.66 10.20 2.66 421 131 1.63 3.26 457
H20- 0.12 0.46 0.30 0.25 0.16 0.20 0.22 0.29
H0* 151 4.73 2.02 2.72 101 1.08 2.94 2.08
Ag ppm 3 2 1 2 2 3 2 2
Cd 2 2 2 2 2 2 2 2
Li 22 18 24 23 17 21 33 9
Hg 8 32 33 58 33 25 59 N.D.
cl 250 N.D. 789 435 612 N.D. 1300 789
F 300 200 139 278 278 319 306 306
Co 69 50 16 18 11 12 16 11
Cu 109 107 31 37 14 14 61 18
Mo N.D. N.D. N.D. N.D. 9 9 9 N.D.
Ni 150 125 41 48 30 36 51 16
Sc 42 38 10 12 5 7 11 12
\Y 356 319 81 107 50 59 101 54
Zn 142 117 51 81 59 62 88 148
Au (ppb) 3 N.D. 5 4 N.D. 4 N.D. N.D.
Y 29 21 9 11 9 11 10 24
Zr 77 64 79 123 136 143 119 179
Ba 442 135 604 553 996 1135 940 277
Cr 253 304 93 91 45 59 98 10
As 11 N.D. 11 6 N.D. N.D. 13 N.D.
Pb 8 N.D. 11 16 28 32 14 N.D.
La 497 38 16.05 41.49 42.13 46.73 273 23.09
Ce 12.57 9.64 29.42 78.97 78.92 88.19 53.77 50.63
Pr 1.88 148 3.23 8.84 8.94 10.02 6.14 6.47
Nd 9.45 7.61 11.63 30.55 31.58 35.84 22.62 258
Sm 3.03 2.39 2.03 4.36 4.92 5.64 3.65 5.14
Eu 0.95 0.82 0.53 13 1.06 1.18 0.83 173
Tb 0.71 0.56 0.24 0.38 0.37 0.43 0.36 0.69
Gd 41 32 1.66 28 2.98 3.49 2.62 46
Dy 5 3.66 1.38 2.25 1.95 22 2 412
Ho 1.07 0.78 0.26 0.38 0.35 0.41 0.4 0.82
Er 3.07 217 0.75 1.04 0.96 113 11 23
m 0.48 0.31 0.12 0.16 0.14 0.16 0.17 0.35
Yb 3.05 2.06 0.82 11 0.89 1.02 101 22
Lu 0.47 0.29 0.14 0.17 0.13 0.16 0.15 0.33
Rb 85.42 10.74 40.84 53.74 101.35 93.69 93.06 850
Sr 119.57 103.07 385.99 396.18 749.63 805.79 503.75 83.33
Nb 3.66 2.66 359 2.59 6.62 6.97 5.26 11.66
Cs 11.61 0.42 2.06 3.35 3.28 2.68 4.01 0.35
Hf 1.83 0.77 211 3.08 3.29 2.93 2.62 4.67
Ta 0.25 0.21 0.29 0.22 0.53 0.55 0.43 0.73
Th 0.52 0.37 4.16 7.87 11.39 12.03 6.78 357
U 0.14 0.09 1.15 1.95 2.83 2.98 1.64 0.87

133



Table 1. Continued.

Sample 94JRD-0014B  94JRD-0015 94JRD-0015 94JRD-0017 94JRD-0018 94JRD-0019 94JRD-0020 94JRD-0022
Rock Type Tuff (alt.) Tuff (duplicate) Lapilli-tuff Sandstone Volc cng Mafic cng Granitoid
(field 1.D.)

SIO2 % 74.27 56.31 55.96 73.30 58.17 68.03 50.67 69.76
Aly03 12.06 14.50 14.39 12.57 16.72 12.92 15.23 15.29
MnO 0.04 0.13 0.13 0.02 0.12 0.12 0.21 0.05
MgO 122 413 413 0.17 291 201 6.58 1.05
CaO 1.15 5.34 5.30 0.61 2.63 351 10.49 172
NaxO 4.84 312 312 0.20 3.20 4.88 1.64 4.80
K20 0.93 154 154 7.40 257 0.65 0.14 2.08
TiO2 0.24 0.61 0.60 0.11 0.66 0.54 0.83 0.37
P205 <0.05 0.12 0.12 <0.05 0.11 0.12 <0.05 0.11
FeyO3* 2.70 6.94 6.94 2.23 9.76 5.58 11.44 2.80
LOI 2.02 6.66 6.69 171 2.10 1.16 1.36 1.58
TOTAL 99.47 99.40 98.92 98.32 98.95 99.52 98.59 99.61
S <0.01 0.04 0.04 0.11 0.15 0.26 0.09 0.02
COy 0.69 3.72 3.76 0.68 <0.10 0.11 <0.10 0.23
FeO 149 512 513 0.94 6.88 3.14 8.35 1.36
H20~ 0.30 0.28 0.25 0.28 0.31 0.30 0.10 0.27
H0* 1.37 3.67 358 121 2.37 0.94 214 1.35
Ag ppm 2 3 2 3 2 4 2
Cd 2 2 2 2 2 2 2
Li 10 32 16 62 11 14 17
Hg 27 6 27 N.D. 11 21 N.D.
cl 435 435 2375 1725 1500 N.D. 413
F 139 278 N.D. 306 278 190 139
Co N.D. 22 N.D. 23 14 54 8
Cu N.D. 40 14 81 32 112 9
Mo N.D. N.D. 10 N.D. 13 N.D. 9
Ni 10 96 N.D. 58 35 156 9
Sc 6 15 4 18 11 41 3
\Y, 16 134 N.D. 165 108 282 45
Zn 30 84 135 92 63 100 59
Au (ppb) N.D. N.D. 4 N.D. N.D. N.D. N.D.
Y 26 14 35 13 10 19 10
Zr 248 115 205 131 120 54 163
Ba 250 456 504 633 202 90 891
Cr 12 328 12 144 110 399 16
As 22 23 11 N.D. N.D. 6 N.D.
Pb N.D. 9 N.D. 16 25 N.D. 15
La 26.57 18.85 18.65 40.01 24.13 29.37 3.64 37.93
Ce 57.25 38.71 37.9 87.82 55.06 54.08 8.76 76.04
Pr 7.17 47 46 10.75 6.77 6 13 8.45
Nd 27.56 18.54 18.09 39.98 24.35 21.47 6.34 29.19
Sm 5.67 355 3.46 7.24 4.14 35 1.98 4.47
Eu 1.15 0.88 0.85 0.86 0.97 1.02 0.72 1.06
Tb 0.75 0.44 0.42 0.74 0.41 0.33 0.46 0.37
Gd 5.14 2.96 2.93 5.36 2.82 2.56 2.54 297
Dy 454 2.56 25 4.38 2.46 1.84 3.09 1.89
Ho 0.91 0.52 0.49 0.88 0.49 0.36 0.66 0.36
Er 2.58 145 1.38 27 1.46 1 1.99 0.95
m 0.39 0.21 0.22 0.45 0.23 0.15 0.29 0.14
Yb 2.63 1.38 1.34 321 1.56 0.97 19 0.91
Lu 0.4 0.22 0.2 05 0.24 0.15 0.3 0.15
Rb 2231 46.39 46.88 116.61 111.60 29.14 4.44 86.20
Sr 26.88 408.93 400.77 26.17 375.92 513.15 146.34 278,51
Nb 12.02 481 4.81 14.08 531 4.94 2.26 12.79
Cs 0.63 114 114 2.89 5.69 257 0.79 413
Hf 7.00 2.95 2.85 6.30 352 3.00 1.02 4.10
Ta 0.84 0.39 0.36 1.02 0.37 0.35 0.16 0.76
Th 6.09 4.62 4.56 7.25 6.72 6.89 0.40 14.25
U 155 1.30 1.26 181 1.70 1.64 0.11 3.44
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Table 1. Continued

Sample 94JRD-0024  94JRD-0029 94JRD-0030 94JRD-0031 94JRD-0034 94JRD-0034 94JRD-0035 94JRD-0036
Rock Type Sandstone Lapillistone Tuff-breccia Int pillow Fel porphyry  (duplicate) Tuff-breccia  Lapillistone
(field 1.D.)

SIO2 % 59.15 53.78 51.55 54.84 66.77 66.76 68.59 52.94
Aly03 13.48 14.54 14.79 12.93 16.58 16.85 16.84 14.92
MnO 0.04 0.13 0.15 0.15 0.04 0.03 0.05 0.12
MgO 117 6.48 5.92 3.67 0.67 0.68 0.29 2.62
CaO 2.05 5.16 5.96 7.14 3.29 3.26 281 4.90
NaxO 2.65 3.46 2.96 3.77 3.61 3.66 3.58 3.01
K20 247 0.78 0.53 0.19 1.26 1.28 0.94 1.58
TiO2 0.34 155 145 1.32 0.51 0.51 0.53 1.75
P205 0.05 0.31 0.29 0.30 0.11 0.11 0.10 0.31
FeyO3* 11.20 8.88 10.94 8.30 1.94 1.93 1.34 8.47
LOI 5.87 413 4.22 7.08 427 4.50 4.43 7.74
TOTAL 98.47 99.19 98.76 99.69 99.05 99.57 99.51 98.36
S 431 0.01 0.01 0.01 0.02 0.02 0.01 0.04
COy <0.10 0.82 0.56 4.44 241 244 218 5.57
FeO 1.21* 5.76 6.82 591 1.20 1.20 0.67 571
H20- 0.35 0.31 0.34 0.27 0.33 0.32 0.41 0.05
H0* 249 4.05 4.23 319 2.04 214 231 217
Ag ppm 3 3 3 3 2 2 3
Cd 2 2 2 2 2 2 2
Li 27 21 20 21 21 22 26
Hg 5 N.D. 19 N.D. N.D. N.D. N.D.
cl N.D. 435 N.D. 250 2500 2500 750
F 300 208 310 278 540 433 417
Co 29 35 37 28 9 5 27
Cu 142 122 52 69 15 16 22
Mo N.D. N.D. N.D. N.D. 9 9 N.D.
Ni 30 198 122 65 21 14 73
Sc 7 19 20 14 6 7 17
\Y 72 162 172 125 64 55 168
Zn 47 119 134 101 54 19 105
Au (ppb) N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Y 6 23 24 18 7 5 23
Zr 97 198 187 127 121 144 152
Ba 969 245 128 83 395 271 541
Cr 58 293 205 53 22 38 91
As 18 N.D. N.D. N.D. N.D. N.D. N.D.
Pb 30 N.D. 7 7 7 N.D. N.D.
La 10.86 23.75 23.47 18.13 22.49 22.02 27.78 22.08
Ce 21.46 54.64 52.92 44.76 44.08 43.47 52.58 54.63
Pr 254 7.22 6.88 6.01 4.98 4.93 5.61 743
Nd 9.47 2941 27.97 2452 17.67 17.38 19.63 30.83
Sm 1.78 6.01 5.59 4.95 2.89 2.87 3.04 6.14
Eu 0.55 1.62 1.6 142 0.78 0.79 0.86 1.6
Tb 0.21 0.76 0.75 0.6 0.27 0.26 0.23 0.64
Gd 145 5.35 5.13 427 212 2.05 2 5.04
Dy 1.28 4.46 432 343 143 141 122 3.29
Ho 0.25 0.85 0.87 0.64 0.25 0.25 0.22 0.58
Er 0.68 2.26 2.33 1.69 0.69 0.68 0.64 155
m 0.11 0.33 0.34 0.24 01 01 0.09 0.23
Yb 0.63 2.03 2.08 148 0.63 0.66 0.59 152
Lu 01 0.29 0.31 0.23 01 01 01 0.24
Rb 88.37 16.86 14.04 5.07 28.45 28.36 25.79 59.39
Sr 324.78 248.35 293.79 287.82 366.11 367.28 427.50 269.33
Nb 3.09 15.39 15.05 10.34 2.77 2.75 3.39 8.81
Cs 431 0.84 1.46 0.26 1.27 1.27 161 1.89
Hf 1.90 4.22 3.76 2.74 2.74 281 3.47 3.86
Ta 0.24 0.85 0.85 0.59 0.25 0.23 0.27 0.58
Th 3.06 244 2.20 117 3.35 3.35 381 2.00
U 1.02 0.57 0.54 0.33 0.84 0.84 0.92 0.52
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Table 1. Continued

Sample 94JRD-0045 94JRD-0047 94JRD-0053 94JRD-0054 94JRD-0056 94JRD-0060 94JRD-0061  94JRD-0062
Rock Type Mafic pillow Lapilli-tuff Int tuff Felsic tuff Porphyry Diorite Diorite Diorite

(field 1.D.)

SIO2 % 49.82 37.57 52.28 55.86 53.49 52.18 54.30 51.17
Aly03 15.30 11.66 14.33 14.35 17.23 17.66 15.94 1541
MnO 0.19 0.47 0.12 0.12 0.11 0.14 0.13 0.10
MgO 6.60 5.55 5.67 477 2.88 3.56 3.26 5.52
CaO 10.91 20.04 6.65 6.23 5.90 5.39 5.93 3.56
NaxO 2.76 1.38 142 4.04 2.69 3.98 411 4.75
K20 0.13 0.17 221 0.41 1.83 0.74 0.35 0.23
TiO2 0.81 0.73 0.69 113 153 1.62 1.34 115
P205 <0.05 <0.05 0.11 0.19 0.33 0.32 0.27 041
FeyO3* 11.56 9.93 7.50 832 9.46 10.02 9.21 12.08
LOI 0.93 11.67 7.89 2.23 3.20 3.40 3.86 5.17
TOTAL 99.01 99.17 98.87 97.65 98.64 99.01 98.69 99.55
S 0.09 0.01 <0.01 <0.01 0.04 <0.01 <0.01 021
COy 0.43 10.40 4.18 0.15 0.12 0.35 1.32 <0.10
FeO 9.00 6.58 557 5.47 4.92 6.02 6.04 5.63
H20~ 0.06 0.30 0.31 0.24 0.29 0.41 0.23 1.35
H0* 1.32 2.59 4.48 271 355 351 324 4.59
Ag ppm 4 5 3 3 4 4 3 3
Cd 2 2 2 2 2 2 2 2
Li 10 17 34 14 16 17 14 16
Hg N.D. 16 N.D. N.D. N.D. N.D. N.D. 1
cl N.D. N.D. N.D. 575 1313 346 1250 250
F 114 N.D. 333 400 500 455 417 398
Co 51 42 31 30 29 29 26 13
Cu 128 66 72 26 55 56 23 126
Mo N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ni 145 109 146 112 51 62 55 27
Sc 34 26 17 17 16 18 16 15
\Y 264 219 120 145 173 195 175 95
Zn 88 74 87 101 113 117 108 102
Au (ppb) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Y 17 18 15 19 26 18 20 14
Zr 53 53 126 166 204 110 131 79
Ba 71 262 249 117 507 216 135 106
Cr 290 240 332 143 33 41 35 149
As N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Pb N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
La 241 354 14.25 18.63 26.36 14.6 18.25 145
Ce 6.5 89 31.52 41.78 62.08 34.48 42.39 34.17
Pr 1.04 1.29 3.96 5.32 818 453 5.56 4.48
Nd 5.38 6.28 16.19 21.95 33.58 20.01 23.28 19.3
Sm 1.86 1.98 3.29 454 6.69 4.49 4.73 3.73
Eu 0.61 0.71 0.92 121 1.85 147 153 1.28
Tb 0.44 0.44 0.46 0.57 0.87 0.57 0.65 0.44
Gd 247 2.56 311 3.94 6.07 42 4.41 32
Dy 3.06 291 2.77 322 5.16 352 3.75 257
Ho 0.64 0.61 0.55 0.65 1.02 0.68 0.74 0.49
Er 1.92 1.79 161 18 2.8 1.89 2.05 1.34
m 0.28 0.26 0.25 0.25 0.39 0.25 0.28 0.21
Yb 17 1.58 151 152 242 1.59 1.75 1.24
Lu 0.22 0.24 0.25 0.23 0.36 0.24 0.26 0.19
Rb 1.65 9.58 65.54 4.79 64.57 21.58 11.28 3.86
Sr 116.07 101.66 138.12 91.46 789.81 334.34 388.90 203.28
Nb 2.20 2.32 8.01 12.24 16.52 9.69 9.97 8.06
Cs 0.12 0.72 1.00 0.11 1.78 0.48 0.26 0.15
Hf 0.64 0.48 6.61 3.07 3.83 2,07 1.50 0.94
Ta 0.17 0.18 0.51 0.73 0.91 0.57 0.60 0.51
Th 0.24 0.43 1.75 2.00 2.68 153 161 0.94
U 0.06 0.11 0.43 0.53 0.65 0.31 0.34 0.24
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Table 1. Continued.

Sample 94JRD-0062 94JRD-0063 94JRD-0066 94JRD-0067 94JRD-0068 94JRD-0070 94JRD-0071  94JRD-0072
Rock Type (duplicate) Diorite Porphyry Lapilli-tuff Lapilli-tuff Int volcanic Int volcanic Int volcanic
(field 1.D.)

SIO2 % 50.96 47.62 57.25 54.22 52.63 46.59 36.57 53.29
Aly03 15.40 16.00 16.20 14.79 14.15 16.02 8.61 15.94
MnO 0.10 0.15 0.10 0.13 0.15 0.15 0.04 0.02
MgO 5.48 4.78 3.74 5.12 7.21 6.13 0.18 0.63
CaO 3.56 9.44 5.83 6.93 5.35 6.86 5.26 2.34
NaxO 4.73 254 4.93 3.48 2.84 252 0.01 0.09
K20 0.21 0.44 0.49 0.34 0.96 1.34 1.30 5.08
TiO2 1.15 2,07 1.26 1.23 1.09 131 157 2.36
P205 0.40 0.33 0.27 0.24 0.19 0.28 0.21 0.52
FeyO3* 12.05 12.54 7.37 9.40 10.07 10.33 28.38 10.94
LOI 5.13 2.65 2.25 334 4.23 7.18 13.59 5.26
TOTAL 99.18 98.56 99.70 99.22 98.87 98.70 95.72 96.48
S 0.21 0.15 0.01 0.01 <0.01 <0.01 13.40 0.89
COy <0.10 0.15 0.18 0.56 0.71 391 <0.10 0.24
FeO 5.64 7.98 4.84 571 7.18 7.86 1.2* 0.63
H20- 151 2.27 0.25 0.26 0.31 0.55 1.46 1.33
H0* 459 337 248 3.33 4.06 5.10 3.06 4.15
Ag ppm 4 3 4 3 2 3 2
Cd 2 2 2 2 N.D. N.D. N.D.
Li 13 13 18 24 28 8 14
Hg N.D. N.D. N.D. N.D. 7 19 15
cl 308 850 250 115 N.D. N.D. 145
F 489 333 317 273 389 167 847
Co 42 23 33 40 39 67 11
Cu 102 N.D. 37 25 10 126 311
Mo N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ni 98 93 109 152 146 149 19
Sc 22 15 19 20 22 13 24
\Y 260 137 173 169 192 158 228
Zn 126 70 107 116 148 90 27
Au (ppb) N.D. N.D. N.D. N.D. N.D. 17 N.D.
Y 23 19 20 20 19 21 25
Zr 132 192 160 141 119 152 242
Ba 162 168 172 335 305 264 652
Cr 87 121 131 220 164 17 14
As N.D. N.D. N.D. N.D. 32 25 9
Pb N.D. N.D. 7 7 N.D. 12 N.D.
La 13.83 16.47 20.34 21.56 20.54 15.95 14.13 20.17
Ce 32.94 42.33 46.91 50.91 45.31 40.23 35.04 50.17
Pr 437 6.07 6.1 6.79 5.89 5.69 5.05 6.93
Nd 18.53 26.63 25.28 27.25 24.54 24.07 22.37 29.90
Sm 3.69 5.83 5.08 5.27 4.88 4.82 4.68 6.57
Eu 1.25 1.87 1.39 161 1.34 142 1.32 1.75
Tb 0.44 0.77 0.62 0.68 0.62 0.63 0.67 0.87
Gd 3.16 5.26 4.46 438 4.43 4.26 452 5.87
Dy 251 44 3.45 3.98 3.72 3.44 4.06 511
Ho 0.46 0.87 0.68 0.78 0.75 0.65 0.84 1.00
Er 134 23 1.94 214 2.19 1.85 241 2,97
m 0.19 0.32 0.28 03 0.31 0.26 0.33 0.43
Yb 1.15 2.02 177 1.89 191 161 2.20 2.80
Lu 0.18 0.31 0.28 0.27 0.29 0.25 0.31 0.43
Rb 3.69 10.35 12.89 5.30 21.34 39.80 42.01 137.28
Sr 187.93 548.55 226.95 341.27 221.46 167.87 454.61 80.66
Nb 7.96 12.69 15.61 11.94 8.16 13.65 14.49 22.64
Cs 0.12 0.28 0.28 0.18 0.65 1.34 1.02 2.98
Hf 0.91 181 4.76 327 324 2.73 3.08 5.81
Ta 0.50 0.69 0.89 0.69 0.50 0.72 0.84 1.28
Th 0.90 145 244 2.08 244 0.99 147 249
U 0.24 0.37 0.64 0.55 0.57 0.29 0.47 0.65
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Table 1. Continued.

Sample 94JRD-0077 94JRD-0078 94JRD-0079 94JRD-0080 94JRD-0081 94JRD-0087  94JRD-0091  94JRD-0091
Rock Type Porph dike Int volcanic Porph dike Int dike Lapilli-tuff Pillow bxa Granite (duplicate)
(field 1.D.)

SIO2 % 54.37 44.90 50.30 54.09 51.57 44.55 65.46 66.08
Aly03 14.58 14.23 14.24 16.75 15.95 14.13 13.87 13.75
MnO 0.16 0.24 0.15 0.09 0.15 0.24 0.09 0.09
MgO 4.63 6.19 824 3.39 5.26 6.11 0.64 0.63
CaO 5.73 13.38 6.20 7.39 5.59 13.30 1.98 1.93
NaxO 4.12 0.03 327 3.45 3.42 0.03 4.00 4.02
K20 0.21 <0.02 0.79 1.16 0.44 <0.02 1.58 1.62
TiO2 2.02 1.05 1.34 161 161 1.04 0.79 0.76
P205 0.43 <0.05 0.25 0.35 0.31 <0.05 0.19 0.18
FeyO3* 9.35 14.60 10.98 7.96 10.89 14.52 6.86 6.65
LOI 281 451 331 2.66 3.79 3.42 332 3.23
TOTAL 98.41 99.13 99.08 98.90 98.97 97.34 98.78 98.94
S 0.37 2.56 0.02 0.01 <0.01 0.03 0.01 0.01
COy 0.35 0.12 <0.10 0.14 0.21 0.19 1.39 134
FeO 6.06 1.23 8.18 4.44 7.23 8.83 3.56 354
H20~ 0.46 0.63 0.32 0.26 0.47 0.43 0.40 0.32
H0* 3.39 2.83 424 297 4.35 427 2.24 2.16
Ag ppm 2 2 3 2 2 3 2

Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D.

Li 13 26 20 18 21 13 10

Hg 18 21 10 8 5 9 6

cl 1484 132 171 1328 275 104 1563

F 455 333 278 341 239 97 227

Co 30 16 34 26 32 55 11

Cu 64 35 9 83 9 199 12

Mo N.D. N.D. N.D. 8 N.D. N.D. N.D.

Ni 97 43 233 89 80 110 8

Sc 20 16 18 16 20 39 11

\Y 182 155 156 150 182 349 30

Zn 136 59 118 87 117 124 102

Au (ppb) 271 1117 N.D. N.D. N.D. N.D. N.D.

Y 32 26 22 25 25 24 38

Zr 264 233 186 215 165 54 276

Ba 69 432 147 333 136 43 328

Cr 98 81 422 81 53 224 5

As 60 >500 N.D. N.D. N.D. 43 N.D.

Pb N.D. 9 N.D. 8 N.D. N.D. N.D.

La 32.95 13.09 19.06 26.41 21.30 2.20 32.72 34.49
Ce 77.19 34.70 45.29 62.84 50.55 6.65 76.23 79.75
Pr 10.24 4.99 5.96 825 6.73 117 9.98 10.38
Nd 42.01 22.19 25.00 33.61 28.36 6.64 40.92 42.73
Sm 8.38 5.34 5.13 6.72 6.07 2.36 8.26 831
Eu 2.10 0.95 1.25 1.76 1.76 0.76 173 181
Tb 1.08 0.82 0.69 0.86 0.82 0.60 0.66 0.68
Gd 7.23 5.35 4.73 5.98 5.59 3.39 5.61 5.86
Dy 5.94 4.60 3.90 4.93 4.68 3.94 3.43 322
Ho 114 0.90 0.75 0.93 0.90 0.84 0.58 0.57
Er 317 2.59 2.09 2.56 248 255 1.88 172
m 0.44 0.36 0.29 0.37 0.36 0.35 0.23 0.23
Yb 281 2.35 1.87 2.23 2.26 2.23 1.58 1.58
Lu 0.42 0.35 0.28 0.33 0.32 0.34 0.28 0.26
Rb 5.59 130.98 21.90 29.71 12.44 0.67 43.44 43.80
Sr 227.26 10.59 148.15 411.60 334.26 78.37 134.47 134.95
Nb 21.04 18.01 13.16 16.94 14.55 1.88 14.23 14.09
Cs 0.24 2.88 0.55 0.86 0.49 0.07 0.81 0.85
Hf 6.47 6.01 4.41 5.00 3.62 111 2.70 2.64
Ta 1.23 1.06 0.80 0.96 0.82 0.15 0.93 0.93
Th 3.40 281 254 2.78 2.02 0.18 427 4.35
U 0.89 0.74 0.65 0.69 0.53 0.08 1.02 1.03
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Table 1. Continued.

Sample 94JRD-0092 94JRD-0093 94JRD-0102 94JRD-B023 94JRD-B024 94JRD-B027 94JRD-B032 94JRD-B040
Rock Type Tuff-sandst Fel volcanic Lapilli-tuff Granite Gabbro Diorite Lapill-tuff Mafic volc
(field 1.D.)

SIO2 % 63.32 70.01 52.96 70.90 54.04 57.73 52.24 40.59
Aly03 15.92 10.76 14.26 16.21 12.15 17.33 12.33 5.20
MnO 0.05 0.08 0.20 0.02 0.16 0.08 0.25 0.18
MgO 3.06 215 4.70 0.43 6.37 2.86 5.18 23.82
CaO 1.00 4.61 4.92 1.97 9.23 3.92 4.07 3.70
NaxO 6.42 148 4.25 6.36 452 7.14 322 <0.01
K20 0.46 0.63 0.03 245 3.04 2.66 0.13 <0.02
TiO2 0.70 0.45 1.10 0.16 0.84 0.47 1.85 0.25
P205 0.08 <0.05 0.23 <0.05 0.50 0.24 0.15 <0.05
FeyO3* 6.06 6.14 10.04 1.59 7.81 5.58 14.94 13.02
LOI 2.34 2.38 5.99 0.79 101 1.18 3.88 1141
TOTAL 99.41 98.69 98.68 100.88 99.67 99.20 98.24 98.17
S <0.01 0.01 0.10 <0.01 0.01 0.01 <0.01 <0.01
COy 0.10 0.22 3.07 <0.10 <0.10 0.51 0.28 5.73
FeO 4.19 2.96 7.58 0.30 4.07 2.37 9.36 9.30
H20~ 0.39 0.44 0.41 0.30 0.30 0.27 0.65 0.73
H0* 2.65 2.34 4.28 0.49 0.92 0.77 4.62 7.27
Ag ppm 1 1 2 1 3 2 2 2
Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Li 9 11 24 13 62 46 13 6
Hg 3 9 12 6 31 5 19 11
cl 1563 1172 104 1953 1563 1563 104 243
F 341 113 239 227 938 1078 217 130
Co 14 13 30 N.D. 30 16 38 101
Cu 21 40 36 7 80 N.D. 43 6
Mo 8 N.D. N.D. 9 N.D. 9 N.D. N.D.
Ni 20 23 71 5 80 45 46 649
Sc 10 9 22 1 18 6 32 21
\Y 68 55 157 19 168 85 258 126
Zn 30 52 111 41 121 102 156 108
Au (ppb) N.D. N.D. N.D. N.D. 8 N.D. N.D. N.D.
Y 17 26 23 3 29 10 39 6
Zr 171 201 142 90 238 371 135 22
Ba 165 202 56 775 1830 1192 77 24
Cr 11 25 89 8 288 87 50 2111
As N.D. N.D. N.D. N.D. N.D. N.D. N.D. 95
Pb N.D. N.D. N.D. 13 19 25 N.D. N.D.
La 17.18 18.68 19.03 7.36 84.33 45.32 10.14 144
Ce 40.04 42.59 45.72 15.54 191.21 87.67 25.56 332
Pr 4.78 5.28 6.02 1.86 25.13 10.06 3.70 0.46
Nd 18.00 20.46 24.83 7.16 100.43 38.20 17.80 2.19
Sm 3.48 4.29 4.90 1.33 17.57 6.60 5.10 0.63
Eu 0.86 1.02 147 0.29 3.87 1.66 1.46 0.15
Tb 0.48 0.71 0.65 0.12 142 0.56 1.10 0.10
Gd 313 4.29 4.49 0.94 11.92 4.65 6.28 0.61
Dy 2.93 4.40 3.77 0.56 6.60 255 711 0.53
Ho 0.61 0.91 0.77 0.10 1.08 0.43 1.50 0.11
Er 172 2.67 2.22 0.30 2.63 121 4.28 0.32
m 0.27 0.39 0.32 0.05 0.35 0.16 0.60 0.05
Yb 1.67 2.60 2.20 0.29 221 1.05 3.65 0.33
Lu 0.27 0.39 0.33 0.05 0.32 0.17 0.47 0.06
Rb 10.25 12.10 152 64.02 89.30 104.86 7.15 0.37
Sr 101.61 247.42 112.59 719.18 1391.12 1450.31 57.17 16.92
Nb 7.82 10.05 10.96 2.88 9.17 5.34 7.96 0.76
Cs 0.37 0.18 0.05 171 2.03 3.26 0.47 0.14
Hf 3.40 4.64 3.74 2.26 5.02 6.15 1.96 0.54
Ta 0.56 0.73 0.65 0.17 0.44 0.27 0.52 0.07
Th 3.50 4.39 1.68 1.86 12.66 10.70 1.03 0.26
U 0.75 1.16 0.45 0.50 2.08 201 0.28 0.08

139



Table 1. Continued.

Sample 94JRD-B042 94JRD-B056 94JRD-B056 94JRD-B058 94JRD-B69A 94JRD-B69B 94JRD-B071  94JRD-B072
Rock Type Mafic volc Mafic volc (duplicate) Mafic volc Tuff-breccia  Tuff-breccia  Tuff-breccia  Tuff-breccia
(field 1.D.)

SIO2 % 44.31 55.97 55.99 45.96 60.91 51.56 55.52 41.78
Aly03 14.15 12.38 12.40 19.99 14.35 14.69 14.45 12.36
MnO 0.17 0.11 0.11 0.10 0.09 0.17 0.16 0.28
MgO 5.19 331 332 5.26 2.75 5.53 2.69 4.18
CaO 7.63 6.77 6.78 8.79 4.35 6.06 6.08 13.20
NaxO 252 3.76 3.61 353 4.95 1.07 253 2.06
K20 <0.02 0.44 0.43 2.56 0.37 0.35 1.65 0.54
TiO2 1.94 1.29 1.29 0.42 1.75 1.93 0.91 1.66
P205 0.15 0.24 0.24 <0.05 0.34 0.30 0.16 0.19
FeyO3* 16.20 6.90 6.91 6.27 543 11.26 9.25 11.72
LOI 6.11 835 8.35 5.62 352 5.24 5.06 10.88
TOTAL 98.37 99.52 99.43 98.50 98.81 98.15 98.45 98.85
S 0.53 0.04 0.03 <0.01 0.10 0.01 <0.01 0.13
COy 2.64 6.18 6.17 4.99 1.40 101 2.29 8.28
FeO 10.36 5.01 501 4.00 313 7.70 5.72 8.36
H20~ 0.66 0.44 0.40 0.47 0.41 0.48 0.33 0.30
H0* 5.10 2.84 2.84 3.99 251 5.16 3.33 4.28
Ag ppm 2 2 2 2 2 2 3
Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Li 11 27 22 12 24 22 20
Hg 40 10 84 N.D. 6 4 6
cl N.D. 1172 250 1563 125 1750 N.D.
F 208 227 113 284 323 319 260
Co 54 28 24 39 49 25 34
Cu 139 152 N.D. 23 47 26 39
Mo N.D. N.D. 10 N.D. N.D. N.D. N.D.
Ni 71 123 78 142 151 66 100
Sc 37 16 26 18 22 14 19
\Y 338 132 155 134 214 122 170
Zn 148 83 39 69 135 102 202
Au (ppb) N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Y 33 16 10 22 24 19 22
Zr 112 115 30 119 137 191 118
Ba 48 96 471 244 240 333 181
Cr 88 130 461 297 356 47 188
As N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Pb N.D. N.D. N.D. N.D. N.D. 7 N.D.
La 829 15.56 16.20 141 17.17 15.56 21.26 10.72
Ce 20.03 38.34 39.37 3.66 45.71 42.71 47.00 30.42
Pr 2.92 5.16 5.36 0.59 6.37 6.19 5.75 457
Nd 14.41 21.42 22.52 3.24 28.34 27.22 23.08 20.62
Sm 4.23 4.38 454 124 6.07 5.92 4.78 4.92
Eu 1.62 1.27 1.29 0.58 114 1.75 114 112
Tb 0.90 0.41 0.43 0.25 0.80 0.84 0.61 0.72
Gd 5.24 3.49 337 142 5.61 5.57 4.14 4.99
Dy 5.74 213 2.16 1.66 4.58 4.83 353 421
Ho 122 0.39 0.42 0.36 0.83 0.92 0.70 0.77
Er 359 1.20 121 1.10 2.26 2.37 201 213
m 0.51 0.18 0.19 0.16 0.30 0.32 0.28 0.29
Yb 3.42 1.19 117 0.91 1.60 1.84 1.80 154
Lu 0.49 0.21 0.21 0.16 0.20 0.22 0.29 0.23
Rb 0.45 11.61 11.44 52.24 14.05 13.90 41.52 16.92
Sr 278.63 201.84 199.76 190.65 266.72 631.33 450.70 235.34
Nb 5.94 7.62 7.81 0.97 10.59 12.05 9.94 12.82
Cs 0.14 0.25 0.26 1.96 0.38 0.41 143 0.35
Hf 253 2.46 249 0.41 1.03 0.89 4.44 1.03
Ta 0.40 0.45 0.44 0.10 0.61 0.69 0.67 0.70
Th 0.76 0.93 0.99 0.16 0.64 0.67 331 0.68
U 0.22 0.30 0.32 0.07 0.18 0.20 0.77 0.19
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Table 1. Continued.

Sample 94JRD-B076 94JRD-B092 94JRD-B096 94JRD-B115 94JRD-B120 94JRD-B120 94JRD-B129 94JRD-B167
Rock Type Volc (alt.) Tuff-breccia  Tuff-breccia  Int tuff Q-f porph (duplicate) Mafic pillow Rhyolite
(field 1.D.)

SIO2 % 45.00 57.15 50.47 63.86 67.43 67.52 46.71 76.35
Aly03 12.06 12.67 18.08 13.87 15.39 15.39 14.41 11.66
MnO 0.19 0.12 0.16 0.11 0.02 0.02 0.18 0.03
MgO 4.62 297 3.75 1.25 0.98 0.99 6.78 0.52
CaO 7.24 8.09 491 2.94 2.65 2.69 10.54 0.76
NaxO 1.76 437 5.50 337 5.67 5.75 1.16 4.39
K20 0.49 0.07 0.45 1.58 1.76 171 0.02 257
TiO2 1.79 0.89 201 1.08 0.30 0.31 0.97 0.12
P205 0.19 0.15 0.26 0.30 0.05 0.05 <0.05 <0.05
FeyO3* 13.57 6.24 9.88 6.84 2.69 2.73 13.36 191
LOI 11.56 6.77 351 3.64 3.23 3.23 427 1.58
TOTAL 98.47 99.49 98.98 98.83 100.18 100.40 98.40 99.89
S 0.04 0.01 0.38 0.01 0.08 0.08 0.12 <0.01
COy 9.38 4.85 0.12 147 1.96 1.97 1.28 0.91
FeO 11.13 437 5.56 472 1.39 1.40 9.16 0.94
H20~ 0.38 0.22 0.76 0.40 0.25 0.27 0.35 0.19
H0* 3.78 2.23 3.89 271 1.46 151 431 0.62
Ag ppm 2 2 2 1 1 3 N.D.
Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Li 54 16 15 15 10 16 20
Hg 6 6 3 3 79 1 2
cl 100 1250 657 2725 2075 125 1950
F 219 194 278 319 278 135 N.D.
Co 32 24 16 13 6 51 N.D.
Cu 69 40 38 12 N.D. 110 N.D.
Mo N.D. N.D. N.D. N.D. 9 N.D. 8
Ni 47 72 84 8 12 131 N.D.
Sc 30 14 24 14 4 37 4
\Y 315 146 215 29 41 290 N.D.
Zn 126 70 155 132 38 103 43
Au (ppb) N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Y 36 13 26 51 5 21 30
Zr 147 108 154 349 87 61 187
Ba 147 59 149 296 545 38 624
Cr 53 57 113 N.D. 17 316 12
As N.D. N.D. N.D. N.D. N.D. 7 N.D.
Pb N.D. N.D. N.D. 7 N.D. N.D. N.D.
La 12.21 13.37 15.99 27.61 13.18 13.04 3.05 45.72
Ce 30.53 30.11 44.54 72.36 28.21 28.37 821 94.59
Pr 433 3.76 6.47 9.84 333 3.39 1.29 11.24
Nd 20.10 15.85 27.70 41.22 12.85 12.87 6.55 42.46
Sm 5.03 324 6.35 9.97 2.24 2.20 2.35 7.90
Eu 1.32 0.90 154 2.72 0.46 0.44 0.83 0.92
Tb 0.53 0.46 0.86 1.62 0.19 0.18 0.57 0.79
Gd 424 324 6.00 10.01 1.38 145 318 5.84
Dy 3.00 2.58 5.19 9.98 0.78 0.81 3.61 4.23
Ho 0.59 0.51 1.04 1.90 0.14 0.15 0.77 0.81
Er 1.86 141 2.82 5.45 0.45 0.44 240 253
m 0.30 0.22 0.38 0.74 0.09 0.08 0.35 0.38
Yb 2.18 117 2.33 4.76 0.46 0.44 2.19 2.66
Lu 0.36 0.20 0.35 0.71 0.09 0.09 0.34 0.44
Rb 15.48 3.03 14.76 39.47 40.58 39.99 0.71 61.23
Sr 121.07 129.16 90.01 99.51 421.75 416.50 107.38 105.08
Nb 9.18 9.33 14.18 21.00 1.80 1.80 2.66 12.34
Cs 114 0.06 0.49 114 0.98 0.98 0.14 2.73
Hf 3.19 2.10 3.02 9.36 1.94 201 0.90 6.53
Ta 0.54 0.51 0.79 1.36 0.13 0.13 0.20 101
Th 1.18 1.20 1.30 413 1.89 181 0.34 7.20
U 0.28 0.32 0.39 117 0.55 0.58 0.12 1.64
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Table 1. Continued

Sample 94JRD-B171 94JRD-B192 95JRD-B02 95JRD-B48 95JRD-B64 95JRD-B79 95JRD-B107  95JRD-B122
Rock Type Felsic tuff Fel volcanic Mafic volc Int volcanic Diorite Int volcanic Mafic tuff Andesite
(field 1.D.)

SIO2 % 76.63 63.64 47.07 61.00 58.51 59.80 46.17 49.21
Aly03 11.55 13.71 14.00 14.37 16.19 13.09 13.67 17.32
MnO 0.05 0.09 0.23 0.11 0.10 0.09 0.15 0.15
MgO 0.42 1.29 5.62 2.89 2.93 1.88 5.72 3.95
CaO 1.33 2.56 8.99 4.40 6.20 16.04 9.12 8.38
NaxO 3.80 337 2.25 4.49 4.47 <0.01 1.76 3.10
K20 2.34 2.03 <0.02 0.08 0.87 0.28 137 051
TiO2 0.10 0.77 147 0.72 0.87 1.05 111 1.59
P205 <0.05 0.18 0.11 0.17 0.15 0.16 0.29 0.32
FeyO3* 1.85 6.50 16.29 6.92 7.14 5.78 10.07 1151
LOI 2.06 4.69 313 4.38 1.82 337 10.13 3.03
TOTAL 100.13 98.82 99.16 99.52 99.25 101.54 99.56 99.08
S <0.01 0.28 0.07 0.01 0.04 <0.01 0.15 0.01
COy 111 3.36 0.44 211 0.45 221 6.35 0.45
FeO 0.85 312 10.69 5.08 3.47 1.56 7.37 7.63
H20- 0.21 0.33 0.18 0.16 0.14 0.07 0.08 0.14
H0* 0.94 1.99 3.87 2.76 1.87 1.30 453 3.40
Ag ppm N.D. 1 4 2 3 3 3 3
Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Li 19 13 15 12 20 8 25 14
Hg 16 5

cl 652 1825

F 417 347

Co N.D. 8

Cu 24 12 142 32 56 N.D. 56 68
Mo 8 N.D. N.D. 10 12 10 8 10
Ni N.D 7 79 51 48 127 180 98
Sc 3 12 29 12 13 19 16 19
\Y 6 20

Zn 73 80 116 84 95 28 115 124
Au (ppb) N.D. N.D.

Y 42 24 28 17 19 20 23 27
Zr 141 252 90 137 152 118 136 169
Ba 517 449 83 119 343 119 257 423
Cr 10 4 135 81 36 541 266 65
As N.D. N.D. N.D. N.D. N.D. N.D. N.D. 7
Pb 28 N.D. N.D. N.D. 9 N.D. N.D. N.D.
La 42.42 27.99 6.14 17.05 18.38 11091 18.51 22.04
Ce 94.66 62.13 15.72 38.72 39.13 27.86 43.32 52.47
Pr 11.46 7.79 242 4.99 5.02 3.88 5.81 7.32
Nd 43.29 30.47 11.46 18.81 19.3 16.33 23.16 30.14
Sm 813 5.60 357 3.58 39 3.69 5.04 6.2
Eu 0.65 148 1.24 1.03 111 1.08 1.58 1.75
Tb 0.87 0.59 0.77 0.51 0.58 0.58 0.76 0.85
Gd 6.27 4.42 4.58 3.44 38 3.85 5.03 5.83
Dy 4.67 324 5 297 3.42 3.56 452 4.82
Ho 0.92 0.63 0.99 0.58 0.64 0.69 0.81 09
Er 2.78 1.92 28 1.64 1.84 1.93 2.09 248
m 0.44 0.32 0.38 0.22 0.26 0.26 0.27 0.34
Yb 319 2.10 245 15 1.69 171 1.74 22
Lu 0.49 0.34 0.35 0.22 0.26 0.26 0.25 0.32
Rb 67.13 58.66 2.96 138 33.31 231 31.66 7.95
Sr 79.45 148.99 139.76 220.44 296.97 451.83 241.27 437.16
Nb 15.31 10.24 477 7.34 7.69 8.48 10.24 14.6
Cs 154 1.94 1.08 0.44 09 0.07 142 0.25
Hf 5.66 6.32 212 327 2.68 1.97 31 36
Ta 1.20 0.72 0.58 0.83 1.86 0.53 0.57 0.88
Th 791 4.05 0.59 2.56 243 1.16 155 1.98
U 1.75 1.06 0.16 0.59 0.75 0.29 0.38 0.49
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Table 1. Continued.

Sample 95JRD-B123  95JRD-B138 95JRD-B142 95JRD-B152 95JRD-B152 95JRD-B220 95JRD-B227 95JRD-B233
Rock Type Lapilli-tuff Gabbro Cherty tuff Int tuff (duplicate) Int tuff Int tuff Altered tuff
(field 1.D.)

SIO2 % 47.89 46.86 72.71 53.63 53.90 56.95 66.93 61.00
Aly03 1541 17.07 12.14 14.25 14.25 14.26 13.95 14.06
MnO 0.15 0.22 0.02 0.13 0.13 0.13 0.10 0.07
MgO 543 3.85 1.50 5.05 5.07 4.07 1.00 2.53
CaO 6.41 7.48 1.74 6.61 6.65 5.39 214 5.38
NaxO 321 341 6.05 4.23 4.23 352 5.04 4.41
K20 0.22 <0.02 <0.02 <0.02 <0.02 0.26 152 0.48
TiO2 1.76 1.69 0.48 0.72 0.73 122 0.62 0.76
P205 0.36 0.15 0.09 0.12 0.12 0.29 0.16 0.15
FeyO3* 1154 14.86 3.02 7.78 7.83 9.36 5.39 5.58
LOI 6.47 3.35 1.18 6.29 6.31 3.39 2.72 3.95
TOTAL 98.86 98.94 98.93 98.81 99.22 98.84 99.57 98.37
S 0.01 0.01 0.02 0.01 0.01 0.03 0.01 0.11
COy 281 0.30 0.12 3.28 3.28 0.76 1.36 214
FeO 9.04 8.95 1.99 5.61 5.95 5.17 2.99 3.63
H20~ 0.22 0.24 0.06 0.16 0.19 0.18 0.08 0.20
H0* 457 3.92 117 3.44 3.60 3.23 157 2.28
Ag ppm 3 3 2 3 3 2 2
Cd N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Li 22 20 7 26 18 12 11
Hg

cl

F

Co

Cu 65 76 17 67 50 7 26
Mo N.D. N.D. 13 10 N.D. 11
Ni 112 43 23 137 84 57
Sc 18 28 8 16 14 10 12
\Y

Zn 115 105 48 77 100 135 83
Au (ppb)

Y 27 31 28 15 28 51 18
Zr 171 89 177 116 228 449 151
Ba 182 126 22 35 480 515 163
Cr 118 50 28 232 107 4 76
As N.D. N.D. N.D. N.D. N.D. N.D. 18
Pb N.D. N.D. N.D. 8 10 N.D. N.D.
La 22.78 6.67 39.56 10.93 26.63 50.82 21
Ce 56.04 16.49 75.77 245 59.7 121.29 45.12
Pr 8.06 251 9.18 32 7.98 16.66 571
Nd 32.94 11.67 33.54 12.61 31.6 65.3 21.62
Sm 6.88 351 6.19 2.74 6.3 12.78 4.04
Eu 1.82 1.28 1.16 0.79 1.58 2.74 1.29
Tb 0.89 0.76 0.87 0.39 0.88 172 0.54
Gd 6.19 45 5.74 2.66 6.05 11.33 3.68
Dy 4.95 5.12 4.95 242 5.09 9.71 3.06
Ho 0.89 1.07 0.97 0.48 0.96 1.86 0.56
Er 252 3.02 2.84 1.36 2.65 521 1.56
m 0.34 0.42 0.41 0.18 0.35 0.75 0.21
Yb 2.16 2.74 2.75 1.28 2.26 51 145
Lu 0.32 0.39 0.42 0.19 0.33 0.76 0.2
Rb 9.67 3.63 0.33 0.99 10.05 50.08 19.78
Sr 219.92 286.19 72.12 117.27 366.97 199.03 259.13
Nb 16.07 438 12,51 6.47 15.65 36.34 835
Cs 0.33 0.87 0.05 0.04 0.33 1.46 0.81
Hf 3.87 144 5.27 2.39 452 10.91 3.47
Ta 0.91 0.45 0.89 0.45 0.99 2,07 0.57
Th 1.89 0.55 5.49 16 3.29 6.11 2.32
U 0.47 0.12 1.33 0.4 038 1.46 0.58

143



Table 1. Continued.

Sample 95JRD-B234 95JRD-B264 95JRD-B270 95JRD-DD1
Rock Type Altered tuff Volc (alt.) Volc (alt.) Felsic tuff
(field 1.D.)

SIO2 % 59.94 83.56 63.22 71.94
Aly03 14.36 8.61 15.70 1157
MnO 0.10 <0.01 0.04 0.03
MgO 313 0.29 1.39 0.94
CaO 411 0.26 4.45 247
NaxO 5.38 0.15 4.64 4.20
K20 <0.02 2.67 0.67 1.50
TiO2 111 0.59 0.63 0.23
P205 0.20 0.05 0.22 <0.05
FeyO3* 6.67 1.09 6.20 2.18
LOI 3.98 1.67 1.36 253
TOTAL 98.99 98.94 98.53 97.59
S 0.04 0.15 0.42 0.14
COy 1.84 <0.10 0.26 151
FeO 4.99 0.23 3.59 1.10
H20- 0.16 0.16 0.14 0.06
H0* 2.64 1.32 1.73 1.23
Ag ppm 2 1 2 2
Cd N.D. N.D. N.D. N.D.
Li 12 5 11 6
Hg

cl

F

Co

Cu 49 41 107 N.D.
Mo 8 9 10 10
Ni 94 38 16

Sc 13 5 7 5
\Y

Zn 92 61 30 26
Au (ppb)

Y 22 9 25 28
Zr 171 61 198 171
Ba 160 348 287 651
Cr 74 101 15 15
As 56 67 N.D. N.D.
Pb N.D. N.D. N.D. N.D.
La 20.15 3.48 2343 31.51
Ce 46.28 7.82 51.72 67.75
Pr 6.15 1.05 6.85 8.64
Nd 24.27 424 26.76 31.74
Sm 4.82 0.91 541 5.98
Eu 1.25 0.29 153 111
Tb 0.68 0.16 0.78 0.84
Gd 4.63 0.93 5.16 5.52
Dy 397 112 459 5.01
Ho 0.72 0.22 09 0.98
Er 2.05 0.68 257 29
m 0.27 0.09 0.36 0.42
Yb 1.74 0.7 251 2.83
Lu 0.26 0.11 0.38 0.43
Rb 13.77 52.68 27.52 60.69
Sr 190.53 10.29 321.76 128.08
Nb 10.96 4.45 10.73 10.18
Cs 0.39 1.07 0.7 127
Hf 357 142 5.29 455
Ta 0.71 03 0.76 0.79
Th 251 0.57 334 5.34
U 0.59 0.23 0.82 121
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Table 2. Classification of unaltered versus altered Sioux Lookout orogenic belt samples (Northeast Bay of
Minnitaki Lakeis abbreviated as“NEBML").

Stratigraphic/lithological Unit Sample# Alteration (U,
unaltered; C,
carbonate altered;
O, other alteration)

Northern Volcanic belt: basalt 45
47
B129

Patara Fm.: basalt-clast conglomerate 2

20
Central Volcanic belt: northern basalt subunit 87
B40
B58
Central Volcanic belt: southern basalt subunit B32
B42
B72
B96
Central Volcanic belt: NEBML area, mostly basaltic B56
andesite 29 U (C?)
30
31
DB107
DB122
DB123
67
68
70
71
72
77
78
79
80
81
DB270
DB264
56
DB79 C(+0?)
102 C
53 C
54 U
DB138 (gabbro) U
U
C
]
U

ccocCconocCconoocCcocCcoonc
3

cocCccccocoonoococono

DB142

DB152

66

DBO2 (basalt)

DD1 (felsic tuff-sandstone) (c?
DB48 C
DB220 U
DB227 (c?
DB233 C
DB234 C
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Table 2. Continued.

Northeast Bay Pluton: diorite-tonalite (subvolcanic
equivalent to basaltic andesite)

Central Volcanic Belt: mostly dacitic pyroclastic rocks

Central Volcanic Belt: rhyolite

Big Vermilion-Daredevil unit and Daredevil Fm.

Ament Bay Fm.
Northeast Intrusive Complex (NEIC)

Granitoids

60

61

62

63

DB64

34

35

36

B69A

B69B (mafic)
B71

B76 (mafic)
B92

B115

B120

92 (sandstone)
17

93

B167

B171

B192

8

9

10

13

14A

14B

15

18

19

24

6 (sandstone)
B23

B24

B27

22

91
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Table 3. Average major oxide compositions (re-calculated volatile-free; listed as elements for brevity) of
Sioux Lookout orogenic belt stratigraphic or lithological units.

St. Unit S Al Ti Fe* Mn Mg Ca Na K P

Pat 51.2 155 111 140 032 5.6 9.7 21 0.47 0.02

AB 73.5 124 038 4.4 0.06 2.0 23 34 160 0.10

BVD 66.3 153 052 6.5 0.09 23 29 4.1 204 0.04
4c Cifv 70.6 171 047 21 0.03 0.7 3.0 45 14 0.09
4b Cifv 574 153 1.98 10.7 0.16 4.3 6.2 29 0.8 0.31
4a Cifv 627 14.6 1.02 7.9 0.14 25 6.1 3.6 12 0.22
4t Cifv  63.2 15.7 1.19 7.2 011 2.7 4.8 3.9 101 031
4 SJ 74.4 125 032 3.9 0.06 1.0 2.0 2.7 3.09 024
3 NEpl 551 17.0 1.48 10.7  0.13 4.2 6.4 4.2 054 016
3 NEan 58.9 151 1.23 9.1 0.13 4.4 6.6 3.5 066 0.20
2 SCb 509 154 201 143 023 5.0 8.2 3.6 - -
1 NCb 479 14.2 0.62 124  0.19 13.2 9.3 1.3 0.92 0.15
1 NVB 478 14.7 0.90 124 031 6.8 151 1.9 0.12 0.25

Abbreviations: S., Stage; 4t; total of 4a+4b+4c (which are three subgroups of the “ mostly dacitic rocks” );
Pat, Patara Formation; AB, Ament Bay Formation; BVD, Big Vermilion—Daredevil unit and Daredevil
Formation; Cifv, Central Volcanic belt (CVB) intermediate-felsic volcanic rocks; SJ, Superior Junction
area rhyolitic rocks; Nepl, Northeast Bay pluton, Nean, NEBML andesite; S Cb, south Central Volcanic
belt subunit, N Cb, north Central Volcanic belt subunit; NVB, Northern Volcanic Bdlt, Fe*, total iron
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Table 4. Altered Sioux Lookout orogenic belt samples classified via high/low major oxide abundances
(listed as elements for brevity).

Unit Altered samplet Highs Lows
NVB 47 COy, LOI, Ca Si
B129 COo, LOI (Ca?)
Patara Formation 4 COy, LOI
CVB: N basdt subunit 87 Si, Na
B40 COy, LOI, Mg, Fe* Si, Al, Na
B58 COy, LOI, Ca
CVB: S basat subunit B42 COy, LOI, Fe* (Ca?)
B72 COy, LOI, Ca Si
CVB: NEBML andesite B56 COo, LOI (Ca?)
29(?) LOI
30(?) LOI
31 COy, LOI, Ca
DB107 COy, LOI, Ca
DB123 COy, LOI (Ca)
68 LOI
70 COy, LOI, Ca
71 LOI, Fer, S Si, Al, Na
72 LOI, K Na
78 LOI, Fer, S (Ca?) Si, Na
DB264 Si Al, Mn, Ca Na
DB79 COo, Ca(si?) Na
102 COy, LOI
53 COy, LOI, Ca
DB152 COy, LOI, Ca
DD-1(?) CO»
DB48 COy, LOI, Si
DB227(?) CO2
DB233 COy, LOI (Ca?)
DB234 CO3 (LOI)
Northeast Bay Pluton 61 CO2 (LOI)
62 COo, Fe*
63 Ca Fe
CVB: mostly dacitic, pyroclastic rocks 34 COp, LOI
35 COy, LOI
36 COy, LOI
B69A CO» (LOI)
B69B COy, LOI, Ca
B71 COy, LOI, (Ca?)
B76 COy, LOI, Fe* (Ca?) Si
B92 COy, LOI, Ca
B115 CO3 (LOI)
B120 CO3 (LOI)
CVB: rhyolite 17 K Ca, Na
B167 (Si?) (Ca?)
B171 CO» (Si?)
B192 COy, LOI
Big Vermilion-Daredevil unit and Daredevil Fm. 8 COg, LOI (Mg?)
15 COy, LOI, Mg
24 LOI, S
Ament Bay Fm. 6 CO2
Granitoid 91 CO» (LOI)

Fe*, total iron; LOI, losson ignition (volatiles)
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Table 5. Subdivision of Sioux Lookout orogenic belt basaltic units and subunits.

Unit TiOy P>0Os5 La Nb Th Zr Zn

DB-02 M 1.5% M 0.11% M 6 ppm M 5 ppm M 0.6 ppm M 90 ppm M 120 ppm
sample

CVB S H2 HO0.2 H 10 H10 (var.) H21O(var) H130 H 170
basalt

CVBN L =<1% L 0.0 L =<2 L1 L 0.2 L 30 L 100
basalt

NVB basalt L 1% L 0.0 L 2-3 L2 L 0.3 L 50 L 80

Abbreviations. L, low; M, moderate; H, high; var., variable. Values listed are generalized approximations.

Table 6. Average values of selected trace element ratios for Sioux Lookout orogenic belt stratigraphic and
lithological units.

Stage Unit ZrlY Th/Ta CelYb La/Ybcn La/Nbnymn
- Granitoids 16 11.7 67.0 44.3 2.9
- NEIC 25 26.4 75.5 49.6 7.2
6 Pat 3 21 4.5 25 16
5 AB 9 14.3 35.9 27.3 4.8
4 BVD 12 17.0 49.8 35.6 6.0
4c Cifv 29 14.2 73.2 51.2 8.4
4b Cifv 5 19 254 13.7 18
4a Cifv 8 34 224 135 17
4t Cifv 10 6.1 37.5 239 3.6
4 SJ 7 6.5 27.7 17.7 3.0
3 NEpl 7 21 23.7 14.1 19
3 NEan 7 3.0 23.6 14.2 1.8
2 SCb 5 16 12.9 6.6 12
1 N Cb 3 2.2 5.7 3.2 16
1 NVB 3 18 4.4 24 13

(abbreviations asin Table 3; NEIC, Northeast Intrusive Complex)
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Table 7. Summary of discrimination plot fields per Sioux Lookout orogenic belt unit.

Stratigraphic Unit Pearceand Cann  Wood (1980) M eschede (1986) Interpreted Stage
(1973) diagram diagram diagram (this study)
Big - volcanic arc - 4
Vermilion-Daredev (calc-alkalic)
il unit
CVB (mostly - MORB and within - 4
dacitic rocks: “ifv”) plate, volcanic arc
(calc-akdlic)
Superior Junction - volcanic arc - 4
rhyolites (calc-alkalic)
NEBML basaltic  volcanic arc, within  MORB and within within plate (akai 3
andesite plate plate, volcanicarc  and tholeiitic fields)
(calc-akalic)
CVB S basdltic MORB, within MORB and within volcanic arc 2
subunit plate plate (and near
MORB and
volcanic arc
tholeite)
CVB N basdltic MORB MORB, volcanic  normal MORB 1
subunit arc (tholeiiticand
calc akalic fields)
NVB MORB MORB, volcanic  normal MORB 1

arc (tholeiite)

(MORB, mid-ocean ridge type basalt)

Table 8. Summary of interpretations from geochemically based tectonic setting discrimination diagrams.

Lithology Geochemical Arc, tectonic style  Interpreted Stage#  Interpreted Arc
classifica-tion Stage
dacite, rhyolite; cac-akadic island/con-tinental 4 mature arc

mostly pyroclastic
basaltic andesite;
flows and
pyroclastic

basalt; flows
(+rhyolite?
Bimodal ?)

basalt; flows

fairly calc-alkalic
(near tholeitic;
transitional to
within plate and
E-MORB)
tholditic to
variable (within
plate, volcanic arc,
E-MORB)
tholdiitic,
N-MORB

arc

island arc (variable; 3

minor cont. arc,
minor extensional)

island arc (island
arc > oceanic arc)

oceanic arc

2

locally rifted arc (a
middle stage)

juvenile/ incipient
arc

pre-arc rift basin
(or “back-arc
basin”)
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Metric Conversion Table

Conversion from Sl to Imperial

Conversion from Imperial to Sl

SI Unit  Multiplied by  Gives Imperial Unit  Multiplied by Gives
LENGTH
1mm  0.039 37 inches 1 inch 25.4 mm
1cm 0.393 70 inches 1 inch 2.54 cm
1m 3.280 84 feet 1 foot 0.304 8 m
1m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km
AREA
lecm2  0.1550 square inches 1 square inch 6.451 6 cm?
1m2z 10.7639 square feet 1 square foot 0.092 903 04 m?
1km2  0.386 10 square miles 1 square mile 2.589 988 km?
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha
VOLUME
1ecm3  0.061 023 cubic inches 1 cubic inch 16.387 064 cm3
1m3 353147 cubic feet 1 cubic foot 0.028 316 85 m3
1 m3 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m3
CAPACITY
1L 1.759 755 pints 1 pint 0.568 261 L
1L 0.879 877 quarts 1 quart 1.136 522 L
1L 0.219 969 gallons 1 gallon 4.546 090 L
MASS
1lg 0.035273 962  ounces (avdp) 1 ounce (avdp) 28.349 523 g
lg 0.032 150 747  ounces (troy) 1 ounce (troy) 31.103 476 8 g
1kg 2.204 622 6 pounds (avdp) 1 pound (avdp)  0.453 592 37 kg
1kg 0.001 102 3 tons (short) 1 ton (short)  907.184 74 kg
1t 1.1023113 tons (short) 1 ton (short) 0.907 184 74 t
1kg 0.000 984 21 tons (long) 1ton (long)  1016.046 908 8 kg
1t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t
CONCENTRATION
1g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.2857142 g/t
ton (short) ton (short)
1gt 0.583 333 33 pennyweights/ 1 pennyweight/  1.714 2857 g/t

ton (short)

ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short)
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short)

20.0
0.0

1 ounce (troy) per ton (short)
1 pennyweight per ton (short)

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

Note: Conversion factors which arein 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, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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