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Foreword

Reconn-aissance mapping of the Birch Lake area upon which this 

report is based was carried out in 1977 and 1978 in an effort to 

quickly extend tectono-stratigraphic information which was well 

established in the Uchi-Confederation Lakes belt just to the 

south. Ontario Geological Survey work in that belt between 1969 

and 1976, built up an extensive, detailed database which 

permitted the development of advanced volcanological, 

stratigraphic and metallogenic interpretations. As a result at 

present mapping this information can now be applied over a broad 

region, and will allow much more effective mineral exploration 

and resource planning in this part of the Uchi Subprovince.

V.G. Milne

Director

Ontario Geological Survey
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Abstract

The Birch Lake area comprises 990 km2 in the Patricia 

Portion of the District of Kenora 116 km east of Red Lake. The 

area is underlain by Late Archean metavolcanics and metasediments 

of the Uchi Subprovince of the Canadian Shield. The area is the 

northern part of the Birch-Uchi greenstone belt and contains 

three mafic to felsic volcanic cycles designated in order of 

decreasing age as Cycle I, II and III. Each cycle has a basaltic 

base, largely pillowed flows, overlain by intermediate and felsic 

metavolcanic rocks, largely pyroclastic in origin. The meta 

volcanics of Cycle III are overlain by turbiditic metasediments, 

largely wackes. Unconformably overlying all of the above is a 

unit of interbedded alluvial fan conglomerates and sandstones. 

Conglomerate clasts and occasional exposures of pyroclastic rocks 

suggest the existence of a late calc-alkaline to shoshonitic 

volcanic event. Rocks related to this- event are hence termed a 

"Timiskaming" type sequence. Pre-metamorphic intrusions include 

mafic-ultramafic stocks and sills, and stocks of felsic to inter 

mediate hypabyssal synvolcanic porphyritic units. The belt is 

bounded by granodiorite to quartz monzonite stocks and batholiths 

on the northeast, northwest, west and southeast. A granodiorite 

to trondhjemite intrusion cuts the belt at Mink Lake. Supra 

crustal rocks, felsic to intermediate and mafic to ultramafic 

pre-metamorphic intrusions has been metamorphosed under green 

schist facies conditions, except at the periphery of the belt 

where amphibolite facies assemblages occur. The area is largely 

covered by lacustrine and fluvial deposits of Pleistocene age.
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Rocks of the map area trend east to northeast, and have been 

divided into a steeply dipping and shallow dipping domains. 

Within the steeply dipping domain, a syncline is centered on 

eastern Birch Lake succeeded southward at Seagrave Lake by a 

syncline-anticline pair. A major synclinorium within the south- 

west corner of the area terminates at Swain Lake. A northeast- 

trending syncline occurs within the metasediments south of the 

main part of Birch Lake, and another syncline occurs on Grace 

Lake. An overturned anticline extends north through Wagner Bay 

of Birch Lake. An east-trending syncline extends from Mink Lake 

through to Casummit Lake. In the shallow-dipping domain, a 

northwest-plunging anticline occurs on the north bay of Spring- 

pole Lake.

Regional scale northeast trending dextral strike slip faults 

which are splays of the Sydney Lake Cataclastic Zone extend along 

Birch Lake. The Swain Lake sinistral fault system comprised of 

three major 070o trending shears extends through the map area.

The area contains the Casummit Mine (Oason), a past- 

producing gold mine, and numerous gold occurrences. Analysis of 

vein trends reveals that gold mineralization is controlled by 

070o and 3500 shear zones, the Swain Lake fault system and the 

splays of the Sydney Lake Cataclastic Zone. Porphyry type 

molybdenum mineralization occurs at Mink Lake.
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Introduction

The Birch Lake area is 990 km2 which lies immediately north 

of the Confederation Lake area (Thurston 1978). The boundaries 

of the map area are 51^15' to 51030' N. Latitude and 92040' to 

92010' W Longitude. The centre of the area is 116 km northeast 

of Red Lake, and access is mainly by float-or ski-equipped 

aircraft from Red Lake or Ear falls. Canoe access to the areav is 

possible, but requires several portages. There are two possible 

routes: from the northeast end of the South Bay Mine road at 

Confederation Lake one may proceed north by several short 

portages from the North Bay of Confederation Lake to Washagomis 

Lake and thence with no portages to Swain Lake. Between Swain 

and Shabumeni Lakes is a 1200 m portage, followed by two 100 m 

portages which connect Shabumeni Lake and the Shabumeni River 

which enters the west end of Birch Lake. The alternative route 

involves travelling from the South Bay Road via the Woman River 

to Swain Lake, without portages, and then over the Swain- 

Shabumeni portage. A winter road exists between the east end of 

Swain Lake and the southwest bay of Birch Lake. Mapping was 

carried out in the area by the author and assistants in 1977 and 

1978. 

Physiography

The area has little relief with few hills over 30 m. Drain 

age is complex. The Birch River flows southeast out of Exit Bay 

to Satterly Lake and thence to Casummit, Springpole and Seagrave 

Lakes. Bertha Lake empties via Bumpy Creek into the Birch 

River. Birch Lake feeds Shabumeni Lake via a short stream.
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Casummit Lake feeds Birch Lake via Casummit Creek. The area is 

situated on the height of land between the Berens River watershed 

which feeds Lake Winnipeg and the Lac Seul system to the south.

The map area lies within the northern coniferous section of 

the Boreal forest region (Rowe, 1959). Birch, poplar, black 

spruce and jackpine are the abundant tree types. Areas of brule 

north of Mink Lake extend eastward for a few miles north of Birch 

Lake.

Birch Lake supports commercial fishing mainly for pickerel. 

There are three tourist establishments, one at the channel to 

South Bay and Exit Bay from the main part of the lake, one east 

of Sawmill Bay, and the other at the southeast end of the lake. 

Permanent residents in the area include Mr. and Mrs. K. Koezur 

with a cabin immediately north of the portage to Springpole Lake 

and Mr. Oscar Peterson caretaker of the tourist lodge at the 

southeast end of the lake. A registered trap line cabin is at 

the junction of Exit Bay and Birch River. Some summer cottages 

and an outpost cabin for a tourist lodge exist on Springpole 

Lake. 

Previous Work

Parts of the area, mainly the southwestern parts, were 

previously mapped at a reconnaissance scale (Furse, 1933; 

Harding, 1936). Horwood (1937) did a detailed mapping project in 

the immediate vicinity of the Casummit Mine on Casummit Lake. 

Goodwin (1967) did regional reconnaissance mapping in conjunction 

with a geochemical sampling program. As well the area was mapped 

during the federal "Roads to Resources' Program (Donaldson b
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Jackson 1969).

The present survey was designed to extend the three mafic to 

felsic volcanic cycles found to the south (Thurston 1981) into 

this area at a reconnaissance scale. The mapping was done at a 

scale of 1:50 000 using 1:15 840 and 1:50,000 air photographs. 

All shoreline exposures on major lakes were mapped and traverses 

were extended inland at about 1000 to 1600 m intervals where 

exposure warranted the work. Geology was plotted on acetate 

overlays to the photographs and transferred to 1:50 000 base- 

maps. Basemaps are derived from Forest Resources Inventory 

(FR1), maps Division of Forests, Ontario Ministry of Natural 

Resources with minor corrections by the author. The geology is 

not tied to surveyed lines. 

Acknowledgements

The mapping was done in 1977 and 1978. Senior assistants 

who produced a large portion of the mapping were M.C. Jackson in 

1977 and I. Pirie and J.R. Bartlett in 1978. Junior assistants 

were L. Cymbalisty, J. Roque, Mark Hyatt, Paul McMahon, and Mike 

Blanchard. Green Airways of Red Lake provided excellent service 

during both field seasons. Karl Koezur prospector, guided the 

author to many of the showings in the area and provided data on 

several of them. Mr. and Mrs. Koezur provided northern 

hospitality to the crew and help with logistics. 

General Geology

The bedrock of the area is Lake Archean in age based upon 

geochronological work in the area to the south (Nunes and 

Thurston, 1980). The map area is the northern part of the



Birch-Uchi segment of the Uchi Subprovince (Ayres et al., 1971). 

The segment is a metavolcanic-metasedimentary sequence bounded to 

the south by rocks of the English River Subprovince, to the north 

by the Berens Block and to the east and west by granitic rocks 

(Fig. 2). Investigations to the south have shown that the 

supracrustal rocks form three mafic to felsic volcanic cycles 

folded in a central synclinorium. Cycle I, the oldest cycle has 

a basaltic base succeeded upwards by intermediate pyroclastic 

rocks and metasediments with a lens of rhyolitic tuff-breccia to 

lapilli tuff of ash flow origin. The cycle is capped by marble, 

chert, and sulfide facies ironstone. U/Pb radiometric ages on 

zircons give an age of 2960 Ma for the rhyolitic ash flow, which 

is interpreted to represent the age of extrusion of the unit 

(Nunes and Thurston, 1980).

Cycle II has a basaltic base, with abundant intercalated 

oxide and sulfide facies ironstone, followed by intermediate 

pyroclastic rocks overlain by felsic pyroclastics. The latter 

represent subaerial ash flows deposited on the western limb of 

the fold (Thurston, 1980), and subaqueous deposition, on the east 

limb of the fold. The latter unit has been dated at 2830 Ma 

(personal communication, F. Corfu, geochronolog1st, Royal Ontario 

Museum, 1983). On the western limb of the fold it is overlain by 

stromatolite-bearing carbonate rocks which have been described by 

Hoffman et al. (1982). These units are overlain by basalt of 

Cycle III.

Cycle III basalt includes, at two stratigraphic levels, 

distinctive variolitic units of great lateral extent (Thurston,
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1981, 1978). The basaltic base is overlain by dacitic ash flows 

followed by dacitic to rhyolitic flows, ash flows and air-fall 

pyroclastic rocks in the central part of the synclinorium. These 

have been dated at 2740 Ma using the U-Pb zircon method (Nunes 

and Thurston, 1980).

The mapping of the present area was an attempt to trace this 

distinctive stratigraphy northward. As shown in Figure 2, a 

geologic sketch map of the Birch Lake area and the Confederation 

Lake area to the south, the attempt has been somewhat successful.

The stromatolite-bearing carbonate unit at the top of Cycle 

II on Woman Lake (Hofmann et al., 1982) situated in the map-area 

to the south (Thurston, 1981) was previously traced to Shabu Lake 

(Pryslak, 1972). The carbonate unit and associated chert, 

sulfide facies ironstone and air-fall felsic tuffs of Cycle II 

have been traced to southern Shabumeni Lake. By extrapolation, 

the cherty felsic tuffs on southern Mink Lake are also of Cycle

II age. Extension of this geology by helicopter reconnaissance
i 

in 1977 allowed the author to correlate that sequence with the

felsic tuffs and chemical metasediments at Casummit Lake, which 

therefore are also of Cycle II age.

The felsic metavolcanic rocks of central Birch Lake have 

been dated by the U/Pb method on zircons at 2740^ Ma (P. Nunes, 

personal communication, 1981), which age indicates this unit 

correlates with the Cycle III rhyolites to the south. By virtue 

of the nature of cyclical volcanism in this area, the immediately 

underlying basalt found in the western part of Birch Lake is 

therefore interpreted as being of Cycle III age. The meta-
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sediments to the south overlie the Cycle III rhyolites and 

consist of wacke-pelite couplets, arenites and some 

conglomerates. These metasediments are in turn overlain, perhaps 

unconformably, by an assemblage consisting of clast-supported 

conglomerates with interbeds of cross-bedded sandstones, and 

calc-alkaline andesite to dacite lapilli tuff to tuff. This 

sequence extends from the north shore of Exit Bay to central 

Birch Lake and southwest to Satterly Lake. This youngest 

sequence of "Timiskaming"-type rocks is also found at South Bay 

of Birch Lake through to Bobarris Lake.

Cycle I is represented in the area by basalts extending 

east-northeast from McNaughton Township (Oohns et al., 1976) to 

the Seagrave Lake area. The basalts are overlain by wackes and 

min.or pelites of uncertain age. Minor felsic metavolcanics occur 

associated with the basalts on the shore of Seagrave Lake.

An overturned to upright, relatively shallow dipping (15- 

60o) sequence found along the north shore of Birch Lake (Figure 

2) and around northern Springpole Lake is almost certainly 

allochthonous and may be units of Cycle I age. The belt is 

bordered to the northeast and northwest by massive quartz 

monzonite batholiths.

Gabbro, diorite and quartz diorite stocks cut all supra 

crustal units except the "Timiskaming" type sequence. 

Synvolcanic hypobyssal intermediate to felsic sills, stocks and 

dikes cut the supracrustal rocks. Major bodies are found near 

the Cycle III felsic flows at central Birch Lake south ci f 

Casummit Lake and at northern Springpole Lake.
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The axial trace of a major syncline passes through the 

central part of Birch Lake. Minor synclines occur at Grace Lake 

and Casummit Lake. Strike slip faulting of unknown magnitude is 

an important factor in the area. 

Late Archean 

Metavolcanics and Metasediment s

Metavolcanics 

Mafic Metavolcanics

The mafic metavolcanics range in colour on the weathered 

surface from black in areas of amphibolite facies to shades of 

gray, green and white in greenschist facies areas. Colours on 

the fresh surface range from black for high metamorphic rank 

units to shades of gray and gray-green for lower rank units. The 

mafic metavolcanics range in coloorr index (the sum of volume per 

centages of dark minerals) from 35 to 60.

The mafic metavolcanics, by correlation with strati- 

graphically equivalent units to the south, are largely tholeiitic 

basalts. 

Cycle I

Cycle I mafic metavolcanics teave a lower limit defined by an 

intrusive contact west of Quartz Lake (Thurston and Jackson, 

1973) and by the centre of the anticlinally folded unit in 

Mcnaughton Township (Johns 1979). ; The upper limit of the unit is 

unobserved but inferred to be a conformable contact with meta- 

sediments. The unit extends east-northeast across McNaughton 

Township to a northwest-trending fault where it is displaced to 

the southeast. East of the fault it extends between Deaddog and
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Seagrave Lakes. Limited top information (Thurston, 197M; 1981) 

indicates this unit is at the axis of an an ticiinorium.

The Cycle I mafic sequence, about 900 m thick, consists of 

pillowed flows with pillows 30-60 cm in the long dimension by 

20-30 cm. Pillow -breccia and hyaloclastite are rare, but 

observed on the shores of Seagrave Lake. Vesicles form less than 

5 percent of the^rocks and are usually quartz-filled. 

Cycle II

Cycle II mafic metavolcanic rocks extend from the eastern 

shore of Shabumeni Lake northward to Mink Lake and Coathup Lake 

(out of area) and eastward to Richardson Lake and Brownstone Lake 

(out of area). Because of strike-slip faulting, it is difficult 

to assess the true thickness of the unit; a best estimate is 2500 

m to 3000 m.

The Cycle II unit is composed mainly of pillowed flows of 

unknown thickness. Pillows range in size from 15 to 50 cm in the 

long dimension and 6 to 30 cm across. Selvages are fine; grained 

( (1 mm), and amygdule-f ree, and about 10-15 mm thick. The centre 

of the pillows has an average grain size of 3-5 mm. The inter- 

pillow space is chert filled at some localities east of the 

western arm of Birch Lake.

These mafic flows commonly have oxide facies ironstone 

intercalations, both west of the western arm of Birch L^ke and in 

the area of Sawmill Bay. Coarse grained gabbroic-textured flow 

centres grading upward into pillowed flow tops are also common at 

the west end of Birch Lake. Marker horizons such as variolitic 

or feldspar-phyric units are absent, although weakly feldspar-
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phyric flows are present south of Mink Lake, where flows contain 

ing up to 15'fc feldspar phenocrysts occur. Pillow centres are 

amygdule-free to weakly amygdular, with up to 10^ 3-5 mm quartz- 

filled amygdules.

Thin section examination discloses normal greenschist facies 

assemblages for this area (cf. Thurston, and Breaks 1978). 

Notable features include the preservation of 5-8 mm euhedral to 

subhedral primary zoned clinopyroxene in a coarse flow east of 

Richardson Lake. Zoning is manifested by a systematic change in 

extinction angle from centre to edge of the grains and by 

inclusion trains of very fine iron oxide grains. The coarse 

clinopyroxene phenocrysts are set in a matrix of isogranular sub 

hedral tremolite-actinolite and saussuritized plagioclase tablets 

3X1 mm. Accessory phases include iron oxide, muscovite, 

apatite, and chlorite.

More typical mafic flows contain relict quench plagioclase, 

now saussuritized, tremolite-actinolite, and minor apatite, 

magnetite, chlorite and carbonate. Flows mapped as amphibole- 

phyric on the western shore of Birch Lake have 5-8 mm phenocrysts 

of tremolite-actinolite after clinopyroxene. Clinopyroxene 

remains in the centre of some of the larger grains.

Many units west of Birch Lake are sheared. In thin section, 

sheared samples have zones of high strain consisting of granulat 

ed grains of tremolite-actinolite with later, larger plates of 

chlorite, anhedral scattered epidote, minor plagioclase and 

elongated lenticles of opaques. Less strained but still foliated 

parts of the rock consist of anhedral, interlocking grains with
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minor, late chlorite and fractures healed with late quartz.

The correlation of this unit with Cycle II in the 

Confederation Lake area to the south is based on:

1) the presence of several oxide facies ironstone uni:s in the 

sequence, which is common is the south (Thurston and Jackson 

1978).

2) the lack of identifiable variolitic horizons commonly

associated with Cycle III to the south (Thurston and Jackson 

1978).

3) stratigraphic position relative to dated Cycle III felsic

metavolcanic rocks. 

Cycle III

Mafic flows correlated with Cycle III occur to the east of 

the mafic flows of Cycle II, and immediately underlie the radio- 

metrically dated Cycle III felsic metavolcanics on central Birch 

Lake. The mafic flow unit extends from the Swain Lake i ? ault 

northeastward for 20 km to the area south of doneston Lake. The 

unit is approximately 2000 m thick, faces southeastward, is in 

fault contact on the northwest side with mafic metavolcanics of 

Cycle II, and is overlain by the felsic metavolcanics of central 

Birch Lake. The Cycle III mafic metavolcanics consist of pillow 

ed flows, generally of 10-30 m thickness. The pillows are 

generally ellipsoidal with 2-3 cm thick selvages. Interpillow 

filling is commonly chert with or without pyrite. Typical 

pillows are 30-60 cm long and 20-30 cm wide; amygdules generally 

constitute less than 15 percent of the rock. Zones of hyalo 

clastite or pillow breccia are scarce, found only on Birch Lake
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northwest of property (8). Changes from gabbro to quartz-bearing 

diorite over small distances are prevalent in gabbroic rocks 

assumed to be coarse flow centres co-magmatic with the flows 

south of Mink Lake. Zones of epidote alteration which change the 

pillowed flows from the prevailing black or dark green fresh 

surface to a light apple green, are found toward the top of the 

mafic sequence:. On outcrops where the flows are epidotized the 

weathered surfaces are light green, feldspar-rich, pebbly in 

appearance, and selvages are discernible only with difficulty.

Toward the top of the unit fresh surfaces are grey. 

Porphyritic flows containing feldspar phenocrysts occur in a few 

places midway through the unit, and amphibole-phyric units occur 

toward the top. The occurrence of the gray fresh surfaces, the 

amphibole-phyric flows and feldspar-phyric flows suggests that 

the unit approaches an andesitic bulk composition toward the 

top. Carbonate alteration occurs in a small area south of Mink 

Lake in the central part of Birch Lake.

In thin section, the mafic metavolcanics of Cycle III 

display typical greenschist facies mineral assemblages (tabulated 

in Thurston, 1981). None of the sectioned samples contained 

amygdules, so details of amygdule fillings remain obscure. 

Commonly, primary clinopyroxene when present as a phenocryst 

phase is preserved, with or without mantling tremolite-actinol ite 

or chlorite. The flows generally exhibit ophitic texture, with 

laths, 1-2 mm long of saussuri tized plagioclase held together by 

5 mm plates of clinopyroxene, in varying states of preservation. 

Textures grade imperceptibly to isogranular as the grain size
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increases to a maximum of 5 mm. Individual saussuritized 

euhedral plagioclase, and elongated clinopyroxene are observed, 

with accessory iron oxide grains in the interstices. M.my 

interstitial areas in coarse isogranular flows are filled with a 

fine grained (0.5 mm) ophitic-textured mass of saussuri ;ized 

plagioclase, tremolite-actinolite, and Fe-oxide grains with 

accessory carbonate and chlorite. Relict glass in coar.se flows 

is present as fine grained muddy-looking aggregates of epidote- 

actinolite and albite.

Known Cycle III rocks exist south of Swain Lake, and in 

Honeywell and McNaughton Townships (cf. Johns, 1979). Important 

in the present discussion is the fact that epidotized mafic flows 

are common in Cycle III to the south. Such flows are described 

in Thurston (1981), and outcrop observation suggests the mineral 

assemblages are similar in the Birch Lake area. These epidotized 

rocks contain laths and anastomosing plates of colourless 

tremolite-actinolite, heavily saussuritized laths of plagioclase 

overprinted by later-formed large (0.5 m) plates of epidote, and 

large cross-cutting grains of carbonate with accessory sericite, 

chlorite and iron oxides.

The mafic metavolcanics described above are correlated with 

Cycle III mafic metavolcanics of the Confederation Lake area 

based upon:

1) The assumption that based upon general appearance in the 

field mafic metavolcanic rocks on both sides of the Swain 

Lake fault are the same unit.

2) The presence of variolitic textures similar to the Cycle III
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variolites to the south (Thurston and Oackson, 1978). 

3) The occurrence of epidote alteration in the assumed Cycle

III rocks at Birch Lake, which is similar to that observed

at Washagomis and Confederation Lakes to the south

(Thurston, 1981).

The mafic metavolcanics found at the north end of Springpole 

Lake and in the Johnson Island area of Birch Lake have, for 

purposes of this report, been termed the allochthonous mafic 

metavolcanics (Figure 2). The reason for this term will be 

advanced later.

At the north end of Springpole Lake the unit underlies an 

area 9 by 7.5 km. It is bounded on the west by steeply-dipping 

north trending wackes, on the east by northwest-trending inter 

mediate metavolcanics dipping 60o toward the northeast. The 

south limit of the unit is an east-trending fault zone, which 

extends the length of the east-trending part of Springpole Lake. 

The unit consists of 3-6 m thick pillowed flows with a 10-30 cm 

thick mafic hyalotuff or hyaloclastic top. Pillows range from 30 

cm to 2 m in length by 15-30 cm in width, and are commonly 

vesicular with about 10 volume* carbonate-and quartz-filled 

amygdules. Northern parts of the unit contain up to 20ft iron 

rich carbonate in the interpillow space and within pillows them 

selves. More commonly, the interpillow space is filled with 

chert with or without pyrite.

Top determinations and bedding attitudes of intercalated 

intermediate tuffs suggest the unit has a dip of 15-200 about a 

central northwest-plunging anticlinal axis. The allochthonous
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the surrounding rocks which commonly occurs at right angles to 

trends in the mafic unit. Secondly, a small 3 km by 3 km outlier 

north of the east-trending part of Springpole Lake forms a topo 

graphic high, a few meters in magnitude, surrounded by inter 

mediate pyroclastic rocks, again suggesting a shallow-dipping 

sheet.

The second major occurrence of this unit is an area 10 km 

east-west by 2-5 km north-south which extends from east of 

Johnson Island, Birch Lake northwestward to a point south of 

eastern Casummit Lake. In this occurrence the pillows are usual 

ly 2-2.5 cm by 30-50 cm, with 2-5 cm selvages and relict basaltic 

glass and chert as interpillow space fillings.

A distinctive glomeroporphyritic unit containing up to 90ft 

10-13 cm plagioclase glomerocrysts (average size 1-2 cm) which 

preferentially occur near the epidotized pillow rims, lies south 

of Johnson Island and on Springpole Lake. The interpillow space 

is filled with carbonate; up to 7 cm of carbonate occurs between 

pillows. The occurrence on the west shore of Springpole Lake is 

half way up the shore opposite the large island.

The second unit on Johnson Island is assumed to be

allochthonous based upon the fact that it is overturned, tops are 

southward and dip is northerly at 55o ; a nd it is surrounded 

almost completely by metasediments which are upright with steep 

dips. This suggests the unit may be the basal part of a nappe.

It is difficult to correlate these two units with the 

stratigraphy described to the south. With no information as to
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transport direction for these possible nappe segments, it is 

assumed they have been transported from the complexly folded 

terrane in the Springpole-Seagrave Lakes area. The probable 

source area and the presence of carbonate alteration both suggest 

the unit may be assigned to either Cycle I or Cycle II. Trace 

element data may furnish further evidence (cf. Thurston 1981) of 

the proper stratigraphic position of the unit.

In thin section the mafic metavolcanics of the allochthonous 

unit display assemblages typical of the greenschist facies. 

Critical features observed include well perserved 5-8 mm clino 

pyroxene phenocrysts with tremolite actinolite rims in coarse 

"amphibole"-phyric units. Typically in these units the large 

clinopyroxene phenocrysts are enclosed in an ophitic to 

trachytic-textured matrix containing 3-4- mm laths of plagioclase 

in a matrix of chlorite, epidote and albite with trace amounts of 

opaque iron oxides. Tectonically modified clinopyroxene pheno 

crysts are in places surrounded by minor amounts of fine grained 

biotite. More typically, the fine grained flows display ophitic 

textures with 0.5 mm X 2-3 mm plagioclase laths in a matrix 

consisting of tremolite-actinolite with minor chlorite, saus- 

suritized plagioclase and trace amounts of opaque iron oxides. 

Amygdules are generally filled with carbonate with subsidiary 

amounts of quartz and epidote. The amygdules sometimes have a 

rim of chlorite-rich material. Coarse non-porphyri tic flows have 

an isogranular to intergranular texture, with 2-5 mm euhedra of 

plagioclase, thoroughly recrystallized to albite and fine dusty 

epidote, and long euhedral to subhedral grains (10-12 mm by 3-4-
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mm) of clinopyroxene. The clinopyroxene grains are rimmed by 

tremolite-actinolite and carbonate; fractures are filled with 

carbonate and quartz. 

Intermediate Metavolcanics

The only unit assignable, albeit with some doubt, to Cycle I 

is the intermediate metavolcanic unit found between Springpole 

and Seagrave Lakes. The intermediate units range from tuff to 

tuff breccia, with lapilli tuff and lapillistone predominating. 

Many units consist of rhyolitic lapilli and blocks up to 15 cm in 

a dacitic matrix. A typical outcrop consists of tuff breccia 

with poorly rounded to subangular fragments (30-50 cm ty 10-20 

cm) of white vesicular rhyolite (50ft of rock), and up to 10% dark 

wispy chloritic fragments (5-20 cm by 2-10 cm) assumed on the 

basis of relict textures to be deformed pumice, in a matrix of 

pumice and tuffaceous debris. Primary structures observed in 

outcrop indicate a variation over 30 m perpendicular to strike 

from tuff breccia with abundant vesicular rhyolite fragments to 

finer lapillistone and lapilli tuff with more abundant white 

lithic felsic flow fragments and wispy dark relict pumice 

fragments. The presence of abundant pumice suggests these rocks 

are probably not flow breccias but no diagnostic criteria to 

distinguish ignimbrites from debris flows were observed. In 

fact, the presence of accidental felsic flow fragments suggests, 

but does not prove a debris flow origin for the units (cf. 

Parsons, 1969). No rocks from this unit were examined in thin 

section.

Intermediate metavolcanics in the allochthonous unit range
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from tuff to lapilli tuff. The units have a light green to white 

weathered surface and a light green to gray fresh surface. Large 

scale structures such as bedding, thicker than the cm scale, were 

not observed. The tuffs are thinly (1-2 cm) to medium bedded (O 

cm) and fine grained, with graded bedding commonly observed. 

Individual outcrops of tuff with bedding several metres thick 

were observed west of central Springpole Lake on the northern 

shore of the lake. East of the northern part of the lake, 

lapilli tuff with tuff interbeds is predominant. In this part of 

the map area, no bedding was found in these units, but poorly 

developed grading was rarely observed. Rhyolitic fragments are 

generally more siliceous than the matrix which has a colour index 

of 20-25.

- Thin section examination of the tuffs reveals relict glass 

with small (0.5 mm) phenocrysts of quartz and saussuritized 

plagioclase in a very fine grained matrix of epidote, albite, 

tremolite, chlorite, opaques and carbonate. The matrix resembles 

devitrified glass in younger volcanic rocks by virtue of its fine 

grain size and swirl-like morphology (cf Moorhouse, 1970). 

Crystal tuffs contain abundant 0.5-2 mm quartz and/or feldspar 

phenocrysts in a finer matrix of 20% biotite, 20% quartz, 55* 

albite, and minor epidote, carbonate and opaques. Grading of the 

grain size of the coarse fraction suggests it mimics primary 

grain size and grain shape, particularly the quartz and 

feldspar. Quartz and feldspar have filled interstices in pumice 

(cf. Fiske, 1969) suggesting a pumiceous matrix for the crystal 

tuffs found on the north shore of Springpole Lake.
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Lapilli tuffs have matrixes consisting of tremolite- 

actinolite (20-25%), saussuri tized plagioclase, quartz and minor 

biotite, opaques and carbonate. (These rocks display a 

systematic medium range (cm scale) change in grain size from 

medium grained to fine grained within the matrix which suggests 

grading and what contains lithic rhyolite lapilli which form up 

to 30^ of the rock). The clasts have a fine grained margin, 

relict spherulitic texture, and grain size systematically 

increases inward. Therefore the clasts are accidental with 

respect to this unit. This and the grading suggest that this 

part of the unit is of debris flow origin (cf. Parsons 1969).

Intermediate pyroclastic rocks tentatively correlated with 

Cycle II form a disrupted, discontinuous unit comprised of 

several segments. 

Unit 1) a unit 1000 m thick at most, which extends 9.5 km from

the east boundary of the map area westward to central

Birch Lake mainly along the south shore. 

Unit 2) a unit which underlies the southern part of Shabumeni

Lake. 

Unit 3) tuffs and lapilli tuff with intercalations of chert and

oxide facies ironstone south of Mink Lake, and at Mink,

Ooneston, and Casummit Lakes.

Weathered surfaces in the unit are generally gray to green 

and fresh surfaces are generally gray. The predominant rock 

types are lapilli tuff to tuff breccia with subsidiary amounts of 

tuff. The unit (1) above is mainly lapilli tuff, a typical 

exposure consisting of 30-4-0*fc scoriaceous to pumiceous blocks of
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felsic metavolcanic with or without creamy 5-8 mm feldspar 

phenocrysts, with less than 5* granitic (subvolcanic) clasts in a 

fine tuffaceous matrix. The blocks (cobbles) show some 

imbrication. The coarse unit is 3-4- m thick and is capped by a 

30-60 cm thick medium to finely bedded intermediate tuff. 

Another unit of tuff breccia occurs on the southern shore of 

Birch Lake 2 km northwest of the western end of Dole Lake. This 

unit is about 5 m thick; felsic pumice clasts up to 1.5 X 1 m 

occur at the top of the unit. The presence of tuffaceous tops of 

beds, imbrication of the clasts, and abundant pumice suggests 

some sort of re-worked ash-flow sequence.

Unit 2 (above) is mostly lapillistone to tuff breccia with 

60-80% uncollapsed, intermediate, poorly rounded feldspar-phyric 

pumiceous clasts and IQ-20% lithic intermediate subangular 

clasts, in a sparse tuffaceous matrix. These rocks form units 

30-90 m thick, which show very little apparent grading. The 

grading observed is reverse size grading with some tendency for 

pumice to concentrate toward the top of the units. Tuffaceous 

interbeds are scarce. The poor sorting and grading and lack of 

tuffaceous marker beds suggest the unit is a relatively proximal 

(cf. Williams and McBirney 1979) ashflow. The tuff in thin 

section contains 15% quartzo-feldspathic relict pumice and 

subordinate intermediate (colour index 20-25) relict pumice in an 

intermediate matrix of tremolite-actinolite, chlorite, carbonate, 

saussuri tized plagioclase, quartz and opaques after glass shards.

The intermediate pyroclastic rocks which extend from Mink 

Lake to Casummit Lake form a unit 300-1000 m thick over a strike
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length of about 10 km. The unit is underlain by mafic flows of 

Cycle II and overlain by Cycle II felsic pyroclastic rocks. 

Weathered surfaces are brown, white, gray to various shades of 

green. The fresh surfaces vary from gray to light green. The 

predominant rock type is medium to coarse grained lapilli tuff to 

lapillistone with occasional outcrops of tuff breccia. The most 

common fragment type is phaneritic, white, feldspar-phyric, 

slightly amygdular, rhyolite which, in lapilli tuff, makes up 

30-4^ of the rock with S-10% wispy collapsed green aphyric 

pumiceous fragments up to 10 cm by 0.5-1 cm in a tuffaceous 

matrix. Bedding on an outcrop scale is non-existent, fragments 

of massive lithic (non-pumiceous) dacite - rhyolite up to 4-0 cm 

by 150-180 cm are found in places. These coarse units occur in 

association with thinly bedded 0.5-1 cm thick, intermediate tuff 

with upward fining defined by the disappearance of 1-2 mm 

feldspar phenocrysts. Occasional scour structures are present. 

Oxide facies ironstone units occur within the sequence, as do 

light green massive cherts which were seen only at the Casummit 

Mine dump.

In thin section the most abundant fragment type is inter 

mediate in composition with IQ-15% quartz-filled, round vesicles, 

5 percent rounded plagioclase phenocrysts (0.5 mm), and 5-10% 

anhedral carbonate grains in a fine grained matrix comprised of 

very fine 'quench' laths of saussuritized plagioclase with 

chlorite, epidote, and albite after glass. Large (1-4- mm) 

vesicles filled with chlorite and epidote constitute less than 1 

percent of the fragments. The matrix is 5-10% 1-3 mm relict
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pumice fragments, now platy growths of chlorite and epidote in 

sigmoidal to elliptical shapes, surrounded by devitrified glass 

shards (see photo ) which now consists of very fine grained 

epidote, albite and minor chlorite.

Unit 1 (above) is correlated with Cycle II on the basis of 

its relationship to the Cycle II basalts, mainly those north of 

the eastern part of Birch Lake.

Unit 2 (above) is correlated with Cycle II on the basis of 

stratigraphic continuity with the stromatolitic carbonates at 

Shabu Lake (Pryslak, 1972) which are assumed to be of Cycle II 

age (Thurston, 1981).

Unit 3, the Mink Lake - Ooneston Lake unit is assumed to be 

of Cycle II age based upon interpretation of the faulting east of 

Shabumeni Lake and the assumption that late granitic intrusions 

have disrupted the continuity of the unit. 

Felsic metavolcanics

Cycle I felsic metavolcanics comprise a unit about 375 m 

thick which extends west-northwestward from the eastern boundary

of the map area for 3 km along the shores of Seagrave lake. The 

unit is underlain by Cycle I mafic flows, and overlain by mafic 

flows of Cycle I. It is correlated across the axis of a major 

syncline, with the intermediate pyroclastic rocks of Cycle I. 

Rocks of this sequence have white weathered and fresh surfaces. 

They consist of thin (<^ cm) to medium (<5 cm) bedded felsic 

crystal and lithic tuff with interbeds of medium bedded inter 

mediate tuff and lapilli tuff, chert and wacke. Graded bedding 

is present, suggesting north tops. The unit represents relative-
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ly distal facies deposition based upon frequent grading upward 

from felsic tuff to chert, thin bedding, and the thin nature of 

the unit as a whole (cf. Williams and McBirney 1979).

Cycle II felsic metavolcanics have been mapped in two areas:

1) a unit 1250-250 m thick extending 16 km from south of Mink 

Lake northeastly through Mink Lake, and thence eastward to 

the Casummit Lake area.

2) a minor unit 2.5 km long and 500 m thick extending from the 

east boundary of the map area to the eastern shore of Birch 

Lake.

As well several minor occurrences of felsic tuff occur on and 

east of Shabumeni Lake, east of Mink Lake, and intercalated with 

Cycle II basalts north of central Birch Lake east of Casummit 

Lake.

The unit at Mink Lake consists, at the southern end, of 

thinly bedded felsic tuff interbedded with chert, wacke, and 

re-worked fine volcaniclastic rocks. Bedding in this unit is 

generally 1 to 3 cm thick and displays grain gradation from a 

dominantly tuffaceous component at the base to dominantly chert 

toward the top. That part of the unit north of Mink Lake, and 

through Ooneston Lake to Casummit Lake consists of felsic lapilli 

tuff, and tuff breccia in the sense of Figher (1966). The tuff 

breccia consists of 10-20 cm subrounded lithic fragments, 

generally feldspar-phyric and rhyolitic (70%), and 25% rhyolitic 

pumiceous fragments. Overall the fragments make up 95ft of the 

rock, with the remainder ash matrix. Rare sulfide-bearing 

rhyolitic fragments were observed. Outcrops north of Mink Lake
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display crudely developed bedding on the scale of 6-15 m bed 

thickness in the coarse units. Scattered outcrops of poorly 

bedded to cross-bedded tuff to lapilli tuff consisting of 20-30* 

feldspathic fragments in an ash matrix forming units 20-30 cm. 

thick, cap some of the coarse units described above. A 

consistent spatial association between the coarse and fine units 

could not be definitively mapped.

In the ash-flow facies model of Sheridan (1979) this 

association of units, the presence of pumice, the lack of fine 

bedding, and the cross-bedded nature of the tuffaceous units 

suggests a mixture of cross-bedded base surge material and 

pyroclastic flow material.

The unit which extends from the eastern boundary of the map 

area to Birch Lake consists entirely of well-bedded rhyolitic 

tuff with bed thicknesses of less than 2 cm.

The occurrences of felsic rocks on Shabumeni Lake are 

thinly bedded (<2 cm), well graded, felsic tuffs closely 

associated with dacitic and andesitic tuff breccia. As such they 

form a 15-30 m thickness with restricted lateral extent. Inter 

pretation of the lateral extent of these units is impaired by 

faulting, the prevailing amphibolite facies metamorphic rank, and 

the lack of exposure. A 30 m thick exposure of thinly bedded 

felsic tuff also occurs amongst the Cycle II basalts immediately 

east of Shabumeni Lake southeast of the Shabumeni Lake - Birch 

Lake portage. This unit is associated with chert and ironstone 

within the basaltic sequence. As such it commonly contains thin 

beds (2 cm or less) which grade from tuff upwards into cherty
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material.

The Mink Lake unit is assigned to Cycle II on the assumption 

that it represents the faulted equivalent of the Shabumeni Lake 

felsic metavolcanics which can be physically traced to the Cycle 

II type area on Woman Lake via the Shabu Lake carbonate unit. 

The occurrence at the eastern end of Birch Lake is correlated 

with Cycle II based on the fact that it overlies probable Cycle 

II basalts found at the southeastern end of Birch Lake.

Cycle II felsic metavolcanics have assemblages typical of 

the greenschist facies with albite, epidote, chloritized biotite, 

carbonate, sericite and quartz. Tuffaceous rocks have both 

anhedral quartz and saussuritized plagioclase phenocrysts present 

in varying amounts, generally plagioclase is dominant, in a 

swirl-like matrix of devitrified glass shards (cf. Moorhouse 

1970). The relict glass is now saussuritized plagioclase, quartz 

and minor chlorite/biotite. 

Cycle III felsic metavolcanics occur in three settings:

1) a unit 15 km long by 3000 m thick in central Birch Lake 

consisting of felsic flows and flow breccia with an 

associated subvolcanic intrusion and ash-flows.

2) lenticular bodies of felsic flow material 5 km by 600 m

surrounded by metasediments between Grace Lake and South Bay 

of Birch Lake.

3) felsic tuffs associated with mafic flows of Cycle III south

of Swai n Lake.

The unit at central Birch Lake consists, from the base, 

(i.e. the northern side) southward, of several units of felsic



-25-

lapilli tuff and tuff succeeded by a complex of felsic flows, 

flow breccia and hyaloclastite. Typical pyroclastic units are 

homolithic felsic lapilli tuff forming non-bedded units 8-100 m 

thick. The basal portions are pumice-free, but up to 30% poorly 

vesiculated pumice lapilli occur in the upper one third of the 

unit. A sandy interval about 10 cm thick composed of 40-50* 

pumiceous lapilli (O cm in size) caps each unit. Pumice 

fragments in the lapilli tuff are about 5 X 30 cm, and are fairly 

highly welded. The matrix surrounding the large pumice fragments 

is pumiceous itself and displays an eutaxitic texture. The 

presence of pumice, welding, and succession of primary structures 

suggest these units represent proximal ash-flows (cf. Sheridan 

1980) .

The overlying felsic flows which are 3-30 m thick, are 

massive to flow-banded. The massive portion of the flows are 

capped by 30 cm - 2 m of autoclastic breccia comprised of 

subangular fragments ranging from 1 cm to 15 cm. Fragments 

generally have cuspate to straight sides (334) and occur in a 

matrix of successively smaller straight-sided fragments and 

relict glass, now quartz with saussuritized plagioclase. 

Disposition of epidote grains and the shape of the rhyolitic 

fragments (cf. Dimroth 1979) suggest that the matrix was felsic 

hyaloclastite. Lithic fragments in both the ash-flow and 

associated flows are plagioclase-phyric, with two generations of 

plagioclase; equant stumpy prismatic phenocrysts, and lath-like 

smaller phenocrysts.

Felsic flows associated with the metasediment s between Grace
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Lake and the South Bay of Birch Lake consist of massive to flow- 

banded aphyric rhyolite. Thickness and lateral extent of the 

flows is difficult to map at this scale. However, the bulk of 

the unit is flow material with minor intercalations of tuff. 

Microscopically the unit is aphyric and consists of a felted mass 

of sericite, albite, epidote and quartz after glass with sparse 

carbonate filled small vesicles ^.1 mm.

Exposures at the mouth of the Okanse River between 

Superstition Lake and South Bay of Birch Lake have been 

classified, based on limited data as fresh to re-worked felsic 

volcaniclastics. As such they are described later in the 

report. Lack of shoreline exposure, and the fact that no 

traverses were done inland in this area means that felsic 

metavolcanics could be present in this part of the map area. 

(They appear on the map as unit 7b).

Felsic flows occur south of Swain Lake, north of Honeywell 

Township, however little is known about this occurrence. Felsic 

metavolcanics within Honeywell Township described in 3ohns (1979) 

are felsic tuff and lapilli tuff. These are generally aphanitic, 

white weathering with a black fresh surface, and bed thicknesses 

varying from one to .5 cm. Felsic lapilli tuff occurs around 

Grace Lake. This unit consists of lapilli of felsic tuff and 

flows in a tuffaceous groundmass, and grades into felsic tuff. 

Origin of these units is uncertain.

Assignment of the various units described above to Cycle III 

is based upon the following considerations. The central Birch

Lake unit has a U/Pb zircon age done by P. Nunes and F. Corfu of
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274-0 Ma (personal communication, F. Corfu, Royal Ontario Museum, 

Jack Satterly Geochronology Lab.). The 274-0 Ma age, interpreted 

as an age of crystallization, is essentially identical to the 

Cycle III age presented by Nunes and Thurston (1980). The 

contact between the Birch Lake felsic unit and the metasediments 

to the south is a fault. Slivers of the felsic metavolcanics 

occur in the fault zone in the southern bay of the main part of 

Birch Lake (Lat. 51o 20o long. 92o 30). Both the felsic unit and 

the metasediments here face south. Therefore I suggest that, 

while the contact is faulted, the metasediments overlie the 

central Birch Lake metavolcanic unit. Therefore the lenticular 

felsic units in the south Bay of Birch Lake are of Cycle III age 

and represent topographic ridges poking up through the younger 

metasediments.

The stratigraphic position of the Grace Lake felsic meta 

volcanics has been described by Johns (1979).

Reworked felsic pyroclastic rocks on the western shore of 

South Bay, and felsic pyroclastic rocks at Superstition Lake, 

Satterly Lake (4-76), the northern shore of Exit Bay and the 

central part of Birch Lake are interpreted to be later, 

"Timiskaming"-type units.

This interpretation is based on the fact that these 

pyroclastic rocks contain units richer in feldspar phenocrysts 

than the other felsic metavolcanics, have a trachytic texture, 

and contain districtive biotite and hornblende phenocrysts. The 

association of these metavolcanic units with floviatile meta 

sediments (described late), the position of the unit at the
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highest point in the stratigraphy, after cross-cutting all Cycle 

III supracrustal units suggests the unit is equivalent to the 

Timiskaming sequences of other areas (cf. Ayres and Thurston, 

1985).

Metasediments 

Clastic Metasediments

Clastic metasediments in the map area have been classified 

after the scheme outlined in Blackburn et al. (1978). These 

rocks underlie the central and south-central part of the map 

area. They are divisible, based on rock type, primary structures 

and type of detritus, into distinct rock associations (Figure 3)

1) low metamorphic rank turbidites form a major unit extending 

from southwest of the main part of Birch Lake through to 

north of Exit Bay, and a minor unit at the eastern end of 

Birch Lake.

2) medium metamorphic rank turbidites occur in northern

Mcnaughton Township and in the Bertha Lake area.
i

3) Dominantly arkosic re-worked arenites and conglomerates occur

along the shores of South Bay and western Exit Bay of Birch

Lake. 

4-) A sequence of arkose conglomerate, argillite and minor tuff

occurs in a unit trending north from Exit Bay of Birch Lake

to the central part of the lake immediately west of

Springpole Lake.

The unit which comprises the upper- and lower meta- 

sedimentary sequence (Figure 3) extends from southwest of the 

main part of Birch Lake to Exit Bay and is composed of wacke,
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lithic arkosic wacke, and argillite. Stratigraphic thickness is 

estimated to be 1400-2000 m and the lateral extent is about 19 

km. Based upon distribution of rock types, two sequences are 

apparent; a lower sequence which fines upward progressing from 

arkose and wacke upward through wacke-argillite to argillite on 

South Bay south of Exit Bay, and an upper sequence exposed on 

South Bay north of Exit Bay which is a coarsening upward unit 

progressing from wacke-argillite couplets upward to dominantly 

arkose with a minor conglomeratic unit. Outcrops within the unit 

vary from black to white weathering depending upon the proportion 

of fine argillite.

Sandstones have been distinguished from mudstones on the 

basis of the weathered surface colouration and grain size. The 

mudstones have higher contents of organic material and dark phyl- 

losilicates and hence appear black. In general, mudstones do not 

have individual grains large enough to be discernible with the 

hand lens and are not associated with arenites. Wacke-mudstone 

beds vary from 30-50 cm thick down to 2 cm. Scattered 

observations suggest bed thickness may decrease from west to east 

in the upper and lower sequences. Beds generally have a wacke 

base and grade upward to argillite. The proportion of arkose 

appears to increase upward within the upper sequence.

The wackes microscopically consist of 70ft framework grains 

which are mainly 56* lithic fragments, 10*fc subhedral well twinned 

saussuri tized plagioclase, and 4-ft angular quartz grains in a 

matrix of biotite and muscovite. The predominant lithic fragment 

type is felsic metavolcanic. The argillaceous top of wacke beds
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consist microscopically of very fine saussuritized plagioclase, 

quartz, epidote and biotite. The wackes display a pronounced 

bimodalism in fragment size with feldspar and quartz fragments 

generally coarser than lithic fragments.

Within the upper sequence are rare occurrences of cobble and 

boulder matrix-supported conglomerate. The units occur within 

individual outcrops at the western end of the unit. In one 

instance rounded boulders 5-45 cm in diameter occur in wacke at 

the southwestern end of Birch Lake. Extent of these coarse units 

is unknown.

The lower sequence contains wacke, siltstone, clast-support- 

ed conglomerate and argillite. The unit is about 2000-3000 m 

thick with a lateral extent of 10-12 km from south of Exit Bay to 

about 5 km west of South Bay of Birch Lake. Colours of weathered 

and fresh surfaces are as described for the upper sequence. The 

sequence forms a fining upward cycle with an estimated 30 m 

thickness of poorly bedded argillite as the uppermost unit. 

Beneath this is a mixed sequence of wacke, arenite and 

conglomerate. Typical conglomerate exposures on South Bay of 

Birch Lake consist of pebble and cobble mat rix-supported 

conglomerate with the clasts forming about 80% of the unit. The 

clasts are mainly felsic and intermediate metavolcanics, mostly 

6-10 cm in diameter with a few rounded cobbles 20-50 cm. Within 

the sequence are intercalations of felsic lapilli tuff, coarse 

arkose and lithic arkose. Bed thickness was not measured 

consistently, but exceeds 3 m in the lower part of the sequence, 

whereas toward the top, 1 m beds are observed, and clasts of
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wacke and argillite are more common. Above the argillite at the 

mouth of Exit Bay are relatively distal turbidites consisting of 

wacke-siltstone couplets displaying Bouma BE and BCE and ABE 

sequences in beds 1-15 cm thick with parallel laminae 1-6 mm 

thick. In thin section the finer rocks are feldspathic lithwacke 

and the conglomeratic matrices are of similar composition.

The regional metasedimentary units (Figure 3) south of 

Superstition Lake and in the Bertha Lake area is complexly folded 

and estimates of stratigraphic thickness are not possible. The 

rocks are generally east-trending, and consist of thick to medium 

bedded (1 m to 10-15 cm) wacke or arkose to argillite couplets 

with 2-7 cm thick argillite caps defining Bouma AE cycles. In 

the Bertha Lake area wacke-argillite couplets, 5-25 cm thick, 

occur intercalated with mafic flows. As the area is in the 

amphibolite facies, primary structures are obscured. Oxide 

facies ironstone units 2-5 cm thick and up to 2 m long are

present. 
i

The "Timiskaming H -type sediments include interbedded

clast-supported conglomerates and arenites which form a unit 

about 2400 m thick which extends from Bobarris Lake to the 

Seagrave Lake fault. This unit is termed the Grace Lake unit. 

Typical conglomerate exposures along the southern shore of South 

Bay of Birch Lake consist of 1-6 m thick, poorly sorted, ungraded 

beds of polymictic clast-supported conglomerate containing well 

rounded 5-75 cm cobbles of quartz-feldspar porphyry, felsic meta- 

volcanics and granitoid rocks in an arenaceous (arkosic) matrix. 

Subordinate smaller clasts consist of siltstone, ironstone, vein
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quartz and assorted metavolcanic rock types. To the east i.e. 

just south of Superstition Lake, the conglomerate sequences show 

both normal and reverse grading. At the eastern end of Bobarris 

Lake and along the southern shore of South Bay 10-30 cm thick 

beds of unsorted, poorly graded, coarse (5 mm) arenite beds occur 

with a spacing of 15 cm to 6 m throughout the conglomerate unit. 

Lag crossbeds with centimetre-sized pebbles were observed at 

Bobarris Lake within the arenite units.

A few meters north of the felsic tuff unit on South Bay, 

abundant rounded granules and pebbles of unusual metavolcanics 

occur in one conglomerate. These clasts generally have a 

foliated to trachytic texture, and contain ZO-30% plagioclase 

laths, often carbonatized, smaller acicular plagioclase, and 

sparse, anhedral quartz phenocrysts in a matrix of fine granular 

biotite (60%) and albite (A-0%).

Along the shore of South Bay an increase in the proportion 

of sandstone beds, the average thickness of those beds, and a 

decrease in the size of the largest clasts to 10-25 cm, suggest 

that the unit represents a more distal facies than the western 

part of the unit. The types of primary structures e.g. cross 

beds and lag beds in the sandy units, and poor grading in the 

conglomerates, suggests that the unit represents an alluvial fan 

environment (cf. Walker 1979).

A mixed unit of coarse metasediments and minor felsic to 

intermediate metavolcanic rocks considered here to be 

"Timiskaming" type trends northward from Exit Bay to the main 

part of Birch Lake, west of Springpole Lake. The trend of the
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sequence is at right angles to the trend of the turbiditic unit 

which forms the upper and lower sequences described above. The 

unit is 2000 m thick at most, and extends for 10-14- km from Iron 

Island in Birch Lake south to the Seagrave fault and perhaps as 

far as the south end of Cromarty Lake (Figure 3). Most of the 

unit consists of heterolithic clast-supported conglomerate beds 

typically 60 cm to 1 m and rarely up to 3 m thick, with 

intercalated arenite beds from 20 to 60 cm thick. The basal 

third of arenite beds are commonly laminated. The conglomerate 

beds contain clasts up to 80 cm by 15 cm, but the average clast 

size is 2-8 cm. Most clasts were described in the field as 

felsite or quartz-feldspar porphyry; <10% were identified as 

mafic metavolcanic clasts. The outcrops weather brown or gray, 

and have a gray fresh surface. The main distinguishing feature 

of this unit is the fact that it consists of ^0* clasts with 

very little arkosic matrix. Bedding thickness is comparable to 

the Grace Lake unit, but the proportion of sandstone interbeds is 

somewhat greater. The Grace Lake and the central Birch Lake 

conglomerates are distinguished from the northeast-trending 

wackes and arenites of central Birch Lake in that:

1) the conglomerates have structural trends largely discordant 

to the main trends of the belt.

2) the conglomerates contain volcanic clasts with distinctive 

chlorite and/or biotite mineralogy (described below).

3) the conglomerate/arenite units contain gravel lags and 

display cross bedding within the arenites. 

Evidence for "Timiskaming"-type volcanism within the map
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area is based upon the feldspar-phyric felsic tuff at 

Superstition Lake described previously, the recognition in thin 

section of unusual clasts in the northeast-trending conglomerates 

of central Birch Lake, and some tuffs within the latter sequence.

In thin section, metavolcanic clasts in 77-PCT-344 are 

granules and pebbles. The clasts include leucocratic and 

mesocratic varieties. The mesocratic clasts range in colour 

index from 30 to 50, and a typical clast contains 10!fc magnetite 

blebs, 50% platy and wispy intergranular chlorite, and tt-0% 

lath-like saussuritized plagioclase. In such clasts, both fine 

plagioclase in the mesostasis and plagioclase phenocrysts have a 

general lath-like character. Some clasts have 30% 2-3 mm 

plagioclase phenocrysts in a relict glass mesostasis with 5ft 

chlorite as 0.5 mm plates. The relict glass consists of albite 

and epidote with 10!fc sericite. Plagioclase phenocrysts are 

intensely sericitized. The granule conglomerate is normally 

graded with a decreasing proportion of rounded quartz clasts 

upward, and reversely graded in that pumiceous, fragments 

petrographically similar to the above lithic clasts, increase 

upwards. The matrix in the unit is largely volcanic, consisting 

of quartz, millimetre scale pumice fragments and lithic 

fragments.

The arenite interbeds vary from arkose to lithic arkosic 

wacke, generally with well developed bedding and normal grading. 

The unit is distinguished from the other fine clastic rocks by 

the presence within felsic volcanic clasts of chlorite, 

pleochroic from light to medium green with an anomalous blue
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interference colour and/or distinctive red-brown biotite 

typically containing small zircon grains with intense radiation 

damage haloes surrounding them. Within these sandstones, grain 

size varies from 3-5 mm for the coarse arkose, to wackes in the 

0.5 mm range. The arkose contains 10^ rounded quartz grains, 85% 

subhedral variably sericitized plagioclase grains, chloritic 

pumice, and 5 mm porphyroblasts of chlorite. The wackes are well 

graded with 10^ red-brown biotite, T-2% chlorite, 5* quartz,

traces of amphibole, and 20136 plagioclase grains in a matrix of 

saussuritized plagioclase, quartz and chlorite.

Pyroclastic interbeds of tuff and lapilli tuff occur (77 PCT 

534, 342, 376 and 380) west of Wagner Bay, on the southern shore 

of Birch Lake, and on the southern shore of Satterly Lake. The 

rocks vary from pyroclastic t9 epiclastic in character, but all 

are characterized by either poikiloblastic red-brown biotite or 

light green poikiloblastic chlorite with opaque or zircon 

inclusions. The pyroclastic rocks vary from feldspar-rich, 

graded crystal tuff to pumice-rich, non-graded tuff exhibiting 

eutaxitic texture.

The "Timiskaming"-type metasediments, based on the presence 

of sandstone interbeds, and the non-graded character of the 

conglomerates, represent either alluvial fan or submarine fan 

deposits (cf. Walker 1979). However the cross-cutting trend of 

the unit, the presence of pyroclastic clasts of unusual 

mineralogy and trachytic texture of metavolcanic clasts within 

the conglomerates and sandstones, and the presence of tuffaceous 

rocks of unusual mineralogy suggest that these sediments were
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derived from metavolcanic rocks typical of late "Timiskaming"- 

type calc-alkali ne to alkaline volcanism such as those observed 

in the Abitibi Subprovince (Jensen 1981) the Western Australian 

Shield (Giles 1981) and the Shebandowan area (Shegelski 1980). 

The cross cutting nature of the unit would be explained by virtue 

of fact that such late calc-alkaline - alkaline volcanic - 

sedimentary units are commonly observed to unconformably overlie 

"normal 11 (Archean) volcanic - sedimentary sequences (Ayres and 

Thurston 1985). 

Chemical Metasediments

Oxide facies ironstone was observed in the area, typically 

interbedded on a centimetric scale with chert. Magnetite-chert 

and chert beds occur west of Birch Lake within the basalts of 

Cycle II. A sequence of oxide facies material occurs on the 

northern shore of Casummit Lake, intercalated with wacke-argil- 

lites. The ironstone beds there are less than 6 m thick, with 5 

units present. The magnet ite-rich beds, 12 cm thick, are 

separated by wacke-argil lite beds 10-15 cm thick. Some of the 

argillite beds contain ZO-30% disseminated magnetite. 

Mafic to Ultramafic Intrusions Rocks

Mafic to ultramafic intrusions consist of massive, coarse 

(3-8 mm) gabbro, diorite and quartz diorite occurring as small 

stocks which cut the supracrustal rocks. The intrusions are 

metamorphosed, based upon the development of foliation and the 

mineral assemblages present. Several such bodies are described 

by Oohns (1979) mainly within Honeywell Township.

A stock about 2 km across occurs between Superstition Lake
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and South Bay of Birch Lake, and a small stock occurs south of 

Mink Lake. Some very small (300 m) plugs occur amongst the 

basalts along the Shabumeni River i.e. the southwesternmost part 

of Birch Lake. Their size is exaggerated to display on the map. 

Serpentinized pyroxenite sills a few meters thick occur amongst 

the mafic metavolcanics at Bertha Lake.

The gabbro-quartz diorite units e.g. at Superstition Lake 

weather green to black and have a green fresh surface with 3-5 

mm, and exceptionally 8 mm, amphibole porphyroblasts in a matrix 

of saussuritized plagioclase laths, chlorite and albite, with or 

without granophyric quartz-albite intergrowths defining a fine 

grained mesostasis which usually includes fine chlorite. 

Accessory minerals include zircon, biotite, opaques and/or 

leucoxene. 

Pre-Metamorphic Felsic to Intermediate Intrusions

Felsic to intermediate intrusions occur as sills, stocks, 

and dikes cutting the metavolcanic-metasedimentary rocks. These 

rocks invariably possess a foliation and display metamorphosed 

mineral assemblages, and are therefore assumed to be pre-meta- 

morphic. Rock types include quartz, feldspar and quartz-feldspar 

porphyry which have a colour index OO. In thin section they 

consist of sericitized and slightly carbonatized plagioclase and 

quartz phenocrysts (5-15 mm) in a fine grained matrix of saus 

suritized plagioclase and quartz containing <^0% 1-3 mm grains of 

chlorite with opaque inclusions. The alteration of the 

plagioclase is similar to but not as intense as that seen in 

quartz-feldspar porphyry at the South Bay Mine (Thurston 1981).
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These minor intrusions particularly that within the Cycle III 

flows at central Birch Lake and the body south of Casummit Lake, 

have a clearly gradational relationship with nearby felsic meta- 

volcanics and are assumed on that basis to be co-genetic. The 

second type of pre-metamorphic intrusions are granophyric 

granodiorite and biotite-sericite granodiorite occur at the 

eastern end of Swain Lake and on the north trending part of 

Springpole Lake. These units weather gray to buff and have a 

white fresh surface. The rock consists in thin section of 2-3 mm 

plagioclase phenocrysts and large platy hornblende inclusions in 

a fine grained matrix of saussuri tized plagioclase and quartz 

with minor chlorite and opaques. 

Syn- to Post-Metamorphic Felsic to Intermediate Intrusions

Syn-to post metamorphic felsic to intermediate intrusions 

form stocks and batholiths on the edges of the volcanic- 

sedimentary belt. The northwestern flank of the belt is under 

lain by the Offer Lake batholith, a crescentic body of 

hornblende-biotite porphyritic granodiorite (Percival and Stern 

198*1-). The unit is massive with 30^ subhedral 1-1.5 cm potassium 

feldspar megacrysts, and weathers pink with a light pink fresh 

surface. Clearly intrusive contacts with the supracrustal rocks 

are observed on Shabumeni Lake.

The northeastern corner of the area is underlain by an 

unnamed batholith of hornblende quartz monzonite containing 5-1(^ 

plagioclase phenocrysts. The unit is generally gray with a colour 

index of about 15.

The Deaddog Lake area is underlain by a biotite and
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hornblende-biotite trondhjemite which has a colour index of 20-30 

and weathers gray, with a gray fresh-surface. The body is cut by 

numerous pegmatite and aplite dikes.

The body south of Springpole Lake is a pink-weathering 

hornblende-blotite quartz monzonite containing phenocrysts of 

potassium feldspar with some perthitic exsolution. Grain 

boundaries exhibit a protoclastic texture. The body is 

interpreted as synkinematic.

The Bertha Lake Stock consists of gray-weathering, 

porphyritic hornblende quartz monzonite which has a somewhat 

gradational contact with the surrounding wackes and amphibolites.

The Mink Lake Intrusion is a late granodioritic to 

trondhjemitic intrusion. The body is 3.25 km by 1.5 km; it 

appears to have been emplaced relatively passively (i.e. it lacks 

a strain aureole) and is structurally discordant and post- 

deformational. A contact metamorphic aureole is present, slight 

ly wider to the south and west than to the north and east. The 

intrusion is coarse grained, equigranular, homogeneous biotite 

trondhjemite. In thin section, biotite is fresh, and plagioclase 

grains are zoned with the cores showing sericitic alteration. 

Late dikes are microgranitic in texture and composition. 

Adjacent to shear zones, the body is pink hematite, and away from 

the shears it has a white weathered and fresh surface. In thin 

section the rocks of the Mink Lake Intrusion range from grano 

diorite to tonalite, with less than 10** orthoclase. Typically 

the rock contains 30% quartz as distinct phenocrysts, ffO-55% 

plagioclase, 5-15* biotite (or chlorite if altered), up to 3ft
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opaques, trace to 15% orthoclase, and Q-5% muscovite (largely 

secondary). Accessories include allanite, sphene, apatite, 

zircon, and zoisite.

Burrows (198A-) has described the intrusion as follows: 

An equigranular unit occurs in the southern part of the Mink Lake 

intrusion, around the margins, and rarely in the central part. 

(Figure 4) A unit with a pseudoporphyritic texture occurs in the 

south-central and northwestern part of the intrusion, probably

more fractionated than the southern unit is not shown on Figure 

4.

Mafic xenoliths found in the southern part of the unit, 

are not obvious country rock fragments. They are interpreted to 

represent fragments of "residual" plagioclase and pyroxene from 

an unmelted restite entrained during partial melting.

A body of more mafic plagioclase porphyritic hornblende-rich 

tonalite occurs in the extreme southeastern part of the intrusion 

underlying an area 150 X 350 m. Later intrusive phases are 

absent from the tonalite though early aplite dikes and mafic 

inclusions are abundant. The unit is distinguished by up to 5 mm 

plagioclase phenocrysts in a finer hornblende-rich tonalite 

matrix. Petrography reveals early and late biotite, one 

generation of hornblende, quartz and plagioclase.

The pluton is cut by early fractures filled with quartz 

veins and aplites. tectonic fracture systems are, in order of 

development: 

1) north-south vertical joints defined by green alteration

zones 5 cm across.



2) fractures trending 290-300Q defining fault zones (Figure 4),

with green alteration. 

Alteration

As noted above green alteration selvedges surround shears 

and joints. The alteration consists of biotite altered to 

chlorite and plagioclase to fine sericite. Spatially associated 

with the alteration events is molybdenite mineralization. The 

alteration is both pre and post mineralization but the 

mineralizing event appears to represent a separate hydrothermal 

event. Alteration varies in width from 3-5 cm to more pervasive 

meter scale zones adjacent to faults. Where the alteration was 

pervasive, the zones are marked by development of siderite and 

quartz veining.

Within the main mineralized zone (MMZ) and the southeastern 

showing, visible carbonate alteration occurs in three modes:

1) Thin alteration rims surrounding MoS2~ bearin9 veins.

2) Thin (<2 cm) alteration selvages on late, low angle aplites.

3) Lenses and pods with sharp contacts, not always associated

with MoS2 mineralization.

Sericitic alteration consists of muscovite, chlorite and 

minor actinolite in the western end of the MMZ. This type of 

alteration rims quartz veins, followed outward from the veins by 

green alteration described below.

Carbonate alteration consists of a green alteration stage 

(1) followed by stages 2 and 3 which are characterized as 

follows: 

1) slight chloritization of biotite with rutile development
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along the C axis, and sericitic alteration of plagioclase.

2) biotite is replaced by iron chlorite, talc and minor carbon 

ate, magnetite turned to pyrite, alteration of plagioclase 

to a more sodic composition.

3) loss of crystal shape in biotite due to replacement by

calcite, and development of a rim of Mg chlorite; formation 

of rutile after biotite, precipitation of MoS2, recrystal 

lization of quartz, and plagioclase replacement by carbonate 

and muscovite.

The above described alteration sequences and the mineralogy 

present within the altered zones have been compared by Burrows 

(1984) with alteration systems in porphyry copper systems. 

Burrows (1984) states that the pervasive green alteration is a 

mild phyllic alteration (Lowell and Guilbert 1970), while the 

early green, fault-controlled, alteration is equivalent to 

sericitic and phyllic alteration. The carbonate alteration is 

similar to porpylitic alteration in modern porphyry systems. 

Main Mineralized Zone (MMZ)

The MMZ is an east-trending area, 1 km X 350 m, in the 

southern part of the intrusion. Mineralization occurs in aplite 

veins, carbonate alteration zones and quartz veins. Therefore it 

took place during the late igneous fractionation stages to a 

magmatic hydrothermal stage. The process is summarized by 

Burrows (1934) as follows:

1) Solidification of the tonalite pod and in the southern area 

of the pluton late fractionation was accompanied by early 

unmineralized aplites.
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2) Further cooling and crystallization of the MMZ synchronous 

with late stage fractionation below and adjacent to the 

zone.

3) Intrusion in extensional joints of late fractionated

residual melts as shallow dipping aplites with minor Mo 

mineralization, preferentially concentrated in lower flat- 

dipping fault .zones.

4) Development of flat thermal contraction cracks infilled with 

quartz and carbonate alteration along with the MoS2 mineral 

ization near the roof of the intrusion along with the MoS2 

mineralization.

5) Generation of late pyrite-quartz veins without MoS2 

associated with development of major fault zones.

6) Dissection of the MMZ by shear zones which exposed several

different structural levels of the intrusion. 

Structural Geology

The structural geology of the Birch Lake area is quite 

complex. South of Birch Lake in the Confederation Lake area, the 

greenstone belt is a major synclinorium with the fold axial trace 

trending through the felsic metavolcanics of Cycle III, the 

youngest cycle. Along the eastern flank of the belt, east of the 

north-1 rending Uchi Lake fault, an anticlinorium occurs, exposing 

on both flanks the rocks of Cycle I (Thurston 1976). In order to 

discuss application of this model in the Birch Lake area, one 

must subdivide the map area into two domains, domain 1 comprises 

a steeply dipping suite with dips of 60-90O, and domain 2 a 

shallow dipping suite with dips of 15 to 45o. Structure of the



area is described below for these domains. 

Folds

Within the steeply dipping domain, the northern continuation 

of the central synclinorium occurs centered on the intermediate 

rocks of Cycle III in Honeywell Township. The northern extension 

of this fold terminates against the northeast-trending Swain Lake 

fault system which extends northeastward from Swain Lake through 

central Birch Lake. The anticlinorium described in the area to 

the south is centered, within the map area, on the mafic meta- 

volcanics trending northeastward through McNaughton Township, and 

terminating at the Bertha Lake Fault.

A complex series of synclines and anticlines folds the Cycle 

I rocks in the Seagrave - Springpole Lakes area. This fold 

system does not appear to affect the rocks of Cycle III to the 

west. The block affected may be isolated from Cycle III by the 

Seagrave Lake fault, a splay of the Swain Lake system. Plunge of 

these folds is steep (80-90O).

Within the Cycle II rocks of the map area the following 

folds are observed:

1) A west-trending syncline centered upon Richardson, Ooneston 

and Casummit Lakes which terminates against the north-trend 

ing Shabumeni Lake Fault. The fold plunges steeply to the 

east.

2) A syncline centered on the metasediments at the eastern end 

of Birch Lake, which extends from the eastern edge of the 

map area westward to the Johnson Island - Sawmill Bay area. 

The plunge of this fold is unknown.
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3) Complex structure in the area west of Iron Island suggests

Cycle II Intermediate pyroclastic rocks are folded, possibly 

in a syncline, however, the relations are not clear.

Within Cycle III the following observations are noted:

1) A synclinal axis, centered on the clastic metasediments

south of the main part of Birch Lake, extends northeastward 

and eastward through South Bay. This fold is terminated by 

the Swain Lake Fault in the west, and by overlying alluvial 

fan metasediments at the eastern end. Plunge on this fold 

is steeply eastward.

2) An east-trending syncline within the alluvial fan meta 

sediments on South Bay, is centered on Grace Lake. This 

fold plunges eastward at 30 0 -40o.

3) An overturned anticline or a series of homoclinal panels 

separated by strike-slip faults within the alluvial fan 

metasediments extends north from Exit Bay through Wagner Bay 

to the Iron Island area.

Within the shallow dipping domain, a major anticline is 

centered upon the northern part of Springpole Lake. The fold is 

defined by opposing tops within the pillowed mafic flows which 

exhibit dips as shallow as 10o. The sequence of pillowed mafic 

flows and minor intermediate pyroclastic rocks which extends from 

the group of islands southeast of Johnson Island to the northwest 

as far as a point south of Casummit Lake, dips northward at 55o, 

but tops are to the south. This sequence may be part of the 

Springpole Lake sequence, but detailed correlation was not 

possible. This structural situation is interpreted as follows:



the Johnson Island unit is an allochthonous, upside down, panel 

representing the downward-facing base of an allochthonous nappe 

thrust into place, possibly from the south, although no direct 

evidence on transport direction was obtained. The shallow 

dipping Springpole Lake anticline was emplaced before intrusion 

of the batholith south of Springpole Lake since amphibolite 

facies assemblages are observed north of Springpole Lake 

suggesting that depth to the batholith is limited. The anticline 

plunges to the northwest at 25 0 -30o.

Structure within the late alluvial fan sediment-calc- 

alkaline volcanic ("Timiskaming") package is difficult to 

decipher. As described above, the unit extending north from Exit 

Bay through Wagner Bay is either an overturned anticline or a 

series of strike-slip, fault bounded panels. By analogy with 

similar "Timiskaming"-type sequences in the Abitibi Subprovince 

(Jensen 1981), the fold option is viewed as more likely. The 

interleaving of felsic metavolcanics of Cycle III and alluvial 

fan metasediments at Grace Lake and South Bay suggest that by 

analogy with similar terranes elsewhere (Giles 1981; Jensen 

1981), the felsic flows represent topographic highs unconformably 

overlain by the alluvial fan unit. This unconformable relation 

ship also serves to explain the abrupt change from east-1 rend ing 

clastic metasediments to north-trending alluvial fan meta 

sediments in the Wagner Bay area. Felsic pyroclastic rocks 

associated with the alluvial fan metasediments are believed to be 

intercalated with the metasediments. 

Faults
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Faults in the area have been recognized on the basis of 

horizontal offset of lithologic contacts and/or aeromagnetically 

distinct units, presence of carbonatization/silicification or 

other alteration near lineaments, and the presence of shearing. 

As described in Thurston and Breaks (1978), strike-slip faulting 

was an important fault type in the general area (Figure 8). The 

Sydney Lake Cataclastic Zone is an east-trending regional fault 

system with 30 km of horizontal displacement (Stone 1981). The 

zone extends from the Ontario-Manitoba border eastward at least 

as far as the area south of Birch Lake. The eastern terminus of 

the Sydney Lake Cataclastic Zone is a series of northeast-to 

north-trend ing subsidiary splay faults which include the Uchi 

Lake Fault which extends through Uchi Lake (Thurston and Breaks 

1978) northward to the southwest bay of Birch Lake. A north- 

trending, right lateral- splay of the Sydney Lake Cataclastic Zone 

extends the full length of Woman Lake. It is offset left 

laterally by the Swain Lake Fault system and then extends the 

length of Shabumeni Lake (see Figure 5). A group of sinistral 

faults extend through the main part of Birch Lake. This fault 

system represents either branches of the northeast-trending Swain 

Lake Fault system or a continuation of the Woman Lake Fault 

system.

Offset on the Uchi Lake Fault system as indicated above is 

dextral with east side up (Thurston and Breaks 1978; Thurston 

1976). Offset on the Woman Lake Fault is assumed, by analogy to 

the Uchi Lake Fault, to be dextral. Evidence for faulting on 

Woman Lake consists of carbonatization of felsic pyroclastic
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rocks (Pryslak 1972). The correlation between the Woman Lake 

Fault and the presumed extension at Shabumeni Lake Is based upon 

lineament analysis of an ERTS image.

The Swain Lake Fault system has one branch extending through 

Swain Lake, and a northern branch passing through northern Woman 

Lake and Washagomis Lake. These faults extend from Trout Lake to 

the Cat Lake region, a distance of about 100 km (Ferguson et al. 

1968). Evidence for these faults of the Swan Lake Fault system 

within the map area consists of the following:

1) The northern branch passes through Exit Bay of Birch Lake and 

South Bay of Birch Lake north of Bobarris Lake to southern 

Shabumeni Lake. Shearing is present at the mouth of Exit Bay of 

Birch Lake. The trend of the mafic metavolcanic unit west of 

South Bay suggests sinistral displacement.

2) The central branch passes through northern Woman Lake 

(southwest of the map area), Swain Lake, and thence through the 

southern part of South Bay of Birch Lake to Superstition Lake 

through to Springpole Lake. Evidence for existence of the 

structure is found in the extensive shearing, carbonatization and 

silicification of mafic flows on Swain Lake and extensive 

chloritization observed along Springpole Lake. As well, shearing 

is observed on the southeastern side of Superstition Lake. The 

sense of displacement on the fault is sinistral, as indicated by 

observed rotation of bedding and foliation along the northern 

shore of the east-trend ing bay of Springpole Lake.

3) The southern branch of the fault system extends from Narrow 

Lake and north-central Woman Lake through Washagomis Lake (all
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out of the map area), through southern Grace Lake, to just south 

of Graydarl Lake. The sense of displacement is based upon 

evidence outside the map area in northern Woman Lake, Goodall 

Township (Pryslak 1972). Evidence for the fault within the map 

area is sparse except for the fact that shearing is o'bserved 

along the possible extension of the structure in the southern 

most east-trending bay of Seagrave Lake.

The Swein Fault system is relatively late in that it 

displaces the alluvial fan metasediments. The north-to 

northeast-trending fault system which includes the Uchi Lake 

Fault is earlier in that it is displaced by the Swain Lake Fault 

system. 

Metamorphism

All units older than the granitoid batholiths have been 

metamorphosed. The zonal distribution of amphibolite facies 

supracrustal rocks around the batholiths (Thurston and Breaks 

1978), and the high temperature, low pressure nature of the 

assemblages suggests the metamorphism is directly related to the 

batholiths. For example, in the area surrounding the stock at 

Bertha Lake sillimanite and cordierite are observed in the

pelites, indicative of uppermost amphibolite facies conditions. 

In general, amphibolite facies assemblages are found in 

supracrustal rocks within 1-2 km of the batholiths on the 

periphery of the belt. As well, amphibolite facies assemblages 

are found in the rocks due east of the north-1 rend ing part of 

Springpole Lake over a distance of 6 km east of the lake. This 

observation, coupled with the relatively flat lying attitude of
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the rocks in the area suggests that the supracrustal rocks are 

underlain, at a vertical depth of 1-2 km, by granitoid rocks.

Assemblage details are tabulated in Thurston and Breaks 

(1978). For mapping purposes in the field, the transition from 

chlorite and/or tremolite-actinolite to hornblende in basalts was 

taken to represent the greenschist-amphibolite facies 

transition. The transition from biotite -t- chlorite * quartz * 

muscovite to a garnetiferous * cordierite-bearing assemblage was 

taken to represent the greenschist-amphibolite transition in 

pel ites. 

Phanerozoic 

Cenozoic 

Quaternary 

Pleistocene and Recent

Pleistocene sand, clay and gravel deposits are present in 

the area. They unconformably overlie the Archean rocks of the 

map area and consist of unconsolidated deposits. They occur in 

those parts of the map area with a low density of outcrop symbols 

(within the greenstone belt). The direction of ice movement 

recorded by glacial striae was from the east-northeast, 

representative of a Late Wisconsinan glacier (Prest 1963). As 

the glacier retreated the area was inundated by the waters of 

glacial Lake Agassiz. Deposits within the map area form a thin 

discontinuous sheet of stony sand to sandy silt till found 

between bedrock knobs. Prominent areas of deposition include the 

southern shore of the eastern part of Birch Lake and south of 

Exit Bay. Laminated lake sediments of silt and clay underlie the
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area south of the southwestern bay of Birch Lake and the area 

along the Okanse River.

The eastern bank the northern part of Springpole Lake is 

underlain by varved clay and silt representing Lake Agassiz 

deposits.

Eskers representing a glaciofluvial regime trend east-north 

east in the general area (Prest 1963). A prominent esker extends 

eastnortheast from just south of Angela Lake, and another extends 

in that direction from the midpoint of Angela Lake. Small 

north-trending moraine-like ridges lie just north of Mink Lake. 

A sandy ridge interpreted as a moraine lies between Swain Lake 

and Shabumeni Lake.

Recent deposits within the map area are organic rich muds on 

lake bottoms. The eastern parts of Mink Lake have been made 

particularly shallow by these deposits. 

Economic Geology

The map area had not been prospected until shortly after the 

discovery of gold at Red Lake in 1926 (Furse 1933). Following 

that discovery, prospecting activity migrated eastward 

concentrating on the Confederation Lake, Woman Lake, and Birch 

Lake areas in the late 1920s to World War II. Numerous prospects 

examined in the interval 1930-35 were recorded in the previous 

reports on the area (Harding 1936; Furse 1933; Horwood 1937). 

These were mainly gold prospects in quartz veins with variable 

amounts of sulphides and carbonates, largely hosted within the 

supracrustal rocks.

Following the discovery of Cu-Zn at the South Bay deposit by
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Selco Exploration Company Limited in 1968 (Thurston 1991), 

virtually the whole map area was staked and examined for Cu-Zn 

volcanogenic massive sulphides.

During the early 1980s with a resurgence of interest in 

gold, several of the prospects dating from the 1930s were re- 

examined. The main area of interest lies southeast of Casummit 

Lake along the northern shore of Birch Lake. As well, a minor 

staking rush occurred upon the discovery of Zn mineralization on 

the shore of Birch Lake at the mouth of the Okanse River in 1984. 

Gold

Quartz veins are common within the map area, particularly 

within the supracrustal rocks along the northern fringe of the 

greenstone belt in the Casummit Lake area and eastward to the 

east end of Birch Lake, and in the Grace Lake area. In order of 

descending frequency, the vein systems occur in mafic meta- 

volcanic rocks, felsic metavolcanic rocks and ironstone units. 

The veins include within them fragments of the wall-rocks, and 

varying amounts of carbonate, arsenopyrite, pyrite, sphalerite, 

galena, and native gold. As shown in Figure 7, the veins fall 

into two groups in terms of strike: N10ow and N75oE (Horwood 1937 

and West-northwest (Fig. 7). Gold is more abundant in veins 

which have been fractured and/or sheared and in veins containing 

sulfides other than pyrite. Veins in the N 7 5 o |r group include: 

those in the southeastern corner of claim K10218 (Kostynuk claim 

outside map area), veins on K9691 and K9771 of Grand Bay 

Exploration Limited, claim K974-8 (former Moran syndicate); those 

on claim K11273 (former Brengold Mines Limited
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property) and the former Casummit-Birch Syndicate claims 

(location unknown). Veins in the N10oW group include: those on 

claims K9758, K9759, K9681 of the Grand Bay Exploration Limited, 

K9687 (Grand Bay Exploration Limited); K9852 Cochenour Willans 

Gold Mines Limited, property on Map P2020) and K9746 and K9747 

(formerly the Moran Syndicate claims).

Vein systems striking N750E are found in mafic meta- 

volcanics, metasediments and porphyritic rocks of the pre-meta- 

morphic felsic to intermediate intrusions. Veins of this group 

are less abundant in the ironstones and intercalated wackes north 

of Casummit Lake, in the clastic metasediments underlying the 

main part of Birch Lake, in the alluvial fan metasediments and in 

the granitoid rocks of unit 9. This group of veins consist of 

white to gray vein quartz within shear zones generally showing 

sinistral sense of shear. The wallrocks show some signs of 

silicification and pyritization on a centimetre scale. Generally 

veins subjected to late brecciation, shearing and addition of 

sulfides contain higher gold values.

The vein system trending N10o\y has been more economically 

important (Horwood 1937). Veins of this group are found cutting 

all supracrustal rocks and hypabyssal intrusions but not the 

granitoids. Veins of this trend are concentrated in the Casummit 

Lake area, but also occur on the Bergstrand property at 

Bergstrand Lake (number 38 on map) and Wagner-Melanson property 

south of Wagner Bay Birch Lake (Harding 1936). Veins of this 

trend with little obvious displacement are the best mineralized 

at Casummit Lake. They contain 2 generations of quartz, and
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ankerite is associated with both generations. Sulphides, 

according to Horwood (1937) were introduced with the second 

generation of quartz with "abundant" arsenopyrite and pyrrhotite 

and lesser chalcopyrite, sphalerite and galena. Gold appears 

associated with arsenopyrite based on assay data of Horwood 

(1937). Examination of dumps at Casummit Lake by the author 

revealed little arsenopyrite-bearing material.

Alteration associated with the mineralization has brought 

about bleaching in mafic metavolcanics through destruction of 

darker amphiboles (tremolite-actinolite) and formation of lighter 

coloured amphibole (anthophyllite) and saussuritization of 

plagioclase. Introduction of ankerite and quartz into the 

wallrocks contributes to a bleaching effect in mafic and felsic 

metavolcanics. Alteration zones are centimetre scale adjacent to 

the veins.

Vein systems in the map area are related to regional-scale 

shear zones. There are two shear systems of importance (Figure 

6): dextral north-trending shears which are branches of the 

Sydney Lake Cataclastic Zone termed the Uchi Lake, Woman Lake, 

Confederation Lake and Fly Lake Faults, and sinistral N70 Q E- 

trending shears centered on Swain Lake. First order veins occupy 

the shear zones and second order veins occur normal foliation. 

Within the map area, Horwood (1937) has noted the association of 

higher grade gold values with the N1QoW set of shears i.e. second 

order shears. However, current activity suggests the N70QE shear 

direction is important on the Boylen - Mcintyre claim group 

(Furse 1933), now referred to as the Dickenson Mines Limited
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property (No.13) within the map area.

On a regional basis, outside the map area, several major 

gold properties are associated with both shear systems (Table 

2). Quartz vein mineralization, shearing, and shear zone related 

regional scale alteration such as in the Bobjo area (Thurston 

1981), and the Vanco Exploration Limited area (No.49) (AFRO). 

The major shears at N70oE probably produced the shear zones which 

trend up the long axis of Birch Lake, although data to 

substantiate a sinistral shear component are minimal in the Birch 

Lake area.

Gold content of the vein systems is variable, Horwood (1937) 

suggests the N1QQW-trending set are higher grade at Casummit 

Lake than the N70oE set. The same seems true of deposits to the 

south in the Uchi Lake area (Thurston 1981). Consideration of 

the data on a regional basis shows that veins vary in width from 

2 cm to 4 m, and contain mainly quartz and carbonate although 

both the Hill-Sloan-Tisey vein (Baker 1975) and the vein at the 

Jackson Manion (Bateman 1939) contain tourmaline. Sulfide 

mineralogy has been previously described and is closely 

associated with gold values. Gold content is variable, but on a 

regional basis the N10oE systems at the Uchi Mine (Thurston 1985) 

and the Dunkin and Bathurst occurrences (Bruce 1928) contained

appreciable grades - 14 ppm in general. The average grade of the 

various past producers in the region approached these levels (IMR 

files) .

As previously described, the mineralized shear zones are 

found in most rock types except post-tectonic plutons. The areas
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of mineralization are concentrated in areas of greenschist facies 

metamorphism. These relationships suggest that the deposits of 

the region and the map area specifically are typical of Archean 

lode gold deposits, showing a strong spatial association with 

regional shear zones (cf. Colvine et al., 1984). 

Molybdenum

Molybdenite-bearing veins in the Mink Lake intrusion show 

association with a N20oE shear zone, but abundant evidence 

presented by Burrows (1984) shows the deposit to be magmatic. 

Figure 8 shows location of all analyzed and thin sectioned 

samples in the map area.
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LOCATION MAP Scale: 1:1 584 000 or 1 inch to 25 miles

Fig. l - Location Map
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Fig. 2 Geological sketch map, Birch Lake area



-66-

Fig. 3 Distribution of metasedimentary units, Birch Lake area
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Fig. 4 Geology of the Mink Lake area
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Fig. 5 Folds and faults in the Birch Lake Area
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Fig. 6 Regional faults in the Birch-Uchi area
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Fig. 7 Rose diagram of vein orientations, Birch Lake area
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Table 1: Table of Lithologic Units

CENOZOIC

Pleistocene and Recent

Till, clay, sand, gravel, organic deposits

Unconformity 

PRECAMBRIAN

Late Archean

Unmetamorphosed felsic to intermediate intrusive Rocks

Porphyritic amphibole diorite, syenodiorite, porphyritic 

amphibole trondhjemite, quartz diorite; biotite 

trondhjemite, quartz diorite; porphyritic amphibole 

quartz monzonite, granodiorite; porphyritic biotite 

quartz monzonite, granodiorite; porphyritic biotite 

diorite, syenodiorite, plagioclase phenocrysts

Intrusive Contact

Metamorphosed felsic to intermediate intrusive rocks 

Quartz porphyry, quartz-feldspar porphyry, felsic 

feldspar porphyry, granophyric granodiorite, felsite, 

biotite sericite granodiorite

Intrusive Contact

Metamorphosed mafic to ultramafic intrusive rocks 

Gabbro, diorite, quartz diorite, serpentinized 

pyroxenite

Intrusive Contact 

Metavolcanics and Metasediments 1 

Chemical Metasediments

' Note: Age relationships amongst mafic metavolcanics, inter 
mediate metavolcanics, felsic metavolcanics and clastic 
chemical metasediments are uncertain and variable.



-72- 

Chert, ferruginous chert, magnetite chert ironstone

Clastic Metasediments

Sandstone, wacke, argillite, reworked felsic tuff, 

paraconglomerate, orthoconglomerate

Felsic Metavolcanics

Rhyolite flow, tuff, lapillistone, lapilli-tuff, 

tuff-breccia, autoclastic breccia, spherulitic flow, 

porphyritic flows (amphibole, quartz, feldspar 

phenocrysts)

Intermediate Metavolcanics

Dacite to andesite flow, tuff lapillistone, 

lapi Hi- tuf f, tuff-breccia, autoclastic breccia, 

spherulitic flow, porphyritic flow (quartz phenocrysts), 

pillowed flow

Mafic Metavolcanics

Andesite to basalt flow, porphyritic flow (amphibole, 

feldspar phenocrysts), pillowed flow, autoclastic 

breccia, amygdaloidal flow, pillow breccia, 

hyaloclastite, variolitic flow, pyroclastic rocks
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MAJOR OXIDE LISTING

77PCT-0096 77PCT-0179 77PCT-0290 77PCT-0291 77PCT-0329 77PCT-0514

SI02
AL203
FE203
MGO
GAO
NA20
K20
TI02
P205
MNO
C02
S
LO I
TOTAL

56.40
10.90
18.50
2.76
4.53
0.75
0.05
1.20
0.15
0.21
1.91
0.07
3.90

97.43

44.90
15.90
11.60
9.25
10.60
1.32
0.30
0.69
0.03
0.17
0.17
0.06
3.60

94.99

58.90
14.90
7.22
6.12
4.38
3.00
1.73
0.54
0.09
0.11
0.78
00.00
2.70

97.77

61.00
15.80
6.26
3.69
3.05
5.83
1.80
0.68
0.16
0.08
0.36
0.23
1.40

98.94

76.20
14.00
0.40
0.23
0.36
4.01
3.18
0.03
0.02
0.02
0.15
0.03
1.00

98.63

57.90
14.40
5.17
2.32
5.48
3.17
3.00
0.54
0.15
0.08
7.13
0.02
7.70

99.36

TRACE ELEMENT LISTING

77PCT-0096 77PCT-0179 77PCT-0290 77PCT-0291 77PCT-0329 77PCT-0514

CO
GR
NI
SR
Y
ZR
RB

27
N.D.
N.D.
120
80
80

N.D.

45
226
176
90
8

24
10

27
360
77

620
12
85
50

27
305
80
250

8
105
60

N.D.
N.D.
N.D.
150

8
70
70

15
92
48

590
9

110
80
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MAJOR OXIDE LISTING

78PCT-0752 78PCT-0759 78PCT-0811 78PCT-0829 78PCT-0862 78PCT-0865

SI02
AL203
FE203
MGO
GAO
NA20
K20
TI02
P205
MNO
C02
S
LO I
TOTAL

48.80
17.00
11.80
5.88

10.40
2.80
0.22
0.90
0.04
0.16
0.20
0.01
1.20

98.21

63.10
10.30
7.87
3.15
6.08
2.80
0.16
0.87
0.04
0.14
3.95
0.04
5.50

98.50

55.30
12.30
14.90
2.03
8.08
3.16
0.63
1.64
0.17
0.21
0.42
0.14
0.50
98.98

49.10
15.60
14.90
3.19
8.42
2.63
1.01
1.72
0.07
0.30
1.83
0.04
2.90

98.81

46.00
16.50
14.50
8.01
7.82
2.87
0.18
0.98
0.04
0.17
0.30
0.03
2.40

97.40

55.00
20.50
3.60
1.73
2.88
1.07

10.50
0.37
0.17
0.08
2.22

00.00
3.30

98.12

TRACE ELEMENT LISTING

78PCT-0752 78PCT-0759 78PCT-0811 78PCT-0829 78PCT-0862 78PCT-0865

CO
GR
NI
SR
Y
ZR
RB

36
230
95
225
12
23

N.D.

33
155
74
25
19
24

N.D.

21
N.D.
N.D.
105
80
175 ' .
20

57
133
88
110
25
22
20

37
238
78
65
14
25

N.D.

10
20
10

720
6

380
320
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.MAJOR OXIDE LISTING

78PCT-0867 78PCT-0869 78PCT-1006 78PCT-1012 78PCT-1016 78PCT-1017

SI02
AL203
FE203
MGO
GAO
NA20
K20
TI02
P205
MNO
C02
S
LO I
TOTAL

59.00
15.90
8.98
2.79
5.32
3.14
1.23
1.14
0.11
0.11

- 0.38
00.00
1.50

98.10

59.30
18.80
3.27
1.35
3.58
5.26
4.90
0.33
0.02
0.05
1.84

00.00
2.70

98.70

41.10
21.00
14.60
4.29
11.30
1.43
0.42
1.03
0.04
0.20
0.24
0.13
3.40

95.78

58.90
12.20
13.20
2.79
6.23
2.32
1.11
1.43
0.08
0.20
1.06
0.03
1.20

99.55

46.50
15.30
11.70
9.32
9.04
2.48
0.30
0.71
0.03
0.18
0.59
0.01
2.80

96.16

55.70
20.50
5.92
3.74
2.75
6.50
0.73
0.67
0.07
0.07
0.48
0.01
2.30

97.14

TRACE ELEMENT LISTING

78PCT-0867 78PCT-0869 78PCT-1006 78PCT-1012 78PCT-1016 78PCT-1017

CO
GR
NI
SR
Y
ZR
RB

21
N.D.
N.D.

285
22

110
40

9
24
17

920
9

120
110

35
272
95

240
8

45
10

35
13
15

200
30

110
40

45
340
185
170

6
23

N.D.

17
88
41

570
7

110
20
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MAJOR OXIDE LISTING

78PCT-1018 78PCT-1024 78PCT-1028 78PCT-1032 78PCT-1035 78PCT-1037

SI02
AL203
FE203
MGD
GAO
NA20
K20
TI02
P205
MNO
C02
S
LO I
TOTAL

52.60
15.60
9.85
7.60
8.29
0.57
0.97
0.59
0.06
0.13
0.15

00.00
2.90

96.41

46.90
16.20
12.60
8.10
6.61
3.74
0.05
1.05
0.05
0.16
0.34

00.00
3.20

95.80

64.30
16.00
4.92
2.23
2.82
3.68
1.29
0.45
0.10
0.07
1.34

00.00
2.90

97.20

59.40
16.00
5.62
1.92
6.27
3.26
1.04
0.61
0.08
0.09
3.44
0.01
4.90

97.74

45.60
15.10
12.90
4.03
13.00
1.06
0.04
1.17
0.05
0.23
3.51
0.04
5.60

96.73

62.50
15.30
5.26
2.48
3.42
2.93
2.36
0.65
0.06
0.07
2.42
0.01
4.30
97.46

TRACE ELEMENT LISTING

CO
GR
NI
SR
Y
ZR
RB

78PCT-1018 78PCT-1024 78PCT-1028 78PCT-1032 78PCT-1035 78PCT-1037

29
405
112
180

8
35
20

29
285
110
55
16
40

N.D.

14
21
14

560
6

135
30

20
122
37
265

8
110
30

40
308
111
140
2-5

' 24
N.D.

16
65
30

485
6

105
70
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MAJOR OXIDE LISTING

78PCT-1122 78PCT-1124 78PCT-1126

SI02
AL203
FE203
MGO
GAO
NA20
K20
TI02
P205
MNO
C02
S
LOI
TOTAL

47.00
13.90
11.60
9.30
11.60
1.37
0.39
0.47
0.03
0.22
0.38
0.01
2.70

96.27

47.50
13.40
17.90
5.28
8.84
1.76
0.13
1.75
0.09
0.23
0.26
0.03
2.30

97.17

53.60
16.50
7.06
3.69
6.59
6.13
0.83
0.79
0.14
0.10
2.61
0.08
3.60

98.12

TRACE ELEMENT LISTING

78PCT-1122 78PCT-1124 78PCT-1126

CO
GR
NI
SR
Y
ZR
RB

53
850
220
85
3

25
N.D.

42
71
49
100
30
45

N.D.

22
51
49

600
11

120
20
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MAJOR OXIDE STATISTICS

TOTAL NUMBER OF SAMPLES: 27

MEAN STD. DEVIATION
SI02
AL203
FE203
FEO
MGO
GAO
NA20
K20
TI02
P205
MNO
C02
S
H20+
H20-
LOI
TOTAL

54.54
15.55
9.71
0.00
4.34
6.58
2.93
1.43
0.85
0.08
0.14
1.42
0.04
0.00
0.00
3.05

97.61

7.81
2.61
4.72
0.00
2.67
3.20
1.59
2.15
0.43
0.05
0.07
1.63
0.05
0.00
0.00
1.59
1.18
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TRACE ELEMENT STATISTICS

NO. OF SAMPLES MEAN STD. DEVIATION
CO 27 28.04 14.22
GR 27 172.37 188.07
NI 27 66.33 59.94
SR 27 293.52 243.47
Y 27 17.81 19.40
ZR 27 84.44 73.90
RB 27 34.44 65.89
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Photo 1) Glomeroporphyritic mafice flow with 5-10 cm plagioclase
glomerophenocrysts in a mafic matrix. Outcrop on the west 
shore of Sringpole Lake (J 4-11). (Photo 5114-72 Note J 55)
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Photo 2) Plagioclase - phyric mafic flows at Seagrave Lake, Photo 
78-2-3
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Photo 3) Intermediate lapilli tuff, south shore of Birch Lake, near 
portage to Springpole Lake. Photo 77-3-4, Note T4 (77)
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Photo 4) Felsic tuff breccia east of Jason Mine, Casummit Lake (Photo 
78-2-1). This may be a flow breccia, given the lithic 
fragments.
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Photo 5) Wacke - argillite beds along the main part of Birch Lake 
(Photo J 77-1-3)
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Photo 6) Arkosic metasediments with convolute bedding, cross
stratification and planar bedding, south shore of Exit Bay, 
Birch Lake (Photo 77-4-15).
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Photo 7) Polymictic cobble orthoconglomerate with interbeds of arkosic 
metasediment (Photo J 77-1-8) typical of "Timiskaming" type 
metasediments.
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Photo 8) Photomicrograph of trachytic clasts in sample 77 PCT-344.
a "Timiskaming" type conglomerate. Magnification 24, Plane 
light.
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Photo 9) Intermediate plagioclase-phyric basaltic hyaloclastite from 
the north shore of Exit Bay. This unit represents late 
"Timiskaming" type alkalic volcanism (Photo 77-4-17)
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Photo 10) Photomicrograph of vaguely trachytic textured clast in 
conglomerate, central Birch Lake 10X, Plane light.
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Photo 11) Pumiceous tuff interbed in conglomerates, central Birch Lake, 
dark areas are pumiceous clasts, 12X, Plane light.
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LEGENDa 

PHENEROZOIC 

CENOZOIC

QUATERNARY

PLEISTOCENE AND RECENT

Till, clay, sand, gravel, organic deposits

UNCONFORMITY 

PRECAMBRIAN

EARLY PRECAMBRIAN (ARCHEAN)

UNMETAMORPHOSED FELSIC TO INTERMEDIATE INTRUSIVE ROCKS 5 

9 Unsubdivided 

9a Porphyritic amphibole diorite,

syenodiorite 

9b Porphyritic amphibole trondhjemite, quartz

diorite 

9c Biotite trondhjemite, quartz diorite

9d Porphyritic amphibole-quartz monzonite, 

granodiorite

9e Porphyritic biotite-quartz monzonite,

granodiorite 

9h Porphyritic biotite diorite, syenodiorite

(plagioclase phenocrysts)

INTRUSIVE CONTACT 

METAMORPHOSED CLASTIC METASEDIMENTS AND METAVOLCANICS

(Timiskaming Type)

8 Unsubdivided 

8a sandstone 

8b Wacke
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8c Slate, argillite

8d Reworked felsic tuff

8e Arkose

8f Paraconglomerate

8k Boulder conglomerate 

8n Granule, pebble conglomerate 

8p Tuff, lapilli tuff, lapillistone 

UNCONFORMITY

METAMORPHOSED FELSIC TO INTERMEDIATE INTRUSIVE ROCKS 

7a Quartz porphyry 

7b Quartz-feldspar porphyry 

7c Felsic feldspar porphyry 

7d Granophyric granodiorite 

7e Felsite

7g Biotite-sericite granodiorite 

INTRUSIVE CONTACT

METAMORPHOSED MAFIC TO ULTRAMAFIC INTRUSIVE ROCKS 

6a Gabbro 

6b Diorite

6c Quartz diorite

6d Serpentinized pyroxenite

INTRUSIVE CONTACT 

METAVOLCANICS AND METASEDIMENTS

METASEDIMENTS

Chemical Metasediment se

5a Chert

5b Ferruginous chert (<^5% iron)
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5c Magnetite-chert Ironstone (>15% iron) 

Clastic Metasediments c 

4- Unsubdivided 

4-a Sandstone 

^b Wacke

4-c Slate, argillite

4-d Reworked felsic tuff

4-e Arkose

*f Paraconglomerate 

4-g Orthoconglomerate 

4-j Pebble, cobble conglomerate 

4-k Boulder conglomerate 

^n Granule, pebble conglomerate 

METAVOLCANICS

Felsic Metavolcanicsc 

3a Flow 

3b Tuff 

3c Lapillistone

3d Pyroclastic breccia 

3e Lapilli-tuff

3f Tuff-breccia

3g Autoclastic breccia

3h Spherulitic flow

3j Porphyritic flow (quartz phenocrysts)

3k Porphyritic flow (amphibole phenocrysts)

3m Porphyritic (phenoclastic) unit (feldspar

phenocrysts)



3n Thin-bedded (O cm)

3p Medium-bedded (3-15 cm)

3q Thick-bedded O15 cm)

3r Carbonatized 

Intermediate MetavolcanicsC

2a Flow

2b Tuff

2c Lapillistone

2e Pyroclastic breccia

2f Tuff-breccia

2g Lapilli-tuff

2h Autoclastic breccia

21 Spherulitic flow

2j Porphyritic unit (quartz phenocrysts)

2k Thin-bedded (<3 cm)

2m Medium-bedded (3-15 cm)

2n Thick-bedded O15 cm)

2p Carbonatized

2u Pillowed flow 

Mafic Metavolcanics 0

1a Flow

1b Porphyritic flow (amphibole phenocrysts)

1c Porphyritic flow (feldspar phenocrysts)

1d Pillowed flow

1e Autoclastic breccia

1f Amygdaloidal flow

1g Pillow breccia
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1h Epidote rich, mafic to intermediate

1j Spherulitic flow

1k Hyaloclastite and/or hyaloclastic breccia 

1m Carbonatized

1p Pyroclastic
























