ISBN 0-7778-1475-7
THESE TERMS GOVERN YOUR USE OF THIS DOCUMENT

Your use of this Ontario Geological Survey document (the “Content”) is governed by the
terms set out on this page (“Terms of Use”). By downloading this Content, you (the “User”)
have accepted, and have agreed to be bound by, the Terms of Use.

Content: This Content is offered by the Province of Ontario’s Ministry of Northern Development and Mines
(MNDM) as a public service, on an “as-is” basis. Recommendations and statements of opinion expressed in
the Content are those of the author or authors and are not to be construed as statement of government
policy. You are solely responsible for your use of the Content. You should not rely on the Content for legal
advice nor as authoritative in your particular circumstances. Users should verify the accuracy and
applicability of any Content before acting on it. MNDM does not guarantee, or make any warranty express or
implied, that the Content is current, accurate, complete or reliable. MNDM is not responsible for any damage
however caused, which results, directly or indirectly, from your use of the Content. MNDM assumes no legal
liability or responsibility for the Content whatsoever.

Links to Other Web Sites: This Content may contain links, to Web sites that are not operated by MNDM.
Linked Web sites may not be available in French. MNDM neither endorses nor assumes any responsibility
for the safety, accuracy or availability of linked Web sites or the information contained on them. The linked
Web sites, their operation and content are the responsibility of the person or entity for which they were
created or maintained (the “Owner”). Both your use of a linked Web site, and your right to use or reproduce
information or materials from a linked Web site, are subject to the terms of use governing that particular Web
site. Any comments or inquiries regarding a linked Web site must be directed to its Owner.

Copyright: Canadian and international intellectual property laws protect the Content. Unless otherwise
indicated, copyright is held by the Queen’s Printer for Ontario.

It is recommended that reference to the Content be made in the following form:

Brown, G.H. 1993. Geology of Oliver Township, District of Thunder Bay; Ontario Geological Survey, Open
File Report 5859, 84p.

Use and Reproduction of Content: The Content may be used and reproduced only in accordance with
applicable intellectual property laws. Non-commercial use of unsubstantial excerpts of the Content is
permitted provided that appropriate credit is given and Crown copyright is acknowledged. Any substantial
reproduction of the Content or any commercial use of all or part of the Content is prohibited without the prior
written permission of MNDM. Substantial reproduction includes the reproduction of any illustration or figure,
such as, but not limited to graphs, charts and maps. Commercial use includes commercial distribution of the
Content, the reproduction of multiple copies of the Content for any purpose whether or not commercial, use
of the Content in commercial publications, and the creation of value-added products using the Content.

Contact:
AR AU PLEASE CONTACT: BY TELEPHONE: BY E-MAIL:
INFORMATION ON ' ) )
The Reproduction of MNDM Publication Local: (705) 670-5691

Content Services Toll Free: 1-888-415-9845, ext. pubsales.ndm@ontario.ca

5691 (inside Canada,
United States)

The Purchase of MNDM Publication Local: (705) 670-5691 .

MNDM Publications | Sales Toll Free: 1-888-415-9845, ext. bubsales.ndm@ontario.ca

5691 (inside Canada,
United States)

Crown Copyright Queen'’s Printer Local: (416) 326-2678 .
Toll Free: 1-800-668-9938 copyright@gov.on.ca
(inside Canada,
United States)







Ministry of
@ Northern Development
and Mines

Ontario

Ontario Geological Survey
Open File Report 5859

Geology of Oliver Township,
District of Thunder Bay

1993






Ministry of
@ Northern Development
and Mines

Ontario

ONTARIO GEOLOGICAL SURVEY

Open File Report 5859

Geology of Oliver Township, District of Thunder Bay

By

G.H. Brown

1993

Parts of this publication may be quoted if credit is given. It is recommended that
reference to this publication be made in the following form:

Brown, G.H. 1993. Geology of Oliver Township, District of Thunder Bay; Ontario Geologi-
cal Survey, Open File Report 5859, 84p.

© Queen's Printer for Ontario, 1993

---—onTARIO "' publication was funded under the Minerals program of the Canada-Ontario Northern Ontario Development

LAffANA L Agreement (NODA), a four year joint initiative signed November 4, 1991.






Ontari o Geol ogical Survey

OPEN FILE REPORT

Open File Reports are nmade available to the public subject to the follow ng
condi tions:

This report is unedited. Di screpanci es may occur for which the Ontario

Geol ogi cal Survey does not assune liability. Recommendati ons and statenments
of opinions expressed are those of the author or authors and are not to be
construed as statements of governnent policy.

This Open File Report is available for viewing at the follow ng |ocations:

M nes Library
Level A3, 933 Ransey Lake Road
Sudbury, Ontario P3E 6B5

M nes and M nerals Information Centre (MM Q)
Rm M2-17, Macdonal d Bl ock

900 Bay St.

Toronto, Ontario M/A 1C3

The office of the Resident Geol ogi st whose
district includes the area covered by this report.

Copies of this report may be obtained at the user's expense from

OGS On-Demand Publications

Level B4, 933 Ransey Lake Road

Sudbury, Ontario P3E 6B5

Tel. (705)670-5691 Collect calls accepted.

Handwritten notes and sketches may be made fromthis report. Check with MM C,
the M nes Library or the Resident Geologist's office whether there is a copy

of this report that may be borrowed. A copy of this report is available for

Inter-Library |oan.

This report is available for viewing at the follow ng Resident Geol ogists'
of fices:

Thunder Bay, Suite B002, 435 James St. S.., Thunder Bay P7E 6E3

The right to reproduce this report is reserved by the Ontario Mnistry of
Nort hern Devel opment and M nes. Perm ssion for other reproductions must be
obtained in witing fromthe Director, Ontario Geological Survey - Geoscience
Branch.






For ewor d

The present investigation is part of a two-year
detai |l ed mapping project of Aiver and Ware townshi ps.
District of Thunder Bay. The objective of the mapping is to
descri be the geology of the two townships and to assess
their mneral potential.

The project is part of a five-year Canada-Ontario 1991
Northern Ontari o Devel opnent Agreenent, a subsidiary
agreenent to the Econom c and Regi onal Devel opnent Agreenent
(ERDA) signed and funded by the governnents of Canada and
Ontari o.

Aiver Township is underlain by Archean supracrustal
and felsic and mnor mafic intrusive rocks and Proterozoic
sedinentary rocks of the Anim kie G oup. Mnor sul phide
m neral i zati on and quartz-carbonate veins occur in the
townshi p. The veins have been prospected for silver, copper,
gol d and amet hyst.
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ABSTRACT

Archean rocks of the Superior Province wunderlie the
northern half of Odiver Township; Proterozoic rocks of the
Sout hern Province underlie the southern half of the township.
A maj or unconformty separates the rocks of these two provinces.

Mafic to internediate netavolcanic rocks, consi sting
predom nantly of massive, pillowed and hornblende and/or
feldspar-phyric flows with mnor vesicular, anygdaloidal and
tuf faceous conponents, domnate the Archean stratigraphy.
Clastic and chem cal netasedinentary rocks, consisting of
magnetite-chert iron formati on, wacke, siltstone, argillite and
m nor conglonerate occur as thin units interbedded with the
mafic to intermediate netavol canic rocks. Internediate to
felsic metavol canic rocks, domnated by fragnental deposits,
occur primarily in the northwest corner of the township and
consist of heterolithic and nonolithic tuff breccia, lapilli
tuff and tuff. M nor massive and fel dspar and/or quartz-phyric
flows occur inthe nore felsic units. Felsic stocks intrude the
Archean rocks in the northeastern, central and southwestern
parts of the township. Rare mafic intrusions consist primarily
of narrow | anprophyre dikes and snall gabbro bodies. The

st eepl y-di ppi ng Archean stratigraphy generally strikes east-

Xiii






nort heast. Northeast, northwest and east-striking joint and
fracture planes, and a weak to noderate, northeast-striking
foliation are usually present within the Archean rocks. Narrow
northeast and, |less comonly, northwest-striking zones of
noderate shearing are locally present.

Pal eoproterozoi c rocks of the Gunflint Formation, AnimKkie
G oup consist predom nantly of conplexly interbedded |ayers of
chert, carbonate, shale, tuffaceous shale and taconite. A basal
congl onerate occurs locally. Bedding in the Proterozoic rocks
is flat-lying to subhorizontal and these rocks display little
structure other than mnor fracturing, jointing and locally,
brecci ati on.

Sul phi de mi neralization was noted as: 1) m nor di ssem nated
to massive pyrite, pyrrhotite and nagnetite as fine
di ssem nations, fracture fillings, and wthin cavities in
brecciated iron formation in the northwest part of the township;
2) finely dissemnated pyrite (2-5% along foliation planes
wi thin narrow, northeast-striking, weakly to noderately sheared
zones in the Archean netavolcanic rocks in close proximty to
felsic intrusions and near lithologic boundaries. Wthin the
Proterozoic rocks, quartz-carbonate vein systens in east-

northeast-striking breccia zones associated with late faults

XV






have been prospected for silver, copper, gold and amethyst. In
this setting, pyrite, chal copyrite, and galena occur in
fractures, in cavities between brecciated fragnments, and in

smal | pods and lenses within the host rock and the brecciated

fragnents.
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Geol ogy of Aiver Township, District of Thunder Bay

By GH Brown'

Geol ogi st, Precanbrian Geosci ences Section, Ontario Geol ogi cal
Survey, Sudbury, Ontari o.






INTRODUCTION

Location and Access

Aiver Township is situated approximately 36 kmwest of the
city of Thunder Bay in northwestern Ontario and enconpasses an area
of roughly 175 kni (see Figure 1 for location) . It is bounded on
the west by the Kamnistiquia R ver, on the north and south by
| atitudes 48° 30" and 48° 23', respectively, and on the east by
| ongi tude 89° 25" . The comunity of Kakabeka Falls is located in
t he sout hwest corner of the township and the village of Murillo is
situated in the south central portion.

H ghway 11-17 crosses the southwest corner of the township;
H ghway 102 is situated in the northeast portion. A well -
mai nt ai ned network of paved and gravel regional roads provides
excel l ent access to the interior. Canadian National and Canadi an
Pacific Railway lines cross the southern portion of the township,
and hydroel ectric power lines are situated in parts of the southern

and northern sections.

Physiography and Drainage
Ei ght physi ographic regions have been identified in diver
Township (Mllard and Mol lard 1981). They are summari zed in Table
1.
The majority of the township is characterized by low to
noderate relief, wundulating to knobby topography, and variable

amounts of drift cover. The area of highest relief is located in
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the northwest corner of the township where steep-sided bedrock
knobs and deep valleys are conmon. Fromhere, the land slopes to
the south and sout heast where the topography is typically |ow and
rolling. Depth of overburden is generally greater in the southern
hal f of the township than in the north.

Prom nent glacial features identified in the township include
a north-northeast trending end norai ne in the southeast part of the
township, and a snall kame field in the north central part (Mllard
and Mol | ard 1981) .

The Kam ni stiquia River constitutes the major waterway in the
ar ea. It flows generally southward along the western edge of
A iver Township. Drainage in the northwestern and central parts of
the township is southeastward, into Corbett Creek, a fault-
control |l ed streamwhi ch fl ows southwest and then southeast through
the central and southern parts of the township and eventually
drains into the Kamnistiquia Rver a few kilonetres south of the
townshi p boundary. Streans in the eastern portion of the township

drain southeastward into the Neebing River.

Hi story of Exploration

The first reported exploration activity in diver Township
began around the md to late 1800s follow ng recognition of the
silver potential of quartz-calcite and quartz-calcite-anethyst
veins and vein systens within the Proterozoic rocks of the Thunder
Bay area (lngall 1887) . Al though little docunentation of this

early exploration in diver Township exists, peak periods of



activity likely coincided with significant discoveries in nearby
t ownshi ps such as the Wal bri dge M ne i n Pai poonge Township in 1863
and Rabbit Muntain Mne in dllies Township, southwest of
Pai poonge Township, in 1882 (lngall 1887). Because of the
characteristic predomnance of chalcopyrite, galena and other
sul phide mnerals over the silver mnerals in the veins these
early-di scovered occurrences were often initially assessed for
their copper and l|ead-zinc potential (Tanton 1931) . By 1890,
several potential silver-bearing veins in the southern half of
A iver Townshi p were being investigated by trenches, pits and snall
shafts (Tanton 1931) . A few silver and anethyst show ngs were
uncovered and |ow copper values were reported from sonme of the
properties (Tanton 1924, 1931). Followi ng the drop in the price of
silver in 1892, exploration declined and nost of the properties in
Aiver Township were idle by 1900 (Bowen 1911). Very little work
was carried out on existing silver properties after 1903 (Bowen
1911) .

The di scovery of rich iron ore bodies in Proterozoic rocks of
northern Mnnesota around 1887 pronpted an interest in the
potential for simlar deposits in the Thunder Bay area (Ingall
1887). Due to the simlarities in age and conposition with the
rocks hosting the ore bodies in Mnnesota the bulk of the
exploration for this comodity was carried out on rocks of the
@Qnflint Formation (4All 1924). Qunflint Formation rocks
underlying the southern half of diver Township were included in

regional investigations for iron ore carried out intermttently



until the early 1950s (Morhouse 1960).

The potential for economc deposits of iron within Archean
iron formation in the region was recogni zed by the early 1900s as
well. Although little record of exploration for deposits of this
type in Aiver Township remains, at |east one occurrence of pyritic
Archean iron formation in the northwest part of the township is
known to have been investigated prior to 1918 (Tanton 1924).

Fol | owi ng these periods of relatively active exploration, no
further work was reported in Aiver Township until the early 1970s.
At this time, reports of copper and gold m neralization uncovered
during construction of a damon the Kamnistiquia River pronpted
the re-staking of a former silver showing in the southwest corner
of the township (Property 1 in Economc Ceology section of this
report) . This property was re-evaluated for its gold potential
during the md 1970s to early 1980s.

Fel si ¢ netavol cani ¢ rocks underlying the nort hwest part of the
township were the focus of reconnai ssance geol ogi cal mapping early
in the 1970s as a result of the discovery of copper and zinc
m neralization in simlar rocks in Ware Township, inmediately north
of Aiver Township (John Scott, GCeologist, Resident GCeologist's
Ofice, Mnistry of Northern Devel opnent and M nes, Thunder Bay,
per sonal conmuni cation, 1992).

More recent exploration was conducted in the west central part
of Aiver Township. A block of clains was staked in Connee and
Aiver townships (Property 2 in Economc Ceology section of this

report) to cover a small gold showi ng reported in Conmee Township



by Carter (1985). Connmee Township adjoins diver Township on the
west .

Presently, interest in the amethyst potential of some of the
former silver showings in diver Township has been renewed and the
showing in the southwest part of the township (Property 1) was

restaked at the end of the field season.

Previ ous Geol ogi cal Work

CGeol ogi cal mappi ng al ong hi ghway 102 (fornerly Dawson Road) in
t he nort heast section of the township was carried out in 1872 by R
Bell (Bell 1873) . A P. Colenman (1902) reported on the iron ranges
of northwestern Ontario including a description of the Qunflint
Formati on rocks underlying the southern part of Qdiver Township.
T.L. Tanton (1924, 1931) synthesized existing geol ogi cal maps of
the Thunder Bay area including Aiver Townshi p and augnent ed these
wi t h personal observations on the geol ogy and m neral occurences of
the area. WW Morhouse (1960) conpleted a detailed report and
acconpanying series of maps outlining the characteristics and
| ocation of the Qunflint Iron Range including that portion which
underlies the southern part of diver Township. The township is
al so included on regional geological conpilation maps by Pye and
Fenwi ck (1963, 1965). Connee Township, which adjoins diver
Townshi p on the west, was nmapped in detail by Carter (1985, 1990) .

The geol ogy and geochem stry of an anthraxolite occurrence at
Kakabeka Falls is examned in a B.Sc. thesis by D Kw at kowski

(1975), and J.R Dubyk (1982) conpleted a B.Sc. thesis on the



structure and stratigraphy of the netavol canic and netasedi nentary
rocks al ong highway 102. Detailed descriptions of the Proterozoic
rocks in Aiver Township and the Thunder Bay area are included in
reports by Goodwi n (1956), Moorhouse (1960), Franklin (1970) and
Shegel ski  (1982).

Present Geol ogical Work

Mappi ng of Aiver Township was carried out during the sumer
of 1992 by pace and conpass traverses, spaced at 400 to 500m
intervals, and by traverses along all primary and secondary roads.
Control of traverses was facilitated by the use of 1 inch to 1/4
mle air photographs obtained from the Mnistry of Natural
Resources. Traverses were planned to maintain the required spacing
and to ensure that all outcrops identified on the air photographs
wer e exam ned.

Field data were recorded directly onto acetate overlays
attached to the air photographs which were carried on traverse.
The data were then transferred onto 1 inch to /4 mle cronaflex
base maps conpiled from digitized maps obtained fromthe Surveys,
Mappi ng and Renote Sensing Branch, Mnistry of Natural Resources.
M nor discrepancies in scale which were noted during transfer of
the data were adjusted for, using topographical and cultural
features wherever possible to ensure accuracy in the plotted
| ocati on of the outcrops. As such, the geology can not be tied to

the survey lines, but it is accurate within the limts of the

mappi ng scal e.



Depth of overburden in the area is variable. Portions of the
township, particularly in the south, are covered by up to 50m of
till. As a result, surface mapping of the southern third of the
townshi p was suppl enented by information gathered fromwater well

logs, on file wwth the Mnistry of Environment in Thunder Bay.
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GEOLOGY

General Geol ogy

A iver Township straddles the boundary between the Superior
and Sout hern tectonic provinces. The northern half of the township

lies wthin the Wawa Subprovince of the Superior Province and is



under| ai n by Archean netavol cani c and netasedi nentary rocks of the

*

Shebandowan greenstone belt (WIllianms et al 1991) . The southern
hal f of the township is underlain by the Pal eoproterozoic Gunflint
Formation of the Animkie Goup, Southern Province (Sutcliffe
1991) . An angular unconformty separates the strata of the two
provi nces.

The Shebandowan greenstone belt has been subdivided into three
assenblages (Wllians et al 1991) - the Burchell, G eenwater and
Shebandowan assenbl ages. Wthin the G eenwater assenbl age three
subaqueous to locally subaerial, mafic to felsic metavol canic
cycl es have been recogni zed (WIllians et al 1991) . As proposed by
Wllians et al (1991), the uppernost cycle of the G eenwater
assenbl age, conposed prinmarily of tholeiitic, nassive to pillowed
flows, underlies the northern and central parts of Aiver Township
and the northwest portion of the towship is underlain by rocks of
the Shebandowan assenblage, a younger, possibly fault-bounded
sequence of calc-alkalic to alkalic flows and pyrocl astic deposits
with intercalated fine to coarse-grained clastic netasedi nentary
rocks (WIllians et al 1991) . Early to late mafic and felsic
intrusions within the Shebandowan greenstone belt consist of
various granitoid plutons, fine-grained and porphyritic felsic
di kes and nmafic to ultramafic dikes and intrusions.

The Proterozoic rocks underlying the southern half of the
township consist of a honoclinal, south-facing sequence of
conpl exly interbedded clastic and chem cal netasedi mentary rocks

representing a period of pre- to syn-orogenic sedinentation in the



Precanbrian (Sutcliffe 1991). Wthin the study area these rocks
are characterized by weak deformation, abrupt m neral ogical and
stratigraphi c changes and an abundance of iron-bearing mnerals in

many of the facies.

Met anor phi sm and Alteration

The Archean net avol cani ¢ and et asedi nentary sequences in the
study area have been regionally netanorphosed to greenschist
faci es. Oiginal mafic mnerals in the netavol canic rocks have
been altered to trenolite-actinolite with variable chloritization.
Fel dspars are comonly saussuritized and incipient carbonate,
epidote and sericite is present in the matrix of all rock types.
Wthin the felsic intrusions, the mafic mneral conponent
(hornbl ende + biotite) shows slight to noderate chloritization, and
the feldspars show simlarly variable saussuritization.

On both a regional and |ocal scale, the Proterozoic rocks are
weakly net anor phosed. Thermal netanorphism in the inmediate
vicinity of diabase dikes and sills, commonly seen south of the
study area, has mainly resulted in the formation of nagnetite at
the expense of hematite (Goodwi n 1956). Regional netanorphismis
nost commonly mani fest as the partial to conplete recrystallization
of the silicate greenalite to anphibole. In the shale facies,
illite has often been forned by netanorhpismof lithic fragnents
(Goodwi n 1956) .

Common alteration within the study area consi sts of w despread

veins, veinlets and irregular vugs of potassiumfeldspar = epidote

| O



t calcite, which rarely constitute nore than 5%of the total vol une
of the rock. More significant alteration is present in |ocalized,
scattered patches throughout the township, as discussed bel ow.

Wthin the mafic to internediate netavolcanic unit in the
north central part of the township, nafic mnerals locally show
variable biotite alteration. Two areas where this alteration is
particularly abundant are in the northeast part of the township
near the First Sideroad, and in the northwest part of the township,
in the vicinity of the Seventh Concession. In the northeast corner
of the township rocks displaying this alteration are situated in
close proximty to a felsic pluton and the alteration in this
vicinity is likely related to the enplacenent of the pluton. In
the area of biotite alteration in the northwest part of the
township, nearby faults may represent the conduits for the
alteration fluids.

The felsic and internmediate to felsic nmetavol canic rocks in
the northwest corner of the township locally contain patches of
noderate carbonate alteration. 1In these areas, calcite is present
i n abundance as a product of the alteration of individual feldspar
crystals and as a mmjor conponent of the matrix. Less abundant
iron carbonate is also commonly present.

Local minor to noderate sericitization also occurs within the
nore felsic metavolcanic rocks in the northwestern part of the
township, primarily within outcrops showing a noderate to high
degree of fracturing. These outcrops are situated close to |oca

faults and it is likely that this alteration is directly related to



the presence of the faults.

Scattered patches of intense hematization occur within the
coarse-grained, pyroclastic, internediate and mafic to i nternedi ate
nmet avol cani ¢ sequences in the northwest and northern portions of
the township. This alteration affects both the matrix and the
fragnments of the rocks and in sone instances cuts across matri x and

fragnment boundari es.

Rock Descriptions
Ar chean

The stratigraphy of the western portion of the Shebandowan
greenstone belt has been well docurmented (WIllians et al 1991, and
references therein) and the problem of identifying the diverse
constituents of the Shebandowan assenbl age has been recogni zed (G
Stott, Ceoscientist, Ontario Ceological Survey, Mnistry of
Nort hern Devel opnent and M nes, personal comunication, 1993) . In
[ight of current studies being carried out in the vicinity of the
study area to address this problem (Berger 1992; Gsnmani et al
1992), no attenpt will be nmade at present to classify the rocks of
the study area into either of the proposed assenbl ages.

The met avol cani c rocks within diver Townshi p can be separated
into four distinct units. The central and northern parts of the
township are underlain by mafic, predomnantly pillowed flows and
mafic to internediate, predom nantly hornbl ende and/or feldspar-
phyric flows. Internediate to felsic, predom nantly coarse-grained

pyroclastic deposits and felsic, predomnantly nassive to



porphyritic flows primarily underlie the northwest corner of the
township but are also found in small |ocalized areas throughout the
Ar chean sequences.

I nt er bedded cl astic and chem cal netasedi mentary rocks occur
locally within the nmetavol canic rocks in the western part of the
township. These units are narrow, discontinuous and conprise only
a mnor proportion of the Archean stratigraphy.

Felsic intrusions in the study area consist of scattered
narrow, conmmonly porphyritic di kes, and small plutons. The plutons
occur in the northeast, east central and southwest parts of the
township. In the eastern part of the township these intrusions are
predom nantly syenitic to nonzonitic in conposition whereas the
plutons in the southwestern part of the township are conprised
primarily of tonalite to granodiorite. Mafic intrusions within the
study area are restricted to a small gabbro body in the northwest

part of the township and scattered, narrow mafic dikes, primrily

| anpr ophyr e.

Mafic netavol canic rocks

This unit is conposed primarily of pillowed, nassive,
por phyritic, amnygdal oidal and nediumto coarse-grained flows wth
m nor interbedded tuff, lapilli tuff, and rarely, pillow breccia
and hyaloclastite. The rocks are generally a dull dark green to
dark greyish green on the weat hered surface and dark green or bl ack
on the fresh surface.

Pillowed flows are nbst abundant and alt hough the degree of



preservation of the pillows varies considerably, well-formnmed pillow
shapes are locally visible, providing sone of the fewreliable top
direction indicators within the Archean sequences. VWhere wel | -
preserved, the pillows range in size from 10cm X 15cm to 30cm X
60cm and average approximately 25cm X 30cm Sel vages are
generally < 1lcmthick, very chloritic and recessively weat hered.
Locally, particularly near faults and later intrusions, the
sel vages appear to be nore resistant to weathering, possibly
indicating slight silicification. Commonly, carbonate-filled
anygdul es, generally < 1lmmin size, are present, locally radiating
outward fromthe core of the pillows.

Porphyritic and fine-grained nassive flows are also an
abundant conponent of this unit. The porphyritic flows generally
contain phenocrysts (< |-2mm X 2-3mm) of plagioclase and, |ess
commonly, of anphibole, in a very fine-grained matri x.

Medi umto coarse-grained flows are present to a | esser extent,
primarily in the northeast and western parts of the township.
Wthin the extensive outcrops along the Kamnistiquia River in the
western part of the township the coarser-grained flows are |ocally
seen to grade into finer-grained and pillowed flow facies and are
unm st akably extrusi ve. In nost outcrops, however, contacts
bet ween coarser-grained units and the surrounding rocks are not
visible, and nmay locally be intrusive.

Thin, discontinuous |ayers of interbedded tuff and I|apill
tuff occur in a few outcrops near the central portion of the

t ownshi p. The lapilli tuff is conposed of lenticular mafic
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vol canic fragnents, up to 1cm X 4-5cmin size, within a fine-
grained matrix of lithic fragnments and broken feldspar crystals.
This unit is generally fragnent-supported and commonly i nterbedded
with very fine-grained tuff and crystal tuff.

An outcrop of pillow breccia and hyal oclastite is present
along Mud Lake Road, in the central part of the township. This
unit consists of fine-grained, pale green, angular to subrounded,
locally variolitic pillow fragnents ranging in size fromlcmX 2cm

to 15cm X 40cmwithin a darker green, tuffaceous to hyal ocl astic

matri X.

Mafic to internmedi ate netavol canic rocks

This unit is conposed predomnantly of porphyritic,
anygdal oi dal, nmassive and pillowed flows, with |ess abundant pill ow
breccia, tuff, lapilli tuff and tuff breccia. The rocks vary from
a dull medium to dark green to lighter chalky green on the
weat hered surface. The fresh surface is nmobst often dark greyish
gr een.

The nost abundant constituents of this wunit are the
porphyritic and anygdal oi dal flows which commonly contain
pl agi ocl ase and nafic phenocrysts up to 5-6mm X 7-8mm and |ess
abundant quartz-filled anygdul es. These anygdul es generally
average only a fewm Il limetres in dianeter but can locally be up to
2cmin dianeter (see Plate 1) . The subhedral to euhedral feldspar
phenocrysts generally conprise 10-20% of the total volunme of the

rock. Mafic phenocrysts are nore often lenticular to rounded and



are readily eroded resulting in a distinctive pitted weathered
surface. 1In sone instances the mafic mnerals appear to occur as
anygdul es, form ng rounded to subrounded aggregates rimed by tiny
quartz grains (see Plate 2) .

Fragnmental deposits conprise another inportant conponent of
this unit. Coarse-grained heterolithic tuff breccia occurs
|l ocally, generally interbedded with the internmediate and felsic
met avol canics in the north and northwest parts of the township.
Angul ar to subrounded fragments varying fromO0.5cm X 0.5cmto 40cm
X 60cmin size conprise 30-80% of the volune of this rock. The
lithic fragments are mainly fel dspar and/ or anphi bol e-phyric mafic
and internedi ate volcanics, brick red to pale green in colour and
are generally nore felsic in conposition than the fine to nedium
grained chloritic matrix. Aphanitic to fine-grained mafic and
internediate volcanic fragments with simlar colouration are al so
I nportant conponents of this unit. Locally any of the various rock
types can constitute the predom nant fragnent type. Oten this
unit displays weak to intense hematization which affects both the
fragnents and matri x.

Brecci ated pillowed flows al so occur in the northwest part of
the townshi p. Angular to subrounded fragnents of dull pink to pale
green flow material occur in a dark green, chloritic, tuffaceous
matrix. Fragments within the pillow breccia are not as coarse as
the fragments in the tuff breccia, and are consistently aphanitic
to very fine-grained rather than porphyritic, as fragnents in the

tuff breccia.



Mnor tuff and lapilli tuff are locally interbedded with the
pi |l omwed and porphyritic flows, particularly in the northwest part
of the township. The lapilli tuff varies fromclast to matrix-
supported and contains |lenticular anphibole and feldspar-phyric
fragnents up to 1lcm X 4cm which are slightly nmore felsic in
conposition than the chloritic, tuffaceous matri x. Vel | - bedded
l[ithic and crystal tuff are present at one locality in the
nort hwest part of the township. The thicker-bedded (2-5cn) lithic
tuff consists of lenticular to subangular mafic to internediate
fragnents within a fine-grained mafic matrix. The crystal tuff is
generally thinner-bedded (< 1cnm) and consists of angular,
pl agi ocl ase crystals and crystal fragnents in a very fine-grained

ash matri x.

Intermediate to felsic metavol canic rocks

This wunit occurs primarily in the northwest part of the
township and is conposed predomnantly of tuff, lapilli tuff and
tuff breccia w th subordi nate massi ve, porphyritic and anygdal oi dal
flows. A snall |obe of these rocks underlies the west-central part
of the township. Qutcrops of this unit are generally |ight greyish
green to bluish green on the weathered surface and light grey on
the fresh surface.

Massi ve, porphyritic and anygdaloidal flows are texturally
simlar to those described for the mafic and mafic to internedi ate
sequences. As with the nore mafic flows, plagioclase £ anphibole

phenocrysts up to 1Imm X 2mmin size are comon, and thin section
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exam nati on of rocks whi ch appear uniformy fine-grained in outcrop
comonl y contai n m crophenocrysts of feldspar. |In contrast to the
nore mafic flows, the internediate to felsic flows contain
subordi nate quartz, mainly as crystal fragments.

Tuf faceous deposits within this unit consist of fragnent to
matri x-supported, crystal and crystal-lithic tuff. Fragnent s
wthin the lithic tuff are mainly internediate and felsic in
conposition, angular to subrounded, and comonly feldspar =+
anphi bol e-phyric. The crystal tuff consists of broken pl agi ocl ase,
and less comonly, quartz crystals < 2mm in size. In al
i nstances, the matrix to these deposits is conposed of fine-grained
quartz, plagioclase and incipient carbonate, epidote and sericite.
Beddi ng within these deposits is rare.

Intermediate to felsic lapilli tuff is nost abundant in the
nort hwest part of the study area. Commonly, the lapilli and matri x
are very simlar in conposition and the fragnents are diffcult to
di scern in outcrop. In general the lapilli range from0.5cm X 1cm
to 1.5cm X 2cm in size, are lenticular in shape, and mainly
conposed  of fragments  of pl agi oclase + anphi bol e-phyric
internediate netavolcanic flows. As with the finer-grained
deposits, this unit is predomnantly matrix supported with a fine-
grained matri x of ash and fragnents of pl agioclase and rare quartz
crystals.

Heterolithic to nonolithic tuff breccia occurs in the
northeast part of the township, along highway 102, and in the

northwest. Exposures of heterolithic tuff breccia in the northwest



part of the township are conposed of angular to subangul ar
fragnents of felsic to internediate tuff, intermediate to mafic
fel dspar-phyric flows, fine-grained nmafic and internedi ate fl ows,
and aphanitic mafic volcanic flows. Fragnments are generally ” 15cm
X 30cmin size and are set in anore felsic matrix of fine-grained,
dark greyish green ash particl es which conprise 35-65%of the rock
In the northeast part of the township, outcrops of heterolithic
tuff breccia nore comonly contains fragnents of only a few rock
types, primarily fel dspar = anphi bol e phyric intermedi ate fl ows and
aphanitic, felsic to internediate flows. The fragments are
comonly angular to subangular and range from 4cm X 5cm to
approximately 15cmX 20cmin size. As with the tuff breccia in the
nort hwest part of the township, these exposures vary frommatrix to
fragnent-supported. The tuff breccia in the northeast, however,
| ocal Iy shows 15-40cmthick, weakly graded bedding (see Plate 3).
Less abundant nonolithic tuff breccia occurs in the norttfeast
and northern parts of the township. In these outcrops, the
fragments are conposed of a pal e green fel dspar-phyric internedi ate
to felsic volcanic flow material. They are subangular to
subrounded and generally < 10cm X 15cm in si ze. The matrix is
extrenely fine-grained, slightly nore mafic than the fragnents and

contains rare, well-rounded quartz eyes <1.5mmin size.

Fel sic metavol cani ¢ rocks
This unit constitutes a relatively mnor proportion of the

met avol canic rocks in the study area, occurring primarily in the

50
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nort hwest corner of the township and in mnor, scattered |enses
within the nore mafic netavol cani ¢ sequences. Rocks within this
unit consist predom nantly of nassive and porphyritic flows with
| ess abundant tuff and lapilli tuff. Weat hered surfaces are
generally creany white to nottled pale green. On the fresh surface
they are nediumto light grey or very pale green to light blue-
green.

Porphyritic flows are nost abundant and generally contain
fine-grained (< 2mm) euhedral phenocrysts of plagioclase.
Amphi bol e phenocrysts are |less abundant, rarely conprising nore
than 3-4%of the total volume. Rare, rounded to subrounded quartz
phenocrysts are locally present. Al though the nmassive fl ows appear
very fine-grained to aphanitic in both outcrop and hand sanpl e,
thin section examnation shows that they comonly contain
m cr ophenocrysts of plagiocl ase.

Monolithic and, less comonly, heterolithic lapilli tuff are
sporadically interlayered with the felsic flows. These units are
generally matrix-supported with lenticular to subrounded and,
rarely, angular fragnents within a fine-grained, felsic matrix.
Fragment size ranges from approximately 0.5cm X lcmto 2cm X 4cm
and, as with the nore internedi ate deposits, it is often difficult
to distinguish the fragnments fromthe matrix, particularly in the
nonolithic units. Fragments within the deposits of nonolithic
lapilli tuff consist of fine-grained felsic volcanic rock, whereas
heterolithic exposures contain fragnments of two predom nant rock

types - feldspar-phyric felsic vol canic rock and anphi bol e-phyric



intermedi ate volcanic rock. Fine-grained crystal tuff is locally
interlayered with the deposits of lapilli tuff and is conposed of
abundant broken pl agi ocl ase and quartz crystals within a very fine-

grained matri x of felsic ash particles.

Met asedi nentary rocks

Thi n, di scontinous deposits of clastic and chem cal
nmet asedi nentary rocks occur locally interbedded wth the
nmet avol canic rocks, particularly in the western part of the
township. Chert, magnetite-chert iron formation and rare pyrite-
chert iron formation conprise the chemcal netasedinentary
sequences. G astic sequences consist of immature, comonly
vol cani cl astic, siltstone, nudstone and wacke with |ess abundant
heterolithic congl orerate.

Fi nely banded nagnetite-chert iron formation occurs both in
the northwest part of the township where it is interlayered with
chert, mnor conglonerate and fine-grained mafic metavol canic
rocks, and in the west central part of the township where it is
interlayered with thinly bedded wacke, siltstone, nudstone and
arenite. Individual bands within the iron formation |locally show
evi dence of m nor deformation prior to lithification. Pyrite-chert
iron formation occurs only in the northwest part of the township
where pyrite replaces magnetite within a narrow gossan zone
devel oped over a portion of magnetite-chert iron formation.

Heterolithic conglonerate occurs in subordinate scattered

outcrops in the northwest part of the township. Well-rounded to
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subangul ar cl asts of various rock types conprise up to 70%of this
unit. The matrix consists predomnantly of fine-grained
vol caniclastic material with |less abundant sand and silt-sized
particles. Cast size ranges from 0.5cm X 1cmto an approxi mate
maxi mum of 10cm X 16cm Predom nant rock types conprising the
various clasts consist of feldspar = anphibol e-phyric volcanic
rocks, fine-grained to aphanitic mafic vol canic rocks, chert and

j asper indicating proximal deposition.

Early mafic intrusions

Mafic intrusive rocks represent a mnor conponent of the
Archean sequences within the study area. A single, small gabbro
intrusion is located in the northwest part of the township. It is
medi um grai ned, slightly to noderately magnetic and is conposed of
anphi bol e and feldspar crystals up to 1.5mm X 3mmin size, wthin
a groundmass of finer-grained feldspar, anphibole, chlorite and
epidote. The felsic constituents generally conprise |ess than 40%
of the rock

Ot her gabbro intrusions nmay be present in the northeast part
of the township where several outcrops of nediumto coarse-grained
gabbroi c-textured mafic rock occur. Poor exposure, a lack of
obvious intrusive contacts and proximty to surrounding pillowed
and fine-grained mafic flows have resulted in these outcrops being

classified as coarse-grained centres of flows.
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Early felsic intrusions

Early felsic intrusions in Qiver Township consi st of narrow,
commonl y porphyritic dikes and granitoid plutons. Felsic dikes are
conposed of feldspar, quartz and, rarely, quartz-feldspar-biotite
porphyry and/ less comonly, syenite. Fracturing and weak
foliation are often present.

Four small felsic stocks occur within diver Township. These
are located in the northeast corner, in the east central portion
and in the southwest corner of the township. Near the margins of
these plutons, narrow dikes, veins and veinlets of intrusive
material are comon wthin the surrounding country rock, and
xenoliths of country rock are seen throughout the intrusive bodies.

The pluton in the northeastern corner of the township is part
of a- larger syenitic to nmonzonitic body which extends into the
township east of the study area (Pye and Fenw ck 1963). It is
nmedi um to coarse grained (crystal size ranges from 5mm X 10mm to
3mmX 5nmm) , equigranul ar, and weakly to noderately nmagnetic. From
the margins of this pluton towards the core, the conposition
becones nore granitic. Anphibole and biotite conprise 15-20% of
the rock. Anphibole is generally nore abundant than biotite.

The pluton in the east central part of the township is non-
magneti c and does not contain as nuch al kali feldspar as the pluton
to the north. Both plutons in the eastern portion of the township
have a weak to noderate foliation. Contacts with surroundi ng rocks
vary from sharp, wth narrow chill margins, to w de zones of

brecci ation indicating |ocal stoping.
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The two smaller tonalitic to granodioritic stocks which occur
in the southwestern portion of the township are inequigranular,
with crystals of plagioclase (<3mm X 5mm) and aggregates of
anphi bole and biotite crystals (<3mm X 10m) in a finer-grained
groundmass of pl agioclase, mnor quartz and al kali feldspar, and
subor di nate sphene and apatite. In contrast to the intrusions in
the eastern portion of the township, these plutons show a w de
variation in the relative proportions of anphibole to biotite. It
is likely that these plutons represent separate |obes of a single,
| arger pluton located to the west (Pye and Fenwick 1963) . As with
the plutons in the east, a weak to noderate foliation is comonly
present. In the imediate vicinity of the fault north of Kakabeka
Falls a strong foliation and locally mgmatitic to gneissic fabric
is developed in both the intrusive rocks and nearby netavol canic
and net asedi nentary rocks.

Archean felsic intrusions along the Proterozoic contact show
an enrichnent in their iron and manganese content (Kronberg and
Fralick 1992). This is primarily manifest as slight to extensive
alteration of the mafic constituents and, to a | esser degree, the
feldspars, to chlorite (Kronberg and Fralick 1992) . I n outcrop
this alteration produces a pale greenish tinge in the felsic
mnerals, and the mafic mnerals take on a greasy to dull lustre
and very dark colour (see Plate 4) . This alteration is readily
visible in only the upper 10 to 15cm of the rock but nore subtle
alteration is present to depths of approximtely |Im (Kronberg and

Fralick 1992). It was previously thought that this alteration
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represented a paleo-weathering surface of the Archean rocks.
However, recent work indicates that this alteration may be a result
of interstitial fluids percolating down through the overlying
@unflint Formation and penetrating the Archean sequences directly

beneath (Kronberg and Fralick 1992).

Late mafic intrusions

Late mafic intrusions within the towship are resticted to
narrow (<1.5m) , scattered di kes of | anprophyre and undifferenti ated
mafi c rocks. The [|anprophyre dikes vary from fine-grained to
coarse-grained, wth crystals up to 0.5cm X 1cm in size, and
contain up to 20% nedium to coarse-grained biotite. Aivine
general ly conprises up to 2% of the rock and pl agi ocl ase conpri ses
the majority of the finer-grained groundnass. Locally m nor
nmuscovite is present. These dikes are weakly to noderately
magneti ¢ and are reddi sh brown on the weat hered surface.

Less abundant, fine-grained, non-magnetic mafic di kes occur
locally. These undifferentiated mafic dikes contain little to no
biotite, are very dark grey on both the weathered and fresh

surfaces and are generally narrower than the |anprophyre dikes.

Late felsic intrusions

This unit conprises aplite and fel dspar porphyry di kes. These
rocks are comonly light to nediumpink on both the weathered and
fresh surfaces, fine-grained to aphanitic and range from 8cm to

40cm in w dth. Contacts with surrounding rocks are sharp and
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t hermal net anor phi sm associated with the enpl acenent of the dikes
has often resulted in a slight coarsening of grain size of the host

rocks closest to the contacts. Trends and wi dths of these dikes

can vary considerably along strike.

Proterozoic

The Proterozoic rocks underlying Aiver Township are part of
the Pal eoproterozoic Qunflint Formation of the Animkie G oup.
These rocks are flat-lying to subhorizontal wwth a shallow (< 10°)
southeast dip and show little in the way of nmetanorphism or
def ormat i on. The @unflint Formation is subdivided into three
sequences (Morhouse 1960). The lower unit consists of a basal
pebbl e congl onmerate, ferruginous carbonate, chert, jasper and
hematite and nmagnetite taconite. The mddle unit is a well bedded
sequence of argillite and argillite tuff with subordinate chert and
carbonate. The Upper Qunflint consists of thinly interbanded chert
and ferrugi nous carbonate, chert, jasper and silicate taconite.
Qutcrops of the Proterozoic rocks within the study area are scarce
due to the abundant overburden in the southern part of the
t ownshi p. Good exposures are seen in the vicinity of Kakabeka

Falls, and in the south central part of the township near the

village of Murillo.

Basal congl onerate

The basal unit of the @nflint Fornation consists of an

erratically distributed pebble congl onerate which was deposited in



pal eot opographic lows on the Archean basenent. Thickness of this
unit varies froma few centinetres to a maxi num of 1.5m (Goodw n
1956). The matrix is locally derived and vari abl e dependi ng on t he
conposi tion of the underlying Archean rocks (Goodwi n 1956). Were
underlain by felsic intrusive rocks the matrix is quartz-rich, and
where the underlying rocks arervolcanic the matrix is chloritic.
The pebbles within this unit represent material from a distal
source, likely the Matawin Iron Range northwest of the study area
(Goodwi n 1956) . Good exposures of this unit can be seen in the
ri verbed above and bel ow Kakabeka Falls, and in the central portion
of the township near 2nd and 3rd Sideroads, north of John Street
Road. At these latter |locations, the conglonerate is in
unconformable contact with altered Archean felsic intrusions (as
descri bed previously), and itself appears to be simlarly altered.
In the vicinity of Kakabeka Falls, the basal conglonerate is
medi um grai ned and variable frommatrix to clast-supported. dasts
consi st of well-rounded to subrounded pebbles, up to 4 cmin size,
of mlky quartz and less abundant felsic to mafic intrusive and
extrusive rocks, jasper, chert and rare finely banded sedi nentary

rocks within a quartz sand-rich matrix (see Plates 5 and 6) .

Lower Gunflint Formation

The |ower sequence of the @nflint Formation in diver
Townshi p fornms a narrow band extending northeast fromthe exposure
at Kakabeka Falls to the east central boundary of the township.

The best exposures of this sequence are found along the
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Kam ni stiquia R ver at Kakabeka Falls. In these areas, finely
lam nated black shale and tuffaceous shale are conplexly
interlayered with nedium to thick bedded |inestone, carbonate,
chert-carbonate and nudstone. Nort heast of Kakabeka Falls the
exposures of the |lower Qunflint Formation consist predom nantly of

thinly interbedded chert and chert-carbonate.

M ddl e Gunflint Formation

O her than the extensive exposures which constitute the face
of Kakabeka Falls, this unit is poorly represented within the study
area. It is conposed of interbedded tuffaceous shale, shale and
m nor chert and carbonate. The tuffaceous shale represents an
i mportant marker horizon within the Qunflint Formation (Morhouse
1960) as it is one of the few units which show any degree of
| ateral continuity. To the east of Kakabeka Falls, only a few
scattered outcrops of this unit occur and these consist entirely of

shal e.

Upper Gunflint Formation

The Upper Qunflint conprises the major portion of the
Proterozoic rocks within the study area and occurs above and south
of the lower sequences. This unit shows the nost conpositional
diversity in the area south of Kakabeka Falls where discontinuous
| ayers of chert, chert-carbonate, shale, taconite and m nor
limestone are intricately interbedded. To the east of Kakabeka

Falls, the upper @nflint Formation consists predomnantly of
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taconite and interbedded chert and chert-carbonate.

Shale nenbers of this unit often contain |arge, nodular
concretions, some up to Imin size. Good exanples are present in
the riverbed downstream from Kakabeka Falls. Carbonate |ayers are
predom nantly ferruginous and where interbedded with the chert,
they show up as distictively rusty weathering, friable |ayers.
Oten the chert in this unit forns lenticular nodules rather than
di screte | ayers.

Taconite is defined as granular iron formation, and within the
study area outcrops of this rock showa highly variabl e m neral ogy.
G anules within the silica-rich matrix are well-rounded to obl ong
or irregularly-shaped (see Plate 7) and commonly consist of chert,
jasper, greenalite, ferruginous carbonate, hematite and magnetite
in varying proportions (Goodwin 1956). Taconite beds in the
sout hern-nost portion of the township have an abundance of iron
silicate granules, whereas outcrops of taconite further to the
north contain a higher proportion of ferruginous carbonate
granules. In iron-rich beds, henmatite and magnetite commonly rim
the granules of greenalite and can occur as separate grains

(CGoodwi n 1956) .

GECCHEM STRY

Atotal of forty (40) sanples of the metavol canic rocks within
Aiver Township were submtted for whol e rock geochem cal anal ysi s.

Fourteen sanples were of the mafic netavolcanic unit; sixteen



sanples were of the mafic to intermediate metavol canic unit; siXx
sanples were of the internediate to felsic unit; and four sanples
were of the felsic netavolcanic unit. Maj or oxide and sel ected
trace el ement determ nations were carried out by Technical Service
Laboratories (TSL) of Rouyn-Noranda, Quebec. Results of the
analyses are sumarized in Table 2. Sanples of accepted
i nternational standards supplied by the Geoscience Laboratory of

the Ontari o Ceol ogi cal Survey were submtted with the sanples from
the study area as a check on the quality of the determ nations.

There is good correlation for the major oxides in conparisons of

results of TSL determnations with the accepted values for the
standards, but the trace elenent determ nations are not always
within acceptable limts of accuracy. The trace elenent results
have not been used to any great extent to aid in characterizing the
geochem stry of the study area.

The major elenment discrimnation diagram proposed by Irvine
and Baragar (1971) (Figure 2) shows that all but two of the sanples
of netavolcanic rocks from the study area plot wthin the
subal kaline field. The two sanples whichplot inthe alkalic field
are sanples of mafic netavol canic rocks from outcrops which show
slight to noderate brecciation and abundant potassium fel dspar
veins, veinlets and |enses. Their position on this diagramis
therefore likely a reflection of l|ocalized potassic alteration
rather than original chemstry.

Furt her characterization of the nmetavol canic rocks shows that

the mpjority of the sanples of nmafic metavol canic rocks plot within



the tholeiitic field in Irvine and Baragar's AFM mgjor oxides
di scrimnation diagram (Irvine and Baragar 1971) (Figure 3). The
two sanples which plot within the calc-alkalic field are the sane
sanpl es that appear in the alkalic field in Figure 2. The position
of these sanmples on Figure 3 is also attributed to noderate
potassic alteration.

The remainder of the sanples, representing the mafic to
intermediate netavolcanic rocks, the internediate to felsic
nmet avol cani c rocks and the felsic netavol canic rocks, plot within
the calc-alkalic fieldwth the exception of a single sanple of the
mafic to internediate netavolcanic unit. As discussed further
bel ow, this sanple contains a high percentage of mafic phenocrysts
(>20% and its position on this diagramis likely a reflection of
alteration rather than original chemstry.

On Jensen's cation classification diagram (Jensen 1976)
(Figure 4) , all but one of the sanples of mafic netavol cani c rocks
plot within the tholeiitic field, the majority in the high iron
tholeiite field and the remainder in the high magnesiumtholeiite
field. The one exception plots within the basaltic komatiite
field. The samples of mafic to internedi ate metavol canic rocks
plot in the basaltic komatiite field (2 sanples), the high
magnesi um tholeiite field (8 sanples), the calc-alkalic basalt
field (5 sanples) and the calc-alkalic andesite field (1 sanple).
The sanples which plot within the basaltic komatiite and the high
magnesi um tholeiite fields represent sanples of anygdal oidal and

porphyritic flows which contain a higher than average proportion



(>20% of mafic phenocrysts. As discussed in the section on
nmet anor phism and alteration, the nmafic phenocrysts within the
nmet avol canic rocks are often slightly to noderately altered to
chlorite and, in a fewlocalities, to chlorite and biotite. On a
plot of My Nunber vs N (Figure 5), the sanples of mafic to
internmedi ate netavol canic rocks which plot within the basaltic
komatiite field on Figure 4 appear to have high N contents and My
Nunber values. The sanples of mafic to internedi ate netavol canic
rocks which plot in the high magnesiumtholeiite field have nornal
values for both their NN content and Myg# val ue. The position of
the sanples within the basaltic konmatiite field on Figure 4 does
not appear to be a function of alteration. It is likely that these
sanples represent specinens of a nore primtive nmagma than the
ot her sanpl es. The sanples which plot in the high magnesium
tholeiite field in Figure 4 do not show N values conpatible with
their slightly elevated My Nunber (see Figure 5), and their
position on Jensen's cation classification diagram is likely a
reflection of alteration rather than representative of the true
chem stry.

The internediate to felsic and felsic netavol canic sanples
fall within the calc-alkalic field in Jensen's (1976)
classification schenme (Figure 4) , ranging between calc-alkalic
dacites (6 sanples) and calc-alkalic rhyolites (4 sanples).

Oh all three of the major element classification diagrans
(Figures 2, 3 and 4) the distribution of sanples shows a slight gap

between the nore mafic fields and the felsic and internedi ate
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fields. This is seen best in Figure 2, where there is a distinct

| ack of sanples plotting between Si 02 val ues of approximtely 58%
and 63% In Figure 4, this is seen as a |lack of sanples wthin the
andesitic field. The location of the sanples collected for

geochem cal analysis was carefully selected to represent both a
geol ogi cal and a geographical cross-section of the study area
therefore the lack of rocks of andesitic chemstry can not be
attributed to sanpling bias. Al though not a |arge nunber of

sanples were collected, it would appear that there is a weak
bi modal geochem cal distribution of the netavol canic rocks in the
study area.

An average val ue of the various trace el enents was cal cul at ed
for sanples from each of the four netavolcanic units. These
averages were plotted on a nornal discrimnation diagram (spider
plot), shown in Figure 6. Al four netavolcanic units show a
simlar negative slope and a relatively high content of Iighter
trace elenents. This pattern is indicative of a degree of
fractionati on froman original parent magma (Arth 1976) . The cl ose
correlation between the slopes for all the netavolcanic units
indicates a possible single original magma for all the sanples.
Not enough data is available at present, however, for any final
conclusions to be reached. In future field seasons, sanpling will
be carried out to try to address both this question and the
possi bl e binodal distribution of netavolcanic rocks within the

study area.



STRUCTURAL GEOLOGY

I nt roduct i on

The Proterozoic and Archean rocks underlying A iver Township
are representative of two highly contrasting tectonic provinces.
Bedding attitudes, deformation and structures within the two
tectonic provinces are nmarkedly different. As noted in "GCeneral
CGeol ogy", the Southern Province is characteristically very weakly
def or med. Primary sedinentary features and bedding attitudes
commonly show only slight evi dence  of post - deposi ti onal
di sturbance. In contrast, the Superior Province has experienced a
| onger and nore diverse deformation history with a resultant highly

conpl ex structural character.

Proterozoi ¢ Rocks

The Proterozoic rocks underlying AQiver Township are flat-
lying to very gently dipping (< 10°) to the southeast and display
few structural features other than jointing and narrow zones of
fracturing and brecciation. These latter structures are associ ated
with late-stage faults which generally trend northeast and
northwest. The zones of fracturing and brecciation are nost often
associated with the northeast trending faults and are the | ocus for
gquartz-calcite vein systens in the southern part of the township
which locally host silver, anethyst and, |ess comonly, copper
m neral i zation.

The | ate stage jointing and quartz veining which is comon to



both the Archean and the Proterozoic rocks in the township display-

several trends. These are di scussed bel ow.

Archean Rocks

The Archean rocks in the study area are generally steeply
di pping and have a pervasive, weakly to noderately devel oped,
predom nantly northeast-trending foliation (see Figure 7). \Were
primary layering or primary bedding indicators are preserved, the
stratigraphy shows a general east-northeast strike. The degree of
deformati on within the Archean rocks is variable fromvery weak to
strong. Two areas of very weak deformati on have been identified in
the township; in the predomnantly pyroclastic felsic to
internmediate and interbedded mafic to internediate netavol canic
rocks in the northwest corner, and in pillowd to coarse-grai ned
mafi ¢ netavol canics in the north central portion of the township
(see Figure 8) . In both areas, primary features and textures are
very well-preserved and there is little in the way of measurable
structures in the rocks other than joints, fractures and quartz
vei ns.

Areas of nore intense deformation are associated with |ate-
stage, northeast and northwest-trending faults, and with the
contact strain aureoles of felsic intrusions. Proximty to faults
is mani fest as an increase in the anount of fracturing and veini ng
in the country rock, and fornmation of a well-devel oped foliation
Rocks within the contact strain aureoles of the felsic intrusions

comonl y di splay a wel | -devel oped foliation, cross-cutting fracture



cl eavage, mnor S and Z folds in late, cross-cutting quartz veins,
and locally, narrow zones of shearing. Trends of foliation within
the strain aureol es generally reflect the trends of the contacts of
the intrusions rather than the regional foliation trends. Rarely,
t he pl ut oni ¢ bodi es show evi dence of stoping and in these instances
their enplacenent appears to have deformed the country rock
relatively little.

In addition to the zones of shearing present within the
contact strain aureoles, narrow zones of shearing occur throughout
the Archean rocks in the township, often in close proximty to
l'i thol ogi c boundari es. These structures are narrow, noderately
wel | - devel oped and can not be traced over any appreci abl e di stance.
They generally trend northeast and, less comonly, northwest.
Wiere pyrite is present, wusually as fine dissemnations along
foliation planes within the shear zones, anonal ous gol d val ues are
al so often reported.

Jointing and fracturing is common in all the Archean and the
Proterozoic rocks in the towship. These structures are | ate-stage
features and cross-cut all other structures. Although joint planes
are one of the nost common structural features in the township,
they show no distinct trends, as shown by Figure 9, nor any
distinct correlation with other measured structural features (see
Figures 7, 10 and 11). As such, they hold little significance in
interpretations of the overall structure of the study area.
Fracture pl anes, however, appear to display a fewprom nent trends,

mai nly northeasterly, northwesterly and northerly (see Figure 10).



These reflect the predom nant trends of faults within the study-
area and it is likely that fracturing in the study area is closely
related to the late-stage faulting. The trends of the |ate-stage
quartz and/or feldspar veins show very good correlation with the
trends of fracture planes (see Figure 11) and are likely closely
related to faulting as well.

Al t hough studies conducted in adjoining townships indicate
that the Archean sequences in the imrediate area are |likely
isoclinally folded about northeast-trending axes (Carter 1985),
evi dence of regional folding in the study area is absent. Top
direction indicators within the towship are scarce and, where
present, show a consistent younging direction to the north. Folds
present in the rocks are mnor features, related to the enpl acenent
of the plutonic bodies and not to the regional deformation. A
smal |, east-closing fold within a narrowband of iron formation has
been proposed in the southwest portion of the township, however,
this is based on interpretation of the pattern of airborne nagnetic

response in the imedi ate area and i s subject to possible revision.

ECONOM C GEOLOGY

| nt roducti on

Several commodities have been noted within the Archean and
Proterozoic rocks of Aiver Township. The characteristic settings
and styles of mneralization for each comodity are described

bel ow. At present, no economc deposits are known to exist in
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A iver Townshi p.

Two claim blocks are currently held in the township.
M neralization and exploration work carried out at these |ocations
is described below in "Property Descriptions”. Al so included in
the section are descriptions of mneral show ngs and areas of old
wor ki ngs that are not currently staked and which were exam ned this
sunmer .

Table 3 shows the assay results from sanpling carried out

during the field season.

Silver

Tanton (1931) identified the typical setting for silver
m neralization in the Thunder Bay area as fractured and brecci ated
zones associated with late faults'within Proterozoic sedinentary
rocks. The zones are generally less than 6mw de but can be up to
30m wi de. Quartz, calcite, anethyst and, to a |esser extent,
barite and fluorite occur within these zones as individual veins,
as networks of tiny veins and veinlets, and as cenent around
brecciated fragnents of wall rock. Local concentrations of gal ena,
sphal erite, chal copyrite and pyrite occur within the veins as snal |
blebs and as fine fracture fillings in breccia zones. Silver
m nerals and native silver are |ess abundant and nore erraticallly
di stributed than the sul phide mnerals and occur in vugs and in
fine fractures within the vein mnerals and in the wall rock
(Tanton 1931).

Several such silver-bearing zones have been |located in diver



Townshi p, situated along northeast-trending faults in the sout hnest
and south central parts of the township. Quartz, calcite and
amethyst infill the fractured and brecciated zones and m nor
amounts of pyrite, chalcopyrite, galena, malachite, argentite and

native silver have been reported fromthe showi ngs |ocated to date.

Amet hyst

Iron-rich Proterozoic rocks, particularly near the Archean
unconformty, have been identified as having high potential for
amet hyst mneralization (Grland 1991). Radi oactive mnerals,
essential to the formation of amethyst, appear to be concentrated
al ong the unconformty. Nearby zones of fracturing and brecciation
provi de the open spaces in which well-formed crystals can devel op.

Two brecciated and fractured zones have been identified w thin
the Proterozoic rocks in AQiver Towship, in close proximty to the
Archean unconformty. Both are associated wi th northeast-trendi ng
faults. Several areas along these zones were exam ned for their
silver potential prior to 1903 (see section on H story of
Exploration) and at many locations well-fornmed quartz crystals
showi ng variable degrees of anethyst coloration had been noted.
I ndi vidual crystals range in size froma fewmllinmetres to al nost
| cm across. The anethyst represents one of the vein mnerals
infilling these zones and occurs within fractures and cenenting

brecciated fragnents of wall rock.



Copper

As noted in the description of silver mneralization, the vein
systens associated with fractured and brecciated zones within the
Proterozoic rocks of the area contain |ocal concentrations of
chal copyrite, pyrite, galena and sphalerite. The sul phide m nerals
are typically "nore widely distributed and nore evenly di ssem nat ed
t hr ough i ndi vi dual veins than silver mneral s" (Tanton 1931, p.89) .
Oten, early exploration of these veins focussed on their copper
and | ead-zi nc potenti al .

Wthin AQiver Township small amounts of pyrite, chal copyrite
and galena have been noted in nmany of the vein systens
i nvestigated. At one location (Location E, described bel ow) grab
sanples collected by the field crew of vein material hosting < 1%
pyrite and malachite, and < 2% chal copyrite in small blebs and

filling fine fractures, returned values of up to 872 ppm Cu.

Gol d

Gold showings within AQiver Township are primarily |ocated
wi t hi n narrow shear zones either associated with the contact strain
aureoles of Archean felsic intrusions, or in close proximty to
l'ithol ogi c boundaries between Archean netavol canic units. These
shear zones generally show two predom nant trends - northeast and
approximately north - and are locally mneralized with up to 3%
pyrite finely dissemnated along the foliation planes w thin and
adj acent to the shear zones.

In addition, sanples collected this summer froman occurrence
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of pyritic, brecciated nmagnetite-chert iron formation in the
nort hwest part of the township (Location A) returned values of up
to 153 ppb Au. The pyrite occurred as fine-grained rins around
brecciated fragnents and in concentrations of up to 80%wthin a

gossan zone devel oped over a portion of the iron formation.

I ron

Both the Proterozoic and the Archean iron-rich rocks of the
township have been assessed in the past for their iron ore
potential .

Several studies have been conducted on the iron-bearing rocks
of the Gunflint Formation throughout the Thunder Bay area in order
to assess the potential for econonmc iron ore bodies simlar to
those hosted by rocks of the Biwabik Formation in M nnesota
(Moor house 1960) . Although the Qunflint Formation represents the
nort heast continuation of the Biwabi k Formation (Goodw n 1956) only
limted areas of sub-economic iron concentration have been
identified in the Thunder Bay area, none within Qiver Township
(Moor house 1960). It has been noted, however (Morhouse 1960),
that in areas of thick overburden cover, such as in the southern
hal f of Aiver Township, a conplete evaluation is often hindered by
i nsuf ficient outcrop.

Abundant Archean iron formation is present in townships to the
west and north of diver Township and these have been assessed in
the past for their iron potential (Parsons 1922). Cccurrences of

Archean iron formation in Aiver Township are limted and the
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potential for economc iron ore bodies within these rocks is

m ni mal .

Sand and Gravel

The presence of nunerous operational and non-operational
gravel pits in all of the townships bordering Aiver Township, as
wel|l as the generally thick (< 22m) overburden cover present in the
southern half of the township indicates there is potential for
econom ¢ deposits of sand and gravel within the township.

A few small gravel pits, none currently in operation, have
been worked in the past in the southwest and north central parts of

t he township.

Property Descriptions

Information presented below was conpiled from data in the
assessnment files of the Resident CGeologist's office. Mnistry of
Nort hern Devel opnent and M nes, Thunder Bay, from historical
reports and files of old newspaper and ot her cli ppings al so | ocated
in the Thunder Bay Resident GCeologist's office, and from
observations made during the present field season.

"Properties" refers to those locations which are currently
staked; "Locations" refers to areas of old workings and m neral
showi ngs which are not currently held. \Were significant assay
results were obtained fromthe sumrer's sanpling, they are included

in the description of the property.
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Properties

1 - Mbore-Gayson dains

Prior to 1928, veins "of the silver-bearing type" (Tanton
1931, p. 141) had been noted at this location. The property was
staked as Mning Location D and a snmall anmount of stripping was
carried out which uncovered a 1.2m (4') wide quartz vein within
locally brecciated anphibolite schist. The vein trended 192°,
di pping vertically, and contained small amunts of galena and
chal copyrite. A  network of snaller, simlarly mneralized,
conposite veins branched out from the main vein in a southwest
di rection. Wl |l -formed quartz and anethyst crystals were noted
within the smaller, conposite veins. No assay val ues or other
results were reported fromthis work.

No further work was reported until the present clai mgroup was
staked in 1970 by L. Gayson. Interest at this time resulted from
reports of copper and gold mneralization uncovered nearby during
construction on the north hydroelectric dam on the Kam nistiquia
River. A partnership venture was forned with P. More shortly
afterward and stripping and trenching were carried out early in the
1970s. The work concentrated on outcrops a fewhundred netres east
of the showing investigated prior to 1928. Two conposite quartz
veins, trending generally north and |ocally show ng m nor anethyst
col oration, were uncovered wthin schistose mafic vol canic rock.
Scattered zones of fracturing and brecciation were noted in the
out cr ops. A 4.6m (15 ) deep shaft was put down where one

brecciated zone was intersected by a narrow felsic dike trending
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approxi mately north. A zone of shearing 2m wi de) , trending
generally northeast and cross-cutting the felsic dike, was
uncovered in the vicinity of the shaft (see property sketch. Figure
12). Up to 3%pyrite finely dissemnated along foliation planes,
as well as in thin, cross-cutting quartz veinlets, occurs in the
vicinity of the shear zone.

Met al val ues reported fromthe property in 1972 were as high
as 0.24 ounce Au per ton, 0.22 ounce Ag per ton, 0.24%Cu and 2.9%
Fe. The best assay results were reportedly obtai ned from sanpl es
collected within, and adjacent to, the sheared zone (Assessnent
files. Resident Geologist's office. Mnistry of Northern
Devel opnent and M nes, Thunder Bay) .

No further work was recorded on this property until 1985 when
a mnor anount of stripping was carried out. In 1989, P. Moore
bought out his partner and conpleted two dianond drill holes,
totalling 90m (296'), to test the mneralized zone in the vicinity
of the shaft. The highest value reported fromthis work was 23 ppb
Au. The clains were allowed to | apse. The property was re-staked
at the end of the current field season as a result of interest in

the anethyst potential of the property.

2 - Calvert-Wng dains

A block of six claime was staked in Qiver and Connee
townships by D. Calvert and A Wng shortly after published reports
by Carter (1985) indicated that values of up to 0.24 ounce Au per

ton and 0.78 ounce Ag per ton, were obtained from a zone of



shearing within chloritized, silicified, pyritized dacite |ocated
in east central Connee Township. The property was optioned to Inco
Gol d Conmpany Limted in 1987. Linecutting, soil geochem stry and
geol ogi cal mapping were carried out by the conpany that sane year.
Two areas of significant gold mneralization (>500 ppb) were
located as a result of the soil survey, and hand sanples of
sul phi de-bearing, silicified, sheared, felsic and internediate
met avol cani ¢ rocks fromthe west shore of the Kamnistiquia River
returned assay values of wup to 24.8 ppm Au. Fol | ow up
magnet oneter, VLF, and |IP surveys, and 738.8mof dianond drilling
were carried out by Inco Gold Conpany Limted in 1988. No
significant results were reported on the portion of the property
underlying Aiver Township, and drilling results in Connmee Township
wer e consi dered discouraging. The option was dropped. In 1989,
two dianond drill holes, totalling 151.2m (496'), were conpl eted by
Cal vert and Wng. The best assay value reported fromthis work was

537 ppb Au over 1.2m (4'). No further work has been recorded.

Locati ons

Location A

At this |location, approximately 800 netres west of the west end of
Saari Road, in the northwest portion of the township, tw old
trenches and a pit were found in the vicinity of a high airborne
magnet oneter response (see property sketch. Figure 13). Thi s
| ocation corresponds to a pyrite occurrence noted on CDMmap P. 177

(Pye and Fenwi ck 1963). Magnetite-chert iron formation occurs



i nt er bedded wi t h net acongl oner at e, nassi ve nafi ¢ net avol cani ¢ rocks
and fragnental internmediate to felsic netavol canic rocks. The iron
formation is locally brecciated and contains 5 to 20% pyrite as 1
to 2mm wide rinms around the breccia fragnents, as well as
concentrations of up to 80%pyrite wthin a 0.6mw de gossan zone
devel oped over a portion of the iron formation. Assay val ues from
chip sanpl es coll ected this sunmer over several sections within the
trenches and fromnearby outcrops gave values of up to 153 ppb Au
and 1.6 ppm Ag. The highest values were obtained from sanples

collected within the trenches.

Location B

An area of old blasting was |ocated at the western edge of a |arge
outcrop of tuffaceous' to nmassive mafic netavol cani ¢ rocks | ocated
in the northwest part of the township a few hundred netres east of
the m dpoint of Saari Road. A syenitic dike, trending approxi mately
north-northwest, intrudes the volcanic rocks in the area of the
blasting. Up to 1% pyrite is finely dissem nated throughout the
dike and within narrow, cross-cutting quartz veinlets. M nor
potassic alteration was noted within fine fractures trending
roughly parallel to the felsic dike. Assay values fromgrab sanpl es
collected this sumrer were only marginally anomalous (7 to 9 ppb

Au) .

Location C

An old shaft is present on the property of HIl's G eenhouse



| ocated on the north side of Aiver Road, imediately west of 2nd
Sideroad, in the southern part of the township. The shaft is
presently being used as a water well. Hstorical files indicate
that the 135 foot (41.1n) deep shaft, wth levels at 60 feet
(18.3m and 123 feet (37.5n had been put down prior to 1891 on a
conposite quartz vein within brecciated Proterozoic sedinentary
rocks. A 75 foot (22.9m) drift had been constucted on the first
| evel and a 25 foot (7.6m) drift had been constructed on the second
| evel . Four test pits had also been dug: three to the west-
nort hwest of the shaft, following the trend of the vein; and a
fourth to the southeast of the shaft, in unmneralized rock. The
quartz vein is locally brecciated and mneralized wi th amethyst,
argentiferous galena, argentite and native silver. The vein was
reported to be three feet (0.9n) in width at surface but widens to
six feet (1.8nm) at a depth of 50 feet (15.2n) (historical files.
Resi dent CGeologist's office. Mnistry of Northern Devel opnent and
M nes, Thunder Bay). Assay values reported from1890 range from73
ounces Ag per ton to 125 ounces Ag per ton. Present surface
exposures show only a narrow (<Inm) vein with very mnor (<1%
gal ena. Little can be seen on the walls of the shaft above the
current water |level. Gab sanples collected at this |ocation during

the sumer gave no anonal ous silver val ues.

Location D

This location is situated near the elenentary school in the

comunity of Murillo, approximately one kil onetre west of Location



C  Very little information is avail able concerning this show ng.
According to Tanton (1931) , two shafts were put down on this
property prior to 1890. The deeper of the two fornmer shafts (80
feet (24.4m)) is currently being used as a water well for the
school and could not be investigated this sumer. The shal | ower
shaft (30 feet (9.1n)) was reportedly 45.7m (150') west of the
deeper one. No evidence renains of this second shaft. The shafts
were reportedly put down on a conposite quartz vein, made up of a
network of tiny veinlets in a zone at least 6.1m (20') w de. The
general strike of the veinis east, wth a dip of 45° north (Tanton
1931) . Host rock and mneralization are simlar to that at
Location C.  Hand sanples collected this summer froma waste rock
pile situated approximately 100m west of the current water well
show brecciated quartz-calcite vein material wth |ocal amethyst
coloration and rare specks of galena. No anonal ous val ues were

obtai ned fromsanpling this summer.

Locati on E

Wrk at this location, situated along the north side of Pole Line
Road, roughly 300m east of Mning Road, at the south boundary of
the township, was carried out prior to 1928. None of the work is
recorded in government assessnent files. According to Tanton
(1931), at least one test pit was sunk on this occurrence. A zone
of veining was uncovered, reportedly up to 35 feet (10.7m wi de,
conposed of a network of veinlets, generally less than 2 inches

(50.8mm wde, trending 065° dipping vertically and 090° di pping



vertically. The network of veins reportedly occurred in a
brecciated fault zone within interbedded shale and chert units of
the GQunflint Formation (Tanton 1931). Abundant chal copyrite was
reported in some of the tiny veinlets (Tanton 1931) . Assay val ues
in 1925 were reportedly as high as 16 ounces Ag per ton.
Exam nation of this area during the field season | ocated one poorly
preserved test pit and a few snall outcrops. Brecciated fragnments
of chert, siltstone and nudstone occur cenented by calcite and
crystalline quartz, locally show ng varying degrees of anethyst
coloration. Ml achite and pyrite, both generally <1% by vol une,
and up to 2% chal copyrite are present as fine fracture fillings and
as small blebs within the brecciated zone. G ab sanples collected

this sumrer returned values of 872 ppmCu, but no other netals.

Location F

This location is situated on the south side of Pole Line Road, at
the intersection with Mning Road, a few netres south of the
t ownshi p boundary. Tanton (1931) reported the presence of pits and
trenches, put down prior to 1923, at this show ng. The work was
believed (Tanton 1931) to represent an attenpt to investigate the
extension of the faulted and quartz-veined zone found at Location
E. Host rock and mneralization were reportedly very simlar to
that at Location E (Tanton 1931). The workings at this |ocation
are very poorly preserved and the property could not be

sufficiently investigated this summrer.



Location G

Evi dence of old dianond drill holes were found al ong the east side
of the Kamnistiquia R ver, approxinmately 500m northwest of the
west end of John Street Road, in the west central part of the
townshi p. Narrow zones of nobderate shearing trendi ng approxi mately
nort heast and east are scattered throughout ther fine- to coarse-
grai ned nmassive and pillowed mafic volcanic rocks in this area.
Finely dissemnated pyrite, generally less than 2% by vol une,
occurs along the foliation planes within and adjacent to the zones
of shearing. Several grab sanples were collected in this area and

assay results returned values of up to 0.003 ounce Au per ton.

RECOMMENDATI ONS TO PROSPECTORS

Al t hough several comodities have been reported from the
showi ngs located within diver Township to date, the settings of
m neralization can be grouped into three main categories:
narrow zones of shearing within the Archean netavol canic rocks,
associated with either the contact strain aureoles of felsic
intrusions, or wth lithologic boundaries between netavol canic
sequences; brecciated zones within Archean iron formation; and
brecciated quartz and calcite veined zones associated- with l|ate
faults in the Proterozoic rocks.

Several zones of weak to noderate shearing have been noted
wi thin the Archean sequences underlying the study area. Anonal ous
gold values were obtained from sanpling this field season in

pyritized, narrow, sheared zones within the extensive outcrops of



pi | | oned, nmassi ve and coarse-grai ned mafi c netavol cani c rocks al ong
the east shore of the Kamnistiquia River in the west central part
of the township. Simlar zones of shearing are present within the
internediate to felsic nmetavol canic rocks |ocated a few kil onetres
north of these outcrops. Mnor to noderate sericitization is
commonly present in the sheared zones within these internediate to
fel sic sequences, and low gold values have been reported from
exploration work carried out in this area (Property 2) . I n
addi tion, copper and zinc mneralization has been noted within a
sericitized, sulphide-bearing zone of shearing in internediate to
fel sic netavol canic rocks |ocated in Ware Township. This show ng
is situated approximately 1km north of the boundary of Qi ver
Township, inthe vicinity of Mud Lake Road. The netavol cani ¢ rocks
hosting the mneralization in Ware Township are a conti nuation of
the belt of internediate to felsic metavol canic rocks underlying
the northwest part of Qiver Township.

Magnetite-chert iron formation interbedded with massive mafic
net avol canic flows and internediate fragnental vol canics outcrops
in the northwest part of the township. Pyrite mneralization at
this location occurs within a zone of brecciation cutting the iron
formation. Anomal ous gold values were obtained from sanpling
during the current field season at this |location (Location A).

Several silver and copper occurrences were investigated in the
late 1800s and early 1900s within the Proterozoic rocks in the
southern part of the township. Many had pits and shafts

constructed by the early workers. These showi ngs are associ ated
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with zones of brecciation resulting fromlate faulting. In the
vicinity of the Archean unconformty, these zones are also a prine
| ocus for amethyst mneralization.

In summary, shear zones hosting finely dissemnated pyrite
within the Archean netavolcanic sequences should be closely
investigated for potential gold mneralization, particularly where
they occur near late felsic intrusions or are associated wth
l'i thol ogi c boundaries. The presence of late faults in these areas
may increase the potential for mneralization. Zones of shearing
within the internediate to felsic netavolcanic rocks in the
northwest part of the township have further potential to host
copper and zinc mneralization.

Exposures of Archean iron formation should be closely
investigated for potential gold mneralization, particularly where
|ate brecciation has produced sites for the precipitation of
econom ¢ concentrations of mnerals.

The anet hyst potential of many of the old silver and copper
occurrences in the Proterozoic rocks in the southern part of the
township has never been fully assessed. In light of current
mar keting and pronotional projects, these showi ngs deserve nore

attention.
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Landf orm Type

Characteristics

Location Within
Township

Density of
Outcrop

Ground norai ne, bedrock knobs

Low relief; variable undulating, ridged Most of central and Moderate in
subordi nat e and pl anar topography; surface sout hern portions central
conditions dry to m xed wet and dry; portions to
mat eri al conposed of silty till scarce in
sout h
Ground noraine with bedrock Moderate relief; knobby, hummocky Nor t heast corner, Moder at e
knobs beneath thin veneer of t opography; surface conditions dry; portions of
drift mat eri al composed of silty, clayey till nort hwest corner
Organic terrain locally Low relief; planar topography; surface Scattered patches. Scarce
overlying gl aciolacustrine conditions wet; material conposed of Most abundant in
plain peat, nuck, clay north central and
central portions
Ground noraine with bedrock Hi gh relief; knobby, hummocky Nor t hwest cor ner Abundant
knobs, and bedrock beneath t opography; surface conditions dry;
thin veneer of drift mat eri al conmposed of silty till and
bedrock
Gl aci ol acustrine plain Low relief; planar topography; surface Adj acent to Absent
conditions dry; material conposed of Kam ni stiquia River
sand and silt in west and
sout hwest
Al'luvial plain, local bedrock Low to noderate relief; planar to rugged | Along Kam nistiquia Absent to
pl ain, bedrock plateau and cliffed topography; surface Ri ver abundant
conditions dry to m xed wet and dry;
mat eri al conposed of sand, gravel,
bedrock
G aci of luvial kames with Moderate relief; variable knobby, North central Scarce
bedrock beneath a thin veneer humocky and ridged topography; surface portion
of drift conditions dry; material conposed of
sand and gravel
End norai ne Low relief; ridged topography; surface Sout heast corner Absent
conditions dry; material conposed of
sandy, bouldery till

Table 1.

Physi ographic regions identified in Oiver Township.

(Summari zed from Mollard and Mol lard 1981)




ic rocks
Table 2 - Results of geochemical analyses of the metavolcanic ro

in Oliver Township.

” -
Sample Name Easting Nerthing Rock Type Mg Numbe 5i02 ‘Tio2 Al203  Fe203 MnO MgO Cal Na20 K20 P205 Lol
GHB-92-0003 309330 5376025 int vol; 54.42 63.18 0.53 14.55 4,08 0.09 2.46 .63 412 2.74 0.38 2.28
GHB-92-0006 309350 5375780 felsic vole 41.90 71.07 0.27 12.30 1.84 0.04 0.67 327 2.686 224 0.14 4.14
GHB-92-0027 310565 5375590 felsic volo 42.31 71.01 0.28 13.28 1.25 0.06 0.50 3.40 3,91 240 0.12 4.21
GHB-92-0029 310535 6375570 malic to int vole 47.76 52.51 1.10 13.24 7.69 0.14 365 7.51 295 1.54 0.36 7.98
GHB-92-0038 311270 5374430 mafic volc 56.34 48,01 0.73 13.93 9.87 0.24 643 ° 801 231 278 0.46 537
GHRB-92-0039 311270 5374430 malfic vole 2B.18 56.20 0.41 12.77 16.76 0.47 3.32 4.05 233 1.44 0.12 2.43
GHB-92-0040 311200 5375420 malfic to int vole 55.27 52.29 1.08 13.92° 9.68 0.10 6.04 a.51 4.08 0.90 0.32 6.60
GHB-82-0060 314860 5375040 malic to int pillowed 65.84 54.38 0.56 14,78 7.89 LR R 7.68 7.05 3.18 0.58 0.12 2.07
GHB-92-0061 214860 5375040 malic to int volc 63.33 56.00 0.58 15.94 7.50 0.12 6.54 P 4.08 1.00 0.14 1.1
GHB-92-0055 315480 5373160 mafic volc 46.17 4988 1.21 14.24 141 0.25 611 9.87 3.25 0.20 012 0.50
GHB-92-0068 316770 5372350 wmalic voic 48.98 49.92 1.14 14.12 14.03 0.24 6.80 15.06 279 0.30 0.10 0.83
GHB-92-0075 316155 5373080 mafic to int volc 42.55 48.23 1.42 13.52 16.29 0.22 8.13 7.92 3.38 0.16 0.16 0.78
GHB-82.0131 309350 5368250 c-g mafic volc 52.46 50.00 1.10 15.00 14.00 0.21 7.80 9.0 1.80 0.32 .0.12 0.85
GHB-92.0220 312555 5373105 mafic to int;porph 82.50 54.00 0.41 13.00 6.30 a1 15.00 4.00 270 0.88 0.10 4.00
GHB-52-0221 312625 5371670 mafic,pillowed 48.66 51.00 1.20 14.00 14.00 0.24 6.70 9.50 310 0.08 0.12 0.72
GHB-82-0222 314405 5372690 malic,pillowed 44,20 48.00 1.20 15.00 13.00 0.18 5.20 14.00 1.56 0.28 0.190 1.60
GHB-92-0223 2314600 5377000 ftelsic tuft 39.07 75.00 0.31 13.00 2,10 Q.03 ¢.68 1.70 2.50 2.20 0.10 220
GHB-92.0224 312550 5377800 malfic to int,hem'zd 54.81 55.00 0.72 16,00 8.00 0.13 4.80 6.90 4.10 1.10 0.30 2.00
GHB-92-0225 319380 5374075 porp mafto int 70.63 65.00 0.38 13.00 5.60 0.07 6.80 3.90 2.60 1.00 0.08 1.90
GHB-92-0226 319030 5373485 c¢-g mafic volc 45.41 50.00 1.40 14.00 15.00 0.23 6.30 8.30 3.10 0.28 0.12 1.40
GHB-92-0227 309160 5375060 massive felsic 36.14 70.00 0.29 14.00 3.50 0.13 1.00 270 3.40 2.50 0.10 4.00
GHB-82.0228 JI17510 5371010 mafic,pillowed 50.14 49.00 1.10 16.00 132.00 0.27 6.60 11.00 2.00 0.50 0.08 0.89
RIF-92-0001 309180 5373310 int to felsic volc 51.26 71.45 0386 13.03 3.22 0.03 1M 1.42 3.91 2.60 a.14 1.63
AIF-92-0009 209160 5373240 mafic to int vole 50.20 57.82 0.65 15.87 1.27 0.09 .70 7.65 3.56 0.50 0.26 1.87
RIF-92-0033 311550 3373725 malfic to int volc 75.94 54.85 0.49 13.18 8.09 0.13 12.89 285 1.93 0.46 0.10 4.82
RIF-92-0049 311850 5374030 mafic to int vole 71.60 55.07 0.42 12.69 5.49 0.12 6.89 6.89 .09 0.86 a.10 8.00
RLF-92-0052 314220 5374045 malic to int volc 63 .80 54.57 0.69 16.43 6.82 0.10 a.07 522 475 1.08 016 2.03
RIF-92-0056 308580 5374080 mafic voic 67.21 48.31 0.63 12,49 7.73 0.22 8.02 6.68 2.66 3.60 0.52 673
RIF-92-00}5 310855 5373120 mafic volc 74.88 50,00 0.42 12.00 9.30 0.20 14.00 8.0 1.80 0.36 0.08 3.10
RIF-82-0080 310525 5372620 malic to int volc 7516 55.00 0.50 14.00 7.20 0.14 11.00 4.50 2.60 1.10 0.10 3.10
RIF-92-0086 309175 5371820 int 1o felsic vole 59.34 66.00 0.36 15.00 .80 0.08 2.80 220 0.85 3.40 .16 3.60
RIF-32-0006 310705 5372550 int to felsic volc 54.52 67.00 0.39 15.00 3.80 0.07 230 4,20 280 1.90 0.16 2.50
RIF-92-0108 217825 5374835 intto telsic tuff 44.65 68.00 0.30 15.00 270 0.04 1.10 1.60 6.50 1.00 0.10 1.00
AlF-92-0112 316615 5374215 matic to int voic 67.82 57.55 0.57 14.22 7.48 0.13 7.96 5.47 3.06 1.68 0.14 1.92
RIF-92-0116 316300 5374150 mafic to int volc 72.03 55.81 0.49 14,26 6.52 a1 B.49 5.03 477 1.02 0.12 1.49
RIF-92-0118 315420 5374185 malic to int volc 68.57 57.38 0.58 14.62 7.08 0.13 7.81 6.15 4,08 0.44 012 1.79
AIF-92-0150 320575 5373370 malic to int voic 61.10 54.00 0.63 18.00 8.70 0.12 6.50 6.00 J.00 1.50 0.12 2.40
RIF-92-0154 320310 5371305 mafic volc 54.62 48.00 1.00 16.00 13.00 0.20 71.90 11.00 2.10 0.36 0.10 0.75
RIF-92-0215 320855 5376475 int to felsic volc 50.50 69.00 0.24 16.00 3,30 0.04 1.70 2.60 4.00 2.60 0.14 1.00
RIF-92-0216 309390 5369210 {.g malic volc 45.80 56.00 1.40 15.00 15.00 Q.12 6.40 9.40 1.50 0.46 0.12 1.20
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Sample Name
GHB-92-0003
GHB-92-0006
GHB-982-0027
GHB-92-0029
GHB-92-0038
GHB-92-0039
GHB-92-0040
GHB-92-0060
GHB-92-0061
GHB-92-0065
GHB-92-0068
GHB-92-0075
GHB-92-0131
GHB-92-0220
GHB-82-0221
GHB-92-0222
GHB-92-0223
GHB-92-0224
GHB-92-0225
GHB-92-0228
GHB-92.0227
GHB-92.0228
RiF-92-0001
RIF-92.0009
AIF-92-0033
RIF-92-0049
RIF-92-0052
RiF-92.0056
RIF-92-0075
RIF-92-0080
RIF-92-0086
RIF-92-0096
RIF-92-0108
RIF-92.0112
RIF-92-0116
RIF-92-0118
RIF-92.0150
RIF-92-0154
RIF-92-0215
RIF-92-0216

70
50
65
185
245
65
195
485
465
195
200
140
205
889
205
274
205
342
616
205
274
274
75
210
865
360
305
385
958
1026
205
753
479
380
500
475
342
274
410
205

Ni
25
15

110
55
40
85

265

195
90

105
50

100

570
80
70
20
&0

210
70

40

160
25
60

420

160

180

200

380

480
30

110
10

210

260

260

100

2680
20
50

Co
15

30
30
10
20
35
30
40
45
45
55
40
50
45

30
30
50

60

15
40
15
30
30
45
4Q

15
10
25
g
30
35
50

40

H5BRRBRoRamnoo?

45
50
41
13
45
42

20
15
45

40

18
19
16
20
18
24
21

18
17
18
25
40

45

75
30
35
125
180
80
140
125
145
325
325
370
280
75
300
290
39
17¢
Bg
330
46
270
45
120
115
85
130
135
130
120

72
49
135
130
105
140
260
57
330

Cu
40
15
10
30

15
55
a5
60
75
140
175
60

75
65

40
35
88
25
140
20
50
15

25
15
160
35
90
10
40
45
55
85
120
45

Zn
185
70
35
115
a5
65
95

70
120
125

85

25

25
25
20
20
15
45
20
10
25
85
105
35
100
108

15
45
40
30
100
75
75
45
15
50
25

Ma
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1,00
2.00
1.00

18.00
3.00
2.00
0.00
1.00
0,00
0.00
0.00
0.00
.00
0.00
1.00
1.00
1.00
2.00
1.00
0.00
G.00
0,00
0.00
0.00
1.00
1.00

22748
18595
19923
12784
23078
11964
7471
4649
830
1660
2480
1328
2656

. 7305

664
2324
18263
2131
8301
2158
20753
13
21583
4151
3819
7138
8965

29885

2988
S131
28224
16772
8301
13946
8467
3653
12452
2988
21583
3819

Ba
730
510
260
220
B98O
230
880
160
220

50

30
100
230

B3
110
410
280
250
120
400
150
450
180
150
180
250
940
200
300
400
400
250
420
220
130
460
110
660
160

Sr
760
160
100
250
660
180

290
180
160
120

120
170
150
220
160
880
220
120
140
170
180
930
100
170
380
870
210
340
180
350
200
260
180
230
290
130
280
110

Zr
170
100
120
130
110

110
90

70

90
72
g8
72
70
110
120
92
80
140
58
110
140

70
130
160

68

84
120
120
120

90

)
10

82

56
130

84

Ti
3177
1619
1679
6595
4376
2458
6475
3357
un
7254
€834
8513
6595
2458
7194
7184
1858
4316
2278
8333
1739
6595
2158
38a7
2938
2518
4137
ar7
2518
2998
2158
2338
1799
7
2938
3477
e
5985
2038
8383

Y

Be
2.00
1.00
1.0
2.00
3.00
2.00
2.00
2.00
2,00
2.00
2,00
2,00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
1.00
2.00
1.00
2.00
200
3.00
0.00
0.00
0.00
0.00
0.00
2.00
200
2.00
0.00
g.00
.00
0.00



I TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OF SAMPLES
SAMFPLE Au Ag Cu Pb Zn COMMENTS
NUMBER peb | pem | ppm | ppm | ppm
GHB-92-002 10 | <02 a2 1% disseminated py in carbonatized intermediate to felsic mff. Northwest part of township. 309330E, 5376025N.
GHB-92-005 9 0.4 44 S1% disseminated py in weakly magnetic, carbonatized, hematized, mafic to intermediate tuff. Northwest pant of
township. 309375E, $375940N.
GHB-92-007 <5 | <02 1 <1% py disseminated and along fractures in sericitic, carbonatized, fine-grained felsic voleanic. Northwest pant
of township. 309370E, 53755%0N.
Gi{B-92-008 6| <02 14 2-3% py disseminated in feldspar and quartz-phyric, carbonatized, sericitic felsic volcanic. Northwest part of
township. 309420E, 5375465N.
GHB-92-012 <5 0.4 40 $1% py disseminated in carbonatized, fine-grained intermediate to felsic volcanic. Northwest part of towaship.
309000E, 5374725N.
GHB-92-013 <5 [ <02 12 £1% py disseminated in fractured, carbonatized, feldspar and quartz-phyric felsic volcanic, Same location as
above.
GHB-92-014 7] <02 14 £1% py along fractures in carbonatized fclsic tuff. Northwest part of township, 3J08930E, 5374710N,
GHB-92-015 7 0.4 14 <1% py disscminated in fractured, carbonatized (elsic tuff. Nocthwest part of township. J08635E, 5374750N.
o GHB-92-016 7 0.4 15 <1% py disseminated in hematized, feldspar and quartz-phyric felsic voleanic. Northwest part of township.
: J08830E, 5374780N,
[
GHB-92-017 <5 0.4 8 1% py disseminated in fractured, carbonatized felsic lapilli wff. Northwest part of township. 309655E,
5375345N.
GHB-92-019 <5 | <02 10 S1% py disseminated in carbonatized intermediate to felsic twif. Northwest pant of township. J09800E,
5376060N,
GHB-92-020 7 <0.2 19 S1% py disseminated in amphibole, feldspar and quartz-phyric intermediate to felsic voleanic. Notthwest part of
township. 309820E, 5376085N.
GHB-92-021 12 | <02 k) 1% py disseminated in mafic voleaniclastic sediment, Northwest part of township, 309865E, 5376395N.
GHB-92-022 7] <02 29 $1% py in veinlets and rimming clasts in Archean metaconglomerate. Northwest part of township, 310525E,
5376100N.
GHB-92-M26 10 0.4 1 £1% py disseminated in rusty, carbonatized felsic wff cut by minor quartz veinlets. Northwest part of township.
310565E, $375590N.
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TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OF SAMPLES

SAMPLE Au Ag Cu b Zn COMMENTS
NUMBER ppb | ppm | pom | ppm | ppm

GHB-92-028 6 0.4 18 <1% py disseminated in feldspar and quartz-phyric felsic volcanic. Northwest part of wwnship. 310500,
5375625N. -

GHB-92-030 7| <02 44 Minor py disseminated in carbonatized intermediate to felsic lapilli wff. Northwest part of township, 310270E,
5375000N.

GHB-92-032 <5 | «02 5 $1% py disseminated and within quartz veins cutting syenite dike. Notthwest part of township. Location B.
J10565E, 5374070N.

GHB-92-033 91 <02 56 Same location, mineralization and rock type as above.

GHB-92-034 Tl <02 34 Minor py disseminated in fine-grained mafic voleanic near contact with syenite dike. Same location as sbove.

GHB-92-035 7| <02 56 51% py disseminated in mafic to intermediate wff au by sumerous quanz + epidote veinlets. Northwest part of
township. 310620B, $374100N.

GHB-92-037 6] <062 26 S1% py disseminated in weakly magnetic, amphibole-phyric mafic to intermediate volcanic. Northwest part of
township. 311270E, 5374430N.

GHB-92-041 T <02 6 Minor py disseminated in rusty, carbonatized, fine-grained felsic voleanic. Northwest pant of township. 311200E,
5375600N.

GHB-92-042 71 <02 20 £1% py along fractures in carbonatized felsic fapilli wff. Northwest part of township. 311705E, 5376020N.

GHB-92-043 61 <02 13 2-3% py disseminated in fractured, carbonatized felsic lapitli tuff, Northwest part of township. 311760,
5376010N.

GHB-92-049 6| <0 44 S1% py disseminated in carbonatized, fine-grained to amphibole-phyric mafic to intermediaste volcanic.
Northwest part of township. 312660E, 5374810N,

GHB-92-056 7| <02 42 <1% py disseminated in carbonatized, amygdaloidal mafic (o intermediate volcanic. Northwest part of township.
3127808, 5375840N.

GHB-92-058 6| <02 3 $1% py along foliation planes in schistose, carbonatized felsic apilli reff. North central part of township.
313650E, 5376170N,

GHB-92-059 61 <02 29 S1% py disseminated and along fractures in hematized, weakly magnetic, amphibole-phyric mafic
intermediate volcanic. North central part of township, 313900E, 5375770N.




TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OF SAMPLES |
T T I T T T T
SAMPLE Au Ag Cu Pb Zn COMMENTS
NUMBER pPpb | ppm | ppm | ppm | ppm

GHB-92-066 <5 | <02 52 1-2% fine to coacse-grained py disseminated in very fine-grained mafic volcanic. North central pant of township.
314135E, 5371750N. '

GHB-92-072 <5 | <02 100 | <1% py disseminated in fractured, schistose, coarse-grained mafic volcanic cut by quanz veinlets. North central
part of township. 3116710E, 5372605N.

GHB-92-076 <5 | <02 135 £1% py disscminated in fractured, coarse-grained mafic volcanic cut by numerous epidote + iren carbonate
veinlets, North central part of township. 316155E, S373080N.

GHB-92-079 9| <02 46 <1% py disseminated in fractured, amphibole-phyric mafic to intermediate volcanic cut by numerous quanz
epidote veinlets. North central part of township. 3171608, 5374535N,

GHB-92-084 6| <02 120 S1% py disseminated and in rare lenses in fractured, fine-grained mafic volcanic. Notth central part of township.
317085E, 5372930N,

GHB-$2-108 30| <02 39 S$1% py in quanz veins and veinlets cutting fractured, carbonatized, amphibole and feldspar-phyric mafic to
intermediate volcanic. Northwest part of township. 309530E, $374610N,

GHB.92-112 64 | <02 129 1% py disseminated in fine-grained mafic to intermediate volcaric. Notthwest purt of towaship. 310715E,

O 5374050N.
@I GHB-92-134 <25 | <02 1t Minor py in quartz veialets cutting schistose, fine to coarse-grained mafic volcanic. Kaministiquia River, west

central part of township. In vicinity of Location G. 309350E, 5368350N.

GHB-92-135 <25} <02 64 £1% py disseminsted in schistose, biotite-quartz-feldspar porphyry dike cutting fine-grained mafic volcanic.
Same general arca as above. 309315E, 5368525N.

GHB-52-136 <25 | <0.2 121 £1% py disseminated in schistose, fine-grained mafic volcanic. Same location as above.

GHB-92-137 <25 | <02 125 S1% py disseminated in schistose, carbonatized, rusty, pillowed mafic volcanic, Same general area as sbove,
309200E, S368900N.

GHB-92-138 9% | <02 119 <10 25 | <1% py disseminated and in quartz veinlets in schistose, carbonatized, rusty, pillowed mafic volcagic. Same
location as above.

GHB-92-139 <25 | <02 121 1-2% py disseminated and in quariz veialets ia schistose, carbonatized, rusty, pillowed mafic volcanic. Same
location as above.

GHB-92-149 <25 | <02 36 £1% galena and minor py in quanz-calcite vein (4cm wide) cutting brecciated taconite and chert-carbonate,
Southeast part of township. Location C. 316950E, 5365425N.,




TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OF SAMPLES
—_— )
SAMPLE Au Ag Cu Pb Zn COMMENTS
NUMBER peb | ppm | ppm | ppm { ppm

GHB-92-152 25| <02 45 <10 5 | Minor py disseminated in jaspilitic chert. Along Corbett Creek at Pole Line Road, south central bouadary of
township. 313550E, 5363500N.

GHB-92-179 «25 | <02 52 2-3% py in siringers and disseminated in schistose, amphibole, feldspar, and quartz-phyric mafic to istermediate

" volcanic. Northeast corner of towaship. 317900E, 5375550N.

GHB-92-187 <25 | <02 30 <10 45 1 1% py in quartz-calcite vein cutting schistose intermediate to felsic tuff breccia. North central part of township.
315400E, 5376200N,

RIF-92-002 -] 0.4 k}) $1% py disseminated in amphibole-phyric, amygdaloidal, mafic to intermediate volcanic. Northwest pan of
township. 308650E, 5372080N.

RIF-92-043 g | «02 3i Minor py disseminated in quanz veinlets cutting amygdaloidal mafic to intermediate volcanic. North central part
of township. 313645E, 5373420N,

RIF-92-047 6] <02 99 1-2% py filling fractures and in small lenses in magnetic, fine-grained mafic to intermediate volcanic. Ncnhwcsl
part of towaship. 310700E, 5373600N.

RIF-92-064 12 | <02 53 1-2% py disseminated in matrix, and rimming fragments in intermediate to felsic lapilli mff, Northwest part of
township. 3081208, 5373700N.

RIF-92.066 61 <02 48 1-2% py disseminated, in small lenses, and filling fractures in hematized, carbonatized intermediate to felsic
volcanic. Northwest part of township. 309215E, 5373950N.

RIF-92-087 61 <02 10 1-2% py in gossan zone within schistose, carbonatized intermediate to felsic volcanic. Northwest part of
township. 3091758, 5371820N.

RIF-92-097 43 | <02 8 £1% py disseminated in felsic ruff. Northwest part of township. 311345E, 5372890N.

RIF-92-107 <5 | <02 38 £1% py disscminated in feldspar porphyry dike cutting amphibole-phyric mafic to istermediate volcanic,
Northeast part of {owaship. 317825E, 5374635N.

RIF-92-125 <25 | «02 18 <10 39 | <10% py along fractures and in lenses (S3em long) withia felsic volcamc. Northwest part of township, 309160E,
5371760N.

RIF-92-127 <25 | <02 21 <10 33 | <1% py disseminated in schisiose quartz porphyry. Nornthwest part of township. J08970E, §370615N.

RIF-92-129 <251 <02 11 <10 4 | Rusty quartz veinlets and pods in felsic toff. West central pant of township. In vicinity of Property 2. 309160E,
5370080N.




TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OF SAMPLES

SAMPLE Au Ag Cu Pb Zn COMMENTS
NUMBER ppPb | pom | ppm | ppm | ppm

RIF-92-131 64| <02 93 <10 40 | $5% py in coarse-grained cubes and in crystal aggregates in rusty shear zone within quartz porphyry intruding
hematized, amphibolitized intermediate to felsic volcanic. Same general area as above. 309220E, 5369680N.

RiF-92-132 <25 1 <02 109 <t0 38 | <8% py filling frachires and in small lenses (S3cm long) in sheared, rusty, intermediste to felsic volcanic. Same
location as above.

RIF-92-136 <25 1 <02 41 <10 108 | <5% py along foliation planes in schistose, amphibolitized, rusty, intermediate to felsic volcanic. West central
part of towaship. 309335E, 5369195N.

RIF-92-138 <25 | <02 ¥% <10 136 | s3% disseminated py and S5% magnetite clots within intermediate 1o felsic lapilli wiff. Northwest part of
township. 307525E, §3733315N.

RIF-92-143 <5 <02 11 <10 27 | 3% py as small clots in sheared felsic wff. West central pan of township. In vicizity of Property 2. 309210E,
5370175N.

RIF-92-152 30 | <02 o8 <10 . 83 | S10% py in small clots, along fractures and within quartz veinlets jn schistose mafic volcanic. Northeast part of
township. 320295E, 5371575N.

RIF-92-157 Q5 | <02 7 Rusty, fractured, hematized felsic dike intruding schistose pillowed mafic volcanic. Northeast part of township,
318900E, 5370800N.

RIF-92-162 <25 | <032 872 2-3% cp, py and malachite filling fractusres and in clots in brecciated, quartz/caleite veined zone in chert. Minor
amethyst. South central part of township. Location E. 311555E, 5364575N.

RIF-92-163 <25 § <02 97 Same location, mincralization and rock type as above.

RIF-92-169 <25} <02 7 £15% py aad minor malachite filling fractures in brecciated quartz vein in schistose, rusty tonalite. Southwest
part of township, along Kaministiquia River, approximately 1.3 km north of falls. 305675E, 5365450N.

RIF-92-171 30| <02 g £30% py in rusty, schistosc zong in felsic dike intruding amphibolite schist. Same Jocation as above,

RIF-92-175 <25 | <02 164 £1% py disserninated in weakly magnetic amphibolite schist. Southwest part of township. Property 1. 307485E,
5366205N.

RIF-92-176 <25 0.3 110 55% py disseminated in rusty amphibolite schist. Sune location as abave.

RIF-92-178 30 0.3 154 Minor disseminated py in breccinted, rusty amphibolite schist. Same location as above,

LR]F-92-179 0] <02 26 Same mineralization, rock type and location as sbove, Minor amethyst,
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TABLE 3: ASSAY RESULTS, WITH DRESCRIPTIONS AND LOCATIONS OF SAMPLES
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RIF-92-180 <25 <0.2 40 1% disseminated py in brecciated amphibolite schist with quantz and calcite infilling fractures. Same Tocation as
above,

RIF-92-181 ) <02 28 $20% py within fragments of brecciated chert. Same location as above.

RIF-92-182 30| <02 83 Minor py in usty amphibolite schist. Same jocation as above.

RIF-92-183 Q5 | <02 358 Minor py in quanz, calcite and amethyst-infilied breccisted zone in amphibolite schist. Same location as above,

RIF-92-186 <25 | <02 38 2-5% py in lenses within fractured, rusty chert. Southwest part of towaship, along Kaministiquis River, 500-
600m upstream from falls. 305300E, 5365005N.

RIF-92-190 <25 <02 46 19 32 | 5-10% py in nodules (S10cm in size) in matrix of Kaksbeks conglomerate, Scuthwest pant of township, along
Kaministiquia River. 800m below falls. 305205E, 5363645N.

RIF-92-196 <25 <02 23 <10 41 | <5% py filling fractures in schistose, carbonatized felsic lapitli wff. Northeast part of township. 310150E,
5375885N.

RIF-92-551 153 1.6 16 75-80% py and maguetite in lenses and nmming fragments in gossan zoae over brecciated iron formation.
Northwest part of township. Location A. 308540E, 5374145N.

RIF-92-552 12§ <02 7 5-10% py and magnetite disseminated in weathered iron formation at edge of gossan zone. Same location as
above. .

RIF-92-555 16 <0.2 4 2% py disseminated and in swingers in chen tayers of iron formation, near edge of gossan zone. Same location
as sbove.

RIF-92-556 112 04 15 £5% disseminated py and magactite in brecciated, weakly carbooatized iron formation. Same location as above.

RIF-92-557 6 <02 9 10% py and minor po rimming mageetite layers within gossan zone in iron formation, Same location s above.

RIF-92-558 <5 0.4 40 £5% py disseminated in chert Jayers of iron formation. Same location as above,

RIF-92-559 <5 02 20 10% py disseminated in chert layers of iron formation. Same location as above.

RIF-92-560 71 <02 5 5% py disseminated in gossan zone over brecciated iron formation. Chip sample over 2. Same location as
ahove,

RIF-92-561 76 1.2 i8

<10% py aud minor po in gossan zope over iron formation. Same location as above.




TABLE 3: ASSAY RESULTS, WITH DESCRIPTIONS AND LOCATIONS OP SAMPLES

SAMPLE Au Ag Cu Pb Zn COMMENTS
NUMBER ppb ppm ppm ppm ppm

RIF-92-562 50 0.8 13 Minor py disseminated in chert layers of iron formation. Composite sample from three separate layers. Same
location as above.
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Figure 4 - Jensen‘s {1976} cation discrimination diagram of
metavolcanic rocks in Oliver Township. PK= peridotitic

{ultramafic) komatiite; BK= basaltic komatiite; HFT= high iron
tholeiite; HMT= high magnesium tholeiite; CB= calc-alkalic basalt;
CA= calc-alkalic andesite; CD= calc-alkalic dacite; CR= calc-
alkalic rhyolite; TA= tholeiitic andesite; TD= tholeiitic dacite;

TR= tholeiitic rhyolite.
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plet in the high magnesium tholeiite field in Figure 4.
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trend 1s apparent.
e
£ O



Ware Twp.

(LT Er P NErA s Yt ] Ik
NN N NN
ey NSNS
\f\l\f\l\d;/\’\/\f/{z,{r,,\\ Vo
(A AT AT ALY ’f}_/fl/[:/,_\h/, P
A

by

1 ] 1 1 ot
R A L e et A )
NS NN NN
AN N NN AT AT AP
’\’ NN ’\ /\/\/\—\/\z\/\ ,/{ - ,{ <~
A A A A AR A AT
S
INNSUSIOOIIN 5 U /\’\/\’/\/z\//\,,l,
LA LESA NS ALY AL ATH NS AL T AT AT AP TAP AP A SAN
TN AP W O L LRSS N
N N N NN NN NN e A e g LV
AL A AP ATAPASA LA GRS NG SN TSS
e A A A A A AL I AT T A AP AP A PP L S 3N
P e N A A A A S A e e L
D T S I S g S G R g R N I A
1SRN \"--’."--”w’\f«..’f«.’l-...”-..."-.’{l/f}_/,r\/.r\/,f\,I\,,\
N ’} /,\ \/\/\’\’\’\’\’\’\’\’\/\”\’(\"\/’{’/{—:/{;;{;}‘;}\;‘
;
A AT ATV AT ALY /I.\,/I.../f}_//.\_/[lrf}_fflfflz\;l),l

= LTS VS RS
2 A L (RIS S T IS AR
o NN NN AT
- MRS A P
Y ' PPN SN
< NENANVAR ’
PN

AL
LT FA s 7l

<
Conmee Twp. QOITINY,
NS

Mcintyre Twp.

™~_ Geological boundary
" Eault

Areas of weak deformation

89°28'

Metasedimentary rocks

N
N
<
=
=
3
e
2
Q
o
N
3.
5
3
o
-~
4]

:.\-1, Mafic to intermediate .....*.’| Early felsic intrusive rocks

metavolcanic rocks ]
Proterozoic rocks

metavolcanic rocks
F-'Suff %

Figure 8 - Simplified geclogy of Oliver Township showling areas of
very weak deformation.

=}
ol



i to joint planes,
Figure 9 - Egual area stereonet plot of poles _ ‘ :
contoured. (73 data points represented.} Note random distribution
of data points.



Figure 10 - Equal area stereonet plot of peles to fracture planes,
contoured. (50 data points represented.) Three predeminant trends
are discernible, 1) east-west, with steep northerly dip, 2)
northeast, with steep southeast and northwest dip and 3) north-
northwest, with steep southwest and northwest dip.
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Figure 11 - Equal area stereonet
veins, contoured. (40 data points
data points correlates well with th
shown in Figure 10.

plot of peles to late gquartz
represented.) Distribution of
at of poles to fracture planes
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Photo 1 Hand sample of amphibole and feldspar-phyric amygdaloidal
mafic to intermediate metavolcanic rock from the north central
portion of Oliver Township. Note large (2 cm in diameter) quartz-

filled amygdule in the centre of the hand sample. (Total length of
hand sample is 10.4 cm)

Photo 2 Photomicrograph of amphibole-phyric mafic to intermediate
metavolcanic rock showing amphibole possibly occurring in an
amygdule. Note subrounded shape of amphibole (centre of photo) and
tiny quartz grains (white) rimming the borders. Amphibole is
partially altered to chlorite. (Photo taken in plane polarized
light, field of view is 13.2 mm)
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Photo 3 Weakly graded layering in heterolithic intermediate to
felsic tuff breccia along Highway 102 in northern portion of Oliver
Township. Hammer head oriented north.

Photo 4 Fresh (lighter-coloured, right hand side of photo) and
altered examples of the tonalitic pluton in east-central Oliver
Township. The altered sample was collected from an outcrop located
at the Archean/Proterozoic unconformity and shows the effects of
iron and manganese enrichment caused by fluids percolating down
through the overlying Proterozoic Gunflint Formation into the
Archean basement. (Longest axis of larger hand sample is 12 cm
long)



Photo 5 Hand sample of Kakabeka conglomerate from an outcrop
located near Kakabeka Falls. Note fine sand matrix. (Longest axis
of sample is 15.5 cm long)

Photo 6 Photomicrograph of Kakabeka conglomerate; taken from same
sample as shown in Photo 5. Large, dark clast on right hand side
of photo is a banded, jaspilitic fragment. Note well-rounded quartz
grains in matrix to left of large clast. (Photo taken in plane
polarized light, field of view is 13.2 mm)
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Photo 7 Photomicrograph of taconite from sample collected in
southern part of Oliver Township. Note irregular shape of silicate
grains (greenalite) rimmed by hematite (black borders). Matrix is

fine-grained silica. (Photo taken in crossed polarized light, field
of view is 13.2 cm)



CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL

SURVEY PUBLICATIONS
Conversion from Sl to Imperial Conversion from Imperiat to Sl
SIUnit Multiplied by  Gives Imperial Unit  Multiplied by Gives
LENGTH
Imm 003937 inches 1inch 25.4 mm
lam 0.393 70 inches 1inch 2.54 cm
Im 3.280 84 feet 1 foot 0.304 8 m
1m 0.049 709 7 chains 1 chain 20,116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km
AREA
lemz (1550 square inches 1 square inch 6451 6 cm?2
1m2z 107639 square feet 1 square foot 0.092 903 04 m2
1kmz 0386 10 square miles 1 square mile 2.589 988 km?2
1ha 2.471054 acres 1 acre 0.404 685 6 ha
VOLUME
lem3 006102 cubic inches 1 cubic inch 16387 064 cm3
1m3 353147 cubic feet 1 cubic foot 0.028 316 85 m3
1m3 1.3080 cubic yards 1 cubic yard 0.764 555 m3
CAPACITY
1L 1.759 755 pints 1 pint 0.568 261 L
1L 0.879 877 quarts 1 guart 1.136 522 L
1L 0.219 969 gallons 1 gallon 4.546 090 L
MASS
lg 0.035 273 96 ounces {avdp) 1ounce (avdp) 28.349523 g
lg 0.032 150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g
lkg 2.204 62 pounds (avdp) 1pound (avdp) 0.453 59237 kg
1kg 0.001 102 3 tons (short) 1ton (short)  907.184 74 kg
1t 1.102 311 tons (short) 1 ton (short) 0.907 184 74 t
1kg 0.000 684 21 tons (long) 1ton (long)  1016.046 908 8 ke
1t 0.984 206 5 tons {long) 1 ton (long) 1.016 046 908 § t
CONCENTRATION
1gh 0.029 166 6 ounce (troy)/  1ounce (troy)/ 34.2857142 gt
ton (short) ton (short)
1git 0.583 33333 pennyweights/ 1 pennyweight/  1.714 2857 gt

1on (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ournce (troy) per ton (short) 200 pennyweights per 1on (short)
1 pennyweight per ton (short) 0.03 ounces (troy) per ton (short)

Note: Conversion factors which are in bold type are exact. The conversion faciors have been taken from or have been
derived from factorsgiven in the Metric Pracice Guide for the Canadian Mining and Metallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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end below. ODM Map 1960k, scale 1:31 680.
!‘ € May in part be extrusive. ODM Map 1960m, scale 1:31 680.
l 9 May in part be intrusive. GSC Map 198A, scale 1:63 360.
l @ Field legend; subject ta change.
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GSC Map 213A, scale 1:63 360.

! The letter “G" preceeding a map unit number indicates lithologic information in- ) )
DM, Mineral Resources Circular No. 10.

terpreted from geophysical data.

“eology not tied to survey lires.
Magnetic declination 2° 20'W in 1992.
Metric conversion factor: 1 foot = 0.3048m.
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Large, quartz-filled vesicles
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Rounded to subrounded fragments
Fragments more feisic if.an matrix
Monolithic

Geology by G.H. Brown, R.I. Fogal and assistants, 1992.

To enable the rapid dissemination of information, this map is
unedited. Discrepancies may occur for which the Ontario
Geological Survey does not assume liability. Users should verify
critical information.

This publication was funded under the Minerals program of the
o Canada-Ontario Northern Ontario Development  Agreement
Heterolithic (NODA), a four-year joint initiative signed November 4, 1991.
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