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Abstract

y

The English River Subprovince of Northwestern Ontario
is an Archean gneissic terrain flanked by the greenstone:
pranite terrains of the Uchi and Wabigoon Supprovinces.
Detailed and regiopal investigations have unravelled the
complex question of the relative ages of rocks within these sub-
provinces.

Three tectonic rock assemblages have been defined.
Tectonic assemblage I occupies‘the southern and'central parts
of the English River Subprqvince and’forms part of the Engiish
River Plutonic complex. This assemblage is dominated by
severely deformed granitoid gneisses containing isoclinal D1
folds within the gneissic banding which ére hence considered
to be the oldest rock unit present (Cedar Lake'gneisses).

Amphibolit;c enclaveg'within the gneisses may represent
an early supracrustal assemblage or a dyke swarm intruded into -
the gneisses. A subsequent tectonic event (D2) has produced
isoclinal folds in both gneissic banding and amphibolite
enclaves. PE \

Strongly foliated tonalites and granodiorites of the
Clay Lake Granitoid suite do not contain isoclinal (D2) folds

and appeal to have intruded the Cedar Lake gneisses and their

associatéd amphibolites, This cannot be demonstrated
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unequivocably/ﬁg;;ver due to later deformation and the Clay
Lake Granitoid Suite is hence inczuded in Tectonic assemblage
I.

Tectonic assemblage II underlies the northern pa}t of
the English River Subprovince and forms part of the English
River Metasedimentary Migmatite Complex. The assemblage is
dominated by gérnet and cordierite bearing metasedimentary
gneisses with a high proportion of granitoid leucosome. Meta-
volcanic rocks are restricted to a narrow belt at the southern
margin of the complex.

It has been demonstrated elsewhere that rockg of
tecgpnic assemblage II may be traced laterally into meta-
sediments and metavolcanic rocks of the Uchi Subprovince with
which they are partly coéval. A metaconglomerate at Perrault
Lake contains clasts of foliated tonalite similar to rocks of
the Clay Lake/;ranitoid Suite. Rocks of tectonic assemblage 11
have never ngn found as inclusions within rocks of tectonic
assemblagé/l. This implies that tectonic assemblage II was
““deposited, at least in part, on a sialic basement of tectonic
assemblage I,

The Twilight Gneisses of the Clay Lake area and pillow
lavas and banded iron formation of the Cliff Lake area are
correlated with rocks of Tectonic assemblage II. These rocks
do not contain isoclinal (D2) folds but have been affected by

a period of strong layer-normal compréssion (D3). The occurrence
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of Twilight gneisses in the cores of later domal structures,
belgy rocks of tectonic assemblage I, indicates that the D3
event was associated with subhorizontal tectonics ‘causing
interleaving of "basement" and "cove.".

The D3 deformation was the first event to affect rocks
of tectonic assemblage II. It was accompanied by a high grade
regional metamorvhism producirg uovper amphibolite facies
mineral assemblages over wide areas of the English River
Subvrovince., Granulitic mineral assemblaze were produced in
the Clay Lake area under condititns estimated to be in the
range 650-750°C and 4.5 to 7.0 kb.

The D3 tectonievevent was succeeded by intrusions of

tectonic assemblage II1 which range from equigranular tonalites

through porvhyritic granodiorites to equigranular pink granites,

These intrusions Qere emplaced throughout the English River
Subvrovince and are probably temporal equivalents of the
"diaéiric granitoid intrusions" of the Uchi abigoon Sub-
provinces. The vpresence of both foliated and massive varieties
of all comnositions suggests that several phases of emplace-
ment occurred. Trace element data uggestsﬁﬁhat the intrusive
rocks were not generated from rocks ompositionally similar to
those of tectonic assemblage I. “ -
Intrusion of tecténic assemblage III produced a variety

of interfering minor s'tructures in pre-existine rocks. Major

dome and basin structures were préduced in the Cedar-Clay Lakes

2
,'.

r/



AS

L

area and the prevaling vertical attitude of pre-existing
foliations was accomplished throughout the English River Sub-
vrovince at this time. i

Major faulting at the southern boundary of the English

River Subprovince appears to predate intrusions of tectonic

assemblage IIT.
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CHAPTER I

INTRODUCTION

1-1. A REVIEW OF ARCHEAN- TERRAINS

; Areag of Archeén rocks currently exposed on several
continents contain two types of terrains with strikingly

3 ’ ‘ dlfferent tectonic and lithologic characterlstlcs. One of
the most intrlguing problems :f Archean geology, at aﬁq pre-

sent tlme. concerns the relationships between the so-called

*gneissic” terrains and the "greenstone-granite® terrains.

AR

. ' The more widely studied “"greenstone~granite terrains

TR

consist essentially of volcanic and sedimentary supracrustal .
formations, metamorphosed to greenschist facies, which have

been intruded by large granitoid plutons, The supracrustal

formations are generally preserved as steeply dipping green~
stone belts and are disposed marglnally to the gran1t01d
" plutons in a manner which suggests that the %ﬁi}er were dia-
piricall& emplaced. The plutons are often igterqally complex,
with regard ﬁo_ﬂoth fabric and composition. The bulk of the
'granitoid rocks are, however, tonalites or granodiofites.

- Although the "gneissic" terrains are less well charact-

T T TR T P A R p A TR R, T Y R S T P, T e w

erised they are known to be underlain by large volumes of

o

granitoid gneisses and highly deformed and metamorphosed supra-
crustal'rocks.‘ They have also been extensively intruded by

‘ : 1ater”granitoid plutons.



In the past few years a large number of research
programsg have pro@yced a wealth of data on Archean gneissic

curiosity was aroused by the discovery, in Western Greenland,
>

| terrains from throughout the world. Much of this scientific
! of gneissic rocks which are the oldest known rocks currently
: exposed atlthe surface of the earth (0.I.G.L. and McGregor
g' : ’197;, Moorbath et al 1972). Numerous workers, including

: McGregor (1973) and Bridgewater et al (1973, 1975), have
unravelled a tectonic history for the W, Greenland Archean
gneisses which spans. the time interval between 3.9 b.y. and
2,5 b.y. This history involves the development of at least
two volcgnogenic. suprécrustal sequences aﬁd repeated h
intrusion and deformation of granitoid plutonic rocks, A
Fimilar‘crustal history has recently been suggested for Arghean
gneissic rocks of thePSaglek Bay area, Labrador, by
Bridgewater et al (1975) and .Hurst et al (1975) .

Archean gneissié terrains, in southern Africa, which
possibly contain units predafing tﬁe ma jor voléanic supra-
crustal sequedces. have been Qescribed from the Kaapvaal andr
Rﬁodésian Craténs. Stowe (1968, 1971, 1973) has described
the "oldérgionalite gneiss complex” in Rhodes?a;yhichehe
suggests actéd as.a basement to the later, supracrustal
'BulawayanJénd Shamvaian Groups.' Paft of this basement complex
- the Gwenora migﬁatites - has recently been dated by Rb-Sr
whole rocks methods at 2780 m.y. by Hawkesworth et al (1975) .

These authors also report ages of 2600-2700 m.y. for units

-




from thg Bulawayan supracrustél group and Stowe's original
suggestions have therefore not been confirmed. However,
Hawkesworth et al (1975) did obtain én age of dpproximately |,
3600 m.y. from the Mashaba area gneisses, indicating that
this gnéissic terrain is clearly older than the major
Bulawayan supracrustal group.

Age relationéhips in the Kaapvaal Craton are far
less clear: 'Hunter (1970, 197?, 1974) suggests that the
"Ancient Gneiss Complex" in Swaziland predates development of
the major, supracrustal Swaziland Sequgpce. Viljoen and
Viljoen (1969) and Anhaeusser (1975?7/;5wever, contend that
the "Ancignt gneiss complex" represents the roots of major
greenstone belts that have been pervasively invaded by
tonalitié magma. Whole rock Rb/Sr data from Hurley et al
(1972) and Jahn and Shih (1974) indicate that the Onverwacht

[+ . .
group volcanic rocks formed between 3500 m.y. and 3375 m.y.

" ago. RbL/Sr whole rock ages from the Ahcieﬁt gneiss complex

have a spread from 3395 m.y. to 3138 m.y.(Allsopp et al 1969).
Clearly, the problem qf age relationships has not yet been
resolved satisfactorily in the Kaapvaal Craton.

A similar .controversy currehtly surrounds the relation-

N

ships between gneissic and quﬁracrustal rock units exposed in ..
the Archean Shield of India (Naha and Halyburton, 1974%;
Basu and Arora, 1976).

The Archean Superior Province of the Canadian Shield

contains several subpfovinces (Stockwell et al, 1970) or



structural blocks (Wilson 1971) which are defined in terms
of distinctive lithology, metamorphic grade and structural
style. Boundaries between these subprovinces are usually
recorded in éhe literature as being marked by major faults.
The two major gneissic subprovinces in Western Ontario are
the Quetico and English River which are separated by the
intervening Wabigoon “"greenstone-granite" subprovince.

At the time that the current research projéct was
initiated, remarkably little was known about either the
Quetico or English River sﬁbprovinces. In particular, the
tectonic and temporal relationships between the subprovinces
was a matter for considerable speculation. The itwo most
popular hypotheses concerning these relationships were as
followss

(1) The gneissic terrains represent a sialic
basement onto which the predominantly volcanicosequence of
the greenstone terraCns were depositéd. The underlying
gneissic terrains, in'this model, .served ag a source region
for the ubiquitous, diapiric granitoid bodies which invaded
the greenstone terraing, Adjacent gneissic terrains served
'és partial provenance areas for the large volumes of greywacke
type sediments which are commonly associated with the green-
stone volcanics. | | :

(2) The gneissic terrains represent sedimentary
depositional areas which developed synchronously wi?h the

greenstone depositional areas. The gneissic terraiij>were

\



subsequently locations of both high heat flow (producing@

hipgh metamorphic grade gneisses) and of massive injections
gl

of syntectanic and postectonic granitoid material.

In view of these controversial relationships through-
out the world it is hardly surprising @hat a large number of
models have been proposed to explain the tectonic development
of Archean terrains. Excellent summaries of the various
models are outl@ned by Anhaeusser (1973), Talbot (1973),
Windley and Bridgewater (1971) and Windley 21973). A review
of this literature raises the following questions:

(1) Were significant volumes of sialic crust present
.at the time of formation of the main supracrustal successions?
. (2) If so, were they present as isolated proto-
continents or as a thin, all enveloping, skin on which the
supracrustal successions accummulated?

(3) Were Archean tectonic events dominated by density

.

driven, vertical movements or did horizontal components - akin

to present day plate tectonics - exert a controlling influence?

1

1-2. OBJECTIVES OF THE PRESENT STUDY

{

With a view to eventually resolving some of the probléms
outlined éboye, as they pertain to the Canadian Superior
Province, a reéearch program was initiated within the English

River subprovince of the N.W, Ontari.. The major objeqti&es

R



of the pnrogram were as follows:

-
’

(1) To determine a detailed structural, métamorphic
and_intiggive history for a small part of the subprovince.

(E) To present an interpretation and discussion of
probable protoliths of thg various rock types present within
this small area through integration of field, petrographic
and geochemical data. ‘

(3) To clearly define the distribution and field
relationships of rock types within a larger district of the
subprovince. This district would preferably include all the
. tectonically important rock groﬁps within an'approximately
\north~south seqtion. . o

(4) To.integrate resqlté from both the smaller area
and the larger district into a coherent médel fof thé fectoﬁig\
evqQlution of the English River subprovince.

(5). To shed some light on the age relationships
between the gneissic terrain of the ﬁnglish River subprovince
and the adjacent "greenstone-granite" terrains of the Uéhi

and Wabigoon subprovinces. .

‘Tvo factors dictated the choice of the English River
subprovince és“the focus of the research program. The
Manitoba Department of Mines and the University of Manitoba
pubiished, in 1971, res&lts of an integrated, regional
invgstigabion qf the northern part of th subprovipce_in

Manitoba (Project Pioneer - Manitoba Mines Branch publication

1
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71-1). In addition, the Ontario Division of Mines were
orovosing to carry out a two year reconnaissance mapping
brogram of the subprovince which would exténd from the
Manitoba border to longitude 92°00'W. (Operation Kenora -
Ear Falls).

The Perrault Falls - Vermilion Bay district - which
the author mapped'in 1975 whilgt attached to Operation
Kenora-Ear Falls - covers an almost complete north-south
éection of the subprovince énd includes the vast majority
of the tectonically important rock groups. This district

is described in detail in chapter 4 of this thesis.

The Cedar Lake area lies squarely within the Perrault

Falls - Vermilion Bay district. The area provides excellent

‘road and lake access and contains a reasonable proportion

of rock outérop. Structures indicated as "paragneiss domes"

on D.D.M.compilation:map 2175 provided further incentive for

the choice of this area for detailed studies.

-~
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CHAPTER 2

PREVIOUS WORK AND REGIONAL SETTING

2-1 INTRODUCTION

~

Wilson and Brisbin intréduced the term "English Riveér
Gneissic Bel%"ninto the geological literafure‘in 19673,

Prior to this date there had been no systematic app}oach to
geological investigatiohs in N.W, Ontario and adjacent

S.E. Manitoba. During the period 1968-1971 significant
advances in both geological and geophysical understandiné of
southeastern Manitoba were made largely as a:result of Project
Pioneer;, a co-operative undertaking 6f fhe"Manitoba Mines
Branch and fhe University of Manitoba.

Systemafic reconnaissance geological maﬁpingvof the
English River Subﬁrovince in Ontario was initiated in 197&
by_thé Ontario Division of Mines. Operation Kenora-Sydney '
Lake (1974) covered a 5000 squafe mile area extendiné from the
Manitoba-Ontario boundary fo longitude 93°30'W aﬁd from
latitudes 49°45'N' to 50°55°N. In 1975 this program .was continued
to the egst as Operation Kenora-Ear Falls, covering the area |
bounded by latitudes 49CL5'N to SlOOd'N and longitudes 93030)N_
to 92°oo'w '

Ong01ng research projects w1th ‘interest in western
Superior Prov1nce geolcby are contlnulng at the Centre for
'Prgcambrlan Studies of the Unlversity of Man}toba; Geotraverse
Projeét of the University of Tofonto.and the Archean Crustal

9
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" Evolution Group of McMagt;r University. As a result of the
large number of people now actively interested in this region
much information has been acquired together yith a certain
confusion regarding terminélogy'applied to the major geo-
logical and tectonic'unifs.

Stockwell et al (in Douglas (Ed) 1970) initigl;y sube
divided the western Superior Province into tectonici"belts"
or "subprovinces" (fig. 2-1). ' Stockwell et alhuse both the
*belt" and the fsubprovincé“ %erﬁinology in their‘téxé but
use only the ;belt" terminology on their map (fig. iv-1, 0.46),
Wilson.(l97l) introduced the gonceﬁt of ‘crustal -"blocks"

/%fig.zzz) defined by both geological and geophysiéal criteria.
Wiison's "blocks"«appeﬁr to be geographically equivalent to
Stockwell's “belts" but Wilson renamed some of the uhits and
introduced the "Red Lake Block". Goodwin (1974) Fetainéd the _
"belt" terminology of Stockwell et al but introduced the "Uchi
Volcanic~Plutonic Belt" ; a unit ﬁroadly equivalent to Wilson's
"Red Lake Block". The "subprovincé" terﬁinology and Goodwih'si.
nameé for the various units have been used by Breaks et all

_(I@?h; 1975) '‘and by the present author. |

. The English River»Subproyince'is thus bfoadly regaréed
as a tectonié.entity which is’érudeiy lineaf in form and lies

*approximately along latitude 50°N. It extends eastwardé }rom
the Paleozoic cover at Lake Winnipeg to the Paleoioiq cover

of the James Bay lowlands. The gubprovince is apprdximately

~
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". the northern unit

11
! , , ‘
8-110 km wide and is bordered to the north and south by the
"greenstone-granite"” terrains of the Uchi and Wabigoon sub-
vrovinces,
The boundaries of the English River Subprovince are
poorly defined. Breaks et al (1974~ 1975) place the northern"
nboundary of the subprovince at the Sydney Lake Cataclastlc
Zéne.- The southern boundary of the subprov1nce 1s usually
placed at the northern margln of the Tustin-Bridges meta-

volcanlc belt. West of Kenora, however, and eastwards from

Vermilion Bay the southérn boundary has not been strictly de-~

~ fined.

Updn‘compilation of the data from.Operation Kénoré-"
Ear Falls it haé become clear that the suﬁprovince is
dominated by'metasedihentafy migmatites in the north'and gy
plutoningnéisses and granitoid intrusions in the Qouth.
Beakhouse (1975) has attempted to f;;haliée this.subdivision |
éﬁd"prgpoées the f:ie "Ear-Falls\-.Mahigotagan gneiss belf" for
d the name "English River batholithic_belt;

. for the southern unit. The two belts are separated by a dis-

‘continuous unit of mgtavoicanic‘rocks for which Beakhouse uses
the name PEnglish-River metavolcanic rocks".

The use- of the term “belt".for broad scale tectonic
featdres.is unfortunate. For instance, the "Ear Falls gneissic
bélt"; although broadly continuous, is severely disrupted by
a compleinof_intrusiQe rocks of igneous aspect. Furthermore,
Beakhouse's terminology féils to emphasise the dominantly meta-

/
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sedimentary asvect of this unit. The current author prefers to
use the name "English River metasedimentary migmatite complex"i

for the northern part of the English River Subprovince, and

Al

the term "English River plutonic éomplex" for the southern parﬁ.

Retention of the belt terminology for the unit of metavolcanic

rocks that separates the northern and southern complexes is

" recommended due to historical and scale considerations.

McRitchie (1971) has also subdivided the Manitoban _
bortion of the English River Subprovince. A comparison of the
nomenclature of the various tectonic subdivisions is pfesented
in taﬁle 2-2 and figure 2~73 attemptsuté clarify the geographic
distribufion of the subdivisioné. '

In the following discussion of previous work the

terminology of individual authors will be retained as far 'as.

possible. Subsequent chapters will embloy the present author's

terminology where aﬁpropriate,

2-2 GEOPHYSICAL STUDIES

The presence-of a broad scale, high Bouguer gravity
énomaly associated with the area of the English River Subprovince

was first noted by Innes (1960), who associated the anomaly .

wifh the presence of denser, near surface rocks.- Wilson and

Brisbin (196j) suggested that the gravitjAanomaly was due to

the elevatinn of the Mohorovicic Discontinuity and  that the

English River Subprovince was an elevated crustal block.

. Hall and Hajnal (1969, 1973), and Hall (1971) have

4
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demonstrated the presence in N.W. Ontario and S.E. Manitoba

of two cfustal layers separated by the Intermediate or Riel

* Discontinuity (fig.2-4). The seismic data indicate the

presence of a gently but signif%eant downwarp in the surface
of the Riel Discontinuity, (fig.2-5). Depths to the surface
increase from 12 km close to the sgouthern margin of the English'
River Subprovince to greater than 22 km in the vicinity of
Pakwash Lake, close to the norfhern margin of the subprovince.
A sympathetic upwarp is present Within the surface of the
Mohorovicic dlscontlnulty; th§>depth to this surface Zecreases
from 38 km in the south to 31 km in the north.

These changes in crustal structure are accompanied by

a change in the surface rocks from domlnantly gran1t01d

- gneisses and granltlc 1ntru51ons in the south to dominantly

metasedimentary gnelsses and metavolcanic rocks fn the north.-
, . ! > '~J

It seems likely, therefore, that the high Bouguer anomaly

associated with the northern English River Subprovince, is in

" part due to the elevation of the mantle and in part due to

the presence of sllghtly denser surface rocks.

Kornik (1971) investigated. aeromagnetlc trends in N.W.

‘Ontario and S.E. Manitoba. He distinguished a central E-w

oriented zone of high magnetic inteﬁsity which is broadly
equivalest to the southern plutoniq complex of the English
River Subprosiﬁce. This is, flanked to the north by a zone,of.
low magnetic intensity, with local intense highs, broadly

equivalentlto the English River metasedimentary migmatite

-
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complex and the Bird River - Separation Lake, and Rice Lake -

Uchi Lake mefavolcanic belts. In the south a‘similar zone

‘coincides with the Kenora-Wabigoon metavolcanic belt.

Similar aeromagnetic distinctions were also noted by McGrath

and Hall (1969).

. 2-3; GEOLOGICAL STUDIES

Wilson (1971) has defined several crustal. blocks in
N.W. Ontario largely on the basis of aeromagnetic trends

(fig. 2-2). Wilson's Englisﬁ River Block is bounded to the

_ north by the Red Lake Block and to the south by the Kenora

Block. The boundaries of these blocks were considergd by
Wilson to be late adjustment faults which‘separate areas of
contrasting structural style and metamorphlsm. He suggested
that the Engllsh Rlver Block is cdmposed almost entlrely of
sedlmentary gneiss with 1nterlayeredrgranitlc rocks and rare
amphibol@tes. Wilsoﬁ recognised the characteristic east-west
trend of folds &nd commented on the presence, of gneiss domes
and basing in the southern part of thexblogk. He alspnfemarked
that appgrentiy rapid, gradational changes in lifhologic.and
metamorphic facies took piace in thé vicipity of the block

»

boundaries. .
. In view of .the lnten31ve ongoing research and mapping

act1v1t1es of many 1nd1V1dua1s and institutions 1t 1s

gifficult to make'the dlstlnctlon between previous and current

work done‘within the subprovince. The following section,
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fhefefore. will attempt to synthesise the state of accumulated
knowledge as of April 1976. The presentation of this
svnth931s is essentlal s1nce a comprehen81ve account:-of this

materlal is not presently avallable in the published

11terature. The summary will proceed geographlcally from north-

¢

to south and will use the geologic subdivisions proposed by
McRitchié (1971) as an initial basis. Sirtce these subdivisions
appiy in.a strict sense only to the Manitoba part of the
subprovince, frequent éexcursions" will be made into Ontario
wherever geological correla%ions seem justified.

TH; Wanipigow River Plutonic'Complex lies to the north
of the Rice Lake greenstone belt. It consists essentially
of quartz dlorltlc and granodlorltlc intrusive rocks with
"scattered gneissic phases.and local "lit-par-lit" gﬁelsses.
The probable continﬁation of "this unit in Ohtar;a-includes
two large domal structures - the Sydney-Rainfall Lake Dome
and the Longlegged Lake bome_(Breaks et al 1974). Inter-
aygred amphibolite, biotitic quartz&—feldspathic gngiss.and
: tite trondhjemite gneiss form mantles to cores of
foliated to grieissic, homogeﬁeousgtq xenolithic trondhjemite.
The domes are intruded by later stocks of biotite duarﬁz-
monzonite. .

The Rice Lake greenstone belt contains a 5asa1-unit
of basic volcanic rocks with pﬁin sed imentary hori;ogs. This
is overlainiﬁy a thick sequence of acid ‘and intermediate,

1.
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fragmental volcanié r&cks which is succeeded by a sedimentarj
unit containing impure q&g;¥alxe. gfeywacke§ slate and con-
glomerate, )

The boundary between the Uchi Subprovince and the
English River Subproviﬁce in Ontario is placed by Breaks et
al (1974) along the Sydney Lake cataclastic zone and its
northern off shoot, the Longlegged Lake - Pakwash Lake
cataci&stic zone. The catacldstic zone varies betwéen 0.5.-and
1.5 xm in width, and contains mylonites with vertical
foliation and local pseudotachylite. At Pakwash Lake the
norfhern cataclastic zone juxtaposes an unmigmatised gréy-
wacketpeliée asgsemblage to the nerth with a metasedimentary
miématite assemblage to fhe south. Similar cataclastic zones
séparate the Rice Lake.éreenstone belt from the Manigotaggn
gnelssic belt in Manitoba.

.Within the Manigotagon gneissic belt McRitchie and .
Weber (1971) have defined a complex sequence of metamorphism
and deformation affectihg mefasedi@epts ana F@%asedimentary h ‘/
migmatites (paragneisses). The earliest deformation event )
(D1) ﬁroducedqisoclinal folds'in compositional layering and
Wa§ accompanied by a major metamorphic event (ML), A patteég

of increasing metamorphic grade southwards is accompanied by.

. anétexis of the metégedimentary protolith., The sequence of

metamorphic zones reé&gniaed is tased upon the first

appearance of the following mineralsﬁk\fi) chlorite,

(ii): biotite, (iii) almandine, (iv) and&%usite, (v) silliman-

2
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ite and orthoclase, (vi) sillimanite and cordierite. The
characteristic plutonic phase assoclated with zone (vi) is

an authochthonous, synkinematic grey tonalitic or granodioritic

gné¢iss, ,

?ﬁe second deformation (D?) produced intrafolial, \
similar, asymmetric, Z and S folds with regionally shallow \\
plunges. Tﬁe dominant regional foliation was produced during
this event. The geothermal gradient established during M1 2

persisted through the M2 metamorphic event producing a general
matrix coarsening. Large, intrusive bodies of quartz
monzonite and granodiorite of the Turtle-Tooth Lakes suites
were intruded late in the D2, M2 tectonothgrmél event, The
D3 deformational event is aésoqiated with a variety of fold
styleé thch are dominantly concentric but locally disharmonic,
~ similar or kinklike and are associated with the development
of incipient strain slip cleavage. The D4 event is pesponsible
for méjor curvilinear fracture and myionite zones which
vseparatehthe gneissic belt from the Rice Lake greenstone belt.
Early reconnaissance mapping in Ontario by Bruce (1924)
and Derry (1930) included parts of the English River meta-
sedimentary migmatite complex. Carlson (1957) mapped the
Wernér Lake - Rex Lake area ad jacent to the Mapitoba-Ontario
boundary. He describes metaéediments, tonalites, mafic
intrusives énd granites from this area. Williamson and Hudec
(1958) and Hudec (1965) have-mapped areas northeast of Lac
.Seul.” These authors defined'éfgroup of older migmatitic

paragneisses intruded by two ages of granitic rocks. . The
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older intrusives are invariably white coloured, biotite

granodiorites containing variable proportions of paragneissic

PR

inclusions. The younger intrusives are vink, aplitic to
"pegmatitic granites. Breaks et al (1974, 1975) report a

regional métamorphic event in the English River metasedimentary

migmatitg complex with the widespread development.of almandine,
cordierite and sillimanite. The more advanced stages of meta-
morphism are characterised by the anatectic development of
medium to coarse grained, white, granitoid diatexite (Mehnert
1968), Numerous stocks, dikes and sills of massive,
leucocratic pink quartz monzonite intrude the metasedimentary
migmatites.

Mor;n (1970) and Morin and Turnockl(l975) have studied
the petrology of a clotty granite at Perrault Falls’- the
southern margin of the English River metasedimentary migmatite
complex adjacent to the Red Lake highway. Mafic clots of
green biotite, quartz, sillimanite and cordierite and con- ;
tained in an equigranular pink granife matrix which also con-
taihs disseminated garnet and sillimanite. The granite has
intrusive contact relaticnships with the surrounding biotite
- cordierite gneiss. The authors suggest‘that the clots may
be refractory relicts of paragneiss inclusions which were

b
partially melted.

Lot

The Pine Falls plutonic complex oufcrops anuth of the

Manigotagan gneiss belt in Manitoba. It is described by )
McRitchie (1971) as an undifférqntiatedcomplex containing an



abundance of metasomatised pofphyroblastic phases. Towards
the east at Black River the com%lex includes quartz monzonites
which have undergone complete anatexis and been reintruded
into the Manigotagan gneisses. Large, homogeneous quartz-
diorite plu}ons are pfesent and in places foliated quartz-

)
diorite may be seen intruding rocks of the Bird River green-

y

stone belt. . | N

—
~.

AN

J.F. Davies conducted geological mapping during the .
period 1952-1958 within the Bird River greenstone belt, the

Lac du Bonnet Pluton and the Winnipeg River plutonic complex.

s -

The Bird River greenstone belt contains basic vo}canic rocks
overlain by impure quartzites, arkoses, slate and chart. This
guccession is. intruded by the Bird River sill which is a
layered and differentiated sequence ranging fpém granophyric
gabbro through anorthositic gabbro to’metapyr&xenite and
metaperidotite, The Bird River siil and associated Cu-Ni
~sulphide deposits have been described by Karup-Moller and
Brummer (1971). At Booster and:Ryerson Lakes conglomerates
containiné tonalite clasts are associated with quartzo-
feldspafhic greywackes and qu?rtzites. The metamorphic grade
lannears‘tq increase to the northeast (Butrenchuk 1970)
towards the Manigotagan gneissic belt.

A discontinuous metavolcanic bel% in Ontario occurs at
the southern margin of thé English River metasedimentary
.migmétite complex. The thickest section (greater than 2 km)

occurs at Separation Lake and thins rapidiy both éast and west.
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Massive to fdiiafed. mafiq”€§ }htermediate banded amphibolites
wiih.poorly preserved pillows are~assoqiated with minor felsic
to intermediate tuff and lapilli tuff. The unit is dig-
continuously vresent to Oak Lake where a conglomeraté con-
taining mafic and felsic metavolcanic fragments has been
repofted. Possible cbntinuations of this belt at Wabaskang
and Perrault Lakes will be described ip a Subsequent chapter,

The Lac du Bonnet pluton outcrops. over an area in
excess of 2500 sq km in Man;toba, south of the Rice Lake
greenstone belt. McRitchie (1971) considers the body to be
a flat, sheet like, intrusion dipping steeply to thé north-
west. The dominant phase is a homogeneous, equigranular,
unfoliated; pink quartz mﬁnzonite; Locally, large xénbliths.
are present whigh McRitchie considers to be equivalents of
the Bird River greenstoneﬂbé}t. Large, irregular plutonic
bodies which are composé%ionally similar to the Lac du Bonnet
pluton occur throughout the Ontario portion of the English‘
Rivér plutonic complex. These bodies are reéarded by Breaks
et al (1974, 1975) as beiﬁg—égﬁy late in the tectonic sequence
. and contain xenolitﬁg%of both granitoid gggiséiand"meta4
sedimentary gneiss. '

The Qi?nipeg River ‘plutonic complex in southeastern
Manitoba contains discpntinuously banded, biotite and horn- .
blende beaging quaftz diofitiq and granodioritic gneisses . @
with skiéiithic, anatectic phases. ‘Dipé are generally shallow

to the wést—norfhwest. A broad zone of compositionally -
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similar gneissic rocks outcrops in the southern part of the
English River plutonic complex in Ontario. In the Kenora
district, these gneisses.are the subject of a detailed
research program currently being undertaken by C.F. Gower of
McMaster University. The granitoid gneisses extend across
almost the entire width of thqﬁcomplex in tﬁe Cedar Lake and
Lac Seul regions, north of Dryden. =

Numerous granitoid bodies intrude the gneissesthroughout
the English River and Winnipeg River plutonic complexes.
‘McRitchie (1971) describes a southwards transition in Mahitoba‘
from granitoid gneisses through porphyroblas%ic (x feldspar)

) .
gneisses to massive, homogeneous porphyroblastic quartz

monzonite and granodiorite. The latter phases have been referred

to by Farquharson and Clépk (1971) as the Whiteshell porphyritic.

granodiorite. A similar body of massivg porphyritic granodior-
ite of batholithic dimensions occupies the central axis of

the plutonic complex in Ontario, where it clearly intrudes the
gneissic rocks. '

Foliated, gquigranulér quartz diorite and tonalite to
granodiorite plutons also intrude the gneissic rocks but
apﬁarently predaté intrusion of the porphyritic plutons.

This group of intrusions includes the tonalitic Rennie
Batholith in Manitoba (McRitchie 1971) and the Dalles .
tonalite/granddioriée in tﬁe Kepofa Cistrict of Ontario (Gower
1975). Also included in this group are the quartz diorites of

the High Lake - Rush Bay area, lying'fo the west of Kenora,

.
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which were mapped by Davies (1965).

For the sake of completion it is necessary to mention
two further studiee undertaken as University theses. Dwibed i
(1966) undertook a reconnaissance petrologic and geochemical
study ef the English River Subprovince west of the Red Lake
Highway. Jones (1973) completed a petnoiogic study of samples
) taken from the Red Lake Highway. C?e deflned. in broad terms,.
an increasing grade of metamorphism culmlnatlng in the centre
of the English Rlver Subprov1nce with granulltlc m1nera1
. assemblages near Cliff Lake. Both of these studies were earried

out prior to the completion of regional mapping.

244 RADIOMETRIC ACE DETERMINATIONS

In recent years the pessibility‘ef a "pre-Kenoran®”
event being present in rocks of the_wesfern Superior Province
has led to an increasing number of radiometric age dating
studies. The earliest study was done by Purdy and York (1965)
who analysed 9 samples of graﬁites and gneisses collected
aleng a 125 mile traverse of Highway 105 from Vermilion Bay ‘to
Red Lake. The samples were taken from several rock groups
which are now known to represent distinct geolegical events
within the Wabigooﬁ. English-River and Uchi subproviﬁces. The
samples however produced a surprisingly gqod Rb-Sr "isochron”

defining an age of 2.45 b.y. Y o0.10 b.y. ( R587 = 1.39 x 10-11

yr'i). Purdy and York concluded that the Kenoran “"orogeny"
ig clearly the dominant feature within this region.

P
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Subsequent radiometric studiethave been concentrated
mainly in the Manitoba. part of the region since geological data
for Ontario was, until very recently, very sparsely dis-
tributed. In the following discussion the studies have been
arranged in a geographic order proceeding'ffom north to south
across the Western Superior\Province. All Rb-Sr data reported
hergafter has been based, by the original authors, on an Rb87
decay constant of 1.39 x 10'1lyr"l.

- Krogh et al (1975) report U-Pb zircon ages of 2.9 b.y.
.from a gneiss of problematic origin within the Berens ﬁiver
Block (north of the.Uchi-Red‘Lake - Rice Lake greenétone A
terrain), Ermanovics (1975) reports that Rb-Sr whole rock
ages on post-kinematic, massive éuartz monzonite from the *
Berens River Block "vary from 2.7 to 2.6 b.y.". A U-Pb
ziréoﬁ study of the same rocks yielded an age of 2715 m.y.
. (Krogh et al 1975). .

Turek and Peterman (1968) obtained an Rb-Sr metamorphic
age of 2550280 m.y. from phyllites of the Rice Laké Group.
Ages of emplacement of gold-gquartz veins in Rice Lake meta-
volcanic rocks were recorded as 2720158 m.y. Turek and
Peterman (1971) report a mgtamorphic:Rb-Sr age of 2555%m0 m.y.
from a quartz -diorite body intruding the Rice Laké greenstones.
. Mylonites from the north and south boundaries of the Rlce Lake
belt yielded ages of 2345- 100 m.y. . ‘

Within the—fanigotagan gnei881c belt Turek and Peterman

-
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- (1971) o%taioed an Rb-Sr age of 2735t55 m.y. and initial Sr
87/Sr 86 ratio of 0;7019t0.0008 from a late tectonic quartz
monzonite intrusion at Blaok Lake., They also‘record an
Rb-Sr mefaﬁorphic age of 2530 m.y. from a sample of biotite
~from a paragheiss, Ermsnoﬁics (1975) reports a U-Pb zircon
concordia age'of 2690t10 m.y. from a sample of hybrid para-
gneiss from the Manigotagan gneissic belt. Ermanovics states -
"The significance of this age is unknown but may represent a
regset zircon age". |
| Penner and .Clark (;971) have obtained an Rb-Sr isochron
age of é650t35 m.y. and an initial Sr 87/Sr 86 ratio of
0. 7015 0.0015, from metavolcanlc rocks of the Bird Rlver green-
stone belt The age is considered by these authors to be a
minimum age_for the extrusion of the voloanic rocks as these
rocks may be susceptibdble po having their ages reset during
subséquent metamorphism. The same authors analysed samples
of grey, gneissic quartz diorite and granodlorlte from the
Pine Falls plutonlg complex. An age of” 2640 135 m.y. and an
initial Sr 87/Sr 86 ratio of O 7014 0.0021 were obtained. .

. Penner and Clark (1971) also report an age of 2495 130
m.y. and 1nit1al Sr 87/Sr 86 ratio of 0. 7088 0.0068 for the
Lac du’ Bonnet pluton. Farquharson {(1975) has recently revised
this data based on 1ncorporatlon of three addltional samples
which controlled the previous isochron. The revised resulps
‘ares age 2o80t91 m.y., and initial Sr187/Sr'86 ratio of
0.6998%.0032.
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Farquharson and Clark (1971) have obtained Rb-Sr ages
'for various plutonic phases from thé Winnipeg River plutonic
complex. Eight samples of pink, gneissic to massive
granodiorite from south of the Winnipeg River yielded an age
of 2644t50 m?;l with an initial Sr 87/Sr 86 ratio of 0.7001
t0.00lu. The Whiteshell porphyritic granodiorite, a large
unfoliated -body of gnknown dimensions Whiéh contains inclusions’
of gneissic pink gngnodiorité. yielded on an age of 26107113
m.y. énd initial Sr 87/Sr 86 ratio of 0.70?1t6.Q038 from a -
total of.seven samples:' Four of these samples taken
independently yield an age of 259hi9 m.y. with an initial Sr -
87/Sr 86 ratio of 0.7098%0.000%. Farquharson and Clark (1971)
suggest that the d{screpancy‘reflects'some geological variation,
such as variable initial ratio,

Fouf samples of grey to pink, ‘foliated, porphyritic
granodiorite from the. margin of the Rennie Batholith ylelded an
isochron age of. 2603 320-;}y. with an initial Sr 87/Sr86 ratio
of 0, 7009 0.0031. The high error is. a consequence of the small
~ spread of Rb/Sr values and a low mean Rb/Sr ratio.

The Caddy Lake quartz monzonite is described by * .
Farqﬁharson and Clark (1971) as a medium grained, light grey ,
muscovitic, garnetiferous rock which apﬁeafs to comprise two
parts: (a) faintlj foliatengneiss with difuse comﬁositiona%
'banding. which is intruded by (b) light grey to pinkish,
massive quartz monzonite énd pegmatite. The unit yields an

age of 2556512 m.y. and an initial ratio of 0.7087%0.0015.

o
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Krogh et a1\(1975) have analysed zircons from the Lac
Séul region of the EQAllSh River Subprovince in Ontarlo.Q,The
:lSOtOch results 1ndlcate that tonalitic gneisses in this .
region have a minimum age of 3008f12 m.y. The data ;Iso
indicate that these zircons have been modified by a later
metamorphism. Ly e authors conclude, by the use of assumed
traJectorles,,that a probable age for the gneisses in excess

of 30&3 35 m.y. is~indicated.

In summary therefore (F;g.2—6) the U~Pb zircon studies
suggest ?he following historys
1. A period of zircon crystallisation)ca 3060 m.y. to
_2900.m.y.-répre%ented; at present, onlj in tonalitic gneisses

of the Berens River Block and thé Lac Segl area. .;
| 2. A'period of metamorphism, migmafisation and granite
intrusion at approx. 2696 m.y. in the Manigotagan para-
gneisses and the Lac Seul area. .

3. Intrusion of pegmatitic granite ca. 2580 m.y."in_ype

lLac Seul area.

s
In contrast, Rb-Sr ages gr;ater than 2735 m.y. are
absent and the data suggest %he_fo;iowing history:’
1. An event ca. 2725 m.y. recorded in the crystallisation
6? the Berens River duar@z monzonite, the Black Lake qhartz
monzonite (Manigotéggn gneiséic belt% and gold-guartsz veins

intruding the Rice Lake greenstones. -



2. Intrusion of the Lac Du Bonnet pluton at 2690
3. An event cé. 2650 m.y. representing possible meta-
morohism of the ﬁird River greenstone sequence and recorxded
}n the Pine Falls gneissic dﬁart%-diorite and foliated to
gneissic granodioritéé from south of the Winnipeg River.
., Ansevent ca. 2600 m.y. recorded by tﬁe Whitesﬁell
pqrph&ritic granoﬁiorite an& the foliated, porphyritic margin
of the Rennie ﬁatholith. ' o .
5. 'An.eveﬂt ca. 2550 m.y. récording métamorphism in
the Rice Lékg greenstone belt and the Manigotagan gneissic 4
belt. This event is also represented by the Caddy Lake

quartz-monzonite and by intrusion of massive quartz-diorite
L] . . ‘J

blutons in the Rice Lake belt. .
6. . Mylonite formation at the margins of the Rice Lake green-

.stone belt ca. 235 m.y.

(3

‘If taken at face valud, the Rb/Sr isotopic data records
a; almost coqtinuous.spectrum of igneous and metamorphic |
activity occurring over a time span of approximateiy i75 m.y.
from 2550 m.y. to 2725 m.y. éﬁch a conéluéion immediately
invites comparison with ﬁhe_Mesozoic batholith of“pentral
\California (ﬁvernden and Kistler 1970, Kistler and Peterman
1973). Five.major epochs'of granitic intrusion in Centfal
California occurred at approximately 30 m.y. intervals over a

total time span in excess of 130 m.,y. It is entirely possible,

_therefore, that; within the English River and adjacent sub-
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provinces, igneous intrusioné.of éimilar fabric and.com-
vosition were emplaced at different times.

| Significantly, U/Pb isotopic studies record a period of
zircon crystallisation in excess of 3.0 b.y. old. These,
older ages are éonfinedh to déte, to .tonalitic rocks but are
recorded from geographically widespread locatiohs. This is '
strong evidence in favour of the existence of a sialic nucleus
(or nucleiij in N.W. Ontario pr;or to 3.0 b.y. ago. The ’
rent time gap between the 3.0/b.y. event and the 2.7 b.y.

event may

geologically signifjidant. Clearly there is a_.great

need for mor bpic data which must be firmly based on the

geological information which is now becoming available.

2.5 SUMMARY

Compilation @f previous and current work provides a

reésonably clear overview of the English River Subprovince.

>

The northern part of the English River Subprovince is referred
to as the English River metasedimentary migmatite complex.
It.is associated with a high Bouguer anomaly and‘é zone ofvlow
magnetic intensity éontaining local intense magnetic highs. '

The crustal structure gpnéath this complex includes a )

gignificant downwarp of thé Riel discontinuity %?d a sympathetic

%

upward in the Mohorovicic discontinuity.

PR -

High grade metasedimentary gneisses of the northern

comﬁlex are locally_gradationél into lower grade, greywacke
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type, metasediments and metavolcaniq fockgvof’the Uchi
Suﬂprovince. Elsewhere, the northern bouﬁdary of\the sub-
.province is marked by a distinctive zone of mylonitisation.
The mylonitisation appears to post date intrusion of a complex
suife’of granitoid. rocks and has been tentatively assigned an
age of 2345 ﬁ.y. The southern margin of the éomplex of meta-
sedimentary gneisses is marked by a discontinugds belt of
metavolcanic rocks whichlma& be basal to the etasedimenfary
sequence. ‘

ZQ~ The sopthern part of'the English River’§ﬁbprovince is
réfgrred to aé the English&&%vef plutoniq'compiex. Severely
deformed granitoid gneisses which underlie the southern and
central parts of the cdmﬁlggﬁmay be equivalent in aée to
tonalitic rocks elsewhere*which have yielded U/Pb zircon ages
in excess of 3.0 b.y. At least 56%"§f‘the fofal area of the
complex is underlain by.iﬁtrusivé granitoid rocks. These
range in composiﬁion.from qﬁartz-diorites to granites and e
have fabrics whicﬁ range ffom strongly fq}iated to, massive. |
Rb)Sr isotopic studies, suggest these rocks were intruded'

throughout the time an 2725 m.y. to 2550 m.y.

The southern of‘thq Engl ish River Subprovince
is generali& reco;ded in thé literature as a major ?aulf.
Pre§ious studies indicate that the boundqry served as a locus
for granitoid infpusion both during and aftér the faultiné

event. : . . S
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BEAR PROVINCE
1. Brock tnfier
2. Miato ialier

€ Wopmay Salt

SLAVE PROVINCE
S. Sathwrst Plate

CHURCHILL PROVINCE
6. £a3t Arm Fold Belt
7. Athabases Plate
8. Thalon Plate
9. Borden Mate

10. Sutton lafier North

11. Baicher Fold Beit

13 Ladrador Feld Belt

SUPERIOR PROVINCE
14, Cress Lake Belt
15. Cst Lake Beit

16. Engtish River Balt
17. Wabigoon Baeit

3. Coppermiae Homaocling

12. Cape Smith Fold Beit

Sowndary of Canadien Stwe’d
and inhery

INDEX TO STRUCTURAL PROVINCES
AND SUBPAOVINCES

18, Nigigon Plate

19. Quetico Belt

20, Wawa Bait

21, Sutton Inlier South
22. Kapuakasing Beit
3. Qpaties Beit

24, Abitidd Bait

23, Cobalt Pate

26. Mistssaiai Homocling

SOUTHERN PROVINCE
21. Port Arthur Homocline
28, Penckesn Fold Beit
29. Lake Superior Basin

GRENVILLE PROVINCE
0. Naskaupl Fold Beit
3L, Lake Metville Mate
32. Qreat Northern lnkie

AN PROVINCE
33, Western Naln
3, Eastem Nain

N . .
Figure 2-1 Geological subdivision of the€ Superior
]Proyince (from Stockwell et al. 1970)
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Figure 2-4a_  Crustal Structure in the Western Superior Province
From doto in Wilson (1971)
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. CHAPTER 3

GEQLOGY OF THE CEDAR LAKE-CLAY LAKE AREA

3-1 LOCATION AND ACCESS

The Cedar Lake - Clay Lake area lies astride the Red
Lake highway, approximately 40Xkm north of Vermilion Bay,
N.W. Ontario between latitudes SOOOO'N and 50015'N, longitudes
9§°OO'W and 93030'W. Excellent road access to fhe area is
available by use of the Red Lake Highway, the Camv Robinson -
Ord Lake logeging road, the Cliff Lake logging road and the
Redbluff Lake logging road. These roads service numerous
lakes which give access to plentiful lakeshore outcrops. Rock
exnosure away from lakeshores and ro;ds are just barely
adequate. Most of the area is covered by dense second
generation timber and low bush following logging opérations

conducted several tens of .years ago.

*

3-2 DISTRIBUTION AND DEFINITION OF UNITS ‘ 9

The distribution of major geolggical units within the
area (fig.3-1) is contr911ed by the major structural features
present. Three major domal structures - the Cedar Dome,
Mystery Dome and Twilight Dome - are individually elongate in
a NW-SE direction and their culminations define a NE-SW trend.
The domes are defined by orientaéion of gneissosity and
lithologié units within the gneissic ,~ocks. Late tectonic,

granitic intrusive bodies are broadly conformadle to the major
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structures but are locally discordant.

Strongly banded; severely deformed granitoid gneisses -
hereafter referred to as the Cedar Lake gneisses - are the
dominant litholégy within the Cedar Dome. Severely disrupted
mafic enclaves of unbanded amphibolite and more continuous
enclaves of mafic fonalitic gneiss are abundant in this unit.
Cedar Lake gneisses are also present along the northwest and
southeast margins %f the area and underl&e a large basinal
strupture northwest of the Mystery and Twilight Domes.

The central portions of the Mystery and Twilight Domes
are underlain by gtrongly banded, garnetiferous, biotite rich,
gneisses which wiil be referred to as the Twilight gneisses.
Strongly foliated, locally gneissic, granitoid rocks which
occuvy the flanking regions of the Twilight and Mystery domes
will be called the Clay Lake granitoid suite. This suite con-
tains a variety of interbanded granitoid rocks of dominantly
tonalitic and granodiori%ic composition., The compoéitional
banding is on a large epough scale to allow mapbing of distinct
phases in some parts 6£ the area.

Thé outer parts of the northeast and southeast limbs of
the Mystery Dome are underlain by a complex unit of interbanded
mafic and felsic rock types. The unit contains both banded and
unbanded amphibolites, hornblende-biotite gneisses, strongly
foliated grznitoid rocks ana granitoid gneisses. The latter
two rocf types.are believed to be representatives of the Clay

Lake granitoid suite and the Cedar Take gneisses. This unit of
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rocks will be called the Transitional Sequence.
At Trail Lake, on the northeast 1limb of the Mystery

Dome, a very distinctive unit of quartzo-feldspathic gneisses

. occurs in assoclation with amphibolites. The gneiss is com-

vosed of abundant leucotonalitic veins separated by thin, mafic
schlieren. Both veins and schlieren are strongly deformed.
The unit has been named the Trail Lake Series. ' .
~ Late tectonic, gran?}oid intrusive rocks are broadly
concorgant to the major structures. A large, sheet like body
of porvhyritic granodiorite and pink granite separates the
Cedar Dome in the north from the Mystery and Twilight Domes in
the south. This body will be called, here, the Cliff Lake
porphyritic granodiorite. A projection of this body extends
northwards around fhe Cedar Dome and eventually merges into
the marginal phase of th;mihéddeus Lake Pluton in the east. To
the éouth. a thin projection of the body provides continuity
into the porphyritic granodiorite“south of Clay Lake. West-
wardé, the Cliff Léke porphyritic granoéiorite merges into a
similar body 6f almost bathglithic proportions (Breaks ét al,
1974) .

In the northwest cormer of the aﬁga, elongéte, con-
cordant bodies of foliated tonalite-granodiorite intrﬁde the

vy
Cedar Lake gneisses. ‘

.
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3-3 _DESCRIPTION OF UNITS

(1) Cedar Lake gneisses

The Cedar Lake gneisses are a strongly hetero-
lithological unit (Plage 3-1). The dominant components of
this unit are strongly banded, severely foliated tonalitic
and granodioritic gneisses, Compositional banding is dis-
continuous, with widths varying from a few millimetres up to
‘several metres. The contacts between wider bands may be either
sharp or gradational over a few centimetres. The ﬁost obvious
banding is defined largely 5y the percentage of mafic minerals
present, with dominant biotite being rarely accompanied by
hornblende. Greyish_whife leucotonalite and more mafic bilotite
tonalite are interbanded with pink leucogranite on a scale of
{Lhcm. Colour index of individual bands is in the/range 5-20
but very thin biotite rich schlieren.may be donsiderably more
mafic, Mafic schlieren are commonly aSsocia&ed with the margins
of pink coloured leucocraéic bands h&ving graﬁitic compositions.

Such bands rarely exceed 3 cmi;% width and are extremely dis-

continuous or lensoid.
Grain-size and textural characteristics accentuate the
compositional banding. The moye mafic, tonalitic bands are
strongly foliated, finer grained) (0.5 - 1.0mm):, and have allo-
triomorphic textures. ‘Foliatio is definéd by parallel _
alignment of blotite and by elongation of aﬁhedral quartz and

plagioclase. Lensoid quartz grains exhibiting strong mosaic
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extinction in thin section are common. Leucotonalitic bands
tend to be coarser grained (1-2mm) and not so obviously
foliated. 1In thin section, however, anhedral plagioclase and
quartz are aligned within a foliation defined by parallel
orientation of bilotite, Thin leucotonalite units, having
sharp contacts, have been deformed into isoclinal, rootless
folds within the compositional banding. It is suspected that
these units represent very early veins injected into the
orotolith of the gneisses. Pink leucogranite bands are even
coarser grained (1-4mm) and less severely deformed by tight to
isoclinal folds.,

The compositional banding or gneissosity of this unit
is enhanced by the presence of mildly discordant leucogranite
veins. Tﬁe veins vary from 1-15 cms thick and have bgen
tightly folded aloﬁg with the compositional banding. A
foliation has been developed in the veins, parallel to thaé of
the host, but discordances of 5-10° between vein and com-
positional banding are still present. These veins are dis-
tinguished on structural grounds from less severely deformed
or’gndeformed leucogranite veins which have been ubiquitously
injédted into the gneisses.,

! Sampling of the gneisses is made extremely difficult by
théiéresence of the small scale‘compositional banding and
numerous injectéd granitic phases. Thelat%erwere successfully
avoided during sampling but'all samples collected_Fontained

some form of compositional banding. This is reflected in the

i
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wide range of modal compositions plotted on figure 3-2a.
The dominantly granodiorite composition is a function of the
intimate interbanding of tonalitic and granitic bands.
Plagioclase is strongly twinned, unzoned, frequently
antiverthitic and has oligoclaée compositions ranging from
An22~An30. Potassic felgspar is present in the form of
perthitic microcline exhibiting a strong cross-hatched
twinning. Magnetite, apatite, sphene and zircon are common

accessory minerals.

(ii) Amohibolite enclaves in Cedar Lake gnei®s

Amphibolite enclaves are an essential component of the
Cedar Lake gneiss as defined in this work. The enclaves
range'in size from small fragments less than 20 cm in length
up'ufmappable units 50 metres wide and 1 km in length. The
" most abundant enclaves are composed of unbanded,
medium grained amphibolite and are on the order of 2 metres

long and 1 metre wide. They are, in fact, boudins elongated in

the gneissosity and often exhibit cuépate extremities. Trains

of boudins are often semicontinuous within the gneissosity.
Thin, bleached reaction rims with biotite replacing hornblende
.are c;mmon. Thin leucotonalite veiné are frequéntly.present
w;thin amphiboli%e.boudins'and these are often fd@ded or
boudinaged in the pregent gneissosity plane. |

The most common type of amphibolite océurring as émalL

enclaves contains between 35% ahd 45% plagioclase of andesine

comvosition (An33_38) and 35-50% hornblende. These two minerals

.
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form a granoblastic, equigranular, polygonal texture with
grain size in the range of 0.5 - 1.0mm. Diopsidic
clinopyroxene, usually present at the110-20% ievel, may be
found within the groundmass or may form weakly poikiloblastic
crystals uo to 2 mm in length. 1In some samples, elongation
of hornblende and, to‘zrlesser extent, plagioclase produces a
marked linear fabric, bparallel to elongation of diopside
poikiloblasts. Minor quartz and biotite are frequently
present and magnetite, accompanied by accessory sphene may
constitute up to 5% of the total. .

Other amphibolitic enclaves are characterised by the
vresence of-small lenses (3mm x 2cm) of plagioclase accompanied
by minor quantz. The lenses are flattened in the gneissosity
plane and are parallel to a very weak compositional banding
which is outlined by horizons containing biotite. Ultramafic
rock types are also rarely present as small enclaves in the
gneiss. This type usually consists of a granoblastic inter-
growth of diopside and lesser hornblende with minor plagioclase.
Thin, hornblende rich rims are common adjacent to the leuco-
tonalite component 6f the host gneisses.

Larger, more continuous,‘amphibolitic units are also
vresent in the Cedar Lake gneissesf These units may be up to
50 metres wide and can be traced in intermittent outcrops for
distances of up to 1 km. Tﬂese units are generally unbanded,

commonly = lineated rather %han foliated and are composed

dominantly of granoblastic intergrowths of hornblende and

\
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vlagioclase.. The units are frequently injected by thin,
leucotonalitic veins and in placeés these may produce an
azmatiticxmgzghelogy.

One of f%ese units, exvosed on the northwest armm of
Cliff Lake contains coarse megacrysts of plagioclase. The
msggggzsts occur both as single euhedral crystals with
irregulgi\margins (L.5cm x 0.7cm) and as clusters of similar
size containing four or five intergrown, subhedral crystals.
The texture is similar to a glomeroporphyritic texture., The
megacrysts are labradoritic (Anss_éo) and contain inclugions
of anhedral to subhedral hornblende (0.1 - 0.3mm) aligned
parallel to the 'c' crystallographic-axis. A thin rim of
finer grained plagioclase ( 1.0mm grain size) of andesine
composition (An3b) surrounds the megacrysts. The groundmass
is a granoblastic intergrowth of approximately equal, pro-
portions of hornblende and. plagioclase (An30) with a marked
alignment of hornblende parailel to the alignment of the mega-
crysts.

©

Marginal relationships between these amphibolite units
and the host gneisses are unknown due to lack of exposure. The
vresent author suspects, however, that they represent dikes
originally intrusive into tﬁe protolith of the gneisses. The
time of emplacement of these units relative to the complex de-
formational history of the gneisses is problematical and will

be discussed in section 3-4 of this chapter.

Amphibolitic units exhibiting a strong compositional
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bandins are also associated with the Cedar Lake gneisses.,
These units are suspected to be of volcanic extrusive origin

and will be\éescribed in section 3-3 (vii) of this chapter.

(i1i) Mafic tonalitic gneiss units in Cedar Lake gneiss

Weakly banded, strongly foliated, relatively mafic,
hornblende-biotite gneisses occur as thin units 50-100 metres
wide and traceable for up to 2 km along strike. The units
have gradational boundaries extending over~several metres
with the Cedar Lake gneisses. The units exhibit a weak
banding defined by variation in grain size and mafic mineral
content which is amplified by thehpresence of concordant
legcotonalite veins. Compositionailyw the rocks consist of an
equigranular (1-2 mm), foliated, granoblastic, interlobate
intergrowth of plagioclase AnBO (50-60%), quartz (25-35%),
biotite (8-17%) and hornblende (0-5%). Magnetite, apatite,
svhene and 2zircon occur as accessory minerals. Massive )
amphibolite encléves are frequently associated with the horn-

blende-biotite gneisses and occur as boudins 1-2 metres in

length.

(iv) Clay Lake granitoid suigte

Strongly foliated, locally gneissic, biotite tonalite
and biotite granodiorite are interlayered on a scale of 5-15
metres at Clay Lake. The two rock types have intergradational
boundaries and both have medium to coar§e grained (1 - 3mm)

equigranular, allotriomorphic, interlobate, foliated textures.

f— e~
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The tonalitic rocks typically have a greasy grey-green
coloration and contain up to 15% mafic minerals. Biotite is
accomvanied by minor orthopyroxene with hornblende or clino-
pyroxene. Plégioclase (An28_35) is cémmonly strongly anti-
perthitic. Granodioritic rocks have a pinkish coloration due
to the presence of up to 15% microcline. Mafic contents of
the granodiorites (approx. 8-10%) are somewhat lower than
those of the tonalites and biotite is generally the only ferro-
magnesian silicate present. Thin, concordant leucotonalite
veins are sparsely presént and these often exhibit mild
boudinage.
When traced northeastwards into the Mystery Dome area
the Clay Lake granitoid rocks undergo a change of character.
The essential compositionél characteristics remain unchanged
but the rocks are more severely foliated and locally develop a
compositional banding. In addition, two texturally distinctive
“ “rpck types form locally mappable units which are broédly con-

c;}dant. ) |

The first is a coarser grained, moderately foliated

biotite tonalite Which characteristically contains small
lenticular amphibolitic enclaves. Grain size is in the range
2-bmm and biotite (10-15%) is accompanied by minor amounts of
orthovyroxene which is variably replaced by a fine grained,
}brown. serpentinous material. These units may contain rare
poikiloblastic megacrysts of microcline.

The second distinctive rock type is a strongly foliated
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medium frained, bluishrgrey coloured tonalite or granodiorite.
This tyve typically contains small, equant, pink garnet

crystals disseminated throughout the rock. Highly discontinuous
comvositional bandiné}is present on a millimetre scale and 1is
accentuated by strongly boudinaged concordant leucotonalite
veins. Augen shaped microcline megacrysts are locally pgesent,
have maximum dimensions up to 10 mm and are surrounded bJ
diffuse haloes of fine grained plagioclase. OccasXIqnally\the
microcline megacrysts have sigmoidal shapes (Plate 3-2&\Epich
strongly suggests that they represent original phenocrystis

which were vresent prior to the deformation event which produced

the foliation. Modal analyses of the Clay Dake granitoid

suite are presented in figure 3-2 .

(v) Amphibolite enclaves in Clay Lake granitoid suite

Amﬁhibolite enclaves within the Clay Lake granitoid
suite'are generally not abundant, rarely exceeding 2% of the
total rock.in individual outcrops. Locally, however, concordant
units up to 20 metres wide of unbanded, lineated amphibolite
are present. These un}ts have a fine grained, granoblastic,
lineated, polygonél tq interlobate textufe of intérgrowﬁ?‘
plagibclase, hornblen;e and clinopyroxene. Plagioclase com-
ﬁdsition§ range widely frémfAn36 to Ansz, The amphiboiite
units are injected by leucotonalite veins, especially along the
mafgins. In the immediate vieinity ol some of the amphibolite.

units the granitoid host has an increased mafic content and

1
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hornblende becomes an important constituent.

In view of the concordant relationships between
amnhiﬁolite units and granitoid host rocks the time
relationships of these units are uncertain. The presence of
small, lenticular enclaves of amphibolite within the Clay
Lake granitoid rocks suggests however that the granitoid

rocks intruded amohibolites in their original configuration.

(vi) Mafic tonalitic sneiss units in Clay Lake eranitoid suite

Slightly more mafic-rich tonalitic gneiss forms broadly
manpaﬁle. concordant units within the Clay Lake granitoid
suite. The units vary from a few metres to upwards of 200
metres thick and are most abundant in the western 1limb of the
Mystery Dome. These well banded rocks are medium grained,
have granoblastic, foliated, interlobate textures and generally
contain slightly more than 20% mafic minerals. Bfotite is the
dominant mafic mineral and is always accompanied by ortho-
vpyroxene and occasionally by hornblende. Banding is defined by
grain size and variation in mafic content. The less mafic
units bear a strong resemblance to tonalitig varieties of the
Clay Lake granitgid suife. Minor pink ga;net is often present
in thin 1euc5tona1ite veins which are concordant to foliation

and compositional banding.
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(vii) Banded amphibolites

IV

Banded amphibolitic rocks believed to be of volcanic
extrusive origins occur in six geologic settings.

(a) As rare enclaves within the Clay Lake granitoid
suite

(b) As enclaves within the Cedar Lake gneisses

(c) As enclaves in the Cliff Lake porphyritic
granodiorite

(d) As a major Daf%‘of the Trail Lake series

(e) As 'an integral vart of the Transitional sequence

(f) As minor units in the Twilight gpeis%es.

Occurrences within settings (d), (e) and (f) will be
discussed for convenience 'in subsequent sections.

Banded amvhibolites within the Clay Lake granitoid suite

are confined to two locations; one at Redbluff Lake, the other

at Myvstery Lake. At both locations the banded amphibolites

occurrence being traceable in intermittent outcrops along strike
ot
for avproximately one kilometre. The rocks are banded on a ¢

occur as a unit 10-20 metres thick, the Redbluff Lake i
H

scale of 1-4 cm, the banding being defined by variations in

the ratio of hornblende to diopside. The banding is continuous
along strike for distaqces in excess of 15 metres and is
accentuated by thin (2cm), concordant leucotonalitic lenses

and veins. Both the banding and leucotonalitic veins have been
boudinéged and occasional tight folds with class 1B or 2

morphology (Ramsay 1967) are present. Small enclaves of
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banded amphibolite are present in rocks of the Clay Lake
granitoid suite at the margins of the larger amphibolite unit.

Banded amphibolites within the Cedar Lake gneiss occur

as eloncate units 50-150 metres wide and ubp to 1.5 km in
length. The banding is once again defined by variations in the
ratio of hornblende to clinopyroxene and minor biotite may also
be present. The strongly banded horizons are interlayered with
less obviously banded, more homogenous units 10-15 metres thick.
The latter have a weakly defined compositional banding on a
scale of 0.5 to 2.0 metres and frequently contain lensoid pods
of coarse grained clinopyroxene and/or epidote. The pods are
generally in the order of 20 cm in length and may represent
boudins of a formally-more continuous hor;ZOn.
The occurrence north of Cedar Lake includes a 1 metre thick
siliceous, magnetite rich unit which could represent a former
banded iron formation.

The relationships between these units and the Cedar
Lake gneisses are not at all clear due to the generally poor

quality and distridbution of outerop. The units are, however,

structural%y concordant with the gneisses and contain leuco-
tonal%;é §éins which may have been derived from the gneisses. . ?
Suchvéeins appear to increase in quantity towards the margins ;
of the amphibolife_units, but actyal marginal relationships
have never been observed.

Ampohibolite encleoves within the Cliff lLake porphyritic

granodiorite are relatively abundant. Part of a very large

enclave outcrops on highway 105 at Cliff Lake, over a distance

4
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of some 800 metres perpendicular to strike. Compositional
banding and foliation divs southerly at approximately 50O and
the sequence is on the order of 600 metres thick. Several
massive units each approximately 130 metres thick are inter-
layered with strongly banded units on'the order of 10-15
metres thick.

The most northerly banded unit contains abundant con-
torted “pods" of coarse grained epidote, clinopyroxene and
plagioclase. The northernmost massive unit is rather more
mafic than the others, has finer grained margins and a
coarser grained central portion. This unit may therefore
represent an originally intrusive sill. The central massive‘
units are medium to coarse grained throughout and contain
numerous clots and distorted stringers of epidote. A roughly
elliptical feature that may represent an original lava tube’
(Plate 3-3) is also present in one of the central units. The
feature is 2 metres by 1 metre in horizontal section and

extends down dip for at least 5 metres. Concentric zoning

within the feature is defined by small lensoid blébs of plagio-

clase concentration. A pillowed flow unit approximately Lsg
metres thick occurs. at thé sod%hern end of the continuous out-
croyp. .The pillows are readily recognisable despite moderate
flattening but are not sgfficiently well preservéd to indicate
the facing direction of -the sequeﬁce (Plateij-&).

A large number of smaller'amphibolite enclaves are
present within the Cliff Lake porphyritic granodiorite between

Cliff and Cedar Lakes. The vast majority of these enclaves
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contain a strong compositional banding defined by relative
concentration of hornblende and clinopyroxene. In this respect
they are identical to the banded horizons within the volcanic
succession described above and remarkably similar to banded
amphibolite units within the Cedar Lake gneisses.

A second occurrence of banded amphiboliteées of almost
certain volcanic-extrusive origin outcrops at thée southern
. margin of the Cliff Lake porphyritic granodiorite, on highway
105, %.0 km northeast of Trail Lake. Here, a 180 metre thick
unit of amphibolites contains a 3-5 metre thick zone of banded
%ron formation at its southern end (Plate 3-5), The iron
formation consists of 5 mm thick interlaminations of magnetite
and fine grained quartz. It is structurally underlain by a
2 metre thick, rusty weathering ambhibolite with a brecciated
aobpearance which may possibly represent a flow top breccia.
The remaining members of this sequence are either massive or
compositionally banded amphibolites. One unit contains thin
streaks of fine grained plagioclase and quartz, which may
rebfesent flattened amygdales, in a fine gra;ned. hornblende
rich matrix. The amphibolitic sequence has been traced for
aoproximately 1.5 km along strike.

It is unfortunate that both of the amphibolite sequences
with cleariy extrusive volcanic ﬁrotoliths are'contained
entirely within the Cliff Laké porphyritic granodiorite. As a
result it has not been possible to observe the field relqtion-

ships between these units and- the Cedar Lake gneisses.

A




(viii) The Trail Lake Series
0
A hetefolitho%}gic sequence’ of interbanded, quartzo-

feldspathic gneisses and amphibolites outcrons at Trail Lake.
The sequence is approximately 500 metres wide and extends
roughly 8 ¥m along strike at the southern margin of the Cliff
Lake porphyritic granodiorite.

The gneissic part of this sequence is composed of a
parallel array of thin qdartzo-feldspathic stringers and 1-2
cm wide veins separated by more mafic bands and schlieren.
The leucocratic parﬁs of the gneiss are dominantly leuco-
tonalitic in composition, with grain size in the range 2-4 mm.
Mafiq clusters of, orthopyroxene and biotite are frequently
found within the thicker veins. The mafic portion of the rock
is hiéhly Variaﬁle in botﬁ composition and texture. , Throughout
ﬁost'of the sequence it consists of a medium to fine grained
_(O.S-I.Smm) foliated, interlobate intergrowth of equal pro-
portions of quartz and plagioclase (An36), accompanied by
20-25% mafic minerals. The mafic constituents are always
biotite, orthopyroxene and magnetite but tpe relative pro-
portionslvary widely throughout the outcrop: Loeally, much
more basic compositions are present with 50% plagioclaée (An36),
20% biotite and 30% pyroxepe. Fine scale compositional
banding may be present défined by relative proportions of ortho-
. pyroxene and clinopyroxenet
| . Deformation of yhis strongly veined unit has produced

small scale tight to isoclinal upright folds about subhorizontal

— s,
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axes, The numerous small scale folds. are evident on sub-
vertical surfaces as a strong rodding or mullion structure
which is characteristic of the Trail Lake series.

) Strongly lineated, otrthopyroxene and clinopyroxene
bearing amphibolites within the Trail Lake sequence include
both banded and unbanded varieties. In thin sections the
amphibolites have an equigranular, fine grained ¢0.5-1,0mm)
granoblastic, pol&gonal texture with strong preferred
orientation of mafic mingralsﬂ Thé'amphibqlfzés are injected
by discordant, vegmatitic leucogranite veins which often

produce a marked bleached reaction rim in the host.

(ix) The Transitional sequence

The Transiéionai sequence is a convenienf name for a
complexly interbanded unit of various lithological rock types
that outcrovs on the northeast and southeast limbs of the
Mystery Dome. The sequence is essentially an interbanding of
amphibblitic units, strongly foliated granitoid units similar
to the Clay Lake granitoid suite and granitoid gneiss units
similar to thé Cedar Lake gneiéses. Units similar to the Clay
Lake granitoid suite dominate this seqﬁence in the northeastly
1imb 5f the dome. In the southeasterly 1imb of the dome,
h&wever, the sequeénce is dominated by units similar to the
Cedar iake gneisses,

In the northeasterly dipping limb of the wystery Dome,

amphibolitic and granitoid units are interlayered on all scales

€
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from 1 metre to 30 metres. Massive unbanded amphibolite
‘units are either stronzly boudinaged or azmatised by a network
of leucotonalitic veins. Strongly banded, pyroxene bearing
amohibolites and banded, mafic, pyroxene-biotite gneisses
with thin, concordant leucotonalite veins are deformed into
isoclinal folds (Plate 3-12). The severely foliated, locally
eneissic, tonalitic and granodioritic units do not however
contain such folds.

In the northwesterly part of the northeasterly dipping
" 1imb of the Mystery Dome, banded amphibolitic rocks containing
tightly fqlded leucotonalite veins are-very similar to the
Trail Lake series. These units, however, are interbanded with
foliated granitoid-units and are considered as part of the.

Transitional sequence.

(x) The Twilight gneiss

Fag 4

The Twilight gneissks arelg unit of rocks which are very

similar in comvosition and morpvhology to those found in the
English River metaéedimentary migmatite complex. The unit
occurs within thé central, core regions of the Mystery and
Twiiight Domes. .In general, the unit produces poor outcrop
density and quality, a feature consistent with its comparison
to.the English River metasedimentary migmatites.

{ The gneiss contains a sfrong, persistent compositional

3 ‘
ganding on a scale of approximately 0.5 to 1.0 metre (Plate

3-6). The banding is defined by cbncentration of mafic

[ .
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minerals as well as texture and fabric. The less mafic units
have mafic mineral contents in the range 14% to 20% with
dominant biotite accompanied by minor magnetite and rare,
variably altered, orthopyroxene, These units have
equigranular ( 1.0mm) interlobate, fpliated textures and are
internally banded. The more mafic units are internally banded
on a fine scale by impersistent mafic fich and leucocratic
lenses. The mafic units contain up to 35% maf;c minerals
reoresented dominantly by biotite with minor garnet and ortho-
pvroxene. Grain size is normally in the rangé of 0.5 to 1.0mm
and garnet is present as both small equant crystals and as
vorphyroblasts uv to 2 mm in diameter. In fhe latter case

the ‘zarnet contains abundant inclusions of quartz and
;ccasional biotite which may be either non-oriented or weakly
oriented, ‘generally parallel to the enclosing foliation.

Rare garnet poikiloblésts contain inclusions oriented
obliquely fo tﬁe enclosing foliation. Orthopyroxene occurs as
anhedral, disseminated grains and is variably altered by a
fine grained, brown serpentinous intergrowth. Much of the

- orthopyroxene is totally pseudémorphed.

Thinh leucocratic lenses and veins containing garnet

and having melanosome margins are present in the more mafic

‘-

units. The more persistent leucocratic veins are generally
subvarallel to foliation but have been tightly folded in
small scale folds with axial planes parallel to the

foliation. Within the Mystery dome, local areas contain a x

e T

a2. it . 22

- b

PR

[y,

. .

| 1 SR Tt R e g Se ol S R D



58

high provortion of white, leucocratic granitoid material
enclosing contorted enclaves of mafic garnet-biotite gneisses.
The leucocratic component has a h;ghly variable grain size
ranging from lmm up to pegmatitic proportions and is usually
granitic in composition. It contains pink almandigz garnets,
both as small equant grains and as coarse, inclusion filled,
voikiloblasts uo to 3cm in diameter. A not unreasonable
intervretation of much of the leucocratic granitoid material
is that it represents a mobilisate phase generated during
metamorphism from the more mafic- garnet-biotite gneisses.
Amphibolitic units are extremely rare in the Twilight
gneisses. In fact oniy one outcrop - containing a single,
massive amphibolite band 1 meter thick - was found actually
within the Twilight gneisses. A 5-15 metre thick, massive
amphibolitic unit is however present at the margin of the
Twilight gneiss, in the northeast and southeast limbs of the

Mystery Dome.

(ii) The Qliff Lake Dorﬁhxritic granodiorite

The body of intrusive roék named here the Cliff Lake
vorohyritic granodiorite is in fact an intrusive complex of
porvhyritic granodiorite and pink equigranular granite (fig.3-2).
In nﬁmerous outcrops the grey, porphyritic granodiorite phase

may be seen to be intruded by the pink granite phase. In

vlaces, xenoliths of the former may be found in the latter.

Both phéses contain xenoliths of amphibolite, mafic tonalitic

N
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Fneiss and granitoid gneiss (Cedar Lake gneiss). Dykes, sills
and veins associated with the pink granite phase are commonly
found injecting all other rock types in the area.

In its most distinctive form, the porphyritic grano-
diorite contains euhedral megacrysts of pink microcYine up to
bem in length set in a medium grained, grey, tonalitic ground-
mass. The megacrysts may display a weak preferred orientation
within an unfoliated groundmass. The texture is believed to
represent a primary, magmatic flow alignment. Some megacrysts
are visibly zoned and may contain inclusions aligned within the
goning. Thin rims composed of myrmekitic plagioclase - quartz
intergrowths are often present. .

The groundmass has a hypidiomorphic, equigranular,
medium grained (1-3mm) texture and in places it appears that
mafic minerals are interstitial to quartz and plagioclase.
Microcline is not a common constituent of the groundmass and.
vhere present it occurs’;s interstitial anhedra frequently
associated with myrmekitic intergrowths. Plagioclase is sub-
hedral, strongly twinned, unzoned, has consistent oligoclase
compositions'(AnZB) and is commonly’ antiperthitic. Mafic
contents of these rocks range from 6-10% with dominant biotite
being rarely accompanied by hornblende. Magnetite, apatite,

sphene,_iircon,-épidote and mu8covite occur as accessory
minerals.

In the Cliff Lake and Camp Robinson areas the porphyritic

granodiorite exhibits a poorly defined textural and qompositional
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zonation. Central areas are occuvied by unfoliated, mega-
cryst rich varieties displaying megacryst alignment. More
marginal areas tend to be underlain by weakly foliated,

c ungeris

tonalitic, megacryst poor phases. The actu marginal units

of the intrusive bodies are usually a complex, iated

mixture of equigranular grey tonalite and equigranular pink

T i et SRR LRI s e S

granite.
The pink granite component of the late intrysive rocks
occurs in many forms. The mo;¢ common occurrence if as
irregular bodies consisting of medium to coarse graiyed (2-5
mm), allotriomorphic intergrowths of quartz, plagioclise and
microcline. Biotite, accompanied by minor magnetite, never
constitutes more than 5% of the total rock. Some plagiodlase
(An23) is antiperthitic, and may be corrod%d with re-entranxts |
and albitic margins adjacent to microcline. Some microcline\
crystals are weakly voikilitic and enclose partially resorbed\‘
plagioclase grains. In this form, the pink g?anite may be
found as dykes and sills intruding all other rock types in
the area. It produces large, outstanding outcrops in the

Cliff Lake area and is the major component of the Thaddeus I

Lake pluton to the east.

Discordant pegmatitic veins and dykes are also common '
throughout the area and are demonstrably later than the equi~-
granular pink granite. Mineralogically, the pegmatites are
extremely simple systems of quartz, plagioclase and microcline,

Some veins, however, exhibit textural complexities exemplified
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by eranitic margins and coarser grained quartz-plagioclase
cores. Gravphic textures of quartz in microcline may be
oresent and euhedral microcline crystals up to 20 cm in length
have been recorded.

Foliated varieties of the late intrusive rocks are most
common in the marginal portions of the larger bodies or where
the bodies are relatively thin. Thus the sheet like pro-
trusions south east of the Mystery and Twilight domes contain
a pronounced fol?ation parallel to their margins. Thin sills
which intrude the Clay Lake granitoid suite in the Redbluff
and Clay Lakes areas have a weakly protoclastic foliation.

The extension of the Cliff Lake vporphyritic granodlorlte
which outcroos on the northwestern figais of the Cedar Dome is .
variably foliated. Compositions range frqm hornblende-~biotite
tonalite to biotite granite (fig.3-2 ). Earlier vhases of
coarse grained, equigranular to weakly porphyritic granodiorite
are moderatély foliated. The foliation is defined by a weak
alignment of mafic minerals and by long axes of sub-augen
shaped microclines. The microclines are mildly megacrystlc
and have irregular, blurred marg;n/f‘ T e foliation is
enhanced by parallel allgnment’of large amphibolitic and
aneissic_ehclaves which have irregular, diffuse contacts with
the host rock. The presence of hornblende in the granodiorites
ﬁay be, in vart, a result of assimilative reactions between
host and enclaves. Later, cross cutting, equigranular pink

granite phasges afé rarely foliated.
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Weakly foliated edﬁzg;épular biotite tonalite to grano-
diorite bodies outqropping in the northwest of the area have
not been studied in detail. The bodié; have outlines con-
cordant with gneigsosity in the host rocks and foliation within
the bodies is parallef to ‘the margins. Gneissosity in the
‘host rocks, close toXthe marging of these bodies, is less well
defined than elsewhere and often is "swirled" or contorted
into highly irregulér patterns. A similar phenomenon is
locally vresent adjagent to thé margins of tﬁe Cliff Lake
porphyritic granoqkorité. ' |

Rather rar;.'concordant sills of foliated biotite
‘tonalite %o graﬁ;diorite of similar appearance are also présent
in other parts of the area. They intrudé Cedar Lake gneisses
in the Cedar Dome area, the Transitional Series east of the
Mystery Dome and Twilight gneisses in the Twilight Dome.
Similar rqgks are also present as a partly_marginal phase of
the porvhyritic granodiorite body which 9utc§%ts south of'Clay
Lage.- The temporal and genetic aésociations o. these unité hés
not been established. -Théy resemble in séme resﬁects the
marginal, megacryst poor, :phases of the Cliff Lake pérphyritic
grafiodiorite and may possibly represent a sligrtly earlier

phase of the same event. ‘ﬁ
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3-4% STRUCTURAL GEOLOGY

(1) General Statement

The current_distribution of major lithological units
within the Cedar Lake-Clay Lake area is controlled largely
by three major structural features. The Cedar, Mystery and
Twilight, domes are defined by the orientatioq of gneissosity,
foliation and compo%itional banding as well as by orientation
of grosslithological units, (fig.3-1). The Mjstery and
Twilight domes are elongate in a NW-SE trend and are separated
by a centrally upwarﬁed, doubly plunging synformal structure:
hereafter referred to as the Redbluff synform. The north-
Qestwafds extension of the Redbluff synform is a large basinal
structure which has not been mapped in detail die to lack of

exposure. The Cedar Dome is mildly elongate in an E-W trend

‘and is flanked to the southwest by a roughly triangular

ghaved, parasitic upwarp.

The‘broad area between the Cedar and Mystery domes is
occupigd by the Cliff'Lake-porphyritic grénodiorite and
associated rocks, These late teétonic intrusions thus occupy
structurally depressed régions and appear to overlie the
gneissic rocks which they “intrude. The orientations of ~
inclusions‘within'the late tectonic intrusive focks define two
large, basinal shaped areas which ﬁill be referred to as the
Cliff Lake and Camp Robinson struetyres. The ﬁajor structure
in the northwestern Cliff Lake area has an upright axial

surface and very steeply plunglng axis and is therefore v1rtually
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a neutral fold.

The major structures referred to above are believed to
have formed at a late stage in the tectonic e%olution of the
area and may be related to intrusion of the Cliff Lake
vorovhyritic granodiorite and associated units, The gneissic
country rocks contain a wide assortment of minor sfructures
varying from intrafolial, isoclinal‘folds and severe boudinage
-of more competen%'units to concentric epen folds which deform
the gneissosity. It is immediately apparent that these units
have undergone a complex tectonic history which probably

included several distinct phases of deformation.

(ii) Grouving of minor structures

Minor fold structures are nqt sufficiently abundan%
within this area to apply rigorous geometric analysis. Inter-
fering relationships betweeﬁ minor structures are, however,
sufficiently abundant to indicate a generalised sequence of
deformation., Within this observed sequence, early structures
are always more intense than subsequent ones. Isolated
structures occur commonly and it has been necessary to assign
these to the various structural groups largely on the basis of
their sevérity, fheir'geometry, or the nature of the planar
surface which they deform. ' \

The structural groups have been a591gned labels in the
Fb series indicating that they occur within the English Rlver
plutonic complex. In/subsequent,chapters those structural
groups within the Englisﬁ River ﬁetesedimentary miémafite
complex will be agsigned Fa labels and 1 o=e R the " °°
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subprovince will be assigned Fc labels. In a subsequent
section and in following chapters the sequence of deformational
events which produced the observed structures will be referred
to as D1, D2 etc. The strudtural groups described below are
arranged in order of decreasing severity and in apparent

order of decreasing relative age.

Group Fyl structures are very tight to isoclinal folds
with Class 3 geometry (Ramsay 1967). The folds are frequently
rootless and intrafolial, isolated structures, with axial '
prlanes parallel to enclosing gneissosity. Such folds occur
predominantly yithin thin leucotonalitic veiﬁs in the Cedar
Lake gneisses.

Group Fp2 structures are tight to almost isoclinal

folds with interlimb angleé varying from 5° to 20° and

gedﬁetries which are strictly class 3 but which closely approéch
class 2, The folds have amplitudes ranging from approx. 10 cm
to 1.5 metres and short wavelengths as befits their subiso-
¢linal nature. Hiﬁges are éenerally angular, limbs planar -

and axial planes are sub-parallel to enclosing gneissosity or
qompositionallbanding. These structures typically deform pre-
existing compositional banding and appear to have transformed
this banding into parallelism with their axial surfaces. In
most cases'the‘baﬁding appears to have acted as a passive

élement - at least during the later stages of fola dgvelopment

|- and an axial planar foliation oblique to the banding is
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oresent in the hinge regions of the folds.

Group Fy3 structures are chara;teristic of an intense,
}ayer normal, compression event. They include both internal
;&%ﬁinaqe and normal kinking of Fy2 foliation and folds.
Severe boudinage of competent members occurred wherever strong
ductility contrasts were present. Tight to isoclinal
flattened buckle folds (class lc) in leucotonalite veins in
the Clay Lake suite and the Twilight gneisses are also
included in this group., Tight, asymmetric folds with class 2 ¢
geometry and interlimb angles of 15-30° are present in
leucotonalite veins within the Trail Lake series. These'
folds are tentatlvely included within group Fp3 but their
exact relatlonshlp to other structural groups is uncertain due
to a lack of critical interfering re;ationships.

Group Fpk sfguctures are close folds with interlimb
anzles in the fange 35°-65° and axial planes oblique to regional
gneissosity and foliation. The folds have sub-angular to sub-

rounded hinges and planar limbs, Fold geometries vary from

class 1C to Class 2 dependlng on the nature of individual folded

layers. ,The range in interlimb angles reflects the somewhat
disharmonic nature"of.the folds which also produceg variable
wavelengthg and ampiitudes within a single outcrdﬁ.

*  Group F,5 structures are close to open folds with inter-

[

1imb angles in the range 556'to 909, The folds have rounded

hinges, subrounded to planar 1imbs and geometries of class 1B

to Class 1C. Axial surfaces are upright throughout the'area

¢
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and considerably oblique to regional foliation and gneissosity
" orientations. Folds of this group deform, in addition to
pneissic foliations, the dykes and sills associated with the
Cliff Lake vorphyritic granodiorite.

Groun Fbg folds are essentially kink like in nature aﬁd
coniugate, intersecting sets are often present. In ogtcrop.
the fold style varies rapidly along the axial trace in a
maﬁner typical of internal conjugate folds developed in an
aniéotropic medium (Plate 3-11). The folds are 6est developed
in the Cedar Lake gneisses but are also present in other
lithologies having a strong plénar anisotropy. Late granitic
ﬂﬁg&atites are frequently ipjected pvarallel to axial planes of
Proun“Fbé folds. |

Group Fy?7 folds are open to gentle’warps with interlimb
angles in the range 90-1500. The folds are consistently
rounded with class 1B geometries and upright axigi planés
strongly ablique to regional foliation/gneissosity. The axial
planes havé NE-SW or N-S orientations and are generally
verpendicular to axial planes of group Fbs. These folds

locally deform vegmatitic granite sills associated with the

Cliff Lake vorphyritic granodiorite.

Table 3-1 illustrates the vroposed sequence of minor,
structures within individual lithological units defined by
. “ .

maoping.

. .
) IO, Weerpas REAR B



6%

(iii) Definition of structural sequences

(a) Cedar Lake gneisses

Of all the lithological units present in this area, the
Cedar Lake“gﬁeisses appear to have undergone the most extensive
structural history. Since Fy2 isoclinal folds deform a vre-
existing compositional banding in this unit (Plate 3-7) it is
vossible that Cedar Lake gneisses were involved in a pre Fy2
structural event. The intensity of this event is open to some
debate however since it hinges on the choice of a protolith
for tﬁe gneisses. If the protoiith was an originally
intrusive granitoid unit then the pre Fyp2 eveﬁt must have b?en
rather intense'in order to produce the excellent compositional
bandiqq observed. . Such an event may.be rbsﬁonsible for the
ol roqtless‘folds present in tﬁin,leucotonalite bands whiqh
.may originélly have been discordant #éins.LPlate 3-8). If
such folds did form during an earlier event their geometry
woﬁld undoubtédly have been modified during formation of the
Fp2 structures. In addition, the presence of'thin, pink,
1eucogranit% bands which have been deformed by F2 folds
suggests'an earlier period oflgranitic vein.injéétion or
granitic mqbilisate development. The presence of abundant,
geverely d}srupted aﬂd boudingéed amphibolitic enclaves in the
Cedar Lake gneisses implies thét.amphibolite units were preéent

" , 1
Prior to the event responsible for the Fy2 structures (Plate

3-9) . It is consideréﬁ most likely that these amphibolites

N
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were oresent originally as dykes intruded into the Cedar Lake
- orotolith during a very early veriod of extensional fracturing.

The Fp3 structures include internal boudinage and
normal kinking, both of whiéh are widespread throughout the
Cedar Lake gneiss. Boudinage of Fy2 folds and deflection of
these folds by normal kink zones has. been frequently observed.
At the rare outcrops where three dimensional exposures allow
observation of boudin shapes it is immediately obvious that
they have ‘oblate rather than.prolate geometries., This holds
true for both internal boudins affecting F,2 gneissosity and
for smgll, ahphibolitic, boudinaged enclaves., The latter may
oﬁe their present shape to the combined effects of poth the
Fy2 and Fbj deformations«vj

Normél kinks often occur as conjugate pairs with‘angles ’
of 40-60° between %ink zone boundary and gneiésoéity. In
several plgces. however!'isolatgd normal kink Zones occur a§

.

angles up to-80° from the gneissosity. Elsewhere curviplanar
ﬁorﬁai kink zones are generated from internal boydin nodes,
clearly indicating the genetic rela%iqnship.hetween thése
structures.

The presence of an equigranular, medium to coarse
grained, granitic "mo?ilisate" within the normal kink zones is.~
a feature that is frequently obsérved_in this drea but is not

fully understood. The graﬁitic material occurs as an anasto--

mosing array of veinlets or as a single band with diffuse.

T 4
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mareing. Offshoots of fhe granitic material avpear to penetrate

the zheissosity on either side of the kink zone for distances

up to several centimetres, From a purely intuitive view-

voint it would seem that the normal kink zones are unlikely

to be low vressure sites suitable for deﬁosition of "mobilisate”

phases derived from the country rocks. On the other hand, the

impefsistent nature of the granitic material suggests it was

not injected from outside of the immediate system after the

formation of the normal kinks.
The Fpl and Fy2 folds have axial planes which are /

parallel or subparallel to the dominant gneissosity in the

Cedar Lake area. In addition it appears - from very limited

evi@ence - that the;e groups are currently approximately R

coaxial. On the north and south limbs of the Cedar Dome the

folds have moderately inclined axial‘surfaces and subhorizontal

axes (Map C). On the eést and west 1imbs of the Cedar Dome

vy

" the folds are essentially reclined structures wifh moderately
"inclined axial surfaces and moderately plunging axes. .This
distribution of orientations impiies that these early folds hadi
. recumbent or gently inclined axial pianes and subhorizontal

axes trénding WNW-ESE, prior to the development of the Cedar
Dome. This suggests that the early structures developed during
a period of "horiibntai tectonips" similar to that envisioned

by .Bridgewater et al (1974a) to have occurred in the Archean
. . {%

gneissic terrains of Greenland. No large scale structures
. . &
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which can be related to the Pyl and Fp2 minor structures are
apparent in the area. This is most probably due to the~paucity
of outcrop and the severely discontinuous nature of large
scale compositional banding which render mapping of such
structures extremely difficult.

Fpld minor structures in the Cedar Lake gneisses are
very sporadically present and record a period of compression
subparallel or mildly oblidue to the Fyp2 transposed gneissosity
(Plate 3—10).0 In the north and northeast limb of the Cedar
Dome these folds have axial planes divping steeply to the
north, with fold axes plunging gently eastwards. In minén folds

of this typve the normal 1imb dips at 35-50°N and the over-

turned 1imb at 70-850N. These folds most probably account for

part of tﬁe variation in regional gneissosity dips in this area
and undoubtedly postdate Fy2 folds. | |

 Fp5 minor folds in the Cedar Dome area (Plate 3-11) are
upright structures with axes plunging we;terly in the western

vart of the area, subhorizontally in the central_reg;on and

" easterly in the eastern area. These folds have very similar

geometric properties to those displayed by a N-S cross section
of the_Ceﬁar Dome and it seeﬁs.neasonable to suggest that the
major and minor structures were produced during the same deform-
ational event. The Fyp?7 structures with upriéht N-S trending
axial surfaces are perhaps the complimentary set of minor folds

which were ‘generated during the doming event. F,6 conjugate .

and kink-likg folds are developed about steeply dipping

¥, Ty
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axial volanes disposed in a radial fashion around the Cedar
Dome. These structures érobably_developed due to local
stresses voroduced during the doming event.

In summary therefore the Cedar Lake gneisses contain a
sequence of minor fold structures - Fpl, Fp2 and Fp3 -

develooed during an early sequence of events characterised by -

.strong layer normal compression. These are succeeded by less

severely comoressed structures oroduced at the same time as

the major doming event.

{(b) Clay Lake granitoid suite

In contrast to the Cedar Lake gneisses the Clay Lake
granitoid sgite contains only rare minor folds. Isoclinal
Fpl and Fp2 folds are absent and the characteristic structural
feature of this unit is a strong foliagion coupled locally with
a voorly defined, discontinuous gneissib banding. This de-
formation fabric is less well .developed in the Twilight.Dome
than ip the Mystery Dome. In the latter area the foliation is
accentuated by very tightly to isoclinally folded, thin leuco-
}onalite veins. The folds in these.veins have geomjt;ieq-
similar to flattened buckle folds (Class lc)_and despite their
tightness bear little résemblance to Fyl and Fp2 folds found

in the Cedar Lake gneiss.

Within the transitional sequence, the Clay Lake granitoid

units are interbanded with amphibolitic units and Cedar Lake
gneisses, both of wh;ch contain Fy,2 igoclinal fétds. It is

thus postulated thaf the major foliation in the Cla& Lake

S iy
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eranitoid suite was produced at a time vostdating that of i

formation of Fp2 folds., It seems reasonable to suggest that

the granitoid suite was emplaced at some time towards the end

of the deformation which produced Fy2 folds and that the

foliation was vroduced prior to or coevally with the event

that produced the Fy3 structures. |
Subsequent deforﬁation hag produced folds on a very

local basis with geometries gquivalent to those of groups Fyl-

Fy?7. In the core of the Redbluff gynform two sets of minor

folds are present. The more intensively developed set have

th geometries apd deform both foliation and thin leucotonalite

veing with éonsequent variations in hinge angularity. These

folds are characterised by W shapes with interlimb angles in

the range 45-55o and axial planes parallei to the méjor synform.

The second set of folds are more open struttures ﬁith inter-

1limb angles around 70° and roﬁnded hinges typical of Fyp5

structures. These folds have N-S oriented'gxial planes. Both

seﬁs?&f folds are infrequently developed and time relationships

could not be gstab}ighed unequivocally. The th‘sfructures, L,/

howeQer. are most probabiy associafed with the NW-SE trending

major structures and the F 5 structures associated with a N-S

trending bugkle which locally mod}fies the form of.the Redbluff

synform.

(¢) The Transitional Series

. This series is a complexly interbanded unit of varying .

o
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litholofies. On the north limb of the Mystery Dome, strongly
banded amohibolites and mafic tonalitic gneisses within the
transitional sequence contain isoclinal minor folds (Plate
3-12) and thin amphibolitic units in this sequence have been
severely boudinaged. Adjacent, thick, unbanded &mphibolites
are agmatitic and interbanded units from the Clay Lake
Granitoid suite are very strongly foliated or locally gneissic
but do not contain isoclinal foldé. In local zones, thin
granitic pegmatites are also strongly boudinaged and the
gneissosity is severely deformed by internal boudinage and
normal kinking (Plate 343 ). The interpreted structural
sequence in this area is therefore as follows: /‘

i) Isoclinal folding of a sequence of interlayéred
massive and banded amphibolitic rocks - possibly including
volcanogenic sediments or pyroclastics. Massive amphibolite
units are strongly'boudinaged during this event which may be
equivalent to the event that produced Fp2 structures in Cedar
Lake gneisses &s recordéd from the southeastern limb of the
Mystery Dome.’ ‘

‘ ii) Intrusion of granitoid bodies and associated
granitic pegmatites of the Clay Lake suite after formation of
the Fy,2 isoclinal folds,

iii) Layér normal comprésgion causing foliation of the ,
Clay Lake suite, boudinage of the Fp2 isoclinal folds, boudinage
of granitic pegma%ites. and secondary pervasive boudinage and

. ~
normal kinking of the strongly banded units, This event may

M Bt Ba 2 e e cmmam —memmnn



be the equivalent of fhe event that produced Fy3 structures
in the Cedar Lake gneisses. 4

As outlined above, the northern limb of the Mystery
Dome contains zones of intense deformation produced during two
events, On the southeastern limb of tge Mystery Dome these-
events are appa;ently reduced in theié intensity within the
Trgnsitional sequence. FbZ\isoclin7l/folds are still present
within banded amphibolites a;a\CEdar Lake gneisses and thin
amphibolite units in the latter are strongly boudinaged.
The ng structures, however. are less penetrative here.
Microcline megacrysts are still recognisable in the Clay Lake
suite and the pervasive internal boudinage and normal kinking
of the northern limb are.absent in the southeast 1limd of the
Mystery Dome, Fylt folds plunging at moderate angles to the
southwest locally deform gneissosity in Cedar Lake gneisses

and pre-existing foliation in amphibolite units (Plate 3-10).

“(d) Trail lake series

The quartzofeldspathic gneiss component of the Trail
Lake series records'a prolonged and complex sequence ofide-
formational events. The most obvious minor folds in this unit
have Fp3 geometries%and deform a multi?ude of pre-existing
leucotonalite veins which are separafed by thin, s}rongly

folidted mafic schlieren (Plate 3-14). The Fp3 fold§§have .

oredominantly upright axial planes subparallel t: thé regional

gneissosity and variable, génerally subhorizontal, fold axes.

On  subvertical rock faces these folds produce a strong mullion

»

PO

W

RN e A



76

\

or rodding structure characteristic of the Trail Lake series.

Cn close insvection one sets the imnression
that the leucotonalite veins deformeq by Fp3 folds are them-
selves remnants of pre-existing folds. In fact, severely
flattened, isoclinal folds Qith Fp2 geometries are locally
oresent but it cannot be demonstrated concldsively that these
folds are refolded by the Fy3 structures. Larser foIds. with
amplitudes and wavelengths in the order to severai)metres,
are also present and are coaxial with th; Fy3 structures.
These folds are‘chéractgrised by Fph4 geometry but, once again,
it cannot ve proved that they are réfold}ng the Fy3 folds,

It is possible that the'Fbj and Fpl folds are mefely re-
flections of different orders, or scales, of fqlding produced
durine a sinzle deformation event. ' ’

Co?rse érained, aranitié dykes'apd sills associated with
the Cliff Léke vorvhyritic granodioriteuhave been intruded
into the Trdil:Lake series.. These intrusive units e been'
weakly quﬁaed by upriéh? fo}d§~with FbS-geometry and generally
NW-SE trending, zently Dlunzihg fold axes. Adjacent to these
intrusions, th; gqe;ssosity in the Trail Lgke séries is alsq
deformed by FyS folds. A late ﬁeriod of ﬂW-SE éomofession"is
.freco}ded by opén, Fy7 folds with NE-Sw axial vlanes and stéeply
. plunging fold'axes This late deformation may also be
eqoon31ble for the warving and variable plunge of Fp3 mulllon

. structures seen on vertlcal rock faces.

Thick amphibolite units present within the Trail Lake
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“series do not record the comnlex early déformations exhikbited
] L4

by the quartzo—feldsﬂathic rneisses., The amphibelites are

char;E%erised by a strong subhoriialtal or gently plunging
lineation, a strong, gubvért%cal foliation and weék com- .
Dositional banding;_ These features ard probably consistent
with the originally maséive,lhomogenoug apd isotpopic-nature
of the amphibolites when compared w{Thvthe inhomogenous,
banded n%;uré of the quartzo-feldspathic gneisses.

(e) Banded-supracrustal amphibolites

Banded amphibolités whﬁch the author believes to be of
suoracrustal origin are Dresent within bot; the Cedar Lake
FNeiss and the Cliff Lake oorohyrltlc granodlorlte Those
- within th? porohyritic zranodlorlﬁe‘are updoubtedly 1arge
screens or xenoliths nicked gb during intrusion, bhut thgsé‘
‘within the Cedar Lake gneiss éfe of unknpwn temporal relatfon—
§hin‘fo the gneiss. |
| The deformation exhlblted by the amphibolites 1s highly
varxable and depends to a large extent on the Derfectlon of
compositional banding: whach may be partly.an orlglnal featuré.

Thus, . strongly banded units at the southern margin of the

"ClLIff Lakg-ﬁorphyritic granodiorite (north of Trail Lake)

contain tight to subisoclindl folds affecting both composition-

al banding and‘earl& leucotondlite veins. The compositional’
banding and .foliation in this unit afg:gELerally subparallel
" and local boudinaqe-struqtures with coarse diopside and

-

hornblende in low pressuvre zones are also oresent. Upright

-
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£014d s with/?bh veqmpt%y and subhorizontal axes have been
develoned herg in banded iron formation and in thicker leuco-
tnnalite veins that avnear i1n have been.originally oblique to
the comonsitional banding in the amohibolites.

- A similar structural sequence can be datermined from

varinus amphibolitic screens within the CLiff Lake structure. = .

Vervy tisht folds in compasitional bggﬁiha are accompanied by

2

houdinage énd succeeded By relatively angular uoright Fbu
. structures. Within ‘the major enclave in the cove of the CLiff
Lake structure, hnwever, the a%ohiboliﬁic unifs'are dominantly
unbénded and weakly foliated and therefore folds are nét
visible. .The villowed flow unit at Cliff Laka'cdntains_dé—
formed vlllows with éenerall& oﬁlate férms_(Platg 3% L4). Axial-
ratins in the villows are highly variablé}but in the order ,of
7:5:1 with the 1opp§st axes vitching steeoly in the foliation
and shortest axes subnérﬁendicular to foliation. Buckigd |
-kegcotonalité vein% éive minimum- shortening és%imatgs of 50%
on'§ubhoriz$ntal surfaces in the massive, gnpillowed. units
at this location. S :

| At Pickere} Lake, strongly foliated and weakly banded
amnhibélites are'contaihed.within the Cedar Lake gheisses. A
seduenee'of.variablj deformed leucotonalite and legcogranite
. veins are vresent within the amohibolites. The earliest

‘veins are very thin, leucotorialiti. and have been deformed

into isoclinal - almost intrafolial - folds with axial planes

>,
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varallel to the foliation. Coarse rrained vods of diopside
and hornblende ‘with minor evidote, which are avvarently
remnants of originally more’ continuous units, have been
stronely boudinaged within the comno;itional layering and

foliation. Later 1egcotona1ite ;eins were deformed by

3

somewhat disharmdnic folds with Fbﬁ geometry which also fold
L

the vre- ex1st1np follatlon and com0081t10n bandlnp Axes

of these folds pitch at high angles to the southeast in axial

~

vlanes d?;§1n%9moderatelv to the south-southeast, Locally,

undeforme¥ granitic Dogmatlte velns have been emplaced

subparallel to the axial planes of ‘the Fylt -folds. Late stage
conjugate kink folds deform foliation, cohpdsition banding

and ,leucotonalite veins and late, undeformed grarnitic - I
. |
vegmatites were injected parallel to the akXial surfaces:of the

kinks.

i
L
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(f) Twilieght eneisses

o

"In outcroo, ‘the Twilight gneilss is V1rtua11y 1dentlca1
to the northern Engllsh Rlver metésedlmentarv mlgmatltes
The‘gneiss typically has_a well marked, qontinuqus composition—
-al bandine on a scale of.0.§ fo 1.0 metre whicﬁ shows very

little si}n of strong folding. An abundance of thin leuco-
.tonallte and leucogranlte veins is ublqultous in outcrops of.
‘_thls unlt u.d these veins always exhibit ev1dence of con81der—

able flattening oerpendlcular to the composxtlonal bandlng

{Plate 3-6). The tronp follatlon present 1s always Darallel

ol
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or subvnarallel to the compositional bandines and axialvnlanes
of dominant subisoclinal minor folds in 1eucotoné}i£e veiﬁs
are alsé narallel to this foliation.

Laree scale, tight folds were only recosnised in one
outcron but their nresence elsewhere is suspeééed. In tﬁé
sinele observed case on the northeast limb of the Vystery
Dome the larse scale sub-isoclinél fold js outlined by a
coarse srained 1éucotonalite vein . ‘Fpliafion in
the host rock is in vart.varallel te.the vein but bécomeé
axial nlénar to the fold in the hinge 2zone. Unfortynately
_‘only a sinegle closure is present and the fold morphology is
'modified on one limb by .an irregular, cross cuttiﬁé dyké of

SEFmatiﬁic vink gfanfte; = . ¥

Close folds with Fyl morphology locally deform the

-

foliation and éarlier minor folds in leucotonalite Véins
(Plate 3-15). Within the Mystery Dome at.Highway 105 these

&

folds are uvnright with axes vplunging very gently to the north,

whilst northwest.of,Reabldff Lake the folds ape'also uvright
and have éies olﬁnqing Lo° southéasf.. On Twilight Lake, very
localised Fyl minor folds %eform'a ve;y fiqht or subiséclinai
fold in a leucotonalite vein and a weak foliation is present
varallel to the axial vlanes Qf the 1atef(;;;§E%E?E§T/q
At the rare localities within the Twilight gneiss
where a‘ large ér@pbrtion of white, inhomoéenous_"mobiiisate"
is vnresent the réstiﬁe frégmentsiare severely contorted. and

F
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" the Twilizht Dome (fig. 3-3).

of these structures. - . -

‘with somewﬁat shallower dippine southern 1limbs and steeper’

the Cedar Dome towards the east. The Twilight dome, in fact,

defy pFeometric analysis,

Intersection of Fy5 and Fy7 minor folds produce very
: o
localised, small scale, dome .and basin pvatterns in Twilight

rneiss foliation at Cléy Lake; on the southwestern limb of

(iv) The major structures and late intrusive rocks

. The distribution and definition of majbr structural ' =

featupes has already been considered and therefore the current

~house -~

section will Ye concerned largely with. the pfobable’genesis ’

e
-~r 5

3,
\
.

~The most striking feature of the major domak?struetpres

in this area is that, desvpite thelr gross geometrlc
similarities, they are elongate in dlfferent dlrectlons, The
Cedar Do%e is elongated E-W yhllst the Mystegy anq Tw;;lght
Domes are‘elohgated NW-SE. j;n perpeédicular croés sections

) a ) .
(fig. §-u) the Cedar 'and Twilight Domes are both asymmetric

northern limbs. The Myétery,Dome. however, is only slightly

asymmetric with éonsistently more steepl& dipping limbs.- In

»

longitudinal profiles the Twiligﬁt Dome is asymmetric towards

S e

the southeast. the liystery Dome tOWArds‘the northwest and

contalns two culmlnatlons centrid on late granitic bodles
Mawor changes 1n both ‘ortentation and style of the: major

folds can not be' ascribed to periodic variatiops tvpical of

-~ v

-
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suverimrosed fold trends. 1t has not, therefore, been
possible fo.describe the major structures in-terms of
recsularly oriented, throusgh-going, interfepina fold trends.
Minor folds of Fy5, Fbé and'F87 geometry are
believed to be associated with.development of the late major
stfuctureg. These minor folds afe certainly the only groups
which demanstrably deform'dykes and sills associated with
the iatehgranitic intrusions. ~In terms. of their orientations
and Feometries these folds are compatible ‘with develooment‘
during a maior doming egént. ,
As degcribed préviously the 1ate—intrué§ve. gganitic-
“bvodies fend to occupy structuraliaépressions anQ‘baVe margins.
which are generally:cdnformable to the major structural
tréhds'of country rock gnéissosiﬁy_(fig,}— 5).. In‘the Cliff

Lake and Camp Robinson'aréas the northerly contacts of the

late int usive have geﬁerally éhallo& id'moderate inward
"dips. ~frends of iﬁclus?éhs and margiﬁal foliation outline .
_annroximatelv'funnel éhaned structures with suﬁverticaliaxes.
The marglnal follatlon is hlghly varlable in ‘intensity and
locally produces Drotoclastlc textures 1n equlgranular nlnk
‘ zranlte. . ‘
l The northern exten31on of the Cllff Lake porphyrltlc
granodlorlte body anpears to be a vartly dlscordant sheet,

1ntrﬂded at a lower structural level.in the gnelssic country

rocks. Thlg}exten31on contalns a moderately dgveloped

R
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foliation#§ubnarallel to its boundaries and the shape of the !
body sugeests that it was involved - in some manner - with

the production of the major, neutral fold in the northern

Cliff Lake area, o . i::) .

At first sight it would appear therefore that the late
granitic intrusive bodies could plausibly be regarded as sub-
parallel sided sheets %hich have been deformed during the
event whichfproduced major domal stryctures in the country
rocks. ,This hypothesis howeVver breaks down when ore cdnsiders__
the northern and southern egtensioné'éf the Cliff Deke-
pornhyritic granodidrité‘since,these bodies dd‘nof.oocupy the .
cores of major synforms, A more tenable hypothesis suggests

that intrusion of the late granitic bodies was responsible
for the major doming deformation in the country rocks. The

. N .
. . ’

'gaion structures are therefore a reflection in part.of the
position of the country rocks between hopdzontally expanding

intrusions “and in vart their vosition above vertically rising
" . . '

intrﬁsions.
‘. . L]

(v) Correlation of Dre»doming tectonic sequences - the
. . . s

lnverslon problem

: *

The orlglnal 1ntent10n of the tectonic sequence
avoroach was to. determlne 1f distinctions could be’ made between’
. rock units of possibly dlfferent relatlve ages and to deter--

mine if "basementﬂ and "cover" relacLonshlps were present

Without doubt, the Cedar Lake gnelsses have undergone_
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a more severe and comnlex tectonic history “than any other
units in thé arca. The presance of Fyl intrafolialufolas,
Fy? isoclinal folds in compositional banding and the
severely disrunted nature of mafic enclaves are the
nrinciﬁal features recording this early deformation. In
contrast, 'the Clav lake eranitoid suite is ﬁuch less de-

formed -.lacking both isoclinal folds and- a well .developed

~comoositional lavering. Since both the Cedar Lake and Ciay

Lake units are comnositioha]ly.similar this contrast must be
ascribéd to either differences in age or to extreme spatiai
variations iq strain during a s@ngle deformational event,
 With regard to the later hypothesis, it is certainly

¢

true that the Clay Lake sranitoid suite-becomes more

o @

intenselyndgfofmed as the boundar& with the'Cedar Lake

eneisses 1is approached. Evep»the most intensely dgformed
members of the Clay Lake.suite, however, ﬁever contain de-
formational featurés of tﬁe intensity presenf in the Cedar \*- '
Lake gngiﬁpes. ‘The two units are clearly distinsuishable o6n

the southe;st limb of the‘Myétery Dome within theleansitional
Sequence. In’this area - as is the cgsé throughout*thé total. -
afea_f éhe contact relafionshins between thesg~th units havé
never been direct}y obsef&ed_in a single odfcfbp. However,

the rapid change from one unit to the other between closely‘

'

spaced outcrops tends to argue against the strain variation

hypothesis.

vy
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The\snatial relationshins and deformatiqn dis-
tinctions between the two units are more vplausibly exvlained
by t%mnoral differences. The, Clay Lake %ranitoid suite is
therefore considered to be intrusive into the Cedar Lake .
gneisses, The time of intrusion vost-dated formation of
Fp2 folds in Cedar Lgke gneisses but pre-dated formation of
Fb3 structures. '

The structural characteristics and sequence observed
in the Twilight gneiss are in many Qays compafable with
those of the Clay Lake suite. The most striking deformatioqal
feature of the Twilight gneiss is the strong, layer-norﬁal
comnressign recorded by tight folds in originally discordant
. leucotonalite veins. The well develoved and persistent com-

Jnositional banding is not markedly deformed and certainly does

not exhibit isoclinal Fp2 folds. This banding is believed

"0 be an original feature of the Twilight gneiss which is

& : o .
considered to be @f supracrustal, sedimentary origin.

The structural position of the Twiligﬁt gneiss in the
cores of the Mystery and Tw111ght Domes presents an 1ntr1gu1ng
tectonic problem - namely the inversion oroblem If the
.effects of the late quing event are removed, the supra-
crustal Twilight sneiss is structurally overlain by thé
intrusive ‘Clay Lake aranitoid'suite, which is in turn'over—
1a1n by the Cedar Lake gnelsses. The latter show ev1dence

of being the oldest rocks 1n the area and hence rust be con-

AP e s P hon i PPANE m e
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sidered as votential basoment. )

Xenoliths'of Cedar Lake rnelss also occur in late
intrasive oink granites which form the cores to theﬂnystory
. and Twilisht Domes. This suegests that the Twilight gneiss
is structurally underlain by Cedar Lake rneiss. The surface
between the twn is not, .of course, acceésihle‘for direct
observation and its nature is unknown.

)

The original svatial and temovoral relationships
’ . R "

between the Clay Lake suitg and the Twilight gneisées,may be
considered'b§,usi;g zative evidence. The Clay lLake suite
does not’contain xenoliths of Twilight gneiss and interbanding
of the two units has néver been observed. The contact be-
tween them must thqufore be reiatively'sharp apd 1s ﬁnlikely
to be an iﬁtrusive contact. . If the Clay Lake suite formed
from an intrusive prgtolithiand the Twilight gneiss from a

sedimentary protolith there can be‘only two interpretations

of the aforementioned structural relationships,
~ . '

(1) 1If the two are avpproximate temporal equivalents
the sdrféce sevarating them must be a major structural dis-
cordance. This implies a period of low angle thrust faulting

‘which wmay .be alti%e equivalent of the F, 3 structures. If

tﬁe lower contact - between Cedar Lake. and Twilight gneisses -

_1s a structural discordance there may be two allochthonous

thrust slices above an autochthonous "basement" of Cedar Lake

gneiss. Tf the lower contactnis an unconformity the upper

H
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nacka~e of Clay lake suite and Cedar Lake gneiss may be -
allochthonous whilst the lower nackaﬁe of TwilirFht and Cedar
Lake rneisses may be authochihonous. The latter inter-
vretation would imply that ‘sedimentation may have been
extensive déross the width of the Enelish River subprqvince.

It mayv vprovide a link between the northern metasedimant;ry

mirmatites and those of the Wabigoon subprovince to the south.

(25 If the Twilight fneisses and Clay Lake suite are
soaéial*equiValents the contact between them must-be a éis-
conformity. The sequence muét_bé structurally inverted
because the Twilight gneis?fs4must logically be the younger of
the two. The lower contact between Twilight gneisses and
Cedar Lake gneisses must therefore be a structural dis- '
cordance. The uvver package of Twilight gneisses, Clay La&

suite and Cedar Lake gneisses may therefore lie on the lower
o

1imb .of a major recumbent Narpe. The lower Cedar Lake

. v )
fFneiss vackage may be autochthonaus and the two packages must

-

be separated by a tectonic slide. |

- Irresnective of which of the above hypstheses is «.

~

correct it is most probable that the intense, layer normal

flattening structures (Fp3) visible in the Clay Lake suite

9

and Twilight gneiss were caused by the piling up of thrustﬂ

sheéts of recumbent nappes. Any gross structural digéordanyes

! ' . .
whicH may have existed between the Fy2 transposed gneissosity -
in Cedar Lake gneisses and the compositional banding in

- 'S . ‘



Twili~ht rneisses were probadbly reduced-considerably or
eradicated by the flatteninc event,

The motamo“nhlc history of this area is .the subject
iy
of a subsegnuent section but one factor must be mentioned at -«

thié roint.  Many rocks in the southexn 6art of the Codér
\Take - Clay Lake area have undergone a geriod of aranul&tip/
metamornhism. Strong linear and planar fabrics developed

during this event are considered to be coeval with the Fy3
I
, N
structures, High grade metamorphic conditiens therefore

aovpear to have accompanied the recumbent’ folding or thrusting
event. These_metamornhic conditions may vlace restrictions

on the structwral level at which this event took ‘place.
‘ 0 )
From the above arFuments 1% anvears vlausible

that the Qedar Lake gneisses represent a granitoid basement.
The gneisses contain isoclinal Fbl‘leds and an early, folded
gneissosity,wﬁich may be indicative of a very early‘deform74
ational ‘event (Dl) The evidence for considering this as a

separate eventxls very limited but it Cannot be entirely re-
\

jected. The Fnelsses were certalnly deformed during an event.

LY

(D2) which nroduced the- Fp2 lsocllnal fnlds and associated’
Fneissosity. ﬂhls basement was then intruded by the Clay
Lake granitoid ;suite and deposition of a cover sequence of

sedimentary ro?ks (Tw111ght gneiss) took place. The entire
K »
equence was tﬁen 1nvolved in a major deformational event
§

D3) which prqduced Fi,3 structures and involved thrusting or

|

| . . .
recumdent nappe formation and inter-Yeaving of basement and
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cover units,

4

The subsequent intrusion of late tectonic granitoid

bodies into this layvered package of rocks has produced a

L%

variety of minor fold structures, (Grouvs th—Fb7). There

is no evidence from this area to susgest that these structural
. gFrouprs were produced séquentially[ It is suspécted that the

Fbu“structureseare earlier than the others but they may be

: 3
different exoressions of the same deformational event.

ot

Evidence from other parts of the English River Subprovince

(Chaoter %) suegests that structures.similar to the th group

\Y

oredate those similar to the Fg5, Ppb and'Fb7 groups. For.,
this reason, the F 4 structures areassigned to deformatlon
event uﬁ and Fp5, Fp6 and Fb7 structures are as19ned to
.deformation event D5, The absolute tlme separating these

events may not have been very great.

—

The following questioh no& arises - do the amphibolitic

units belong to the "basement” sequencé,\the "cover" sequence

or to both? 1In this regard 1t must be pointed out that
direct comovarison of tectonic sequences 6r of appareny’ de-
formational intensity cannot be made between such markedly
dissaimilar ruck tyves as amphibolitss and grgnitoid gneisses,
Many of tue amohibolitic units oresent in the area were
originally ﬁhick, massive, competent units which are unlikely
“ to record responses to deformation iu the form of mesoscopic

folds. _Numerous examples are described in the literature

4
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fror Avchean vnleanic terrains where massive, weakxly flattened
‘voleanic units are Irtavneed with prevwacke tyvre sediments-
of the same are which exhibit comnlex, miltivhase f0ldine.
Stroncly handed amphibhnlites andvmafic @onalitic
rneiages on the Sorth-past 1imh of the Mystery.Dome within
the Transitional sequence exhihit isoclinal, Fy? folds wh?ch
are Jocally bnndiﬁaged (Plate 3-12). It is réasonable to
Sugvést thét these unite were folded during the D2 event and
uhqncuﬂntly boudlnaﬁed by the D3 evont after intrusion of
the Clay, Lake Fvan1+oxd suite, These unlts must therefore
belone to the "basement" sequence and their association with
unbanded, strongly apmaflced amphibolites suesests tbe
band ing Qas a orimary feature. If such is the case they are,
susnected to have‘been originally suvracrustal uvnits that
were intruded by tpe orotolith of the Cedar Lake gneiss or
were denositea on an@'subsequent}y‘infoided into a Cedar Lake

enéids basement. These units are nossiblv therefore a subra-

K

cru%tal unit o]der than the Twilight vnplss. '?
. The tectonic history of the Tra11 Lake qerleq is still

in some doubt. The injection or anatecf?c develovment of
leucotoénalite veins vprior to the D3 gveﬁt (Fp3 folds) is
unquestionable but the involvement of tﬁese veins in the D2
event is unovroven although susvected. Tentatively"the Trail
Lake series is correlated with the banded and asmatised

A

amphibolites of the Transitional sequence.
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The relationsﬁio between gneissic units and the
amphibolitic rocks occurring ag xenolithic screens in the’
Cliff Lake Dor;hyritic eranodiorite is unknown. Banded
amphibolites contain very tieht folds affecting compositional
banding which has alsq bee% sfrongly boudinaged locally. .
Flattened pillow-form units are preserved in the largest
xenolith at Cliff Lake. Whether these features could be due
to the D3 event alone or are the result of a combination of
D2 and D3 is oven to queétion. Similar amphibolitic units at
Pickerel dake and Peephole Lake vose the same problems. In
these cases, however, the ampﬁibolite units~are\within the
Cedar Lake éneisses and their écale of occurrence suggests
they were either intruded by tﬂe qneissic protolith vrior to
D2 or were deformed and infolded into it during D2. |

Unbanded, agmatised, sevérely boudinaged amphibolite

enclaves within the Cedar Lake gneilss were almost certainly
o e

vresent at the time of the D2 deformation. These/amﬁﬂibolites ’

are so strongly deformed, however,.that'th;f/ggiginal re- .
lationshiv to the protolitﬁ of the Cedar Lake gneiss is a _
matter for' oure speculation. Tﬁey méy either haze been dikes)
intruding theﬁéedar Lake gneiss profdlith or alternatively

may revresent xenoliths' incorvorated within it:

The ultimate c. ‘gin of the Cedar Lake gneisses is

unknown. They may possibly have been originally plutonic

&



franitic rocks which were involved in a very early deform-

ational event (Dl),wﬁich produced the comnositional banding

event desirrniated here as D2, of a heterogenous group of

3

eranitic plutonic rocks.

., 3-5 METALOPPHISM

(i) ~eneral Statement

At least -one, hirh grade, resional metamorphic event
b .

has affected all rock units in the area with the excéption

-

of those associated with the Cliff Lake porphyritic grano-
diorite. Metamorvhic mineral assemblaces within the Twiligh
and Mvstefy domes are indicative of the Regional Hyversthene
zone (Granulitesy. In the surrounding areas, mineral
assemblases are indigative of the Upper Amphibolite grade of
' regional metamornhism (fig.3—6)., It is most“grobable that
thisllatest regional metamorohism was coéval with the D.3
téctonic eveﬁt and it hence will be referred to as'the‘M.B
event. i . ' ! i o "

“ High ‘grade regionai metamorphism nrobably.also
aqcéﬁnanieq the postulated D.2 and D.1 tectonic events. 'The
M.3 event has destroyed all but the most tenuous evidence 6:

-

these earlier metamorvhisms,.

G2
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Minor, but widesvread, retrosressive metamnrohism

-
" ’

accompnanied intrusion of the Cliff Lake porphvritic grano-.

S

diorite.

(ii) The M.3 metamorphism

f

The tynical mineral assemblage vreserved in the-Cedar

Lake sneisses is: .

: . . C + . . + o
quartz + nlaridclase + blotite - microcline - hornblende

Placioclase is unzoned with comoositions rangine from Anps to

-~

An and presumably reflecting bulk rock composition. This

30
assenmblage is qqmnatibie with. amohibolite grade metamorphism.
Amphibolites associated with the Cedar Lake gneiss preserve
vlazioclase + dionside + hornblende assemblages and locally

nlazioclase + evpidote + diopside assemblages indicative

intermediate amohlbollfe grade metamorphism. Plagloclasa

com0051t10ns in the amnhlbolltes range from AnBO to A”SO

'reflectlng bulk rock compositions. PR
P
Mineral»assemblages from the southern, granul}tic.
area are more varied and several are diagnostic of regional
hyvoersthene zone mefamorohic“grade. . The tyvical aifemblage in
basic rocks is: ’ T ‘ .
Slaqioclase + hornblende + diopside ¥ hypevrsthene
Hornblende is stronglv pleochroic in dark brown and olive green

colours and nlagloclase conp081t10ns range from An33 to An52

w1th bulk rock COMDOSY , Hyoersthene is veakly Dleochr01c

and exhibits no textural criteria of instability. Garnet

.
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occurs at only one locality in a coarse grained boudin of

Farnet + diopside within a stronely banded hypersthene bearing

amohibolite., . - i '

Tonalitic rpcks“of the Clay Lake suilte contain biotite
pa hynersthene assemblages whilst granodioritic rocks of this -
suite contéin biéfite p almandine garnet assemblaées.

Twilight gneisses contain assemblages g% biotite * aimandine
garnet * h&oersthene. The Hyoersthene-is ver§ weékly
vleochroic and is affected by a plnnltlc alteration of varlable
intensity. There is no textural evidence that the assemblage
biotite + almandine + hyversthene was not‘originglly staﬁle(
The Dinnitic alteratioq is more reasonably attributed to .

later retrograde effects.

A" detailed analysis of the/cbnditions-accompanjing the
M.é metamorohic event is not possible due to the absence of
aluminous vhases, the absence of chemical anély§es of
individual mineral phases and the lack of textural evidence to

indicate mineral reactions, Several generalised comments are,

however. pertinent and modlfled A'F'M dlagrams have been con-

'structed to 1llustrate these.

' ]

The A'F M diagrams are modl‘led after Phelnhardt
(1968) using Fl = FeOTOT - Ti0»p because senarate analyses for
“ - .
FeO and Fe203 are not available. The modified calculation

scheme nroduces higher F! aﬁd A' values.than those of the

Reiphardt- calculation. Obviously, magnetite has a significant’

- L~ o)
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af}oct on the modified system ana prevénts the usé of this .
diarram for predicting mineral as;emblases. The Rheinhardt ‘
A'FM diagram is a ﬁrojebtion through K feldspar,in the
system A'KFM, - Since many of"thg current samoles do not
contain K féldsnar they should not strictly be plotted on this
diasgram, However, oréjections'in the systems ACFM or AKCF%
do not édequately illustrqﬁe the observed'ferro—magnesian
mineral assemblages. ’
The distribution of garnet and orthopyroxene in thé
Clay Lake Franitoié suit% is controlled by the bulk chemical
" comvosition of -the rock (fig.3-7 ).. Samvles with low At
values tend to contain orthonyroxene whilst those with higher
A' values contain garnet. The generalised field observation
that tonalites tend to contain orthopyréxene whilst‘granq—\
dioritgs contain garnet is only partially confirmed by the
chemicél analysis."Two of &he.analysed tonalites contain
" garnet anq two of the granodiorites contain orthovyroxene.
Th? absence of both sillimanite and cordierite in the
Twiiiﬁht gneiss is significant since both of these minerals

3

are vresent in the metasedimentary migmatites of the northern

-

vart of the Enelish River Suborovince. Both minerals are

commonly reported stable » s in other regional h#persthene
zone terrains. Their/absence from the Twilighit gnelsses is
most nroﬁably due to a bulk chemical control, particularly

the low A’ values of these rocks (fig. 3-7 ). This geo-




94

chemical characteristic may have heen an original feature of
the Twilipht éneisses and .may sugeest that they were
deriVed rather fapidly from an intermediate vélcanic terrain
without sienificant chemical weatherine.

| Local variations in total fiuid'bressure must Have
been preéent during the M.3 metamorphism, This is the logical
explanation for the juxtaposition of orthopyroxene beariqg
assemblages wi&? lenses of pegmatitic granitic "mobilisate".
Evidence in favour of an anatec%ié origin for-the vegmatitic
mobilisates includes their concordant nature and the .presence

of well develdped melanosome margins. .The extreme ‘ <

inhomogeneity in termé of'bothlﬁrain size and composition in
the mobi}isates and the frequent presencé of mafic biotite -
garnet enclaves and garnet megacrysts are‘further €vidence of
aﬁ anatectic"origin. The relativelyrvolatile fluid phases.
and moﬁilisate were bpresumably concéntrgted in a relatively
eaply‘stagenof the metamorphism into specific zones. The fact
that the mobilisate portions are only very poorly foliated |
suggésts %ha% the M.3 metamorphism outlasted the D.3 de-
:fdfmational‘event; .
| . _'The pressure-tempera{ure conditions of .the M.jiméta—
morphism undoubtedly excgeded those of the minimum_melting"
curve for‘gfanitic comvositions. Minimum temperatures in the
order of'65090 are therefore a reasonable estimate (f?g.B—B).

The avpnearance-of orthovyroxene in the semi-pelitic and

tonalitic assemblages is most reasonably attributed to a re-

PG afea
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action of the tyvoe:
(a) Dbiotite. + qﬁartz = hyPersthone + almandine + X feldspar
| . + H20 . .
~Winkler (1967, 1974) revorts this reaction durine N
experimental anatexis of a semi-velitic sreywacke but gives
no dataih_ls of ‘tﬁe pressure-temperature conditions.l Gran‘c_. 5
t1973); however, considers thdat reaction (a) may occur at
similar P-T conditions to the reaction:
(b) nvlagioclase + biotite + garnéf + vaﬁburnﬁ cordierite .+
| orthopyroxene + liquid
Reaction (b) *takes place in the presence of quartz in
the temperature range 650°C.to 7OOOCAat pressures in‘the‘order
of 3 Kb to 6Kbh‘ The&equivalént r;action infthe‘abgence of
vapour 1is very insensitive tq pressure and occurs at temp-
eratures close to 750°C (fig. 3-%5. Although reaction (D) is

not ‘strictly applicable to the present study because cordierite

is a oroduct, 1its po;gible equivalence to reaction (a)
vlaces a reasonable approximatigg on thq temperatures‘
associated with the M;3 méfambrphism.

| -~ The abéence of the‘alﬁminous phases muscoviﬁe,
sillimanite and cordierite 'in this area once again vrevents
estimation of metamorphic pressure_reéimes. Hapris (l976)_ha
;however, used these phages in the Lac Seul region of the
English River Subprovince to estimate metamorphic P-T con-
ditions. Regionél studies suggest that thé Lac Seul meta-

sedimentary migmatites and their associated metamorphism are.

.
~
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temporal equivalents of the Twilight gneisses and the M3 meta-
morohism of the Cedar-Clay Lakes area. Harris estimates temp-
~eratures in the range 650-750°C and pressures in the range-
R.S.kb to 6.0 kb. The oresence of local hypersthene in basic
rocks from the Laé $eu}uregion suggests that the metamorphic
conditions were similar to those which existed in the Cedar-
Clay Lakés‘area. .

Metamorphic pressures in the range A.S kb to 6.5 kKb have
been estimated from mineralyassemblages of the Per{é&ﬂt Falls
district {chapter 4). Orthopyroxene-ié absent and cordierite is
present. in the’Pefrgult FPalls digstrict. Conbersély, cordierife
is absent and ortﬁopyrpxene is present in the Myste?y and
Twilight domes. These differences are probably dhe to original

rock compositions but may indicate that slightly.greater pressuréé -

(5-7 kb) accomvanied the M3 eyeht in-the Hystery and Twilight domes.

The reliability of correlation between metamorphic
fabrics and the D.3 tectonic event vgries throughout, the area.
In fheicedar Lake area (amohibolite grade metamorphism)..FbB
ihternal-boudiﬁagé and hormal'Kinks frequéntly contain diffusé.
épanitic material which is probably a mobilisate formed éuring-
the M.3 metamorphism. The Cedar‘Lake gnieisses have strong
o;anag\fabrics defined by biotite and platy quartz but it is
not known'whethef these fabrics are entirely due to the M, 3-
D.3.évén£ or if they are inherité&'fyom previous evenfs.
Amphibolites within the Cedar Lake gneiss only yarely have

, linear fabriqs. Where these are present they are only weakly .

-
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dnvolnwné it agnoar to be gfenerally subnaral]6l to the long
axes GF hoandinas whdch are thémsoives only weakly 5rolate.
Stronr’linear fabrics are present in armohibolites of
the Traill Lake sertes and Tranéitiona],seduence on the north-
east 1inmb of the Mystery dome. The linear fabrics are
’n;railel“to long ;xes of ¥b3 internal boudins and to fold
axes of Fb3 foids. ‘They are deflned bylbbth physical and
crystalloéranhic ~lonratlon of plagioclase, hornblende,
dionside and hvvnersthene.
‘Strong vlanar fabrics which develoved during the D.3-
M.3 event %% the Twilight gheissés and the, Clay- Lake granitdid
suite are defined ﬁy parallel alirsnment of biotite and lensoid
aqnfegates éf dua{tz and.féldsoar. Orthopyroxene in these
rocks exhibits a weak élignment within the foliation. Garn¢t°
occurs d;minantly.és small, equant grains devoid of inclusions.

- - . . N - . v . .
Rare farnet voiklloblasts in the Twilight gneisses contailn

oriented inclusions of quartz, plagioclase and very rarely -

biotite. The inclusions are, in'generalh oriented ‘parallel to '

the external foliation which is only mildly distorted around

the poikiloblasts. Sigmoidally oriented inclusions indicating

N ¢
- >
%% poikiloblast arowth were observed in only one

B
.

syn-tecton
samvle.
Granitoid mobilisaté;which is locally abundant withinn
the Twilight pneisses,is generally unfoliated. Diffuse,
biotife rich inclusions (vrobably restite) are individually

. Q
stronely foliated bu&\trails of such inclusions are severely

N\
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distorted. The available evidence suggests that the
mobilisate remained relatively mobile throughout the D.3 de-
formation. The M.3 metamorohism most probably, therefore,

outlasted the D.3 deformational event.

(iii) Early metamorphic events

The Cedar Lake gneisses had probably been affected by
.two metamogphic\gvents priér tn the-M.B metamorohism., Even
allowing for the ‘modification of Fb2 séructures by {he D.3
tectonic éyent it is-quite prob; e that the original Fb2
structures were fairly intense and that they were accompanied
by.a regional metamorohic event (M.2). Leucogranitic lenses
and %eins with melanosome margins commonly occurbparallel to;
the axial planes of Fb2 folds which suggests that the M.2
event attained a grade high enough to cause partial édatexié.
It must be recognised, héwever. that the leucogranitic veins-
' méy reoresent a mobilisate formed during the M.3 event or
thét they may be vpost-M.2 inﬁrﬂsive veins whicﬁ have been
modified By the M,3 evgnt.

It is quite clear that some form Sf compositional band-
iﬁg existed in the Cedar Lake gneisses prior to the D.2
tectonic event since this Baﬁding Hefines Fb2 folds. The
banding includes leucogranitic lenses and discontinuous layers
which have been folded by fhe Fb2 folds.d The protolith to

the Cedar Lake gneisses may have been a severely inhomogeneous,

’ ¢ ' » . »
intrusive granitoid complex with numerous cross cutting phases
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nn a‘small scale, If so, it in vossible that the gneissic
bandine could have been produced and deformed by Fb2 iso-
clinal folds durine a’ sinmle tectono-thermal event (D.2-

M,2). 1If, however, the scale and degree of inhomogeneity

of the protolith was more like those of more recent intrusive

B

complexes, it is more likely that the gneissic banding was
originally oroduced during an initial tectono-thermal

event (D.1-M.1) and was subsequently modified by the D.2-M.2

[N

event.

§ o pn NP S

(iv) Metamorohism due to the Cliff Lake: porphyritic grano-

diorite

Within the nortﬁern vart of the area the metamorphic
effects attributable to intrusion of the ClLiff Lake por-
phyritic pranodiorite are not easily distinguished from those
of the vreceeding major regional metamorvhism. Even 4n areas
remote from the contac?s thé Cedar Lake gneisses contain an
abundance of Yeucorranite veihs and lenses. Some\of these are
associated with melanosome borders and may represent'mobilisate
prgduced during the major regional. metamorohism. ‘Close to the

>

contacts of the Cliff Lake intrusive the percentage of clearly

infrusi?e, undeformed }eucogranite veins increases con- '
sideradly.  In addition, the gneissosity of the host rock inr
places becomes diffuse, and irrégular. ‘swirled' vatterns are
developed. In otheé areas the contact 1s mérke@ by migmatite ‘

J

consisting of irregular enclaves of amvhibolite and gneiss
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Qithin a sranitic host,

The contact between %he Cliff Lake vporpohyritic grano-
_diorite and the Trail Lake series in the southern area is
mach more clearly defined. The effects of a potassic meta-
soﬁétism are readily identifiable within 50 to 100 metres of
the contact. Original leucotonalite veins are converted by
introduction of microcline to pranodioritic comvositions,
accomnanied by a change in colour from pale gréenish grey to
vale pink. Original orthopyroxene is totally pseudémorphed
by a vale brown, serpentinous mineral and partly replaced by
biotite; which becomes an important constitueﬁtuof the mafié
_selvages.

In local areas S.E. of Cliff Lake, banded'amphibolijes
have undergone'potash feldspathisation (Plate .3<16). The
coarse microcline meaacrysfs have a totally random orientation
énd can bé'bbéegxed to have overgrown‘the pre-existing
foliation and coﬁnositionalpbanding. The logal vresence of
voikilitic microcline megacrysts in otherwise tonélitic units
of the Clay Lake granitoid éuite may also be a résult of
potassic fgldspathisation assoéiéﬁed with the Cliff Lake
vorvhyritic granodiorite.

’ In'genéfal. throughout the southern area, local
.chloritisation of biotite and. sericitisation of feldspar is
believed to be retrogressidn associated wifh the- late tectonic
intrusives. These effects are varticularly noficeablg in

the Twilight gneiss towards the core intrusion of the Mystery

/L
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Dome . Elsewhere,“the reblacement of orthobyroxene hy a nale
brown,.sernentinous materigl is wide-soread. .The ex%ent of
this effect varies from extremely minor to tatal pseudo-
morphous reovlacement. ' The intensity of this effect cannot
be unequiVocably correlated wiﬁh the presence of late
intrusives, however, and it ig vossible that éome of the re-
vlacement could have occurred durineg the waning stages of the
major resmional metamorﬁhi;m. ‘
‘Amohibolitic inclusions -(xenoliths) within the Cliff
Lake vorphyritic granodiorite freéuently contain randomly
oriented hiopéide porvhyroblasts. * These are especially well
develoned in‘hassive‘flow units of the Cliff Lake volcanoge;ic
amohibolite enclave. Xenoliths of granitoid gneiss have been

A\

observed in hifhly variable stages of assimilation.

3-6. GEOCHEMISTRY,- PETPOGENESIS AND PROTOLITHS

(i) Samvling and analytical,nrdceedures

Due to the rather svoradic distribution of outcrop.and
the bodr quality of putcrops away from highway and lakeshore
locations no attemnt was made to sample the rocks of the area
on an objective basis. Instead, representative samples were
taken wherever suitable outérop.allowed. It ig beliéved,
nevérthelessvthat the samﬁles analysed represéﬁ% a fair
estimat; of‘both the average composiﬁiqns and range of rock
tyves present within each éf the units: Locations of .

1

chemically analysed éamples are shown on”fig. 3-9,

0
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Modal datawere acquired by point counts of both thin
sections and stained slabs where necess%ry. Major elements
were analysed by the XRF fusion technique and the‘trace
clements Rb, Sr, Ba and Ce were analysed by XRF using vressed
rock vowder pellets. Full details of analytical procedures
and estimates of precision are presented in appendix (1)..
Chemical .and modal analysos of ;ndividual samples appear in’
avvendix (2) "and apvendix (3). Average chemical com-

3

vositions of defined units appear in tables 3—3 and 3-5. o

functions which serve to discriminate between igneous
anq sedimentary protoliths have beon calculated according'to
the scheme of Shaw (1972).  Shaw (1§72)‘ahd Jennings (1970)
have dlsoussed the various diagramatic methods Wthh purport
to make dlqtlnctlons between such protollths Unfortunately,.
the flelds of igneous and sedimentary compos1tions overlap.on
all such diagrams and hence their usefulness 1is-limited.
Shaw applied didcriminant funcfion analysis to'screenod
analyses of 2% igneous rocks and 608 sedimentary rocks. He
recommends use of a discriminant function (DF) which results
.in“an assignmént error probability of 0,24. The function re-
commended is calculated as follows (wt%

DF = 10.44 - Si0o - €.32 F8203 (total Fe)

. - 0.98:¥Mg0 + 0.55 Ca0 + 1.46 Nay0 + 0.5 K50

Positive values of DF indicate probablp igneous - parentage,
negative Values 1ndlcate probable sedlmentary varentage. All_

I

analvses of samples from.the Cedar Lake—Clay Lake area, for

104

el

-



105

which DF has been calculated, conform to Shaw's screening
vroceedure, The calculated DF values are oresented in

avpendix (2) with corresponding chemical analydes.

(ii) Cliff Lake vorphyritic eranodiorite

For the purboses of saleingAand analysisjthe late
tectonic granitic rocks were divided.into two major groups.
The massive grouo (A) includes equigranular‘toﬁalites, \
porvhyvritic rranodiorites, pink granites, pegmatites 'and
avlites. The Toliated group {B) includes coarse grained
tonalites and granodiorites (some mildly porphy?}tic). aplites
and’ foliated pink granites. The massive varieties occur |

within the Cliff Lake structure. The foliated group . 1is

dominantly from the northern lobe - north west of Cedar Lake -

with a smaller numbeg of samples from the marglns of the Cllff.

Lake structure.- The two groups of rocks are con51d§red on

the basis of field ev1dence to be successive phasesgof a

-

comagmatic évent. .
Both groups of .samples display normal trends of major
- oxides when'plétted against the Modified Laréen Index (MLI)
(fig. 3-10). Similarly both groups'exhibit dééreas%hg Ca,
Sr and Ca/Sr and 1ncreas1ng K, Rb and K/Rb with - 1ncrea31ng
‘MLI, Whlch may be equated with progressmve dlfferentlatlon |

(fig. 3-11). These correlatlons are’ particularly obvious

Y —— \7

within the follated group. There is also a strorg negatlve

correlation between K/Rb and modal biotite content of the

oy - ,./m.,\w&w
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samples (fir. 3-12), suggesting that the oontrolling factor
on K/Rb here is the replacement of biotite by microcline as’
the dominant K and Rb repository. l
A further voint of interest is the somewhat higher Sr
contents of the massive samoles, when comoared’to‘%he foliated‘
granitoid rocks which were orlglnally believed to be comagmatlc.
Both the high Sr and low Sr groups contain comp031t10ns
'ranglng from tonalite to granite and both include rocks bearing
K feldspar megacrysts. The distinction ,therefore,is that the
high Sr rocks are somewhat later than the others and have not
been visibly deformed. Tﬁere is no obvious evidence. to
ind;cate which of those factors exerfed the controlling in-
fluence on the Sr compositions. | . | o
'Field evidence indicﬁtes that the late granitoid rocks
are infrusive into the gneisses'at.the current ieﬁel'of
:exoosuro and hence were nof generated in situ. Partial.melt—
ing of granitoid'rooks tends to defiéte the Sr content of the
melt in relation to that of the res1due (McCarthy, 1976) . It
is unlikely, therefore, that the massive granitoid rocks
(Averape St 529 oom) were derived at depth from equivalents of
the Cedar Lake gneisses (237 Dom Sr) or the Clay Lake
gran1t01d suite (187 pom Sr)
The similar Sr contents of ' the ma531ve granitoid rocks
and the Twmllght gnojsses would permit derivation of the
e former by partial meltlng of the 1atter. Other trace element

¥
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concentrations and major/trace element ratios, however, are
incompatible with such a ﬁodei. In varticular, the Rb °
contents and Rb)Sr ratios of the massive granitoid rocks are
considerably lower than those of the proposed parent Twilight

.

rmeisses, This is the exact opposite of the relationships
\

predicted for partial melting of greywackes by &rth and 7

© Hanson (1975).

. (1i1) Clay Lake;granitoid suite

The Clay }ake suite includes ﬁiotite tonalites,
hyversthene-biotite tonalites, biotite granodﬁorites. garnef-
~biotite.qranodiorites and garnet-biotite granites, The
coarse grqin size; relatively low mafic mineral content, lack
of weliidefined camwositional banding gnd presence of deformed
microcline megacrysts suggeét'that the orotoliths of this
suite wére granitqid rocks ratﬁef thaq suppacrﬁstal sedimenté:

The oresence of xenoliths within the sulte suggests that the
Erﬁtolith was originally intrusive rather than extrusivé.
Calculated discriminant functions (Shaw.19?2) are all high

" positive values indicatiﬁg igneous rather Fhan seéimentary
“nrotoliths.

The suite aS‘é whgle diéplays tﬁe same trends of majép
and trace elements as the foliated grouv of léte tectonic )
granitoid rocks describéd previously (figs.’3—10, 3-11). The
Suite is slightl&'iron_rich in comparison to all other

pranitoid rocks from this area but displays a normal igneous
- a / ,

\
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trend on the - F-¥-A diagram. | Despite 1ts granulitic
" nature, the suite is not significantly depleted in Rb. K/Rb
values range from 230 .to 450 and display a marked negative

*'.

correlation with biotite content (fig. 3-12).

(iv) Cedar Lake Hngisses
'The soread and variability - of both’chemical and modal
data for &his suite reflect the extreme lithologic hetero-
geneity of the gneiéses. The well rked but extremely dis-
continqoﬁs nature of comp6§I¥T6;gi/iz;;Z;gwéﬁd the abundant
oresence of several generations of "grénitic“ vé;ns.and lenses
render samvling extremely diffiqult. In general terms,
samples were takén, where vossible, to ?epre§ent a compositional
unit havihg-a.wich in excess of 20 em. Obviously iatéf :
undeformed, granitic veins were a53>ded bug, inevitabdbly,
grani@ic veins oY earlier generations were included. in many
samoles. intefgigtaﬁioﬁ of the analyses is thereforg extremely
dif?icult and sﬁépect. . |
The modal gnd.geochemical trequoeihibited by the Cedar
Lake gneliss samplés aré generally similar to those of.the’Ciay
Lake suite'and thé“foliated group of late tectonic intfusives
(figs. 3-10t6 3-13). The Cedar Lake:gneisses tend to be more
felsic and .more potassic than thé Clay Lake suite. The geo~.
chemicai ;imilarity be&ween the Cedar Lake gneissés.and‘the

foliated late granitoid rocks (group B) is auite remarkable,

The possi¥le protoliths for the'Cédar-Lake gneisses

1k e e et . B
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include (i) -sediments (1ii) felsic volcaniecs (iii) intrusive
‘pranitoid focks. The nresence of a-str@hg éomnositiona}
banding. is the only featuré which suggésts that the Cedar
La%e gneisses were de}ived from a ségimentary protolith.. The
low mafic mineral contents, ¢oupled with the total lack of
velitic minerél assemﬁlages (Farnet, cordierite or AiZSiO5
. palymorohs) would require that-a‘sediﬁéntary profoiith'be
arkosié.in composition. Thefwide areal extent and great
thickness of.the Cedar Lake gneisses miliﬁate againét such a
npssibility. ‘In_addition, caleulated discriminant functions
are'stropgl§-in favour.of an igneous origin.
° A felsic volp@nic protolith is considéred unlikely due
to the total lack of anything femo%ely‘resembling pyroclastic
_fabrics in the Cedar Lake gneisses. Purther, the extent and
thickneés of the gneisses afe far greater than those 6f any
felsic volcanips so far repérted from the Archean. Théfmost
likely.protolith,:therefore, for the Cedar Lake gneissgs'
wogld be an intrusive granitoid complex. The acceptance of
this vprotolith imvlies that the present'bah&ing in the gneisses
is.the result of-ex£reme deformatioh.of a plgfonid body con-
sisting of nﬁmer&us, comnositioﬁally distinctiye. injected

vhases.

. . e s . “
(v) Comvarison with other Archean granitoid gneisses p,
. . R |
. Rock suites which 'are similar in both composition and

tectonic setting to the Cedar Lake gneisses and Clay Lake

“
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sranitoid suite occuvr in several Archean terrains (Table-3-4).
Tn view of the lack&ef radiometric ages from the Ceéar-Clay
Lakes areas,'howeyer; it 1is difficﬁlt to'pick suitable time
equivalent suites for comparisoe Current radiometric
eV1dence from other Darts of the EZnglish Plveg Subprov1nce
sugeests that both the Clay Lake suite and the Cedar Lake
gnelsses were originally emplaced prior to 2.9 b.y. ago.

The most oﬁvious temooral and tectonic equivalenfs of
the .Cedar Lake gneisses are the Anc1ent Tonalltlc gnelsses
ﬂof Swaz1land Wthh have Rb/Sr ages in the range 3. 14 b y. to
3.40 p.y. (Hunter 1974) .- These rocks are qhem1cally~51m11ar

- to the Cedar Lake gneisses\except that they afe more sodic.

Similarly, the Amitsoq gneisses of V. Greenland ( 3.7 b.y.)

, .

2.

and*the:Uivak I gneisses of Labrador (3.6 b.¥.) are more sodic,

contain less berium and have lower X/Rb ratios, Thg/Uivak I
gneisses, in addltlon. have distinctly hlgher Sr contents \

| .The Northern nght gneiss of Mlnnesota is dlstlnctly
sédic and has a con81derably lower Rb/Sr ratlo than either the
Cedar Lake gﬁeiss or the ClaymLake granitoid suite.

The Morton gneiss of Minnesota is remarkably simiiar
to the Ceder'Lake gneiss in tenms-bf both major and trace
~element geochemistry. The Mortoh gneiss has recently been-
assigned an age of 3.8 b.y by Goldich and Hedge (1974).

The.CIaﬁ Lake suite and the Uivak ¥I gneisses of
Labrader (3.§ b.y.) share a similar tectonic setting in that

they both intrude a pre-existing suite of gneisees} The

4
.

2
(

e



j . . . . 111

simi]qritv 1s ext ondod to. thwzw oomwarqb]e iron COﬁtPnLQ
(YeoNa  L,90%) but the Clay Lake suite is more. votassic and

contains less ®b,

(vi) Anmvhibolites , & R ‘
fhe'amphibplites from the Cedar-Clay Lakes area have
been divided into three prouons on the ba§is’of their field ‘

relationshivs. Groun 1 contains samvles from small enclaves i

within theé Cédar Lake bneisses Group 2 consists of éamnles

B s T P S

- from 'the extrusmve volcanopenlc enclaves within the Cliff
Lake rranodlorlte. Grou 3 are banded and’unbahded samnles
ff&m the Trall Lake Serles and the Tran51tlonal Seguence, _Thé
Frounvs, as deflned, are not geochem}cally distinct.

With the excention.df thiee samﬁles, the amphibolites
 are classified as thoieiitié basélts (figs 3:1H, 3-15) using .
the criteria of Irvine and Baraga;/Li971 The three
exceotlons from group 1 are marglnally calc-alkaline and:

7
andesitic.

. ‘ LN
The amphibolites are characterised by low FeOp,n/Mgo’
ratios and plot close to the recent abyssal tholeiite field

" (fir.3-162a) of|Miyashiro (197%4) and liyashiro and Shido (1975).

JPuw—

Thev contain somewhat lower abundinces of Tidz than recent
abyssal tholeiites with comparable FeOTOT/MgOratios (fig.3-
16b). 1In thls respect they are more like recent Island Arc

tholeiltes. The low T102. Al,0, and hlEh Rb, Ba of the }

3

amvhibolites when compared to recent oceanic tholeiites is

comvatible with similar characteristics noted by Glikson
t




N ' 112

(1972) for Archean greenstones in general.

The Cedar-Cliff Lakes amphibolites do not fali within

;Y

the field of recent ocean floor basalts on thg Ti0-Kp0-P20s
diaeram defined by Pearce et al (1975). The amphibolites
have considerably hisher K,0/Ti0, ratios than dverage Archean

basalfs. (fig.3-17a).  This feature 'is most vrobably related

~to metamorvhism as demonstrated by Pearce et al (1975) for

'samples of fresh, weathered and greenschist facles basalts

from the Mid-Atlantic Ridge and fér émphiﬁolites from the
?é%mer Ridge, Indian Ocean.

' Three of the samples from group 3 have marginally ol
komatiitic Heoéhemistry. ‘Field rglationships and petrélogy
suggest that samole §57 was originally: a lamprophyrié'dike |
intruded into the.volcanic sequence of the Cliff Lake9enc1aye.
Thé sample contains 76% hornblende, 19%.biotite and 5%
vlagioclase. it.is‘hot a true komatiite since the K50 content

(1.29%) is somewhat greater than that oérmitted'by the

. definition of Brooks and Hart (1974) (Basaltic komatiites

should' have  less than 0.9% K,0) ..
Sampnles 103 and 105 both satisfy‘all the geochemical

criteria of basaltic komatiites. They have Cad/klgOB ratios

greater than 1, Mg0O greater than 9.0%,  TiO2 less than 0.9%,.

K,0 less than 0.9% and Si0, in thg_ rafige 46-537%. Sample 103
is from the feature believed to be a concentrically zoned
lava tube and samvle 105 is from the pillow-form unit. Both

are, consequently, considered to be originally extrusive
B " _“, .
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volcanic racks. The extent of modificatinn to the original
roochemistry by metamsrrphism is difficult’ to determine. The
snatial assnciation of normal tholeiitic basalt samvles

with the komatiitic samples suHaests'that the unusual com-

nositidn of the latter is inherited from the original vrotolith.

« The presence of rocks with kKomatiitic seochemistry
has been .used by various authors to indicate a wide variety
of paleotectonic environmentsy These include: sea floor

(Giiks£;.1971); island arcs (Brooks and .Hart 1972) and

orimitive crust (Viljoen and Viljoen 1969). In an excellent

summary of the problem, Brooks and Hart (1974) .conclude that

the ovresence of komatiites is not, in itself, a reliable

~indicator of paleotectonic environment. The absence of

associated distinctive rock tvves (e.g. felsic volcanics) in
the current. situation precludés further definition of the

valeotectonic setting of the group 3 ambhibolites.

(vii) Twiliesht pneisses

There ls/ébundant fleld evidence that the Twilight

gneisses were derived from a supracrustal and, most orobably,

" gedimentary protolith. The unit ;é strongly and contlnuously

banded. in a manner reminiscent of the greywécké type'sediﬁeQPs

commonly found in Archean sreenstone belts. The gneisses are

"relatively mafic riénﬁ rarely containing less than 15% of

mafic minerals (fig.ﬁ-Zc) and relatively fine grained
comnared with the Clay Lakt suite and the Cedar Lake gnheisses.

The abundant vresence of garnet and an 1nhomovenous mobilisate

* . . . s
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combines with the above featureés to give the Twilight gneiss

some similarities td the northern English River metasedimentary
migmatites, - , : | :

» ] :
Two nonulations may te distineuished within the

~

Twilight fneisses.. Group A are relatively mafic, garnetiferous,

biotite eneisses which_iocally contain hyversthene and are
stronsly assoc?ated with ' microcline rich mobilisate zones.
On tﬁe Alk—FéO-MgO vlot (fig. 3-18) this grouvp occuvies the
céntre of the field of Archean greywackes defined by Bell and
Jolly (1975). The group is also rémarkably comvarable with
a groun of l?_EngliSh River metgsedimentary rocks from the
Armstrong area. (Unpublished data suovlied by F.W. Breaks,
Ontario Division of ines). | b

Calculated diszriminant functions for group A %wilight
gneigses are generally low positive or negative values which
are comvatible with a sedimen{ary Drotolith.  The single
"samvle with a h%gher posifive digcriminant function contains
a wide lens of granitic mobilisAate. |

The-absénCe of both cordierite and A125105‘p01ymorphs‘
and .the local Dreéence bf‘hyneysﬁhene indicates that the groub‘
A Twilirht eneisses coﬁtain less ai&ﬁiﬁﬁm than-typical pelitic
'metasgdiments. This feature may be due to rather rapid
derivation of the groﬁn from a volcanic sﬁurce area of
intérmediate,or basi¢c bulk composition,

Grouwo 3 Twiligh' gneisses occur as relatively felsic,

coarse ~rrained, structureless units uv to one metre thick.
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Thev' are interlavered with the tvoe A nunits and gradational
boundarios'are commonly present, sur}esting a supracrustai
nrofOIith. The rroun B gneisses have dacitic compositions
which are more alkalic and siliceous than the groun A gneisses.
The sroun B fneisses are alsowcharacterised by higher Sr, Ba,
K/®b and lower Pb, KZO/NaZO, Ca/Sr values and by varticularly
low R”b/Sr ratios. |

Calenulated discriminant functions are consistently
hish vositive values sugeesting an ifneous protolitﬁ. The
oresence of gradational boundaries to the units suggests,
_howevef, that they did 5ot originate as dacitic flows or
intrusions., It is likely, therefore, that the group'B
Twiligﬁt Fneisses originated either as ash fall tuffs or as
relatively fine grained oyroclastic debris which was radidly

reworked by sedimentary orocesses.

3-7  SUMMARY

The establishment of a tectonic model for the
evolution of the Cedar Lake-Clay Lake area devends largely on
two factors.,' These are firstly, the choice of orotoliths for
the various lithologic dnits_and secondly, the structural
history of each unit., The mosﬁ probable sequence of geological
events is suﬁmarised in Table.3-6.

The Cedar Lake gneisseg are an intimately interbanded,

heterolithelogic assemblage of rocks varying in comvosition

from aﬁnhibolite to ?fanjte. The unit as a whole .is severely
’ &
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deformed and contains numerous tirsht to isoclinal Fb2 foldg‘

and hence i1s rerarded as being vre-D2 in ase. The presence
of intrafolial, isoclinal Fbl folds sugrests that parts of

the unit underwent an even eérlier deformational event (p.l).
The D.1 event may also have been resoonsible for the pro- h
duction of a comvositional banding which was subsequently
folded during the D.é event.

The most likely vorotolith for the felsic portion of
the Cedar Lake sneisses would‘be.aﬁ intrusive granitoid.
comolex., The éccentance of this‘protolith implies that the -
present banding in the gneisses is the result of extreme de-
formation of a vplutonic body consisting éf numerous, com-
nosifionally distinctive, injected phases.

The vresence of both banded and unbandedﬂamphibolite
enclaves within the Cedar Lake gneisses poses a problem,. If
is sugrested that.the banded varieties revoresent originally
extrusive volcanic matefial; and hence may have originated as
xenoliths within the Cedar Lake protolith. In contrast, it is
boséible'thét soﬁe of tRe unbanded amphibolite units were ..

oriFinally injected as mafic dikes into the, Cedar Lake gneiss

o

orotolith. The Cedar Lake gneiss could thu fegarded as a

granitoid complex which was intruded into a maTic volcanic

it b i A D

sequence vrior to the D.2 deformation. . Alternatively, it can

be regérded as a couvled granitoid basement and mafic ' k

etz

voleanic cover which was extensively ‘reactivated during the D,2

deformation with interfolding of cover and basement,
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Amohibolites iﬁcludqd within the Transitional
Sequenne contain Fb2 folds ana'are most ovrobably equivalent
im are to those occurring within the Cedar Lake Hneisses.v Tﬁé
tectonic history of the Tféfl Lake séries is eniFmatic. It
was undoubtedly involved in the D.3 tectonic event and
.involvemenf in the D.2 event is sushected but not_proven. The
intimate association of banded and unbanded amphibolites with
relatively mafic, quartzo-feldspathic gneisses suggesés that
the Trail Lake séries was originally a sunfaérustal éequence.
It is tentafively correlated with amvhibolites of the
Transitional Sequence. .

Severa} factors indicate that the Clay Lake granitoid
suite was an igneous, plutonic, granitoid suite intrudea into

the Cedar Lake #neiss comdlex at-sdme time after the D.2

&
4

.event. The Clay Lake suite appeérs to have been a different-
jated suite of granitoid intrusive rocks with compositions

-

_ ranging from'bidéite %onalite to leucocr?ti?. alaskitic
granite. Tonalites are marginaliy more ébungant_than grano-
diorites and the two together are more abundant than sranites.
The original confiéuration of the suite is unknown
since the dresent concordanee'of units'of different com-
positiogs may be due to the strong flattening deformation
during - the D.3.event, It is vossible, however, that.the

. L . - - :
various members of the suite were emplaced as concordant

sheets, vperhaps dgring the waning stages of the D.2 deformation.

~
-

The fact that the suite appearé to intrude banded amphibolites, *
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mafic tonalitic pneisses and Cedar Lake gneisses - all of
whjcﬁ contain isoclinal Fb2 fnlds, - indicates that the
intrusion did not take place prior to the D.2 even?:/

The group A Twilight gneisses are belleved ﬁ)have
been derived from a freywacke-type sedimehtery protolith.
Thefe are strong morphological and geochemical similarities

between the g?oup,A Twilight gneisses and the metased;mentary

eneisses of the northern part of the English River Subprovince.

The similarities include ‘the relatively mafic character and
the ub%quitous presence of garnet and leucocratic "mobilisate"
phases, The relatively low aluminum conteﬁt of‘?he group A
gneisses'éuﬁgests'that they were derived.by rapid sedimentation
of-clastic material from an intermediate to basic.volcanic
source area.
| Gfoup B Twilight gneisses oécurlas relatively felsic,
coarser greined, more massive units subofdinate in volume to
the group A units. Their interlayering with grohp A units
sugeests a supracrustal oriéin and their dacitic geochemical.
characteristics, couvled with high positive discriminant’
functions; suggest'they may originally have been'felsic to
intermediate volcanic rocks. However, the fact that group
.-A and groud B horlzons have gradatlonal boundarles rules out
_the possibility of da01t1c flows. "It is suegested therefore,
that the group B Twilight gneisses ?epresent e;ther.ash fall
tuffs or fine grained pyroclasticldebris rapidly reworked Ey

sedimentary bprocesses.
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Establishment of fh@ relative are of the Twilight
rneiss is.extrémely imoortant in terms of the tectonic
history of this area. The total lack of Twiliecht gneiss’
.xeno]itﬂq~within either the Clay Lake granitoid suite or
the Cedar Lake pneisses sugpests that the Twilight gneiss
vost-dates both of thése units. Moreover, the Twilight gneiss
does not contain isoclinal Fb2 folds deforming thHe com- ';
nositional banding and hence is believed to post-date the D.2
deformati;n. The unit has, however, undergonée a strong
flqttening deformation early in its history which producea

'tight to isoclinal structures in leucotonalite veins. This

. \
deformation is believed to be correlatable with the vroduction

of Fb3 structures elsewhere and hence the unit pre-dates Df3.
It.was also involved in a maj&r metamorrhic event whicﬁ
nrobably accomnaniéd the D.3 event and produced granulitic
mineral assemblades.

The relative tectonic ase of metavolcanic éhclaves
-.within the C1liff Lake pornhvritic éranodiorite can not be
directly determined due to their geologlc SLtuatlon. The
metavolcanlc rocks 1nclude tholeiitic plllow basalts and some

H

samnles have komatiitic ppochemical characterigtics. The
metavolcanic rocks havé récokded.a period 6f reiatively
stronz deformatlon in the form of flattened plllows and rare,
small scale, tight foLds in compositional banding. It-seems
highly unllkely//however, that. These rocks were present during

P

the D.2 defor7?tlon event. Had they been present extensive
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asmatisation of the ﬁaséive units would probably have
occurred. The folding, flattenipg, and accompanying develop-
ment of diovside bearing minerai assemblages is more reason-
ablv attributed to the D.3/M.3 event. This suggests, there-
fére. that these units may be broadly eguivalent in age to

the Twilight gneiss. -

-

. -

The sﬁructural position of the Twilight gneisses is
somewhat enigmatic in that this supracrustal unit lies at a
lower structural level than the Cldy Lake suite and the Cedar
Lake-gneisses, both oflwhich predate it. Consequently, it 'is
neceséary to éostﬁlate a period of sublorizontal thrusting or
rebumbenf navpe formation, probably accomvanying the D,3
deformation. If such an event took place it couid explain thg

strong flattenlng deformation which- produced (1) 1nternal

‘ bouﬁlnaﬂe and normal kinking in the Cedar Lake gnelss, (2) the

stronp foliation in the Clay Lake suite and (3) the . 1socllna1
foldlng of 1eucotona11te veins in the Tw111qht Gneisses without
significant distoftion of compositional panding.

The piling up of thrust sheets or nappescguring D.3
may also hafe.been responsible for the depression of the
southern area into a regime Suitabie for fhe production of'
granulitic mineral_assemblaggéﬁf It is significant that. the
Cedar Lake area, which quld have VYeen siructurally higher at

this time, lacks such assemblages. 'From a consideration of

.

the ‘mineral assemblages it avpears that the_M.3'metamorphic
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.evont was aCCOﬂnanied by temperatures in the rangé 650-750¢
and »ressures in the ranﬁé 3.5-5.0 Xb., In the southern nart’
of the area the conditigns vere probébfy in the uvver parts
of this range'whilst in the northern area they-were in thé
lower varts. Significant devletion in Rb of the rocks of

the southern area has.not taken vlace, despite the_granulitic

nature of the metamorohism.

L

Intrusion of the Cliff Lake porvhyritic granodiorite
‘  and associated phases clearly.post—datés the major D.3/M.3
tectonic ebent. Frém limitéd field data it avpears that the
éarlf rhases of this perilod of granitic activity were marked
by concordént intrusion of equigranular biotite tonalite to
granodiorite. '

In the north and the south, the porphyrgtic grano-
dierite forms tabular, steep sided bodies which are also.
almost concordant with.the gneiésic host }écks. These bodies
are variably foliated- and in places the porphﬁrftic character
of the-ro;%s becomes only vasuely defingble. The foliation \L
may, in part, be a 'orimary feature vroduced ?urlna intrusion
of the bodles. as sueggested by the strlklngly orlented nature
. of country rock xengllths.. However, the foliation is locally
.quité.stronzly déformed by comolex, ipregular. poorly de~

"fined fold structures and. early leucocratic veinlets also

exhibit ptygmatic fold*ng. These features may be due .to

external tectonic factors operative whilst the intrusive bodies,

> oy b S et

ey
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wéré still in a relatively plastic state, verhaps during the .

l4te étaqes of consolidation. | '

It is suggested fhgrefore that the northern and
southern ekkensipns of tﬁe,Cliff iake porphyritic gfanodiori%e
- were of intermediate age in the intrusive episode., Later

ohases of intrusion were probably resvonsible for foliation
of earliéy vhases and for the production‘of major domal
structures in tﬁe“gneissic countr& rocks. The porphyrific'

" granodiorite inﬁrusioné in. the central vart of the area are
funnel shaped bodies with inward dinﬁing contacts. The total
shave of these bodies may originally have been somewhat
similar to {he mushroom shaped, diapiric bodies produced
experimentally by Rambverg (1967).

- The latest phase of this major granitic evenf was
resvonsible for the intrusion of numerous dikes, sills, énq
veins of eguigranular p@hk granite and granitic vegmatite.
This vhase is'ﬁbiquit us throughout the entirelarea'but the
aréas pf most extensive outcrop ére intimately associated
with the pornﬁyfitic kranodiorite ?haséu Undqubtedly there
is a genetic linkage between.kheée two phases, the pip&
.pranites probably representing é'mofé differeﬁtiated : -
intrusioh from the same magma source. This"linkage is
emnhasisgd by the high'Sr concentrations presenyviﬁ samples‘
of both porphyritic granodiorite .and equigranular granite

from the massive (grouvp A) varieties of the late intrusive
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rocks, ¥ :
. . NS <;
The available peochemical evidence surgests that the
) . e

late rFranttold intrusions were not derived by partial anatexis

of either the Cedar Lake Fneisses or. the Clay Lake suite.
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Table 3-2

. CFNAR TAXE -~ CIAY LAKE APFA

FETAMORPHIC [AINTRAT, ASSEMBLAGES

Northern Area

In Cedar Lake efneiss '

Qz + vlae + bi T Kso T hol

qn-mafiC'fonalitié qﬁeisses ) ,
_ Qé + vlas + hdl + bi .

In Amohibolites .

v

Plag + hbl t diovpside * evidote (t qz I bi)

Southern Area &

In Ciay Lake Tonalites
‘éz + wlag + ?i A opX pa Ksp ,
Tn Clayv Lake Granodiorites '
Qz + vlag +'K§5'f bi I ecarnet
Tn Twilieht gneisé groun'A"
\ .

Lo+ + -+
Qz + vlae + bi -garnet - oovx - Ksp

In Twilirht eneiss griquo B

t+

+
Qz + plag f bl - Ksp garnet
In mafic tonalitic gneiss . (
" Qz + plag + bi T oox Thv ? Kso .

Tn amnhibolites v

Plag + hbl + épx : oDOX (X qi't-bi)

magnetite,. illmenite, sphene, zircon and apatite occur as

accessory minerals.
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Table 3-3

Granitoid units

\

~Averarse chemical comovositions

126

A 3 + C . E F

S40, 73.00 70.8 - 71.34 71.10 7L.90  69.50

A1203 15.0C 15.86 15.59 14,71 14.69 15.43

Ti07 .10 .26 .21 L .31 .52
Fep03(TOT) 1.08 - 2,14 1.88 2.9 2.61  L.ou :
MnO ,.02 - .0k .03 . ol © .05 :
MeO .37 .96 .78 .93 .82 1.05 :
Ca0 1.21 ‘ 3.27 ‘ §'7é 2.87 2.80 3.52 .
Nag0 .89 .55 .2 3.80 3.97 3.7 4
Kgé, a.us 2,00 3.04 3704 2.75 2.45 }
P20 5 05 .10 .09 J1L .10 7 .19 :
Total 99.57 9o%98  99.93  100.03 -99.99 100.L7

Rb 95. 58 73 85 76 64

Sr 450 609 529 194 237 187 '
"Ba 1321 831 1023 811 950 751

Ce 39 34 35 92 .73 69

K/Rb 390 287. 331 295 317 303

K/Ba 32. 22 ‘26 31 2L 27

Ca/Sr b2 . a8 . 42 102 86 140

* Rb/Sr ) 211 .095 .138 438 . 321 342

K20/Nas0 1.14 0.44 0.71 0.80 0.69 0.65

A. Cliff Lake pink granite -~ average of 5 samples

B. Cliff Lake porphyritic granodiorite - average of 8 samvles

Cs Cliff Lake Intrusion, Group A - average of 14 samoles :
D, Cliff Lake Intrusjon, Group B - averdge of 15 samples

E. Cedar Lake gneiss - aVerage of 12 samples

F. Clay Lake granitoid suite - average of 20 samples

-
.
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Table 3-U4

Chemical Analyses of Archean ‘neisses

A B. C D E r G

Sing 68.60 £9.L5 71.00 72.21 70.40 69.10 71.16
Al2"™3 15.90 15.18 14,90 14.39 13.10 17.0 14,84 - .
Ting 0.0 "0.31 0.26 0.25 ,0.59 0.20 0.34 .
FepnN3(TOT) 2,53 2.51 2.69 1.99 4,18 1,81 2,29
MnO .03 7 .0k .03 .03 .07 .03 «.02 -
MgO . oL .81 .72 .60 .83 .69 .95
Ca0 ' 2.60 2.80 2 30 1.58 2.48 3.60 3.18
Nao0 5.29 L.s50 b.bs  L.37 L4, B0 5,69 L.,67
K20 2.47 2.47 3.02 3.57 1.51 - 1.31 1.64
P20 g | 0.13 12,07 10 - .17 21 .12
TOTAL © 98%.8R 93,19 99.4k 99.09 98.13 99.9% 99.21
Rb . 111 100 .91 80 100 27 73 ’
Sr- 725 2773 381 278 140 661 2 50 i
Ra 2673 361 206 ND 9l7 489 ND :
Ce ND . ND ND ‘ND ND . 108 ND
K/Rb . 184 198, 275 282 125 LoR 187
¥/Ra 78 .72 31 e 22 - o
Ca/Sr - 25 73 L3 4o 126 - 39 91 - &
Rb/Sr - .13 .366  ,23% 2877 714 o .29
K20/Na20 R .55 .68 81 .31 .23 .35
. Ulvak I gneiss, Labrador - average of 10 samples, : :
Bridgwater and Collerson, 1976 . '
Amitsoq gneiss, West Greenland - averaze of 12 samples, _ ol
Bridgwater and Coellerson, 1976 o N
» Morton gneiss, Minnesota - average of 5 samples, Goldich, f‘j
‘Hedpe and Stearn, 1970 %
.- Nelspruit miematite, South Africa - averape of 10 analyses, b
Viljoen and 'Viljoen, 1969- '
Uivak.II'gneiss, ‘Labrador - rebresentatlve sample #14 . i
Bridgwater and Collerson, 1976 T i
. Northern Light gneiss, Minnesota - »rohdhgemlte sample !

#16, Arth and Hansen, 1975 = . . o >
Leucotonalitic gneisses, Ancient Gneiss Complex of eastern :

Transvaal and SWa211and - mean of 6 analyses,- Hunter
1974 (Table IV) RN )

'}
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Chemical Analyses of Archean Metasediments
and "parasneisses"

Table 3-5

A ?B
Si0o 69.57 66.50
A1p0% 17.24 17.4 0
Ti0, .79 +53
Fep04(TOT) 7.68 3.21
Mn" .10 Ol
MeO 3.3 1.20
Ca0 3.25 L, 31
Nao0 3.69 4,02
K50 2.95 2.40
P20 ¢ .38 3l
Total 99.99 99.95
Rb 118 65
Sr 602 1120
Ba 8’6 1671
Ce 87 65
"K/RY 205 290
K/Ba 28 - 13
Ca/Sr L7 28
Rb/Sr - L .058.
K20/Nap0 .80 .60
A. . Twilieht gneiss, Group A,
average of 5 samples:
3, Twilight gneiss, Group B,
" averame of. 3 samples
C. Hebron gneiss,  Labrador -
5 Barton 1975

D
64 Lo

15.50
- 62

6.5
3.12
2.22

3.74
2.l

98.58%

88
2k
ND
ND

231

37
.20
€5

English River Subprovince -
English River Subprovince -

average of 8 samples, -

Archean greywackes, Wyoming - average'of 23 sémples.

Arth and Hanson 1975

-
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Table 3-6

Preferred sequence of geclogical events
Cedar Lake - Clay Lake Area

Deformation (D1) of a granitic comolex - vrotolith of
Cedar Lake rneiss - vroduces comvositional banding
and Fpl folds.

Formation of early supracrustal sequence - protolith

of banded amvhibolites of Trail Lake Series, Transitional -

sequence and enclaves in Cedar Lake gneiss. Intrusion
of early mafic dykes into Cedar Lake orotolith.

Deformation (D2) and metamorbhism (M2) vproduces Fp2 folds,

reactivates ovrotolith of Cedar Lake gneiss and causes
interfolding of "basement" and early supracrustal
sequence. '

Intru51on of Clay Lake gran1t01d suite - oossmbly as
concordant sheets.

Formation of later subracrustal sequence - protoliths of
Twilight gneiss and volcanogenlc enclaves in Cliff Lake

" intrusion.

Deformation (D3). Subhorizontal tectonics produces
interleaving of later supracrustal sequence (Twilight
gneiss) and “basement" (Cedar Lake gneiss and Clay Lake
granitoid- suite). Severe layer*normal compression
oroduces foliation in Twilight gneiss and Clay Lake
gran1t01d suite.. Folds leucotonalite veins in Twilight
gneiss, Produces Fp3 boudinage, and normal kinks.

Accompanied by regional metamorphism (M3), upper
.amphibolite to granulite facies conditions.

Emplacement of Cliff Lake Intrusion produces minor folds
of groups Fy4,5,6,7 and the major domal structures.
Local potash metasomatism at intrusive contacts.

2un PR
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OUTCROP
FOLIATION

GNEISSOSITY  OR .
COMPOSITIONAL BANDING.

TREND OF MNCLUSIONS
GEOLOGIC CONTACT |
wr

HORNBLENDE ~BIOTITE TONALITE, ABUNOANT GARNLT-BIOTITE GNE!S3 INCLUSIONS
LEUCOCRATIC PINK GRANITE

MASSIVE TO FOLIATED BIOTITE GRANODIORITE WiTH MICNOCUINE MEGACRYSTS, ™
INTRUDED BY PINK GRANMITE, ° .

CLIFF LAXE
INTRUSION

WEAKLY FOLIATED BIOTITE TOMALITE TO ORANODIORITE

FOLIATED BIOTITE-HORNSLENOE QUARTZ DIOMITE “TO GRAMODIORITE'

BANOED GARNET-BIOTITE GNEISS ABUNDANT ouanvz-f‘cwsna,ytm.mnbn;:mn:.
LOCAL CONCQROANT B1OTITE TONALITE INTRUSIONS e TWILIGHT .GHEISS
) . N

. HORKBLENDE-BIOTITE GNEISS WITH MINOR AMPHIBOLITE INCLUSIONS A

PYROXENE-BIOTITE ~HORNBLENDE GNEISS ABUNDANT QUARTI-FELDSPAR VEINS,
COMMON AMPHIBOLITE e TRANL LAKE SERIES

AMPHIDOWLITE__, STRONGLY BANDED, MINOR EPDOTE RICH PODS

AMPHIBOUITE UNBANDED, LOCAL AGMATITE .

COARSE GRAINED, FOLIATED, PYROXENE~HORNBLENDE~BIOTITE TONALITE,
RARE MICROCLING MEGACRYSTS )

CLAY LAKE
STRONGLY FOUIATED GARNET-BIOTITE TONALITE TO GRANODIORITE, GRANITOI0
RARE MAFIC INCLUSIONS . *$UITE

STRONGLY FOUIATED, INTERBANOED BIOTITE TONALITE AND BIOTITE GRANODIORITE,
LOCALLY GNEISSIC, MINOR MAFIC INCLUSIONY, »

STRONGLY FOLIATED TO GNEISSIC BIOTITE TONALITE TO GQRANOQDIORITE, ' N
COMMON MAFIC INCLUSIONS —— e TRANSITIONAL SEQUENCE

TONALITIC TO GRANODIORITIC GNEISS , ABUNOANT MAFIC INCLUSIONS n CEDAR LAKE GN(ISS

ARG SR L] 1)

— - e e e e e— -—
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. Sohd Lines — Observed Assemblages
’ ' Dashed Lines — Possible Assémblages °

+ Hbl ‘
+ Brotite BASIC ASSEMBLAGES
{ ofter Winkler 1974)
Opx
c Cpx " F
c A' ’
+ K-spar
+ Qz

"Plag

PELITIC & SEMIPELITIC
ASSEMBLAGES

-+
+ Magnetite
F lmenite’

{ ofter Rheinhart 1968)

A':Alzo‘-(K20+N'ozo +Ca0)
F:=FeO ~(Fe O+ Ti0)

2 3 2
M :=MgO

.To Cpx

Figure 3-6 Mineral Assemblages —Lower Grade Subzone Of Re6i0nol Hypersth.éné Zone
» . . \ . *




A" = A1LOs KO - Co0 - Nao

F' = FeO,,-TiO

M =" MgO

139

Bi

Bi + Ga

Bi + Opx

‘Bt + Go+ 093(

%= 0 O b

CLAY LAKE
GRANITOID
SUITE

\ \
M
TWILIGHT
GNEISS
T\
M
3-7

PN IPIRY

.
¥ Rt omtstm it sk S sl



Tirre 3-8 2,7 orid of metamordhic mineral reactions

" 3
Mar+? ia a vossible nhase in all assemhlares

-

1, A7 4 Plar + ¥Yan + Van = Tin Tuttle and Bowen 195R%
2. Q7 + Yuse + Qlar’+ ¥an + Van = Lig =~ Winkler 1974
2, Q7 o+ "isec = ¥an + Si11 + Van Althaus et al 1970,
L, 97 4+ Plac + Yusc = ¥sn + Sill + Vao - Srant 1973
5. Qz't Plaes + Musc + Vao = Sill + Ligq .Storre and Karotke 1972
£, ®lar + Sill + Bi + Qz + Vavo = Cord + Gz + Liq Grant 1973
7. Qz + Plag + Ri + a + Van = Cord + Opx + Lig Grant 15%3
, nossible P,T equivalent £0
Q2 ; 37 = Onx +-5a + Ksn‘+ Vao Winkler 1967, 1974
R, Field of coexisting %a # Cord + Sill + Qz for bulk rock
cdmmositions Ted/Fed + lgN = 0,6 ‘Winkler 1974
: controlied by the reaction |
Céra = Gé +:Si11 + Qz '
0, Plar + 31 + Ga = Ksp + Cord + Oox + Liq Grant 1973
A = AlpSi0s -, L = Liquid
B = Biotite M = Muscovite :
C =.Cordlerite P = Plagioclase .
7 = Garnet V = Vapour )
K'= K, feldsvnar
’ L

. facing page 140
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Clitf Lake Intrusion

Massive Group A
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Fe O

Clitf Ldke Intrusion
Foliated Group B

Tot °

MgqO

‘Figure 3-13 FMA 'Plots For Granitaid Samples
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Figure 3-13 (contnued) FMA 'Ploys' For. Granitord Samples
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Figure 3-14 Amphibolites — Tholeiitic affinities -
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AzNo O0+KDO
2 )

X Type A Twilight * gneiss .au
O Type B Twilight gneiss . Og

Averdge Lithic Arenite
Average Greywacke .

O A Averoge Arkose .
Pettijohn , 1963

/// Field of greywackes Bell & Jolly, 1973
i
/ Field of greywackes from the Ahnstronq Area v
{English River Subprovince) .

e .
-t ,

Figure 3-18 Twilight gneiss — AFM. comparison with greywackes
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' ”_P;afé 3-1 Cedar Lake’gneiss. ‘Tyve locality

. ~/at Highway 105 and Cedar Lake °

.Dlate 3-2 Deformed, sigmoidal microcline'meya- i

crysts in a pranodlorlte of the Clay
‘Lake granitoid suite. Outcrop on '
Highway 105 at the Lands and Forests
pame check station, 18.9 miles north

of Vermlllon Bay

Facing Page 158
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.Plate 3-3 Possible lava tube from volcanic
' enclave at Cliff Lake on Highway
4 105 . -

v

I3

-

-~

.
:%! . oo, . t .

. o7 ‘
Plate 3:4 ' Deformed villow structureg in

amphibslite. Location’as =~
Plate 3-3'
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Plate™ 3-5 ‘Banded, quartz-magnetite iron
formatioh,” Volcanic énclaves at
the southern margin_of the Cliff
Lake granodiorite on Highway 105,
northwest of Trail Lake

.

il .

Plate 3-6 Twilight gneiss. 'Typé 1écality.
on Highway 105 south of Trail
Lake andfzofb mi.les north of .
' Véfmiliqn de S

. L






Plate 3-7 Fy2 folds defofming compositionél
‘ ‘ banding in CedariLaké gneiss. West
arm of Cedar Lake

Plate 3-8 Isoclinal.Fbl fold in Cedar Lake
gneiss, West arm of Cedar Lake -
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Plate 3-9 Boudinaged amphibolite enclaves in
Cedar Lake gneiss. North-arm of

Cedar Lake
Lo

Plate 3-10 Oblique section of Fb& folds in
'Cedar Lake gneiss w1th1n the

Tran81tlona1 Sequence, southeast

11mb of the Mystery Dome .-
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Plate 3-11 Fp5 folds in Cedar Lake gneiss.
North_ arm of Cedar Lake

Plate 3-12 Iséclinal Fp2 fqld in compositionally
' banded amphibolites from the
Transitional sequence. Note Fp3
boudinaze and normal kinks. Outcrop
on Highway 105, 0.2 miles south of
Trail Lake
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Plate 3-13 Fp3 internal boudins and normal
kinks in the Transitipngl Sequence."
Outcrop southeast of Trail Lake - ' ’

0 N . o

Plate B-ib Tight folds 'in compositional banding’
- 6f Trail Lake Series. Reélative age
uncertain - poSsiSly'equivalent to
Fb3; Outcrop on Highway 105, ‘west
" of Trail Lake '

-
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Plate 3-15
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Plate 3-16
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Fplt folds in Twilight gneiss. .7
Location'as Plate 3-6- '

4 . -

Post tectonit microcline megacrysts .

in banded amphibolite. Close to the

southern margin of the Cliff Lake.

éranodiorite. Outcrop on Cliff Lake
.logging road
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CHAFTER b

"EOLONY AT THE PEPPAYLT WALLS - VEPVILION 3AY DISTRICT ‘

L-1 INTRPCDUCTION

Durine the summer of 1975 the author was employed by
the Ontario Division of Mines, Geological Braqch and was
attached to Overation Kenora - Ear Falls. The operation - a
contimation of Overation Kenora-Sydney Lake (1974) - Waé a
helicovoter supported reconnaissance mappiné p;;gram in the
area bounded by latitudes 49°45'N and 51%00°'N abd by longitudés
93%30'%w and 92°97'W. The author was resnonsible for geological
m?nninq of a 1300 square mile areé ad jacent to highways 17
- and"LOS in the Perrault Falls - Vermillion Bay - Dryden
district (fig. b-1). The district includes the northern .
margin of the Wabisgoon Suborovipce, the English River Plufonic
Comnlex and.the southern margin of the English River Meta-
“sedimentary Migmatite Comnlex.'the }atter two units being
within }he English River Subprbvin;e. .

Data from helicopter travef§es done within the southern
vart of the district during the operatidn has been suvplied by
W.D. Bond of the-Ontario Division of Minés. The data forming
the basis of this chapter and fig. 4-1 are courfesy of the ‘
6ntario Division of Mines. ‘

Previous work within the district includes the mavping

of “Yoorhouse (1941) in the Eagle River area; a vetrologic

3
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study of the Perrault Falls Clotty Granite by Morin (1970)
and Morin and Turnock (1975); and a petrologic study of meta-
mornvhism along the Red Lake highway by Jones (1973). Dwibed?
(106A) also samnled rocks along the Red Lake highway as vart
of his reconnaissance petrolorfical and geochemic4l study of
the Enqligh River Subprovince;' '

'

4-2 DISTRIBUTION OF LITHOLOGIES

-‘The extreme northern vortion of the district is under-
lain by rocks belonzing to the English River metasedimentary
migmatite complex. The metasedimentary migmatites aré&best

exvosed in the area north of Perrault Falls and east of

Anishinabi Lake. The dominant rock type is a medium grained,

—~—

banded, fpliated garnef and cordierite bearing biotite-quartz-

plarioclase varagneiss of greywacke bulk composition. Local

.
Y .

mafic to intermediate, volcanogenic interlayers are present
' § ¥

- and rare mafic dikes al$d occur, Yarying vrovortions of
leucocratic, white.weathering granitoid material are presenf

;s dikes, sills, veins and séénegétions. Locally concentration
of this granitoid fraction has formed granitoid bodies mapped
‘as }ﬁhomogeneous, white leucotonalité to granite. HMeta- |
sediﬁentary migmatites (Fwilight gneiss) are also présent in
the cores of two domal structures in the Clay Lake Area
'(Chanter‘ﬁ).

The southern margin of the mefésedimentary migmatite

complex is marked locally by a tﬁin. highly discontinuous,

-
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mafic voleanic wnit at Wabaskane Take. At Perrault Lake the
mafic it 1s siacceeded northwards by a thin conglomerate
unit containineg mafic amnhibolite clasts and clasts of weakly.
foliated, biotite tonalite to eranodiorite. At Perrault
T,akxe and Wine Lake, the southern marein of the metasédimentary
mirmatite comnlex has been intruded bv concordant bodies of
weaXlv foliated, biotite tonalite - eranodiorite. Due to the
"nrevailine vertical attitude of foliation and the lack of
"wav un" criteria fhe facine direction of this sequence is
nnXnown., Elsewhere the margin is garked by a comvlex zone of
injection of massive, vink, equigranular pranite. o
These injection zones are marginal to several much
1arvér nlutonic bodies of massive nink granite, the 1arggst
-of which occurs in the Thaddeds Lake area. A thin sheet of

: s
. . . .. 1
nink eranite extends across central Perrault Lake to join >

with a second large uton centred on Ryan Lake in the area

between Perrault FAlls and Fleet Lake. A vrotrusion from
-

the western marrin of the Ryan Lake oluton extends northwards

throuegh Aerobus Lake and then eastwards into the céentral

Wabaskane Lake area. At Wabaskane Lake the intrusive component

is a mixed assemblare of weakly foliated bintite eranodiorite

and massive pink granite. The trend of enclaves within the

Anishinabi Lake pluton suggests that it is a discrete body.

Outcrovs of massive vink granite are; however, continuous from
:

the Anishinabi Area through southern Wine Lake into the

Wabaskane and Aerobus Lake .areas.
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A larre body of coarse #Zrained vornhyritic (alkali
feldsovar)spranite écéurs south of the Anishinabi Lake area
and is centred on Bornite Lake. The body has a mildly .
foliated border nhas;.

Two laree, tabular bodies of weakly foliated, equi-

s S B S o o A B T

fsranular biotite tonalite to granodiorite intrude gneissic

" rocks south of the Fleet Lake area. The easterly body extends

c .
nopth eastwards into ‘the Perrault Lake area where it is

”

intruded by massive pink granite. A similar body occurs south

a

of the Clay Lake frea.

R P ey 1

In the central portion of the English River Plutonic
‘Complex a widespread, sheet like body of porvhyritic (alkali
feldsvar) granodiorite intrudes gneissic rocKs.in the Cedar
Lake éﬁd_Clay Lake areas. The vorphyritic granodiorite is

generally unfoliated but locally - for example north of Cedar

Lake --it becomes weakly to moderately foliated. The body

is extensively intruded by small dikes and sills of massive

vink granite and is intruded by the Thaddeus Lake pluton.
Gnéiss;c;rocks are vresent throughout the Fleet Lake, "y

Cedar Lake, RoSs;Lake. Clay Lake and Quibel Lake Qgeas. These

o

seveérely foliated and variably banded rocks exhibit con-

A

siderable compositlonal and morphological varia{ion.' They are *
extensively intruded by small, granitic pegmatoid bodies and
nredate the intrusion of the major granitoid bodies previousl&
described. Large domal structures are oresent in these

; . el
Fneissic rocks in the Cedar and Clay Lakes areas. At Clay
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Lake the rocks are granulitic, containine orfhooyroxene and
o
carnet.

The Nafeking area is underlain by a variety of

var}ably foliated granitoid intrusive rocks with minor screens

of sneissic enclaves. The oldest intrusive unit in this area
is Eomuosed of moderately toistrongly foliated, équigranular.
biotite tonalite and granodiorite. Campogitionally and
mornﬁoloaically similar rockg intrude gneisses in the. Fleet

TLake area and in the area between Ross and Thaddeus Lakes.

This unit is intruded by massive to moderately foliated,
vorohyritic granodiorite in the Mafeking area. " An extensive,

mappable unit of infepmixed massive, medium grained to .
oegmatoiqé pink-granite and equigranular, weakly foliated,
grey -tonalite to granodiorite is preseﬁt south and east ofwthe
Ross Lake area. Simi;ar rocks,QCcurUséuth of the Quibel Laké
area and in fhe Rugby Lake area east of Mafeking.

In the Rugby Lake afea contact reIationships‘between
this unit and rocks of the Wabigooﬂ Subprovince are obscure.
Further west,howevsr.fin_the vicinity of Soma Lake, two small

" stocks of weakly foliated, biotite‘gréhod§orite mixed with

massive, pink pegmatoid granite contain numerous enclaves of

-

" metavolcanic rocks from the Wab@éoqn Subprovince. At @ngRed
Lake Highway, strongly flattened, volcanic focks o) thé
Wabigoon Suborovince are separated from a thin sﬂfver of
hornblende-biotite gneisses by mgséive, equigranular, pink

granite. Further west at Langton Lake the same pink granite

v

\w
,

14

1
3

Ram i b S L R Y




1 ) . /

171

@ i oot s o B o

)
contains enclaves aﬁg screens of metavolcanic rbek. Within
this district therefore the boundary between the English ;
Piver and Wabigoon'Sug;rovincee is obscured by intrusive §
rocks. ¥ C - : B
“A belﬁ of metavqlcahie rocks 1-2 km wide'occurs north
of Vermilion Bay at the northern margin of the Wabigoon sub-
orovince., This belt revresents the easterly oontlnuatlon of

the Tustln—Brldges metavolcanic belt mapped by Pryslak (1971)

'Pock tyves include mafic, massive, villowed and porphyrltlc
.flows: intermediate tuffs and agglomerates and minor inter-
calations of greywacke like metasediments. At the extreme

eastern end of the metavolcanic belt a narrow zone of

‘intermediate to 'acid ‘tuffs is' exposed approx. 1 km S.E, of

Wildrice Lake.
N [ -4

e 2 gt e awp %

A large area tp the east of Vermilion Bay (Eagle River -
Oxdrift) is underlain by metasedimentary rocks. 'The‘rocks .

aopvear to héve been originally greywacke type sediments with’

e Bcak

locally abundant oxide fagies iron formation in the Eagle
River area. Garnet and.cordierite are locally apundent in C]
tﬁe metaeediments.’ Veins, stringers and segregations' of
leucocratlc gran1t01d material are ublqultous. Thicker sills

) of coarser pralned to pegmata;d whlte leucotonallte and

-medlum grained, foliated, white granodiorite ‘to granite are "

very c¢ommoni, Over a large vortion of the Oxdrlft area such : i

Fran1t01d materlal constltutes greater than 90% of 1nd1V1dualf

outcrons and the area has been‘mapped as 1nhomogeneous, whlte

\ .
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leucotonalite to Fréniteu The margins of thesé bodies are
somewhat dlfflcult to define but field relationshivs 1ndlcat¢
that the inhomogeneous 1eucotona11te-pran1te is intrusive
into the metasediments at the oresent level of expésure.
South of the Oxdrift ;rea the northern margin of a
mafic to intermediate_volcanic belt which has been mavped by
Moorhouse (1939) extends far beyond'the boundaries of the

district currently under discussion.

South and west of'Vermilion'Bay metasedimentary rocks .

are preserved as strongly mobilised paragneissic remnants

within an intrusivé‘s@gtonic comolex. Massive -to weakly
foliated hornblende and biotite bearing tonalites and grano-
. diorites intrude the metasediments and the metavolcanic rocks

< * ‘: . .
of the Tustin-Bridges metavolcanic belt, - These early

-
B N S i S Ry yoy
.

intrusions are themselves intruded by massive, equigranular,

oetamn
(]

vink granite.
?

)

4-3 LITHOLOGIES - ENGLISH RIVER SUBPROVINCE

"(i) Metasedimentarv Migmatites

S AT A A M

English River tyve métasedimentary migmatites are well

exposed north of Perrault Falls on Wabaskang and Wine Lakes.
Similar rocks. the Tw111ght gnelsses, whlch outcrop in the

Cedar Lake and Clay Lake.areas have been fully described in

the nrevious chapter. The current description,will therefore

be restricted to rocks present in the northern sector of the

-n
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"quartz and blotitfe inclusions. . Some garnets with
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district.

The dominant component of these rocks is a brown
weatﬁering. gtrongly banded, medium to fine grained, foliafed.
biotite-quartz-vlagioclase Dayaéﬁeiss. Compositional banding
which probably reflects original bedding in the paragneisses
is frequently oresent, iﬁdiv;dual bands vérying from a few
centimetres to one or two metres in thickness (Plate 4-1).

Medium grained, gr;y%sh~brown. massive to weagkyxﬂr
foliated, units are inteflayered with generally thinner units

4

having a pronounbéd foliation. The'thicker.units are
éenerally in the order of one or two metréé thick and rarely
contain distinct leucosomes. They are therefore referred to
as "unreacted units". The rocks are, hghever,‘strongly re-:
crystallised and have a foliated équigranulér, interlobate
texture of quartz, plagioclase and biatite with grain s;ze in
the range of 0,2 - 0.6mm. Minor cordierite pdrphyroblasts may
be Dresent_aﬁd a few small’ almandine garnets bl

have been recorded. The layers generally lack intefnal

structure and contacts with other units may be eitheg sharp or

gradational.
Thinner layers which“wfll"be called "re

are coarser grained (0.5 to 2.0mm);- strongly foliated and

exhibit patchy or veinitic granitoid leucosomes. Garnet occurs

both as small equant grains_an@ as coarser ( 2.5mm) porphyro-

blasts which frequently contain an abundance of non-oriented

3
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inclusion-free rims have been noted. Cofdierite obcurs as
coarse, tabular to elongate vorovhyroblasts which 'are N
occasionally poikiloblastic with resvect to the pgroundmass.
It-has commonly undergone strong vinnitic alteration and'a‘
vale yellowish-brown'ﬁiotite replacing marginal areas has

also been observed. ‘Th;'groundmass consists of an equi-
granular, foliated, interlobate intergrowth qf qqartz.Q
plagioclase‘(ﬁné7_31) and biotite wi%h gfggﬁsize varying from a

»

0.5 mm to 1.5 mm,

-
Reacted units consistently display the development of
a granitoid leucosome which.is believed to be a ﬁobilis;te
oroduced during hiéh grade regional métamorphism and partial
anatexis (Méhnert 1968, pjllﬂ). The mobilisate develog&ent is
' characterised on the smallest scale by the ngesencé of 1ensoid‘
" segr8gations of quartz and feldsvar which are slightly coarsefb
grained than the host (1-2 mm). 1In outcrop the coalesence of
lensoid leucosomes may préduce discontinugus leucosome banding
with thicknesses in the bpder of 2 « 5 mm, Thin, biotite rich,
éelanosomes gfe frequently developed as borders to thiéker. in
situ; leucosomes. The in situ leucosomes are leucotonalitic
or raféiy granodioritic. - i
The thinner veins are usually complexly folded ptygmas
~with axiai planes subparallel to the foliation in the host
(Plate 4-2). Evid%pce of severe flattening of these veins is
:abundant. éuggé&tihg that they were injected early in the

deformational history. Such early veins have a foliated,

~
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equieranular, interlobate‘texture with grain size in the
ranze of 0,5mm to 2,0mm.and compositions rangina from
leucotcnalite to leucogranite. . A single vein is generally.
relatlvely homogenous in terms of comnositlon.

- Thicker, 1ntru51ve moblllsate units are less deformed
and often demonstrably discordant. They are consistently
white coloured regardless of their comcosition,which may
range from leucotonal1te to. leucogganlte over very short '
distances w1th1n“a“sl\vle body. Similarly, grain size within J
a sxngle handpsample may be markedly 1nhomogeneous varylng
from-0.5 mm in groundmass crystals upwards to 3 cm megacrysts
of feldspar. The moblllsate frequently contains pink
'aldandine garnets, both in the form of small, equant,
inclusion-free gralns and as coarse ( 3 cﬁl, spongy or sieve
textdred porﬁhvroblasts Bluish—grey'and mauve cordlerite
meegacrysts are a83001ated with ‘coarser gralned mobilisate
units. Biotite, muscov1te, apatlte, magnetite and sphene
occur w1dely as minor and accessory mlnerals. .

Throughout most cf the area between Perrault Falls
and'Anishldabl Lake the metasedlmentary.mlgmatltss contain

between 20% and 75% leucocratic granitoid mobilisate.. They

are thus cqmpgsitionally'and texturally equivalent to -

i

metatexites (Schepmann, 1936,f1937; Mehnert, 1968; Brown, .
1973) ) Locallyu however,'as on, Perrault Lake and to the
north of Wine Lake, the gran1t01d mobilisate phase becomes

domlnant and large bodles of 1nhomogenous leucotonallte to
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leqcnﬁranite are mavpable. The bodles aré generally con-
cordant with foliation in the surrounding metasedimentary
miematites and contain between 5% and 20% enclaves of these
rocks. Enclave density .is appa}ently greatest at the margins
of the bodies, the internal parts being 1qcélly échlieritic or
' néﬁﬁlitic'(Plate ﬁ—ﬁ) The coarser grained, mére homogenous
narts of these bodles contaln diffuse mafic clots of
cordierite, garnet, blotlte and quartz. Comp031t10nally and

texturally these units are equivalent to the diatexites of

Mehnert (1968) and Brown (1973) .

Tﬁere seems to be little dispute amonggt current
workers that the biotite - plagioclase - quartz gﬁeisses of
the northern vpart of fhe English River.Shbproyince are
sedimentary in origin. Thg high'mafiq content of these-roqks'
(15-30% biotite : garnet i cordierite) and the scale and
relatively continuous nature of combositional banding are
factors which favour a sedimentary origin. Unreacted units
may originally have beeﬁ psa@mitic or semipelitic grgywackes
and reacted units probably.rgpresent.originally pelitic shales
orﬁéhaley greywackes. The nature of-the interlajering-of
these rock types is éimilar'%o that of the turbidite bearing
Resedimented Association of Turner and Walker (1973).

. Van %erlKamp (pers. comm.) has‘studied.simi}ar rocks
in the Pakwash Lake and Laé Seul areas north and east of the
‘Perrault Falls area. He has noted the fela%ively low quartz

(25-35%) and high plagioclase (40-60%) contents of these rocks

.
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and their compositional similarity to dacitic volcanic rocks,
Both Van aer Kamp and Beakhouse (1974) have guggésted
compositionél similarﬁties between the Ohanapecosh Fofﬁation
of the Mt. Rainier area, Washington Staté (Fiske 1963) and

the English River metas;dimentary migmatites. The Ohanapecosh
Formation is a sub—aqueous deposit derived rather directly

)

from andesitic to dacitic pyroclastic material and a. similar
orlgln has been suggested for the Engllsh River metasedimentary
mlgmatltes. There 1s, unfortunately. no dlrect textural or

fabric evidence to support such a comparison.

(ii) Metaconzlomerate.

In the ﬁd@th—centrgl part of Perrault Lake a%thin
‘metaconglomeraue unit separates mafic amphibolite in the south
from metasedimentary migmatites to the‘nortb. Thé uuit is a
'oolymiutic orthoconglomerate, 50-75 ft wide, and traceable

for approximately one mile ‘along strike. The unit is dominated’

:
1
4
k
3
1

bv coarse clasts of coarse grained tonalitic granitoid rocks.

(O P AT EN
)

. with lesSer provortions of mafic émphibolite clasts (Plate

//

‘ u_u) Identlflcatlon of matrlx and est1matlon of relatlvg//’

clast matr1x abundance are dlfflcult due to the deformation

fabrlc imposed on the rock. , ";

" The most abundant clasts (35% by area) are a follated,

coarse grained (1 - 3 mm), hornblende-biotite tonalite con-

AT PG 4L

taining.abproximafely 12% mafic minerals, 25% quartz and 63%

feldsvar. Stained outcrovs suggest that potassic feldspars

~
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are virtually absent from this clast type. Larsrer clasts of

this tvne are ellivsoidal, havins dimensions of avprox.
Lg cm x 15 ecm with a relatively constant axial ratio of jzi.
Smaller clasts arg’much more elonrate and frequently ﬁave,

snlaved extremities.

Coarse ecrained, weakly foliated leucotonalite clasts

occuny avproximately 30% of the total outcrov area. Such

»

clasts contain avnvroximately 5%‘biotite, 30% ‘quartz and 65%

“feldsbar. Plagioclase is dominant but up to 5% potassic

feldspar may be present - often in thin, diffuse veinlets
within the clast. Leucotonalite clasts are generally smaller
and more equidimensional than hornblende-biotite tonalite

.clasts. Q%grser clasts range up to 27 cm x 18 cm with ‘roughly

constant axial ratiof iR the order of .5:11l. ‘Severdl much
more elonsate -clasfs of similar .composition are however also

present.

F;he graingd, strong;ylﬂoliatedn black amnhibo;ite
clasts occuvy avproxigately ?%? of the totalqérea.. The clasts
are stronzly elongate, ofténndisplay severe tectonic thinning
,at.extremities and have been deformed around and between the
more éomnet?nt tonalitic.clagtSu - |

Approximately 1Q%-{or less) of'the total area is -

occupied by fine grained ( lmm), siliceous tonalitic material

containing approximately 5-10% mafic minérais, 35-&6% quartz

and 55-60% plagioclase.: In places this material appears to

-
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form'ﬁiphiy elonzate and defofmeﬂ clésts Withlirregular

boundérié\. 'Else@here thé material is found between coarser

grained_toﬁalitic clasts where ii‘appeafs origina}ly.tg have

. .been matrix. Comnositionally'ana'texturally, this possible . .,
matrix is very'gimilar to relafifely siliceous, unreacted
units, which locally form é high propor@ibn of the meta--"
sedimentary migmatite assémblage, imﬁ%diately to.the north on
Pefrault Lake,

The facing direction of thé'donglomerate_bgaring
succe§sion at Perrault Lake is unknown due to the preﬁailing
vertiqal foliations and strongly deformed nafure of rocks in-

. the vicinify. "Derivation of the black amvhibolite clagts

from a thin mafic amphibolite unit oufcropping immediately

south of the cpnglcmefate seems however to be a reasoﬁablé

- sué&estion. If this is correct thé succession must be north- &
facinéjaﬁd the cong%oméfate tﬁerefore forms a bésai unit to : :
the overlying greywacke sucéess%én that now fofmé.the Bulk of
the metasedimentary migmatite comolex. :. ' 8

. Provenancé of. the tonalitic élasts is at pfesent an
.unresol&ed brobleml, Théy-most ciosely resembie thin, sheet ’ T
like, foliated tonalitic units which intrude the amphibolLites _ ]
:at Perrault Lake.and both amphibglites and metésedimentary .
épiqmatités at Wiﬁe Lake. Their provenance from this unit
Seems unlikely howevgr'inlvigﬁﬂof the time relationshipé just

suggested., There is a significant absence of anything
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rgsemblinﬁ a gneissic fabric in the tonalitic clasts. This -
SUEFQStS that the vneissic oluﬁonic rocks currently exvosed
immediately to’ the south were not. locally exposed durlng the
formation of the conglomeratp. R ¢ l

The con01omerate is intruded by concordant and dis-~
cordant dvkes of vink pegméxltlc granite associated w1th thec.

Perrault Lake - Thaddeus Lake granite pluton.: -

(1i1) Metavolcanic rockﬁ

Metaiolcanic units associaféd with the English'River~'
metase@ihenﬁapy miematite complek occur in two séttinés;
(a) .in%erngl'to.the complex, and (b)‘as a discontinuous
southern margin to the compiexf ' | ‘ R

At North Wiﬁe'Léke, po;sible metavoleanic rocks within
tthe complex form a unit approximatgly 30-50 metres wide aéross
\éQrike and extending avproximately 1.5 km along strike.
%ﬁlnlv banded, schistosé,-chloritic rocks are associated with
minor vsammitic to semi-pbelitic metasedlments ahd sooradlc
massive to fpllated,umaflq amvhibolites which’ rarely excéed 1
_ﬁétre in thickness. In thin section the banded, schistosé
rock contalns aDDroxlmately 15% quartz, 55” nlagroclase (AnBo),
2b%t chlorite and 15% epidotes; with an aVerage grain‘size of
0.6mm. Rare, 1ehtiéular, séf?, dark'gpeen, fine grained . °
aagregéﬁes qqted in outﬁrop‘%ut-abseqt from the tﬁin section
are-believed to gepfésent chloritised and pinnitised’péeudq-
‘morohs after cordierite, The most likely protoiith.for this

. ) o P
»
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rock Qou&d be a fineigrained, intermedfate tuff.

' "A unit of very similar looking ;;cks, 25;30 metres -
thick, outcrovs north of Perréulf Falls and just west of
highway 105, 'Compos{tional banding in these rocks varies froﬁ
2 cm to 1.5 metres ﬁhick Thicker units:are massive to.weakly
foliated but thinly banded units contain tight, small scale
folds with axial planes subparallél to egross composition
banding. The finer .grained, thi;ly banded-units display a -
weak vrotoclastic texture in thin section and contain approx-
imately 55%_chlorife, 20% quérﬁz,wlq% Dlagiodlase dnd 15%
'muscovite. Thiﬁ, cross cuttlng fractures are fllled with iron
stained chlorlte and enldote.

Two small outcrons of ofobable volcanic-rdcks are
exnosed in cuttlngs on the C.N. Rallroad (Grlfflth Mine branch
,‘11ne) 6. kllometres northeast of Perrault Falls. The outcgqps
are both reughly 30 metres across strlke and separated by
approximately d;s'km’id an extensi&ely drift covered area.
Foliated,'weakly vand ed mafic.dmphibolitéslgontain hornblende,
vale greéﬁ pyroxede, biotiteé, and plagioclase with rare epidote
“rich 66ds These afe in%erlayered with 5-10 metre thick, fine

. ?ralned, strongly foliated and banded ‘biotite- -quartz-

olagloclase gneisses whlch are folded by tlght uprlght dls~

harmonlc folds The gneisses Yy be weakly reacted meta~“

sediments or fine grainad irftermediate tuffs. The succession

4

is 1ntruded by sills and veins of whlte follated leucocratic .

-

ouartz monzonite whlch have also been folded. Late dykes of
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massive pink aranite are‘also oresent.

Mafic ampﬁibolite rocks, inferred to be of volcanic
oriein, occur as a highly discontinuous unit at the southern
marsin of the English River metasedimentary migmatite comvplex.
In xhé7north east of Anishinabi iake qompositioﬁélly banded
amohibolites coﬁféiniﬁg coarse grained pods and stringers of
epidote and plagiociase are associafgd‘with coarse grained
massive amphibolites agg metasedimenfary migmatites.' On the

east arm of Wine Lake, strongly banded maflc amohibolites *

containing 5% of epldote Dlagloclase vods are, associated w1th

_'thlnly banded, giliceous blotlte-quartz-plag1oqlase gneisses

containing up to 40% céarse,_gquant pink gafnet. '
Similar lithqlogies were fdédd on & small: lake south

and ‘east of Aerobus Lgkel At this locality mafic»amphibolite.

is infefbaﬁded on a scale Qf.l—25 cm witﬁ sii@éeods_biotite;

plagioclase-quartz gneisses. The banding'is severely deformed,

local concentrations of clinopyroxene occur and several thin

bands contalnlng up to 80% pink Parnet are present. Small

‘outcrovs in the central arm of Aerobus Lake display com-

0051t10na11v banded, cllnopvroxene hornblende plagioclase

' amnhlbolltes with mlnor flattened and boudlnaged lenses of

coarqe gralned epidote:- and plagloclase. The amphlbollte

. “"contaihs a band, 0. 5 to 1.0 metre wide, of thinly banded ‘

magnetlte-quartz iron formatlon.
A pillowed mafic amphlbollte unit occurs in the central

pért of McLeod Bay (Wabaskang Lake) at the southern margin of

-
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the 'Fnglish River me@asedimectary migmatige complex (Plate -
u-S).‘_Although the'pillows are'stfongly flattened, with a,6 - A | '
fairly_constant 10:1 axial ratio, continuous(pillow selvages ‘
'are excellently preserved and inter-pillow material has re- >
crystallised to coarse grained ageregates of pyroxene, horn-
blende and'olagioclase.. The plllpwed unit is approxxmately

10 metres thick Wthh is heavily 1n3ected by leucotonallte

. veins. . ‘

“As described in the previous secticn, the " conglomerate

-4

at Perrault Lake 1is bordered to the south by a thin, unbanded,

o v
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foliated, mafic amphibolite unit containing numerous white

\ﬁ\a‘

3
\ X 0

: 1eucotona11te veins. A possible continuation of this unit

occurs as a verv largze enclave within coagse grained, ma331ve

o 73 2 Ry

“spink granite at_Spadlna Lake to the east of Perrault Lake. At

FO—-

Svadina Lake the strongiy'baﬁded and foliated, biotite cearing
'amnhieoiite is interlayered with 1 to 10 metre thick dnits'of
.weakly blow banded or nebulltlcj whlte weatherlng leucocratlc §
granite. The enclave is at 1east 100 metres w1de across ' ;
vstrlke but its strlke length is. unknowh

Rare occurrences of maflc volcanlc rocks are known to ' B
be oresent w1th1n the English Rlver plutonic ccmplex.
Occurrences 1nclud1ng pillow form amphlbolltes and associated .
i banded 1ron formataon from the Cedar Lake area have been

describéd in Chapter 32
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Ci&) nhneis~ic rocks

ﬁarpe areés within thé.Eng}ish'iner'nlutonic cémple}
are underlain by vhéissiq rocks of extrémely variable com-
nnsition and fabric. Wnthln a sinegle outcron several dlfferent
. rock tynes may be comnlexely interbanded and interwoven and
isnclinal folds and severe internal'boudinage indicate that ‘the
rnaissic rocks have suffqred severe comnreséion perpendicular to,
the vresent gneissosity. It is most orobable, therefore, that
orlpxnally discordant relationshiWs betWeen v;rlous rocﬁ yoes
have been destroyed and that the present day compositional
bandlng is largely the result of transvosition. - Thé gneissic
'fobks confain the foliowing lithologies,‘although ot éll.
]1tholoy1es are oresent at a sincle’ outcroo.

(a) Amoh1bol1tes are common both as small, sevefel§
‘boudinagedllayers and*as lareer more continuous layers in thé
gneisses. ~ The thicker, more continuous units (up to 400
metres thick) are gsuaily cbmpositionally banded on-é scale of
T-20 cm. The comnositional banding is défiped Ey variations
in the plagioclase con&ent.’ Biotite rich layers “are ‘also
‘found_in the banded amphiboliies and‘pods or sﬁringersuoﬁ
coarse grained evidote énd/br diopside plus hornblende and
nlaﬁiocl;se are commonly present. fhelvasf majority df the
banded amphibolite occurrences are within the ?edar and Clay
Lake area= and have been previously described (Chapter 3).q
| Méssive, lineated or foliated medium gféiné&_(QrS—z.Omm)
amohibolite units with thicknesses ranging from 15 cm to 20

-
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metres penerally lack cdmpositional banding, They\frequently
occur as isolated enclaves or as strongly ﬂoudinaged units
within the tonalitic and granodioritic gneisses. Thin, leuco; .
tonalite veins aré'ubiquitous.;nd often tightly folded within
the amohiholite chlave. Agmatitic amnhibolité.units con- |
taining“an intersecting vein network of leucotonalite are also
common, The vast yéjority of ﬁnbanded‘amphibolité units are
concordant to éneissosity in their host rocks. Locally,
however, mildly discordant relationships have been noted
suggesting that soﬁe of these uaits may qriginally havé beén

4 . toe .
dikeées intruded into the protolith of the gheis;ic rgcks.

(b) Mafic~hornb1endé~biotite gneisses occur as coQm-

n031t10na1 bands on all scales. They are- medlum gralned

~

. (1-2mm) strongly follated. contaln a Weak compositional bandlng

‘
L3
%
14

and generally have a co;our index in the range 20-40, Larger IR

[

units frequently are associated Witp and contain inclusions of

urtbanded amohibolite. " Q" .

§

(¢)- Variably foliated biotite-hornblende quérfzu " .
diorite to-tonalite units are-a rare constithent of the gneissié

rocks These unltéyare medlum gralned (1~ 4 mm). moderately
(n

follated but unbanded, generally contaln noughly equal pro-

Vo
nortlons of blotlte ‘and bornblende and have colour indices

ranging from 20 to 30. Fairly continuous unlts in the Cedar
'iake area occur at the margins ¢f late 1ntrusxve granodiorite
#ranite bodies and are invariably associatgd with amphibolite . '

N
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units. Elsewhere this rock tvpe occurs as a.consistent but
very minor constituent of the gneissés in the form of X i

a

irrezular enclaves.

(d) Tonalitic and granodioritic gneisses are

velumetrically the most important component of the gneissic

\Fgcks. These units are compositibpally banded on all scales,
the most common being im the range 10-50 ¢m with internal
banding in the range 1-2 cm. . The quélity of comvositional
banding varies ffom thin higﬁly discontifuous, units to
.thicker units traceable for several tens~of metres. Banding
is defined largely by abundance of mafic minerals-; biotite’

andgminof hornblende - and by grain size. Colour indexiis

generaily in the range 5 to 20 but very thin mafic schlieren

e T N A P Rl e b b B B R 20, A T i

may contain up to 75% Biotite. More mafic bands tend to be
finer grained (0.5-1.0 mm).and strongly foliated, less ﬁafic
bands' coarser grginé@ (L-4 mm) and less foiiéted. Contacts ' '
‘between bands of different c&mpositipn may be sharp or ]

gradational. _ ” .

(e) Strongly foliated to gneissic tonalite and

PO P W

granodiorite forms the major component of the gneissic rocks )

in the Clay Lake area.. This lithology. is distinguished from

. ARtk i e g

unit (d) by the absence of a well defined, small scale com-
vositional banding. The unit is neveptheiess.stfongly or i
severely foliated"and locally a very poor{ discoatinuous, :

thin banding may be oresent. The rocks are medium to coarse y

[2)
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grained and have a foliated, sranoblastic iﬁterlobate texture.
Biotite 1s the dominanttmafic mineral accombanied locally by
hornblende; the colour index varies from 8 to 20. In the

Cléy Lake repion racks of this type contain orthopyroxene (see

Chanter 13).

(f) Leucotonalite occurs as thin concordant bands
and as strongly deformed, mildly discordant veins in all other
rock tyoves. Within the tonalitic and granodioritic'gneisées’
thin veins of le;cotoﬁalite uo to 1 or 2 cm(ﬁhick often out-
line isoclinal, intrafolial folds., The mediuﬁ»grained
(1-2 mm) , homogenous leucotonalite veins generally have weakly
foliated, allotriomorphic textures and colour indices less
than 5. Biotite is the dominant mafic minerai: but hornblende
"also occurs, Drincipally.in ledcotonalite associated with
amphiboliteé. Some leuqotqnalite uqits have tﬁin. biotitg
rich borders (melanosome) suggesting an ahatectic or&gin}

others are clgarly_diécordant and intrusive,

(g) Pink leuco—éranite,is a widesvread and locally,
volumetricallx important component‘of the gneissic ;ocké.
Its mode of occurrence ranges from irregular patches through
severely ﬁefqrmed lenses and veins to cleérly cross cutting
dikes. érain size ranges from aphanific,to pegmatitic and
the fabric may be foliated or massive., Clearly, several
vhases of ovink grénite development and injecfibh have takgn

olace. The earliest event produced medium graingd, 1-3 cm

Wy
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;\ \\
thick, oink wranite layers concordant té; and isoclinally
folded with, the gneissiclcomnositionally banding. Locally,
biotitic melanosomes are marginal to such 1ayefs suégesting
an an;tectic origin, Obviously cross cutting, medium grained
to nenmatitic; undeformed dikes are vorobably the latest
event, Between these two extremes a host oT'variably deformed

-

modes of occurrence are vresent.

Due to the presence in individual outcrops of several
lithological}y distinct ohases it became necessary, for the
nuroose\of reconnaissance mapping, to divide the gneissic
rocks into units defined on the basis of associations of
comovonents, Theseﬂcomponents and associations are listed in
Table 4-1. The procedure facilitated the outlining, in
reconnaissance fashion, of areas under}ain dominantly by
specific associatidns. Local aberrations are
‘presen% and detailed Qgpping will modify these
associations. N | ; ‘

The northern hélf of the Fleet Lake area is underlain
déminantlyﬂﬁy rocks of ‘the stréngly foliated to gneissic,
tonalite-granodiorite category (association A). The rocks

are weakly banded and contain only a modérafe_volpme (up " to

10%) of méfic enclaves which are generally unbanded amphibolite.

In the southern part of the Fleet Lake area the rocks -are
strongly banded tonalitic and granoc ioritic gheisses with

abundant mafic enclaves (association B). Locally, the bandeéd

o -

&
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tonalitﬁc eneiss association (H) or the gneissic amphibolitq-_
eneissi iﬁnalite assdciation (F} becomes dominant, '
Rae Cedar Lake area 1is underlain by association B,

Locally, hornblende-biotite gneisses (assdciafién C) and
amohibolite form relativély.continuous units too small to.
show at the reconnaissance scale.  Gneissic lithologies within'
the Clay Lake area are distinctly different from those of
the rest of the district due‘to their granulitic nature.
Detﬁiied descriptions of-gnéissic.rocks of the Cedar.énd Claye
Lake areas have.been presented in Chépter 3

. The Rosé Lake area is characterised by alternating
bands of‘associat§ohs E and H approximately 2.5 km Wide; The
repetition of associations iﬁ this area suggests the presence
of large scale folds with steep plunges but this could not be
confirﬁed Qur;ng the reqonnaissance.mapping.' Wiﬁhin the areas
‘dominated by association B, a secondary interlayering on a
scale of approximately 300-400 metres is also suggested by
the'feconnaissance mavping. Units of strongly.foliated, but
Qeakly banded, gneiésiaviggalite'with‘few mafic enclaves are
anﬁarently interlayered with strongly band ed tonnalitie aﬁd
grénddioritic gneissis with many mafic enclaves.’ The'relation-
ships‘betWeén these units could not be eétablished due to a
lack of time,‘but outcrovp de;sity is'good in this area and
detailed mrppihg could be rewarding.

A

The Quibel Lake area is underlain dominantly by the

»
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banded tonalitic gneiss associaﬁion (H). At Quibel Lake, in
the centre of this aree.‘bandedlgranodioritie and tonaiit;e
gneisees with abundant mafic enclaves (association é) are
o?esegt. The boundary between the two associations et Quibel

Lake is gradational over 50 metres or so.

(v) Granitoid Intrusive rocks

A wide variety of compositionally ahd morphologically
distinctive granitoid intrusive rocks occurs within the

district. 1In the'coqrse:of reconnaissance mavping an attempt '

‘was made to differentiate these rocks using the followiqg

crlterla: Dresence or absence of foliation, quality of
follatlon when present, presence or absence of phenocryefs.
grein eize{ presence or absence of recrystallisation texfures,
nefcenfage of potessium‘feldsban, percentage and type of mafic
minerals vresent. It has become clear that these.criteria can
be used to descrlbe a complete snectrum of gran1t01d types.

The soectrum ranges from moderately foliated, recrystalllsed.

p:
T 4

equigranular, medium grained, relatively mafic tonalites to

massive, porvhyritie, coarse grained, leucocratic granites.

In general terms the time relationships indicate a progression
‘:;\ .

from early tonalitic intrusives to late granitic intrusives. 3

(a) Moderatelv foliated tonalite-granodiorite -

—r e

Large bodiés of moderately foliated tonalitic rocks'
. . . " » R
occur in the western vart of the Fleet Lake area, northeast of

the Ross Lake erea, in the MafeRing area and northwest of the

’
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Quibel area. The body west of éhe Fleét Lake afea is 1 fact
"a comnlex.: The southern part of the body is dominantly a
erey, moderately foliated, medium to coarse grained (2- 6 .mm) ,
somewhat 1nequ1granular tonalite. The rock contains apvrox-
imately 6% biotite and has been- recrystalllsed with- sllghtly
coarser gralned plaq1oclases (b 6 mm) having hazy, 1rrepular
margins elongate in the foliation. Small enclaves of

foliéted but unbanded ;mphibolite are common and_rare enclaves
of co;rse grained, foliated, hornblende quartz'dibrite are
also Dresent. The latier enclaves présumably come'from a thinj
marglnal vphase exvosed at the eastern extrem;ty of the body.

‘The . northern part of the body is composed of moderately
to'strongly follated;_equlgranular. grey biot}te tonalite
having a slightly finer grain size (1-3 mm) and containing.
somewhat more biotite (8-10%). Thé entire body is laced by a.
network of thin, geﬁerally undeformed, white, leucograriite
veins. The northern, biotite,toﬁélite is alsq cut by a fgw'
thin veins (10-20 cﬁ thick) of fiﬁg grained,.maf;c, biqtité
tonalite which post date coarse grained, zoned granitic
pegmatites but predate aplltlc granite veins.

A thin, concordant body of moderately follated
tonalite—gfanodlorlte intrudes the'southern margin of the
Engllsh River metasedlmentary mlvﬁétlte c0mplex at Perrault
Lake. The body is comnlex. containing both a moderately
.foliated, equigranular (1-4 mm) granodiorite 'with 5% biotite

and 12% potassium feldsvar and a more strongly foliated,
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biotite tonalite with up to 12% biotite.
A_semi—ellipsoidal body of moderately foliated’

tonalite-granodiorite occurs at Bowden Lake, betweén the
Clay Lake and Quibel areds. The dominart rock type is a
med fum gra;ned (1-3 mm) allotriomorphic, moderately foliated,
‘biotite tonalite containing between 7% and 10% biotite.
iocally, however, the rock is a gr;Lodiorite containing up to
20% potassium feldspar in diffuse layers‘or somewhat patchyﬁ
areas. Potaésium feldspar varies in grain size from less: °
than 1 mm to avproximately 10 mm, the‘coafser grains having
hazy, irregular outlines. ihe overall.tektu?e sﬁggests a
mefésomafic'origin for fﬁe potaésium feldspér., The tonalitic
rocks contain uv to 5% enclaves -of amphibolite an% individual
outcroos may contain up to 20% of discordant, pegmatitic
granite veins. ' .

| The granitoid iﬂtrusive body occurring in the north-
western portion of the Ross Lake apea'is pooyiy aefined - both |
outérons an& data stations are few. At Puzzle Bay on Ord-
Lake the body is in ‘fact a.complex of moderately foliated,
" medium to éoa;séngfained tonalitic and gfanqdio;itié rocks.
fhe dominant foék‘type is an equigranular, medium grained,
biotite tonalite containing up to 10% biotite. Locallyﬂfhe
rocks becpme'coaréer éra;ned, contain }éss bioctite and
occagional microcline megacrysts (up to-1:5 cm) with hazy, -
irregular outlines are present, Foliated, medium.to fine

grained, leucocratic, white weathering granite is also vresent
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1oca1iy. Minor.amphibolite enclaves (uo to ¥5%) are always
vresent, as are late, discdrdqnt, pink pegmatitic gfanite
veins. .

. Intrusive Gfanifoid relationships>in the lafeking area
are extremelv comolex, A large, northeasterly trending area is
underlain dominantly by moderately foliated,wmedium grained,
(1-3 mm) allotriomorphic, equigranulér biotite tonaiite,f.‘
containing up to 10% biotite. Locally the tonalite is stronsly
foliatéd with a diffﬁge. irrégular bgndipg defindd vy,
altéfnations of leucotonalite and finer grained, biotite;rich.
~(lé%) tonélite. In vlaces protoclastic text%pes were observgd;
Tﬁe tqnalite may cbntain between 5% -and 10% enclaves of | |
Vfoliateﬁ, unbanided mafic amphibolite Qith irregular leuco-
tonalite veins. _Locally, reaction with mafic enclaves has,

- produced a foliated hornblénderbiotite quartz -diorite. At
Rosamund and. Rugby Lakes the "background" of moderately to
strongly foliated tonaliteé has been éxténsively intfuded by
weakly foliated'(1oca11y'méssiye), pinkish weathering, medium
to coarse grained,.granodiorite. Béth of thé previous rock
tyves are in turn extensively-intruded by massive, coarse :;

grained to persmatitic pink granite, -

(b) Weékly foliated tonalite-granmodiorite

« Two- large elongate bodies 6f moderately to wéakly k\
foliated biotite tonalite-granbdiorité occupy the area south of

Fléet Lake and extend eastwards int6 the Perrault Lake area.

&
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The dominant rock type is a grey,.medium'gnained (2-4 mm) -
equigranular biotlte.toﬁalite'with a hypidiomorphic to "
alletfiomoroﬁie texture. A weak foliation and/or lineation
~defined by orlentatlon of biotite and occasionally by elongate
quartz is usually nresent. Blotlt;‘contents are in the range '
8-10% and pota351um feldspar contents range from zero to 10%.
Mlnor amphlbolltlc enclaves are Dresent and thin, dlscontlnuous
blotltlc schlleren are common, 'Gnelsslc enclaves are abundant
at the northern margin of the Fleef‘lake body. The grey
:tonalite-granodiorite‘has been extensively injected by dis-
Jcordant dikes and veins of massive, medium grained to pegmafitie
" pink granite. )
_ A large body of tonglite-granodiorite essentially
1dentlcal to those Just descrlbed outcrops in the area south of ¢
Clay Lake. The_contact zone between this body and .the
mederatelv to strongly foliated, tonalitic ody'centred on
Bowden Lake is a thln uf:i of follated granodlorlte to granlte;
'The body is apparently.' ruded by massive to weakly foliated
vorvhyritic graﬁodiofiﬁe. Similar relationships hold true for .

the follated. equlgranular, biotite tonalmte—granodlorlte unit

' 81tuated midway belweeh the Nafeklng and Quibel Lake areas.

(c) Pink granite and grey tonalite-granodiorite

I Two large bodies of this associafion/are situated

northwest *nd southeast of the Mafeklne area. Massive to

¢

weakly follated or 11neated, medlum to coarse gralned (2-10 mm),

\
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'\‘ ’
:hvﬂidiomornhic{ viotite ( 8% prancdiorite is usually the ' i
.moét abundant vhase. It is alwayvs accomnanied, and often

~.dominated, by an extensive network of injected, massive,

»

medium grained to vermatitic vink leucopranite. The medium
erained varieties of, the vink lesucogranite have an allo-
triomorvhic granular fabric and avpear to have been mildly

. recrystallised. .Amphibolitic enclaves within the granodiorite

<
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- constitute 1% to 5% of individual outcrovs, . The enclaves are

-
M

frequently elongate varallel to the weak foliation in the

Cehe Rl

host, have maximum dimensions ranging up t6 2 metres and . :

contain enidote. -

’ Lithologically and morohblogically‘sim;lar units
intrude ‘the ﬁ;re strongiy foliated tonalitic rocks.of the
Méquing area ad&valsb occur'adjacenf to the.English River *
Subnrovinée_- Wabigoon Subprovince_bouhﬂary:' In the latter | 2
situation the intrusive rocks contain enclaves clearly derived
from metavolcanic and metasedimentary rocks of the Wabigobﬁ

Subnrovince, ) : ' ) .

(d).-. Porvhyritic Granodiorite

Extensive sheet like bodies of 'porphyritic granodiorite
6ccur throuehout the English River blufonic comolex., A

4

detailed descrivtion of thé porohyritic granodiorite from the '

ATAI s S8 0 K LRI ol

‘Cgddr - Clayv Lakes area has been presented in Chapter 3. ,
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(e) Massive eﬁu;granular pink granite

Laree, homorenous bodies of equigranular, massive,
vink -cranité are restricted to the ﬁorthern vart of the
Enelishk River plutonic complex. Three, plutons centred on
Thaddeus{ Ryan’ and Inishipabi Lakes are interconnected by
anoﬁH&syes_extendinq through Perrault, Kerobus and Wabadking
‘Lakes. The domingnt rock tyve is a hyvidiomorovhic-granular,
med ium grained (1-4mm), unfoliated, pink coloured, ieucooratic
granite which rarely contains more than 5% mafic'minerals .
(biotite t magnétiteﬁ. Potassium=fi%dséaf conteht'ﬁefy rarely
exceeds two thirds of the‘total feldspmar content. Peématitic
Dhgses are common and weakly foliated varieties are locally
but spars%;yibresenf. Enciaves of country rock in the
interior portions of the plutons are rare but tﬁe.margins of

the" vlutons are often difficult to'define due to an ab@hdancexj

"’ 'of enclaves.

The Dink.éﬁgniées afenclearly‘intrusive into both the
eneissic rocks of the Engiish Riyé% plutonic cﬁmplex and the
mefaéedimehfs,of thé English River meta;edimentary‘migmatite
,cogoiex. CgmoositionallY~and textufglly similar rdck; are,
also extensiv§1yvinjected as veins, dikes and sills of the
latest phase into all othér rock units in both the‘Englis@/

River and Wabigoon Subprevince,

() Massive nrrphyritic granite

3 ' ' e *
.A larep pluton of coarse grainqd porphyritic granite is
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centred an Bornite Lake, south of the Anishinabi Lake area.
In the centre of the nluton, euhedral microcline mevécrysts

averasine 2 cm x 4 cm are vnresent in a coarse grained hypidio-

mornhic eroundmass. The merfacrysts generally exhibit. a marked .

alienment interoreted as a primarj'floy texture, and in vlaces
coﬁstitute'és much as 56% of the total rock. The groundmass is
‘generally impoverished in pétéssic_feldspgr and has a tohalitic
compdéition. Mineralogical abundances are as follows: - quartz
25-L0%, vlagidclase 15-25%, microcline 35-50%, bictite 5%.
Trace amounts of hornblende and magnétite are also vresent.

The margins, of the pluton exhibit a weaﬁ foliation and thé rock
tends. to lose its vorphyritic texture. Coarse grained, suﬁf
hedral microclines with haéy, irregular margins are setvin a
doarsé Frained gfanodioritic groundmass.:'3écryétallised,
ientiCular, discontinuous qugrtz agg;eéates are also éommon in

<

the marginal fabric.

Within the area mabped, the vorphyritic granite pluton ._

is.gnﬁirely‘éurrounded'ﬁy massive, pink, equigranular granite
énd-thé mapped distribuﬁion suggests that thgkformer.is in-’
trusiyg into the latter. Hawevef, on Aerobus take the marginal
phase.pf theé oorphyritic~granite is cut by thin, %i;dly dis-
cordant dikes of,equigranular; mediﬁﬁ grained, éink granite
which suggests reversed age relationships. Discordant,

vegmatitic, gfgnite.dikes were also noted to be intruding both

the marginal and central vortions of the porphyritic granite.

L Te e
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On the eastern arm of Wine Lake a narrow dike 10 to

15 metres wide of Dorphyritic:syenite infrudes.wéakly foliated
rranodiorite. The syenite contains approximately 65% micro-
cline. as coarse, guhedral. strongly aligned megacrysts uﬁ to
9.cﬁ Xx 1.5 cm in dimension. Tﬁe megacrysfs have medium to '
» fine grained plagioclase'rims which comprise app;;ximately 20%
of the total rock volume. The maprig (15% by volume) consists
of a mediﬁm to coarse grained intergrowth of ho;nbleﬁde and
biotite withﬁtraces.of maqnetife anq quartz.  The porphyritic
svenite %s éut by discordant, fine grained, grey aplitic
_'granite_vgins,ﬁ-lj cm wide which have bleached, white reaction
.mérgins 2-3cm Qide. The o¢curfence is uniqﬁe within the-

district and presumably is connected in some way with the

. .Bornite Lake vorphyritic granite. .

4-4. LITHOLOGIES ~ WABIGOON SUBPROVINCE

-

i

(i) . Metavolcanic rocks |
A broad belt of metavolcanic rocks which are the

easterly cohtinuatiﬁn.of the Tustfn—Bridgés metavqlcanic belt

(Prysiak 1971) éccuys north of Vermilion Bay. Thé_belt is

dominated by mdfic'to.intermediate‘pyrop}astic ;dcks and

foliated, mafic volcanic flows, now amphibolitiec.

o

(1i) Metasedimentary rocks
A large area east of Vermiliocn Bay is underlain by

metasedimentary gneisses and migmatites. Metasedimentary

. .
\ : *
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litherlories are interdigitated with metavolcanic litholosies

alone hishway 10% immediately north of Vermilion Bay. In

.manv resnects the Wabigoon Subwnrovince metasediments are very

similar to'thé northern, Enslish River metasedimeéta?y
mismatites. '

%The rocks‘afe strongsly and continubusly Sanded on
scales from 2 cm to severél metres. Bilotite rich; relétively
velitic, units alternate with semipeliticdto psammitic units
and Droduée a morﬁ(ilogy similar to that found in greywacke -

turbidite units elsewhere in the subnrovince. Fabrics

"suggestive of metamorvhically réversed'graded bedding are

" occasionally vresent but are never sufficiently well preserved

N

to use as facing indicators. Rat ean, magnetite-quartz

banded iron formations occur interband€d with garnetiferous

metifediﬁgnts in the Eagle Lake and Eagle River areas. Mafic
volcanlc rocks are extremei& rare and restrlcted to thin
(20-50 cm thlck) concordant, medium gralned massive to weakly
foliated, mafic amphibolite units that could be orlglnally
ih%rusivg sills. - : o )

| The degree- of metamorvhism and anatexié~of the meta-
sedlmentary rocks LS very similar to that found in the northern

English Rlver metasedlmentary mlgmatltes. Typically the

metasediments consxst of a granqplastlc, equlgranular

. (o 1-0.5 mn), follated 1ntergrow€ﬁ of biotite, plagioclase

(Anao) and quartz. Fine to medium grained (1-3 mm), equant,

1
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almandine =arnets are frequently vresent and voikiloblastic
s ) :
cordierite crystals (uv'to 6 mm) are commonly aliened in the

foliation. Wore velitic units frequently contain thin lensoid
aseresates -of quartz and volagioclase interpreted to be in situ
mobilisate. Microcline is a rare constituent of the meta-

sediments and where vresent is usually in the form of irregular

-
*

fine grained natches. .

In the Eagle Lake area, southwest of Vermilion Bay and

LAt gl

locally in the eastern Oxdrift area'metasedimentéry migmatites

contain a high percentage of granitoid mobilisate., The rocks

P

retain a orimary comnositional banding which is rendered

discontinuous by ipregular, anastomosing, sheets of leuco-

v

tonalite to leucosranite mobilisate. The mobilisate comprises
N .

up to 75% of the total volume, is compositionally }nhomogeneouég

Sl agnla hn t 3 e

severely inequigranular and has a schlieritic to nebulitic

fabric. : .o

(iii) Inhomorceneous leucotonalite and leucogranite ’ :

.

Py
. White intrusive rocks varying in composition from

leucotonalite to granite are ubiquitous éonstituentsxqf the

- metasedimentary migmatites anqlobcur in a variety of .forms

TREPLY WL

from thin veins to thicker dikes and sills. Thin, mildly
discordanf and often strongly deformed veins are most commonly

of leucotonalitic composition. The veins rarely constitute

more than 0% of an individual outcrop. Thin melanosome ' ©

margins to the veins are extremely rare. The most common
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occurrence of leucotonalite - granite is as 1-15 métre wide
sills concordant to comnqsitional banding and foliation in
the host. The sills are often litholoaically and texturally
comolex and some vroduce a thin, biotite rich, melanosome
zone in the metasgdimentary host.

In the Oxdrift area the coalescence of such units with
the consequent subjuqation‘of'thelnéasedimentary.comnonent
oroduces outcropé with a plutonic igneous abppearance. MNapping
of these outcrops has outlined a large, irregular complex
comvosed of inhomoseneous white, leucotonalite to leuco-granite.
There age two dominant'bhases within the complex. The most
common rock type ié a coarse grained to pegmatitic, white,
unfoliated leucotonalite to leucogranodiorite.‘ The rock baé a
markedly ineqﬁigranular,lserigte texture. It contains goarse
egrained, subhedral to euhédrai. bluish coloured plagibclase‘
accomoaniea by lésser'Qplumes of quartz and minor microcline,
musc;vité and biotite. Fine grained, pink garnet and pale bdblue
:anatite_ére consistent accessory minerals. fhe second most
common rock tyﬁe is a medium-grained, massive to weakly |
foliated, equigranular Ieucogranite containing approximately
equal prﬁportions of quartz, flagioclase and potassic feldsnar.,

Muscovite, apatite, gagket and biotite are common accessory

minerals.

Both rock types méy contain small encléves of meta-

" sedimentary rock which geﬁeraily exhibit melanosome reaction

¢
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rims. Locélly. thin units of white, equigranular granite
contain mafic 'clots' in which cordierite is accompanied by
garnet, biot§ke and quartz. It would seem that these two
dominant phaées,must habe been intruded coevally since
mutually intrusive relationships may be found throughout the
area. The latest granitic phasé in the compléx consists of

o}nkish—white coloured, granitic pegmatite veins which
locally contain coarse euhedral tourmaline cryétals.

It is the opinion of the present author that the
Oxdrif£’1eucotona1ite—leuco&rénite comblex revoresents
'allochkhonous. jntrusive mobilisate derived from par%ial
anatexis of metasedimentary rocks currently‘at'é deeper level,
This ovinion is based on the following'obserg?tionéx

(a) white leucotonalite and leucogranite are
restricted to an associat;on with metasedimentary rocks and
frequently contain schlieritic enclaves of metasediment.

(b) the white leucotonalite and leucogranite display

intrusive relationships to adjacent metasediments.

’

(¢) a.zone of severely-mobilised metasedimentary

X :

migmatites is. absent from the margins of the complex which

suggests that it was not generated in situ,

(iv) —;:iipsive rocks of the Vermilion Bay Area

\Pr nitoid rocks intruding metavolcanics and meta-
. " ' . . ~ '
sediments-in the Vermilion Bay area range in,composition from

4




o~ - : : 203

tonalites ton granites: In(the southeaét of the area meta-
sediments are intruded by a medium to coarse grained, massivé
to very weakly foliated, grey, hjpidiomornhic biotite tonalite,
A small oluton of similar rock occurs %4 km WSW of Vermilion

Bay. Intrusive rocks due east and due west of Vermilion 3Bay

are weaklf foliated, medium grained, biotite tonalites and

FYamgdiorites. which 1oca11y'céptain abundant metavolcanic and
metagedimentary enclaves, South of Vermilion Bay, weakly
fol’gted, medium grained hornblende-biotite tonalites contain

small>mafl¢ amphibolitic enclaves. All of these units have .-

been intruded by rocks associated with the large, equigranular,
. . !

massive, vink granite pluton that occupies the southeastern

corner of the district. This pluton is texturally and‘com-

1

vositionally similar to the Thaddeus Lake and Anishinabi Lake

plutons of the English River Subprovince.

.

-5 STRUCTURAL GEOLOGY

(i) English River metasedimentary migmatile comolex

Only a small part of the total metasedimentary migmatite
comvlex is presenf within theldistfict eiamihed. Thrbugﬁout

the major vart of the area, cbmpositionai banding and

foliation are coplanar with dominant E-W strikes. The regional

orientation og dominant foliation has beén.deflected in .some

a?eés by late granodiorite and granite intrusions, |

The earliest structures (Fal).recognised in the area
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were nrobably produced by a strong layer-normal compression.
This event vostdated the intrusion of originally discordant,
leucotonalite veins which are now deformgd into "ptygmatic"
folds (Platg 4-2). The folds probably originated as' simple
buckle folﬁs and were subsequently flattened to ﬁroduée the
ovresent class 1C to class 2 geometry (Ramsay 1967,.p.366).
The development of a foliation, which is generally parallgl_to.
compositional-banding, in the metasedimentary rocks can be
.inferred to have occurred during this event. Thin, concordant
amphibolite units and concordant.leupo%onalite veins weré also
boudinaged at this time. Tight to isoclinal folds iﬁ primary
compositiongl layering, which one might expgct to be associated
with tﬁis early event are extremély rare (Plate 4-7).
"Subsequént,foyﬁing events havg proauced tiéht to cléSe
folds in compositional layering and foliation, These folds ..
have’been'separated'into two'groups Sased on fold'style and
" presence or absence of_associated_axial planar foliatién. it
must be‘emphasised that the temvoral relatioﬁship of these
fold groups has not been established.
'Féé foids are generallj_assymetrib, tight to close .
folds with interlimb angles varying between 25° and 70°
(Plate 4.8}, The\félds,afe com%only*: disharmonic, have upright
axial planes and fold axes plunging at shallow angles to tﬁe
west. .Fold geometry is ééneraily class iC and'tﬁere is
usually an axial plaﬁar foliation developed. Thg Fa2'foiiation

can only be distinguished from the F_ 1 foliation in hinge

(YIY
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recions of T2 folds - elsewhere the two foliationé are sub-
varallel to comnositional bandina.'.

Thin, lelcncratic, rranitoid mobilisate veins are
frequently emvlaced -varallel to axial volanes of the F, 2 falds.
Fa2 folds élearlf Dogtdaté F,1 folds (Plate 4-9). Rare, dis-
éordant, mafic amphibol;te dykes which appear to postdate .the .
F,1 event are disharmonically folded by the Faé event, It is
possible that the Faz folds oreda?e or are synchronous with
the development of majqr inhohogeﬁeous leucotonalite -
lTeucogranite bodies: Enclaves of metasedimentary gneis§ in
these bodies'are frequently deformed by tight Fy2 folds.
Comvositional layering and foliation at the margins of the
bodies are severely and disharmonically contorted; refiectihg
the highly mobile state of the migmatites.

a3‘felds ;*é relafively concentrié (Class 1B-1C), -
‘close to onen folds with 1nter11mb angles between 60° and 110°
The folds have uprlght NW SE ax1al planes with steevly
plunging fold axes and are apparently restricted to t@ose areas
where the dominant foliation and banding has a NE SE
orientatlon. Locally, kink 11ke folds with patchy veins" of
gran1t01d pegmatite Darallel to their axial planes are
"associated' with F, 3 folds (Plate 4-10). It seems likely that
Faj folds-predafe or are associated with the intrggion«of ﬁinku

granite gnd grey granodiorite bodies.

——
3

\ .
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(11) Enelish River Plutonic Comdlex

Within the English River plutonic complex the dominent
" 2aW o structural trend of the ZTnelish Divef Subnroffnce is

tronvlv distorted by intrusive Fran1t01d olutons. In general
'terms the overall arraneement of 11tholog1c units has a
broadly WSW- ENE trend In the Cedar and Clay Lakes areas this
trend is disrunted bv large, ellivtical, domal structures in
the qne1331c rocks.

The earliest visible structufes'(Fbl) within %he
gneigsic rocks are intrafoliai, rootless, class 3 folds
generally ouflined by thin leucotonalite veins. Theée folds
‘are contained wmthln a heterollthologlc comnos1tlonal banding.
The comnos1tlonal bandlng is itself deformed by tight to‘
;socllnal,.s;mllar (cless 2) folds with axial planes parallel
" to gneissosity'kaz). The event which prcducéd'the Fp2 folds
has therefore most ovrobably transposed a'prefexisfing'com—
vositional bahd ine. Amphi%dlitic,enclaves.whicﬁ may repreeeht'
ofiginai'dikes have been tishtly folded and eeVerely boﬁdinaged'
—durine this eveﬁt. The formation of these Fy2 folds was
succeeded by 1ntense layer normal comnress1on cauSLng internal
boudinage and normal klnklng in the gne1381c layerlng (Fbg

structures)

The ‘formation of the magor domal structures in the

Cedar - Clay Lakes areas apnears to have been at 1east
]

bartlallv coeval wlth 1ntru31on of large, sheet- like bodles

,[
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of nnrnhvri{ic rranodiorito ~ Minor structurés nrobably
as<001ated with the domine event 1nclude relat1velv close .
fold with class 1C morpholoey (Fyl) and two srouns of unright.
oren to close, class 1B minor folds hav1ng mutually Der-
pendicular axial planes (Fbs, Fb7). The latter .folds locally
deform poroﬁjritic granod%orite dand vink granite dykes‘and

sills associated with, the major .late tectonic intrusions. The

relative intensity of these two fold grouvs .varies throughout

- the Cedar and Clay Lakes areas and they may well have been

rroduced during a single deformational episode.

L]
s
* [

(iii) Wabigoon éﬁborovince
.With the exceotion of the area sou%h and west of

Vermlllon Bav, lltholoylcal units in the Wabigoon Suborov1nce

have domlnantlv east-west trends and vert1ca1 or near wertlcal

d1ns. The metavolcanlc and metasedlmentary rocks have been

‘moderately flattened with the development of a strong follatlon

in most 11thologles In several cases it can be demonstrated

that - the. onlv fq;latlon nresent in the rocks is’ dlscordant to

comn031t10nal bandlng.

-In olaces. 1nterna1 foldlng of orlglnally m&ldly dlS—
cordant leucotonalite veins has produced tight folds in the
veins with gglal planes subvarallel to comp051§10nal lqyerlng,
without significéhtly disfupting the 1éyering itself. Else-

where, early deformatlon of thicker leucotonalite units has’

" nroduced tl?ht folds in the ad jacent compositional bandlng

o
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(Fcl): Such'early folds invariably have steeply vlunging fold
axes conéained in the steevly divving foliation.

' A- later set o?'aeymmetfic. class 1C -tight to clnse.
unriesht folds w1§h,varlablv vlunging fold axes (F 2) deform
the early foliation, com0031tlonal bandlnv and early. gran1t01d
moblllsate in the metased1ments. The latest foldlng event

(Fc?) produced uorlght ooen. class 1B folds w1th subhorlzontal )

,axes and relatlvelv large wavelengths in the order of 15 metres.

(1v) The Wab;goon-EnElish River Subprovince boundary

The boundery between the metavolcanic and metasediment-
ary rocks .of the Wableoon Subnrov1nce and gneissic rocks of the
Enellsh River’ Subnrovmnpe 1s almost totally obscured by later
vhases of granitic thru31onﬂ In the sectlon along hlghway
lOSt 3:& km north of Vefmilioo Bay, the metavolcanic rocks are
separated from goeissic rocks by a zone_of granitie intrusion
300-400 metpes'wide.x "
' As the border is aoorejohed the metavolcanic rocks
become more severely foliated and rapldlv 1ncreas1ng "strain is
recorded by agqlomeratlc units and nlllowed floWS Volcanlc
nlllows, 1500 ft south of the boundary, have maJOr aXlS ratlos.
in horizontal sectlon on the order Qf 12:1 and similar ratios
in vertical section.' Coérse ffagment agglomerates, 1300 ft
from,the boundaryv, contaid earl&“leucotonélite veios whiphtwere i
origidally perpehdicuiar to Dreeeot foliation. The veing have

been buckled quite severely and indicate shortening per-

a
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OrlFlnallj a fault zone Wthh currently has a subvertlcal

Av) Correlatlon of deformatlonal events

fre amonto in the arelolerates have been flattened and currengly

pendicular tn foliagiiz:in the order of 75%. Coarse felsic

have nrincinal axis ratios of avproximately 10:19:1 (Plarp 4-6).
These rocks have therefore undergone. an oblate, flattening
tvne of gtrain. ¥afic amohibolites, 400 ft from the boundary,

contain what aooear(%qwbe éxtremelvy flattened nillow forms.

<

- The oresumed villows have axial ratios in horizontal section on

the order of 200:1. “Coarse garnets in the oresumed nlllow
selvages have also been flatt ned to Strongly oblate

e1110801ds (Plate bL-11).

.

Outcrops immediately north of the intrusive pink granite

- zone consist of severely foliated ‘and banded hornblende-.

. L. 9 e e C . . .
bintite tonalitic and granodioritic gneisses. Gneissosity and

“contained isoc;inai folds are locally distorted by concordantly

o

bounded, steevoly diooing; zones of simple shear which record a

1eft lateral dlsolacpment.

. = .
\ -

The. ev1dence suggests, therefore,’ that the boundary

(‘\ .
between metavolcanic rocks and gneiSSLC rocks in. this area was .

orientation. The fault zone has served as a locus ‘for preferred
intrusion of the-later granité bodies.

Numerous. small scale, early isoclinal folds (Fpl,

04

sz) deform comp051tlonal bandlng of granitoid gnelsses in the

v

English Rlver vlutonic complex. The formatlon of‘these folds

~

3
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was succeeded by an intense flattenine event which produced
internal boudinage and normal kinking (Fp3) of the transvosed

Fneissosity. Thé earliest recognisable:folds.(Fal) in the

metasedimentary migmatites are invariably present in originally

L}

discordant veins. The formation of these folds was apparently
accomoanied by dnfense flattening - without apprecdable minor
folding.- of the compositional banding.

-

It seems reasonable to postulate, therefore, that the

N

é A,
.

Fp3 structures in the aran1t01d gneisses and the Fjzl structures
in the metasedlmentary mlgmatltes were formed durlnq the same
deformathn event (D3). If such is the case, the gran1t01d .

gneisses record a structural hlstorv (Vbl - D1y sz - D2) whlch

.
. .
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oredates that of the metasedimentary mxgmatltes. It is

P

o0351b1e theréfore that the granitoid gnelsses represent a

.

sxallc basement oh which the protolith of the metasedlmentary

(

A

1cmat1tes was dep051ted

In the Mystery and Tw111ght domes of the Cedar - Clay

Lakes area, however, metasedlmentarv mlgmatltes are

structurally overlaln by gran1t01d gnelsses. In order to.
exvlain this structural anomaly, it has beeo suggested_
(Chavter ?) that the early flatteniné event (D3) recordad by
the me%asedimem%ary migmatites, ‘was accompanied eithervby ma jor
recpmbemt folding or by Iarge scale sub-horizontal‘thrusting.

Subsequent. folding events which’ produced the Fa2

and Fa3 structures in:the.metasedimentary migmatites and the

1
S

,
* . .. ,
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late domal, structures in the eranitoid sneisses may also be

correlatable (Db, D5). These structures were host‘probably

-

associated with intrusion of the late tectonic éranitoid,

A »

vlutons. . ,

.L-6 METAMORPHISH

(i) English River Metasedimentary Migmatite comvlex

Metamorolic conditions within the cohplex have

" exceeded those required to produce widespread vartial anatexis

'_of the metasediménts. The ev1d9nce 1n favour of an anatectlc

origin for the w1d°suread gran1t01d "moblllsate" portlon of

the mlﬁmatltes has been nreqented in sectlon - 3(1) The

‘ com0031t10na1 varlablllty of the moblllsate most probably

. reflects local varlatlons in Drotollth composition. Micro-

cllne i$ notably concezj?ated 1n the mobilisate and is rarely

oresent 1n quantities eXCeedlng 2% in the non-mobilisate

vortion (restite?). Coarse vrimary muscovite is also locally

oresent in the mobilisate but is absent from thq non-mobilisate,
'Uortlon (except as & retrograde vhase) . - Irrégular mafic clots

contalnlng blotlte, quartz, carnet and/or cordlerlte are

frequently present in the mqblllsate. These tlots are mosf
lbrobéblv a refractory'residue»from the ahatexié of t%?/para;
gnelsses as was sugpested by Morln and Turnock (1975)‘ for

the Perrault Falls cluttv ‘granite. - ‘ i

b‘-

) Within the metasedimentary component of the complex,

S o = e

NN E

A

5 Y SR ) 1, S AR

Y

e e amoa



212

.

pink almandine earnet occurs both as small. equanﬁxgralns and
as coarse oorvhyvroblasts contalnlng abundant quartz 1nclusxons.
Cordierite is frequenuly associated with garnet and ocCurs as
ragged, Doiki}oblastic crystals afigned Qarallel'to.the
dominant foliation. Fibrous sillimanite was recorded in a
couple of outcrops but was dnly present in one thin section
studied.’ ' |

Texturally stable minéfal éssemblages developed during
the main metamonphic event in ‘the metasediments includéx
(fig. u-zy) '

Biotite + garnet ’ {wqi;

o T

Biotite + cordlerlte

-
P

] - ‘.

Biotite + cordlerlte + gannet ¥ mlcrocllne

Quartz and plagloclase (An27_31) are always present
The single example of sillimanite noted in thin seption occurs
as a coarseiy crystallihe inclusion within a largé cordierite
voikiloblast. The hand samble also contains minor éimandine‘
garnet which uhforfﬁhately is abseht fromythe thin section."
The two phase system 31111man1te - cordlerlte can probably be
cons1dered to be stable vut 1t cannot be texturally vroven
‘ that the assemblage blotlt? + garnet + corﬁlerlfe + sillimanite
was stable. P } . " '

‘ The dlstrlbutlon of muscovite, microciin@land.

sillimanite is considered to be significant. Bulk chemical

composition of the rocks may be a contrdlling factor on the

vrominence of these mineral phaées'but the absence of chemical .

of gadn

§ opfiamy
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anaiyses orevents an assessment qf this-effect. Pelitic --
dqmnositions are éertainly not abundant, howeﬁer. because
AlpSiOgmineral vhases are Very rare.

. Harris §1975) }eports.muscovi%e bear;hé assemblages
in varasneisses from the Eastern Lac Seul region which can be
traced into vrograde muscovite-free assemblagé® containing
sillimanité.\ Harris asiribes the disappearance%of ﬁuscovite

to the reaction: | - ' '

Muscovite + Quartz = Sillimanite + Microcline + Hy0 .....(a)
. Within the Dresent,district'the absence of muscovite s
and paucity of sillimaniteAin non—mobil;sate portioﬁs aﬁd the
:ﬁrefé}en?TEI“ﬁccurrence of .microcline in’granitoid mobilisate
may be_b;tter'explained if muscovite breakdown occurred by
the foliowiha reactioﬁ:” .
G Muécovitg + Qﬁartz + Plag?&élasg + Micfoclin@ + Ho0
| = liquid ﬂ........,.;.;:..(b)
The'equilibrium conditions for reaction (b) are, within
the 1limits of experimental acéurapy, the same as those for the
beginning 5f melting in the system albite + micrécline + quartz""
|+ Hy0 (Tuttle and Bowen 1958, Werrill et al 1970). Reaction (b)
imolies wateér pressures greater than 3.5 kb and'temperaﬁures

4

greater than 625°C (fig. 4-3). .

.

The relative abundances of almandine and cordierite
are almost certainly controlled by tulk rock composition.

-

However, the coexistence of almandine and cordierite with quartz

¢

and locally with sillimanite may be significant. Hensen and

,
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Green (1971, 1972, 1973) and Currie (1971) have experimentally

investigated the reactions

-

Cordierite = Almandine + Sillimanite + Quartz

Cordierite + .Biotite = Almandine + Microcline + 20

Winkler (1974) has used this data to outllqé the ~R.T

‘flelds of the coex1stence of cordlerlte % almandine +

_-sillimanite + quartz for various Fe0/Fed + NMg0 ratios of bulk

rock comvosition. .Chemicah%analyses of roeﬁs from the present.
district are not‘avaiiable. However, similar rocks from the
Armstrone district of the English River §ubprovince have Fe0/
Fed + Mg0 ratios in,the range 0.55 to 0.65 (Data supplied by
F.W.:Breaks. Ontario Division of M;nesj. Assuming, therefore,
an Fe0n/Fe0 + Mgb ratio of 0.6 for rocks in the nreeent
dlstrlct temperatures 1n the range 650 750O and assuming

the valldlty of Winkler's diagram, the mlneral assemblages

suggest pressures in the range 4,5 kb to 6.5 kb.

The. major ﬁefamorpﬁic event appears to have coincided
with the initial structural event (Fal structures) to oroduce
a follatlon deflned by strongly orlented blotlte and
lenticular quartz gralns

The .temporal reletlonshlps between structural events

and the leucogranitoid portlon of the complex is not fully

»

understood. Some leucotonalite veins which wege originallyé>7 o
€ W

dlscordant have been severely deformed by the Fzl structur
\

In contrast, concordant pegmatltxc moblllsate is generally

\

\
1
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unfoliated. Examvles have been observed however, of concordant
nermatitic mobilisate which is deformed by(FéZ folds which, in
turn, have leucotonalite veins varallel to the axial plane.
Enclaves of metasedimentary gneiss within the major diatexite
bodies (inhomogeneou% leucotonalite-leucogranite) frequently
" have been deformed by Fy2 folds. '

The conflicting field evidence suggest that more than .
one veriod of mobilisate generation occurred. There may have

been a diachronous relationship between anatexis and certain

structural events - varticularly the~Faé\structures.

Minor retrograde chlorite and muscovite are present in
most samoles and cordierite is frequently strongly pinnitised.
Limited evidence suzgests that the retrogression was synéhronous
with develophent of faZ structures. In one section s#udied,
the early foliatix1—defined by parallel alignment of biotite,
quartz and cordierite - has been deformed by small scale folds
npobébly associated with F,2 structures. On-the limbs of "
these f&lds str&ngly pinnitised cordierite voikiloblasts form
irregular augen shaved masses with blurred edges. In the
cores of the félds cordierite is less deformed andlless
severely ninnitiséd: , }

Large iensoid.areas é;ceeding 1 km long and several
. tené of metres wide y;thin the metasediménféry migmatite complex
have 5eeﬁ mapped as probable intermediate tuffs and mafic.

volcanic rocks. Samples of fine graihed material from these
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units have equigranular: amoeboid textures cqnsistinn of

quartz, nlazinclase and chlorite with muscovite or epidote.

The exact field relationshins between these units and the
surrounding metasedimentary miematites have not been established.
"It is nossible however f%at these units may revoresent selective

metamorphic regression,

(ii) Eneglish River Plutonic Comvlex

‘ Gneissic rotks of the comvlex do not, in general, have
compvositions suitable(for the formafion of critical meta- -
m&rnhic grade indicator minerals. The granitoid gneigses
generally contain assemblages consisting of quartz + plagioclase
+ biotite t‘micrdcli e T hornblende. Muscovite is absent
(eAcevt as a retrograde mineral) and microcline is abundant.
Theé@ is also an abundance offieucogranitdid vhases which in
many cases mayAhave anatectic origins. Associated amphibolitic
enclaves generally contain hornblende and ﬁlagioclase (An33:40>
with minor diopside and occasionally contain biotite, quartz
and evidote. These fac%ors'suggest that the gneissic rocks
have undergone at 1eést one périqd of‘medium.to high grade meta-
mgrphism. ‘ : | ‘ .

Orthovyroxene and garnet are present in a wide variety -

'of rock t&pqs throughout the Clay Lake area. Cordierite is not
oresent in this area. The assemblages recorded'%re dfiagnostic

of the regional hynerstlene zone (granulite grade) of high

grade metamorohism (Chaptér 3 'section 5). This metamorpvhic

P
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event is believed to have.occurred simultaneouély_with the
deformational event which produced Fb3'stfuctures.

A widespread, buf relatively mild, retrogressive meta-
morvhic event is alsp recorded in the gneissic rocks. In the
Clay Lake area this event produced an extens1ve serpentlnous

alteratlon of orthopyroxene and minor Cth”lth alteratlon of

) blotlte and garnet. Elsewhere, sericitisation of plagioclase

2

and erowth of secondary muscov1te, 1ocally‘accomoanied

by enldotei is widesoread. This event is belleved to be
related to intrusion of late gramit;c vlutons. Amphibolitic
enclaves within the plutons may contain randomly oriented’

diovside crystals. /

7

(iii) Wablzoon Subprovince

v

The maln metamorphic event within the Wablgoon
Subnrovince coincided with and probably outlasted the early%
deformatlonal event . The ﬁajof foliation in metasedimentary
énelsses is deflned by parallel orlentatlon of biotite and by
elonpatlon of quartz. In the nghway 105 area and throughout
a large area west of Oxdrift the metasedlmentarv gneisses

contain cordlerlte and.mlnor garnet. Cordierite p01k110blasts'

are generally alighed pafallel to the fo;latlon.and may conyaln

-irregular inclusions 6f quartz and lesser biotite.  Minor

traces of fidbrolitic silliménite'intergrown”with biotite‘were.

- -1

observed revlacing the inner nortlons of cordlerlte porphvro-

blasts in only one thin section studied. Garnet Fenerally



occurs as small equahé Frains d;stributéd throuéhout\the
fock. It often occurs as small inclusions wighin plagioclase
and was found as an inclugion in tordierite in one sambvle.

The following texturally s%able assemblages were
observed in the metasedimentary gneisses:

quartz + olagloclase + biotite + cordierite

quartz + plagioclase + biotite + garnet

quartz + plagioclase + biotite + garnet + cordierite

Plagioglaée compositions range from Angzn to Anig wifh
a distinct modal maximum at Angz. Leucotonalitic mobilisate
vhases may contain coarse‘coréierite. Granitic mﬁbilisate
phases containing mafic clots of garnet, b?otite and quartz are
alsé Dresgnt. Retnogrgssive effecté éfe generally mild in the’
métasedimentary gneisses, involvipg p%nnitisapion of:qordierité
and chlorltlsatlon of biotite.

Wlthln the Tustin-Bridges metavolcanic belt, 1nterv
mediate tuffs contain ‘quartz, blagloélase (Anzq). biotite and
hornblgnde.. Mlnor quantltles of chlorite, muscov1te. epidote
énd carﬁoﬁate also occur. "The latter minerals cannot always
be assigned &ith'any certainty to retrogressive events, Mafic
amohlbolltes close to the rnorthern margin of the belt, near
Wl;df:;e Lake, contain coarse porphyrobléé&s of plnk garnet in
a foliafeh plagioclase_aﬁd hornbleﬁ&e bearing. groundmass with
minoy’ quartz'and magnetite. The nlagloclase composition

could not be determinedwmith any accuracy due to,Tack of well

developed twinning. .Refractng indices greater han quartz

e
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ané nositive biéxial'ootic figures with very high 2V suggest
the vlagioclase is within the andesiﬁe range. Jones (1973)
revorts plégiociase'composifions of An38 from metavolcanic
racks of the Tustin-Bpidges belt exposed along highway 105.
The above,assémbldges and the presence of mqbilisate

vhases in the metasedimentary gneisses indicate that the major

&

metamorphic event attained conditions equivalent to those of
bcor@ierige-alméndine high grade metamorphism (Winkler i974).‘
These conditionstare simila? to those determined;to exist
durihg‘métamorphism of the Ernglish Rivertmetésedimentar§

migmatite comvlex.
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Table L-1

Cneissic rocks - comvonents

(a)  Amphibolite ° : S !
(b)  Mafic hornblende-biotite gneiss

(c) Biotite - hornblende quartz diorite
(a) Tonalitic and granoﬁioritic,gneiss
(é) 'Fgliated to gneissic tonalite and gfénodiorit?

() Leucotonalite

() Lellcogranite

2

Gneissic rocks - associations

Association A..s.....components (d4) A (a)
Association B........components -(d) + .(a)'lL (c) ¥ ()

Association C........components (b) T (a)

Assépiatiqn Fu'resoso.comoonents (a)‘}'(b) + (e)
Association.G........comvonents (e) T (a)
H.v.eeov.components-Tonalitic equivalent of (d)

Association
+ essential (£), minor ()

Association K......;.pomponenté (a) + (b) ¥ (e)
. 4 ) (
all assoéiations contgin variable proportions of components

(£) and (&)  °

—
“e

‘
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BASIC ASSEMBLAGES

{after Froese 1973):

Plagioclose

Epidote /-
_ Clinozoisite

<

~
N
c o . Clinopyroxene Hornblande F

Cummingtonite

Al

Sillimonite

+ K" spar PELITIC & SEMIPELITIC
+ Q1 ASSEMBLAGES
+ Plag

+ Mognetite { after Winkler [974)

+ [imenite

éordlgrnc

F=2Fe0 -(_t:'ezol+ Ti 01)
M :MgO

Almondine

S I A
Biotite

Cordierite — almandine high grade

. Figure 4-2 Mmneral Assemblages Of High Grade Metamorphism (Amphibolité

A =Alz0' - (KIO +N030+C00)
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Pioure 4-3 P,T grid of metamorohic mineral reactions

Quartz -is a possSible nhase in all assemblares

\ , :
1. Qz + Plaer + Ksp + Vap = Liq Tuttle and Bowen 1959
2. Qz + Musc + Plas + Kso + Vap = Liq Winkler 1974

3. Qz + Musc = Kso + Sill + Vao Althaus et al 1970
L, Qz + Plag + Musc = Kgo + Sill + Vao Grant 1973

5. Qz + Pldr + Musc + Vap = S¢T1 + Liq - Storre and Karotke 1972

1l

&. Plag + Sill + Bi + Qz + Vap Cord + Ga + Liq Grant 1973
7. Qz * Plag *+ Bi + Ga '+ Vap = Cord + Opx + Ligq Grant 1973
possible P,T equivalent to
Qz + 3i = Opx + Ga + Ksp + Vap Winkler 1967, 1974
. ®. Field of éoexisting Ga + Cord ¢ Sill + Q2 fof‘ﬁulk rbék

compositions Fe0/Fed AF*Mgd = 0.6 Winkler 1974

controlled by the reaction

Cord = Ga + Sill + Qz i
9, Plag + Bi + Ga = Ksp + Cord + Ovx + Lig Grant 1973
A = A13Si0g4 L = Liquid
B = Biotite M = Muscovite
C = Cordierite P = Plagioclase .
5 = .GArnet : V = Vavour
K = K. feldsovar Lo
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Plate 4-1 Reacted and unreacted compositional
banding in a metasedimentary
migmatite. Note the injected
granitic leucosome which contains'
garnet and cordierite megacrysts.
Reacted bands contain garnet and
cardierite. Wabaskang Lake

Plate 4-2 Ptygmatic leucotdnalite-veihs in a
weakly reacted metasedimentary '
migmatite. North of Perrault Falls

{
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Plate k-3 Schlieritic, inhohogeneous leuco-
) tonalite-~leucogranite (Diatexite)
Wabaskang Lake

Plate 4-4 Deformed metaconglomerate, Perrault
Lake. Dark clasts are amphibolite,
lighter clasts are-foliated biotite
tonalite and foliated leucotonalite.
Note the absence of gneissic clasts
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Plate 4-5

Plate 4-6

Pillow~form amphibolite from the

southern margin of the English

River Metasedimentary Migmatite

Complex - McLeod Bay, Wabaskang
Lake

™

3

Flattened, intermediate agglomerate
from the northern margin of the-
Tustin-Bridges metavolcanic belt,
Wabigoon ‘Subprovince. Outcrop on
Highway 105, 3.5 km north of

" Vermilion Bay
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Plate 4-7 Isoclinal Fzl fold in compositional
banding of a garnetiferous meta-
a;y migmatite, Wabaskang '
Lake '

sedime

‘Plate 4-8 Fgz2 folds deforming compositional
’bandi?g in a metasedimentary . &.
migmatite, 16 Km north of Perrault
Falls
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Plate k-9 Tight Fa1 fold in compositional
banding of a metasedimentary
migmatite refolded by a more
open Fa% fold. Wabaskang Lake

AN

' Plate 4-10 Kink like Fa3 folds in metasedimentary
migmatite with-pink granitic: pegmatite
segregations parallel to the axial.

planes, WaEﬁskang Lake
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Plate 4-11 Flattened garnets in pillow selvages
of a mafic volcanic sequence, ?ustin- .
Bridges metavolcanic belt, Wabigoon
Subprovince, Less than 0.5 km from
the Wabigoon Subprovince - English
River Subprovince boundary. &4 km north
of Vermilion Bay, on Highway 105.
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CHAPTER 5
TECTONIC EVOLUTiON OF THE EN3LISH RIVER SUBPROVINCE

Comvilation of data from the current research program
and from Overation Kenora - Ear Falls (Fig. 5-1) permits
the construction of a provosed tectqnic evolution for the
English River subprovince. It is quite clear that at least
three, tectonically distinctiﬁe; assemblages of rocks out-
croov within the boundaries of the English River Subprovince.

Sevefely deformed granitoid gneisses (tectonic
assemblage I) are expﬁsed_in the soutﬁern parts of the sub-
Drovinée'and in the east this assemblage extends well into
the central parts of the suborovince. These gneisse§ afe
‘considered to be the oldest tectonic assemblége present.
Tectonic assemblage II, composed of supracrdstal meta-~
sedimentar&'migmatites and minor metavolcanic rocks, occﬁpies
a 20-30 km wide zone in the north of the subprovince.
Evidence suggests that this assemblage was ﬁeposited on, or
ad jacent to, é sialic basement composed.of assemblage I.
Tectonic assemblage. III consists of granitnid plutonic-rocks
varying in c&mbosition from quartz diorite to granite which
clearly intrude and hence postdate both of the previoﬁs
assémﬁlaées. ~The granitoid plutons are concentrated towards
the central axis of the English River subprovince, but are
by no means restricted to thid¢ area. -
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Granitoid:gneisses of tectonic assemblage I are
considéred to be.the oldest rocks present in the subprovince.:
This conclusion is based ‘dominantly on detailed work in the
Cedar-Clay Lakes area where the assemblage has suffered a
complex deformatlonal history predating deposxtlon of the proto-
lith of the Twilight gneisses. The granitold gneigses were
most probably derived from early intrusive granitoid plutons.
The presence of amphlbohte enclaves within the gnelsses
suggests the presence also of an early supracrustal volcanic
assemblage which was deformed along with the gneigses during
the D2 event in the Cédar~01ay Lake area., Similar suggestions
concerning the relationship between granifoid and amphibolitic
gneisses of the Kenora district have - also been made by Gower
(pers. com, 1975).

Severely foliafed to gneissic tonalites and grano-
diorites also belonging to tectonic agsgsemblage I may represent
an earlv period of intrusion into the granitoid gneisses at
some tlme postdating D2. In the Cedar-Clay Lake area, the
gneissic tonalites and granodiorites (Cléy Lake suite) are
clearly younger than the granitoid gneisses (Cedar Lake
gneisses). Elsewhere, however, the relatlonshlp is less clear
and is the subject of some controversy amongst current workers.

Krogh et al (1975) have obtained a probable U/Pb
zircon aée'of 3043 t 35 m.y. frow rocks of tectonic assemblsage
I outcropping iﬁ;the Eastern Lac Seul area. It is still not

clear, however, whether this sample is representative of the

o~ L o
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granitoid. gneiss gubgroup or the gneissic tonalite-grano-
diorite subgroup.
Mafic to intermediate metavolcanic rocks of tectonic

o«

assemblage II form a thin, highly discontinuous unit at the

southern margin of the English River metasedimentary migmatite l

complex, The metavolcanic unit may be traced in discontinuous
-selvages from Pérrault Lake.‘through Wabaskang, Anishinabi,
Oak and Separation Lakes in%o the Bird River gfeenstone belt
ig'Manitoba. _Metasedimentéry migmatites of tectonic |
assemblage I1 outcrop north of the metavolcanic belt and the
two rock groups are separated locally bz.an orthoconglomerate
. (Perrgult Lake, Oak Lake, Booster Lake and Ryerson Lake). The
conglomerate contains both foliated metévolcanic frégmenfs
and foliated tonalite fragments and is hence most probably a
basal facies of the metasedimenté‘(Definitive evidence for ‘
.the facing direction of theée sequenceé has not been reported).
Van de Kamp Zpers. comm. 1974) and Beakhouse (1974b)
have suggested that the metaéedimentary migmatites of tﬁe‘
Ear Falls area werejderived and rapfﬁiy deposited from a
predominantly volcanic terrain. Similar conclusions have
been reached in regard to the Twilight gneisses of the Cedar-
Clay Lakes area. Ehe-ﬁost logical proveﬁance areas for the
ﬁa%erial which formed tﬁe English Rivér metased imentary
- migmatites are the volcanic ter;ains of the Rice Lake greén-

gtone belt and the Uchi subprqvincé. The volcanic rocks of
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these terraihs may thus be coeval wifh or slightly older
than the English River metasedimentary miématites. A more
siglic, and perhaps local, provenance area is indicated by
basal orthoconglomerate and siliceous metasedimentary units
in the Perrault Falls area. The lack of granitoid gneiss
clasts in the Perrault Falls conglomerate is puzzling. It
indicates, perhaps, that the local provenance area was
dominated by intrﬁsive granitoid bodies similar tp the
proto;ith envisaged for the!Clay Lake granitoid suite.
' The regular and consistent compositional layering and
local presence of poorly preserved graded bedding suggest
‘that the English River metasedimentary migmatites of grey-
wacke bulk boﬁposition were deposited.as turbidites. Further
_ev1dence of the dep031t10na1 environment of this assemblage
is lacking due to. the obllterating effects of the later,
high grade, metamorphism. - The exact age of tectonic
agssemblage II is unknown at present, It must, however, be
greater than 2.7 b.y. which is the approximate age of the
major me%amorphic evéht in the Manigotagan gneiss belt
(Krough et al 1975) ‘

If the proposed correlatlons between the Twilight ’ ;
gneiss and the northern, English river m%pasedimentary
migmatites are correct, the earliest deformation recorded in
the northern area must be coeval witﬁ the D3 cveht_racorded

from the Cedar-Clay Lakes area. This event was apparently
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dominated everywhere by an intense flattening normal to
compositional layering and the production of a strong
foliation. Examples of folds affecting compositional
layering which may be correlated with this event are, however,
ektremely rare. In the Cedar-Cléj Lakes area 'the D3 .
deformation was apparently responsible for subhorizontal
interleaving of cover (Twilight gneiss) and basement (Cedar
Lake gneiss) assemblages.

The third tectonic assemblage present in the English .
River subprovince consists entirely of intrusivg granitoid
plutons which clearly postdate assemblage i and II. This
assemblagé may in fact be divided into as many as three'sub~
aséemblages based on the degree of foliation and metamorphic
recrystallisation. In very general terms it would appear that

there was a progressive sequence of intrusions starting

with more basic compositions and ending with. acidic, potash

~ rich plutons.

Relatively mafic, foliated, hornblende quartz diorite

plutons in the Kenora district probably predate intrusion

_ of the Dalles foliated-biotite-tonalite/granodiorite pluton

(Gower pers. comm. 1975). In the Mafeking area, modqrately

foliated biotite tonalites and granodioriteé are intruded by

massive to weakly -foliated biotite granodiorite. The large
4 .

pluton of massive, pornhyritic granodiorite which forms the

central axis 6f the English River plutonic §§mplex post-
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dates foliated biotite tonalites but is intruded by equi-
granular pink granite. Similér'age relationships hold for the
large pluton of weakly foliated to massive porphyritic granite
which occupies the area between Oak and Bornite Lakes.
Massiv?, equigranular pink granite forms boﬁies of gll sizes
ranging from major plutons to s@all dikes and is obviously the
latest phase of granitic aqtivity recorded in the subprovince,

The sequence of granitoid intrusion described above is .
extremely generalised and may well be a gross oversimplificat-
ion. It is ciear, for instance, that massive, unrecrystallised
granodioritg bodies are locally présent. ags are foliated, re-
crystallised pink granite bodies. There may therefofe be
included within tectonic.assemblage 111 several cycles of
granitoid intrusion whose composition varied both in space and
time,

4 The exact age relétionships between granitoid intrusion,
deformation and metamorphism are also unclear. In the Cedar-
Clay Lakes area, granitoid intrusions of tectonic assemblage
111 obviouély post-date the D3/@3 dynamothermal event. They
appear, however, to be intimatély associated with thealater
structural evénts. including developwggj of domal structures
in the countgy rocks{ . A tentative correlgtion may be made
between.de;eiopment of these structures. and that of the two
later groups of structures recognised in the Perrault Falls -
Wabaskang Lake area of the Engliéh River metasedimentary.

migmatite complex.




Tt is sucrested, thorefnreg that there was an eaPIY
phase of tectonic activity controlled by subhorizgntal
movements (D3) and a later ohase (or nhases) controlled by
vertical, diaviric emplacement of granitoid olutons. The time
interval sevaratine these phases - in terms of absolute years -
mav not ha een very great. A major metamorphic event in
the Manigotaran fneiss belt and the metasedimentary migmatites
of the eastern Lac Seul area haﬁ been dated by U/Pb zircon at
2680-2699 m.v (Krogh et al 197“il1975). Reported Rb/Sr ases of
granitoid intrusions of tectonic'gssemblage ITI from Manitoba
raﬁge from 2610 m.y. to 2735 m.y. (fig.2-6). The rather high
errors quoted for these ages make them virtually inseparable,
but it is orobable that intrusive activity occurred over a time
interval of at least 175 m.y. and may have been episodic.

.1t avvears, therefore, that a sialic nucleus did exist
within the Znglish River suborovince prior to 3.0 b.y. ago,
This nucleus consisted dominantly of grégg;Eﬁﬂ/gneiss and
lesser intrusive granitoid plutons with remnants of an early,
volcanogenic suvracrustal assemblage.

A major supracrustal’depositary developed along the
northern flanks of the English River sialic nucleus 3.0 b.y. -
2.75 b,y ago. This depositary received detritus from two
flanking volcanic belts which imparte& a rough bilateral
syﬁmetry to the éystem. Relatively little detritus was de-
rived from the gialic‘nucleus but it must have been at least

locally emergent. The northern volcanic chain (Rich Lake-Uchi

D

C~



237

Lake greengtones) was volumetrically dominant. The southern,
volcanic chain (Bird River-Separation Lake g%eenstones) may
originally have been discontinuous and particularly so towards
the east.

| Temporal relationships between supracrustal rocks of
the Uchi and English River subprovinces and those of the
Wabigoon subprovince are ,uncertain, Both, however, predate
intrusive granitoid plutons of tectonic assemblage IiI and
postdate granitoid gpeisses of tectonic assemblage I. They.
~could thus be regarded as broadly cdeval. However, the time
svan separating tectonic assemblages I and III must be at least
250-300 m.y.3 which is more than adequate for the development
of sequential, rather than coeval, volcano-sedimentary
sequences.

The major deformational event postdating‘deposition of
the supracrustal assemblages in the English River subprovince
was accomﬁanied by (and outlaéted by) a major thermal event,
This deformation produced subhorizontal interleaving of gneiséic
basement and supracrustal rocks in the Cedar-Clay Lakes area.
The event ‘was respoﬁsible for severe flattening in the English
River metasedimentary migmatite cgmplex and the production of
local isoclinal .folds. The original orientation of these -
folds was probably épproximatg}y E-W but the attitude of their
axial planes is.unknpwn. The major thermal event caused
metam;rphiSm with grades increasing towards the axis of the
'Enélish River plutonic complex. Granulitic assemblages were

¢
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déveloped in the Cedar—Clay ;;;es area during this event.
Subsequent deformatlonallevents were probably coeval

with, and controlled b&. emplacement of granitoid plutons.

Major faulting at the southeyn Boundary of .the English.River

subprovince partly predated thls emplacement and partly was

coeval with it. :Maaor faulting at the northern boundary of

the subprovince postdated the 1ntru81ve event, It is possible

therefore that faultlng and/or intrusion were dlachronous

across the subprov1nce.' It lB probable that granitoid intrusion

14

occurred over 'a tlme 1nterval of some 130 m. y. If the major
faultlng even&s in the north and south were coeval it would
imply that granltlc intrusive activity became progre331ve1y
younger towards the south. 'Published Rb/Sr ages - taken

uneritically - tend to support such a hypothesis

L

1

. 5-2 Suggegtions for future research

/ Since'the basic geological and tectonic‘f:lnework of'the
* English River subprovince is now well documented several im-
portant, unsolved problems can be approached logically and ‘
‘ systematlcally. Many of these problems’are concerned w1th the
age and orlgin of the granitoid rocks of tectonic assemblages
I and III. The problems should be tackled with'a comblnatlon
“of‘limited detailed mapping followed by detailed study of
trace element and isotcpic geochemlstry.

' A large part of the Ross Lake area may prove to be

suitable for a detalled study of i%mﬂonic assémblage I 'W1¥h1n
3
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this area, excellent exposures and access produced by recent
loéging orerations contain rocks believed to be equivalents
of both the Cedar Lake gneisses and the Clay Lake granitoid

. sulte, The excellent exposures here would permit far more

detailed mapping than was possible inthe Cedar-Clay Lakes area
immediately to the west. Furthermore, the gneiésic rocks of
the Ross Lake area experienced only amphibolite facies

metamorphism whilst those of the Clay Lake area were undergoing

e P TR N ey

the granulite facies event. U/Pb zircon and Rb/Sr geo-

chronology hay be usef@l here in determining the.time of

initial emplacement and that of the éubsequent metamorphism
of the Clay Lake suite equivalents, If the Clay Lake suite
equivalents yield ages c.a. 3.0 b.y. - as suspected.— it is
possible that even older ages may be.preserved in the gneisses b

considered to be equivalents of thé Cedar lake.gnelisses.

Granitoid intrusions of tectonic assemblage III present
two intriguing research possibilities. The fifst.is strictly
geocﬁronologic - does the assemblage reprgsent several "pulses"
of intrusion - or was intrusion continuous over a long time
‘ihterval? The second problem concerné the ultimate origin of
the graﬁitoid ihtrusions.” Field.evidepce suggests that some:
of these were deriVed_from suﬁracrustal uni%s of téﬁtonic.
assemblage II - the “diatexites" of Breaks et al (197%,1975)
aﬁd-the "inhomogeneous leucotonaliteh-¥léucbéranite" of this *
.thesis. The -origin of the remainder of the tectonic‘ A

_assemblage III intrusions - dominantly those with;n the English

River plutonic complex ~.is thus far unknown. -Detailed geo-

. ?
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chemical studies - particdlarlj of. trace element and rare
earth contents - may indicate a specific source. If that
source involves pre-existing supracrustal rocks it could
have profound implications in the choice between "plate.

tectonic" and fixist" models for Archean tectonic evolution.

v
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Fisure 5-1
GEOLOY
NREIATION KENOPA - EA® WALLS

\ LESEND
. ) "
Mafic volcanics

Tntermediate to felsic volcanics ’
“etasediment ‘

Metatexite: metasedimentary migmatite-

Diatexite: inhomogenous leucotonalite - leucdgranite
Tonalitic - granodioritic gneiss

Metagadbbro

Foliated diorite, quartz diorite

Strongly foliated to pneissic tonalite ~ granodiorite
Moderately foliated tonalite - granodiorite-

Weakly .foliated tonalite - granodiorite

Wéakly foliated ﬁérphyritic grariodiorite

Weakly foliated vorphyritic granite

Foliated granite Co

Massive diorite - quartz diorite -

Massive tonalite - granodiorite

Massive vorphyritic granodiorite X
b

Massive porvhyritic granite :
Massive equigranular leucogranite
Clotty granite:

Tectpnic Assemblége I - units 4, 6a
Tectonic Assemblage II - units 1,2,3a,3b
Tectonic, Assemblage III - units 3c,5,6b-6f,7,8

"* May be -in part equivalent to &

' Combiled from Ontario Division of Mines, Geological Series
Preliminary Maos P1026-PL031 (1975) and P1199-P1204° (1976)

. on
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Arvendix 1 - Analvtical Methods

(a) Yodal analvsis

odal analvses for samnles with srain size less than
3.7 mm were determined by opnint countine a sinele thin section
usins a mechanical stase with 1.0 mm sovacine interval. 500

nnints were counted non each section. The nrocedure for rocks

with srain size sreater than 3.7 mm was sligzhtly more.complex.

The samnles were slabbed, etched with hydroflouric acid and
stained with sodium cobaltinitrite., This stain is svecific

for votassium but the combined etchin~ and stainine vrocedure

!
y
i
§
§

nermits rapid differentiation of quartz, vlagioclase an@i

v e e

4

X' feldsvar, It is also possible - with practice -~ to

distinguish biotite from amvhibole since the biotite.stains a
dar¥ vellowish #reen colour. Coloyr transvarency photographs

13

S ana i

of the stained slabs were projected onto a screen with a square ’
@ .

N ‘ . 4

-erid and voint ceunting vproceeded as normal. Using this . !

method it is vossible to count, 500G points per samnle with a

coungﬁgéterval of anoroximatelvy 3-~5 mm. Accessory minerdls K

-

were estimated from thin sections and combined'wifh_the slab

SRS AT I

modes,

(b) VNajor element analvsis ' < *

Analyses for the major element oxides Si02. Alzoj,
Tin,, Tatal Fe as Fep0,, MnO, Men, Ca0, Na,0, K,0 and P30

were obtained by X.R.F. techniques. Unweathered rock samples

g
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" vowder pellets were prepared using a mixture of 4 gms lithium

257

‘amounting to approximately 2 Keg were crushed to coarse
fraement size iﬁ a mechanical jaw crusher. The sample was
rassed through a sample splitter until avoroximately 100 gms
remained (coarse split) and this material ground t§ less than
200 mesh in a carbon-tungstide shatterbox (fine split). Rock

vowder vellets were prepared by mixing 3 drops of 2% Mowiol

binding solution (ﬁowiol N30-98 Hoechst Chemicals) with 5.5 gms
of dried rock powder:. The ‘powder mix was -placed iﬂ a die and-.
oressed lightly iﬁto péllet shape. Approximately 6 gms of
borié acid powder were added to the die and thevpellet was

formed by avplying 10 tons ver sq. in. for 60 secs. Fusion

<

tetraborate and 2 gms_of;fock powder. Tﬁe mixture was placed
in‘a-carboﬁ crucible and fused at 1100°C for jocminutesl . The
resulting glass bead was cooled, ground to less than 200 mesh
and fowder nel}ets prepared as before. Estimates of the
analytical vrecision-are vresented in table Al—l. For the
fusion method, the estimates are based on analyses of 6
replicate pellets made from a singlé fine split of a single
saﬁple. Estimates of precision for the. powder method have
geen oresented by Marchand (1976) (Appendix C, p.111-114).

) Initiaily, all anélyseé were performed on the rock

poﬁder pellets using the multi-standard procedure of Brown,

Il

Hughes and Esson (1973). This method preduces acceptable

results for granitqid rocks containing less thah 1.75% NgO.

. s ——
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(csre tahle 41-2Y, The methnd fails, however, tn deal with

the nvnhlem nf.seccondarv fluourescence of Mo cansed by AlKo(,

wvhich mav nroduce ernss errars in the Y0 analvsis of 2

L 4
samnle containine more than 1.757% MeQ (see Gunn, 1974%, for 4
diseussion of this nroblem). Consequently, all samvles with

indicated NMg0 content Freaéer than 1.75% were reanalysed by

the fusion preced:
At the time that fusion analysis wés initiated at
MeNMaster ”niveréity, reliable standards with compositions in
the rancse 6N% to 65% $i0, and E}S% to 4.0% Me0 were not
avajlable. It wa§ necessary, thereforg. to WYrepare sygﬁhetic
standﬁrds with 'a suitable oomogsition ranre, To this end,
three svnthetic standards (Table A1-3) were prepared by
acenrately wpl?h1nd mlxturo~ of four rellable standa”ds wzgée
comrositions are quoted by Abbdey (1975). This-brocedure is
far from ideal, various lines of evidence;suagesé that the
nrenared synth t{; standard aré.yeliable.“ By‘faking one of the
oeepared mifinres (Mix-B) as a standard "and analysing the .
other two as unkﬂowns, it can be demqnstrafed.that the three
orevared mixtures are internaliy consistent (Table Al-U4).
Moreover, épalyses of GSP-1 and SY-2 (run as unknowns) using’
MIX-B as a standard, yield results (Table Al-5) which are in
exceilent agreement with values qﬁoted by Abbey (1975). The

. analysed values for SiO2 in GSP-1l are consistently low by

abnrqximafely 1%4. The discrenancy may -indicate that this



&

SN 259

Y

rarticular (8P-1 vellet is not truly reoresentative. The .J
results argf hnwever: well within the vrecision estimates
of the fusion nellet method.

Overatine coéditions and p?rameters used for XRF o
major element analvses are quoted in table Al-6. Computation

of final results from raw data, for the powder method, was

- verformed using the computer orogram XPTMAJ modified from -
: A .

!
N\

)

3rown, Hughes and Esgon (1973) by M. Marchand (McMaster

3

University). Computations for the fusion method were carried
out by programs WESLIM and MASABS mod;fied by thé vresent
author from ovrograms PRELIM and MASABS which were originaliy
sunpnlied- to McMasterﬁﬁnive;sity b& B.M. Gunn (The University
of Mpn?real). |

The analyses of samnles ﬁrom the Cedar Lake - Clay

Lake area quoted in Aovendix 2, are accomvanied by a symbol

indicating whether the vowder or fusion method was used. In-

.general, franitoid samples containing greater than 67% Si0p

and less than 1.75% ilg0 have been analysed by the vowder method.
The standards.used for these.analyses vere: T-1, A, GSP-1,

G-2, GA, JG-i._NIMG and GH (values quoted 1in Abbgy 1975).

_ﬂfahitoid samoles with MgO contents in -exceds of 1.75% (as

indicated>by the powder method):were analysed by the fusion *#
me thod Qsing MIX-B as a standard. Amphibolite samples were
énalysed by the fusion method using W~1 as a standard.
Peliability of the'amphibagite anglyses can pé judged_from-

f

©
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table A1-7, which presents renlicate analyses of J3-1¢ . .

run as unknown,

(¢) Trace element analvsis - b and Sr
A .

Elemental concenrrations nf Rb (nnm), Sr (ppm) and
:ratlos of Rb/Sr were determlned on Dressed vowder nel]9+s by
XDF techniques. The nrocedures used and estlﬂates of
nreqision'ahd éccuracy~are quqted by M. Marchand (Geok. Dent.
WcVaster University, Tecﬁ. ﬁemn 73-2). The tPChnlunS er?
essentially modlflcatlons of those of Powell et al (1969) and
Doerine. (1968),

° Tn yiéwuof the crushing and sample preparation
orbqedurei used Ey the present éutﬁor, estimaﬁes of precision
“quoted by Marchand cannot be applied directly to the present

e

analyses. Consequently, two sambles were selected for

reolicate analyses. Sample A containing %6g;oximately 400 ppm

Sr and 70 pom Rb; and samole B containing approximately 100
npm S} ana 19 nnﬁ %b. Ten replicaté vellets from 10
individual -coarse solits and ten revlidate vellets from a
sinfle fine solit nge'b?enared for‘eaéh s§mn1ef Results Qf'
thésé-renlicate’analyses are presented in_ﬁablelAl—Q.
Replicate samples from a fine §plit yield bvetter
vrecision and fine grinding of the whole samole prior té
splitting iIs repommended‘if nigh precigion is desired. The&h

ovrecision estimates obtained through the use of a coarse split

4

—
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Are well within the limits required in the present work.
N i .
/ )

(
A

(d) Trace element analysis - Ba and Ce

Elemental concentrations of 3arium and Cerium were
determined Qy an XRF techniqﬁe develoved at McMaster University
$y the n;esle autho}. The orime objective of the ftechnique
was a semi-quantitative analysis for Barium; Cerium con-
centpations were obtained as a.by—Dréduct.of the technique.

| ‘Analysis for Barium was performed usi;é’the BaLp,

line which is overlavped by the Ceidl line.. As a~consequence -
the meésured Balp, net intensity data must ﬁe ;onrgcted by an
amount ﬁronoriionai to the conﬁributiqn. at this waveleﬁgth,

of CeL;”. Th;g contributién was estimated by measuring the

net intensity of the CéLP, radiation and multiplying tﬁis
intensity by a factor pronortidnal to the'theoretical intensity
ratioeof Cele,/Celp,. The Celw, contribution was then sub-
tracfed from'thé’BaLE, intensit&. This initially corrected o
inténsity was then subjectéd to a mass ‘absorption correction . ’

{
which was calculated from ghe known major element composition

R L

of each sample

| 'Tpe sSiX standard roﬁks'— NIMN, W-1, NIML, BCR-1l, AGYV, -
n-2 - were then used to calculaté a 1east'squares linear
regression fuqctiqn.of intensity {mass absorption corrpcted)

. A .
vs concentration for both.Ba and Ce, Calculated linear

-
A RS, A i Pl man B Atk

correlation coefficients for Ce an lysis average .9978 .

:(0‘ = ,0006) and for Ba analysis average .9996 CO”'=‘.0002).. . -

- []
t
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" J
"The method alsn provides a further estimate of the linear
correlatinn in that, following calcnlation of the linear

function, the standard intensities are nsed to calculate

indicated standard concentrations., These values for 7

N

' indkrendent analvsis batches are vresented in table Al-9.

An estimate of the accuracy of the methnd may be obtained from
table Al1-10, where analyses of standard rocks which were
not used to calculate the linear correlation (i.e. run as

unknnwns) are revorted, At the very worst, the Ba analyses

]
o

. e + 1. v s s y
are considered to be accurate to - 10%°whilst precision at the

1700 vom level is in f??\grder of 1.5% (1 standard deviation),

(Table Al-ll): ACQuracy of the Ce analyses cannot be adequately °

assessed and the method is considered, by the vresent author;
to ve éemi—quantifatiéé at best.

Calbulations‘of.concentratign from raw_in£ensity data
were carried oput by the com%uter program BACEPPM.written by . .
the voresent author. " |

-~
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Table Al-1
 Precision -~ X.R.F. Fusion Method

!
L

Oxide .8

510, ;
A1203u
Ti0, |
Fe,04(TOT) *
MnO
Mg0
‘Cal
Na,0 b
' Ky0
P205
Sample 1
$105 69.31
1,05 15.59
TR0, .- s
FeZOB(TOT), 2.&6 -
Mno . .03
MgO . . .81
Ca0 ., 1.94
Nag0 4,10 -
K50 . L
P205 . .13
99. 38

» TOTAL

——

\/6 revlicate vellets

\

X . o
59.83 0.32
14. 55 0.10

0.53 0.006
6.15 0.12
.0.12° 0.004
L, 78 0.07
6.39 . 0.08
3.75 » 0.08
2.05 0.06
0.16 0.008

Table Al-2

X.R.F. - Powder Method
G-2 run as unknown

2

69.36
15.61
5
©2.43
.03

.79

- 1.95
L.,06
k.57
A3

99.38

3;

- 69.67
"15.24

2.42
.03
.81

I.96

h.,113

L. 57
12

99.39

£E%
0.53
0.68
1.13
1.95
3.30
1.46
1.25

Y 20]—3

2.90
k.90

Abbey 1975

69.19
. 15.35
0.50 _
2.67
ol
0.7
1.98
4,06
4,52
1k

99.22,

B

&
¢




260

G T A e Rl s ol g RS VRS E L et T SRR W

hat » N . . . .
- - -
o . 5
»
. -~ z - . . )

- : : _
) ((§46T) Aeqav ugag e3eq, ,
| 0€° 66 0% 66 ¢LT66 59°66 QL'66 Sy'b6  Ly'66 06° 66. Ti° 66 TVI0L
62" 62 . oT A S A & §0" 8T Ui €o* L *02d
Cl'z  65'z 7 65tz 09'z §5'z  65°z2 0L°2 T1*2 59'2 0%
. 0T'€  sT¢€ . 88'2  96'z  S6°T  So°¢ COTTE £6°2 26’2 vley
L SLs9urs LT'9 LT'9 02'9 9Ty ne*s €g'9 219 0D
ET'4% 914 2LrE €L TLE 69°€ STAR STy ©18'€ 03
1T . or . oT otr’ ot 1" AN otT" ouy
952G 556 45'S  gn's 1606 L9°S 85°S . on's.  (1)fo%eu
AN YA X 2 A S A S 18° €z* . ST ot
CS'HT  4m 41 8L /T - TH 4T cy.qa g€ #T- S 4T SE'ST . 0L' 4T momﬁ<
5€°25 €5°29 5049 26°€9 ZL'C9 ST 49 9H° 29 §47°29 6T 49 cots
| . T-Df %05 T-Df %05 OWIN %08
z T 1, € 2 T T-80 %05 " NWIN %05 NWIN %0S
oS h O-XIN ° €-XIW V- X1
(CYVGNYES € XIW) | (Q¥VANYLIS § XIW) ‘ *SAYVANVIS XIN
NMONYND O XIW " NMONMNAQ V XIW -SNOTLISOdWOD QIIVINOTYD
QOHITH NOTSNI *d'¥"X . QOHIEW NOISNd "d"H'X

#=TY. TEVI r €-Tv @18V .




265

) | 2166 9Lt L6 66°L6  08°L6 | £0° 66 LG*g6 25°86 0486 w:.mm -IYLO0L
42" 9¢ g€t gL e ger 49t Wt W S0
€5°¢ 9€*S  0f's  L2'S AR S Lty E€H @w“: . - 0%y
. -~ Oglz T 9Lte Sg'z = 68'2  lE'M TTEh T SEth ‘una.ﬁ L0t h h o°eN
AN 01'z 21'z  SI12 - £0'S 64°4  0§'L  58°L  98°d 0®D
96" 66" .86° L6 . 99*2 T4é'2  §9°C wovm eL'e . 0FW
not 50° 90* = 90" T e 92" . o 9g* 9z’ . oup
" RIL Th'w  I€'4  T€'n 2E9 $z'9 82’9 9T'9. 8T'9 Aaoevmmem
99 99 597 99 st 2 9Tt oerr ST ST 2014
61°5T L0°ST AT°ST 00°ST  §T'2T  ‘oT'sl 8T'2l 8T'2l vzt - Sofv
. 1€°49 86°69. 91°99 ,Hﬂ.mo .mo.ow . wﬁumm Hm;mm 796G 59" 6% | ¢ots
& , . - . . ‘ o
$L6T £aaay € e T . s feqay 4 - € ez 1 eTdueg
pIEpUELS @ XTi - Umouyun T-dsD " pIEpuE}S g XTJf - UMOUNUR g-iS .

.

. S POUTAN UoTsng d° 4 X
o | g : ¢-Tv ®1QBl . .. .

-



Table Ai—6

X.RP,F, Qvuerating Conditions

(1) Major elements - 50 kv, 50 Ma, Cr radiation

=lements Si.‘Al..Mg, Na, K, P - Ko line,

TLAP Crystal

Elements Ti, Fe, Mn  -* - K line, LIF200 Crystal

Elements Ca - . - Kp, line,
(2) “Rb, Sr - 60 kv, 30 Ma, Mo radiation, LIF200

(3) Ba, Ce - %0 kv, 30 Ma, Mo radiation, LIF200

All analyses verformed-in vacuum using vulse .heieht

discrimination. Flow counter used for 3a,

maior element analyses. Scintillation counter used

for ?b, Sr analyses.

LIF200 Crystal
crystal

crystal "/4

‘Ce and

bR T T R

A iy e W
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Table Al-7 '

XR .F, Fusion Method

JB3-1 unknown ~ W.,l standard

4

 Samvle 1 | 2 ' 3 ' Abbey 1975
Si0, 52.58 52,91 s2.59 © 52,49
Alp09 .63 1463 14,63 14,66

- Tio, 1.3 1.29 ©1.29 1.37
Fep04(T0T)  9.13 9.17 9.17 - 9.08
Mg@ : .16 .16 _ .16 ' .16
Mg " 8.05 7.93 7.82 7.80
Ca0 9.48 9.42" 9.41 9.31
Nay0 2.65 2.70 2.62 12,80

1.40 1.40 .m0 1.42
P0s 20 .21 .21 .26
omar o 99.58  99.81 99.29 19935
. o . -

P4
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TaYle Al-8

Precision: Rb pom, Sr vom, Rb/3r

Samole Elemént X o

- 10 Pellets made from a single fine split

A - * Sr pom 305.8 . 0.5
B Sr ppm 102.5 0.5

A Rb opm 69.5ﬂ\k 0.6

B Rb ppm 9.9 0.4
A ~ Rb/Sr . . .2243 . .0029
B ° . Rb/Sr L0814 | .0038

10 Pellet4$ made from 10 coarse splits

A Sr po ' 305.9 1.9

B ‘Sr opm  \ 193.0 1.7
A ‘Rb ppm : 69.5 . 1.5
B Rb ppm 9.5 1.1
A ‘Rb/Sr 2231 ©.0052
B .Rb/Sr L0771 .0102
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0.15
0.49

0.88
3.82

1.32
4,60

0.63
1.60

2.13

11.30

2.33
13.20
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TABLE A1-10

Standards run as unknowns .

‘Barium analyses (pom)

Standard

CNIMS 2466
BR 1065
GA 821
DRN 378
NIMG 190

Cerium analyses (opm)

Standard .

NIMS - . 13
BR . 140
GA 68
DRN. R '
NIMG - . 210

270

S
Analysed Abbey 1975

.2452 2400

1119 1096 1050

805 850

379 . 380

173 . 210
Analysed Abbey 1975 } =

13 . 12

154 154 2

71 | ki

hg ?

193 - 200

TABLE Al-11

Standard_éSP run as_unknown - 8 analyses

Barium {ppm)

Cerium (ppm)

NS

1297
313 10

o

167

£ | Abbey 1975
1.2 1300

3.4 o390
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