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ABSTRACT

~ -The Round.Lake Bathollth, of Archean age (2 688 Ga), is
intrusive into supracrustal rocks’pf the Abitibi Supergroup at
the southern, extremity of the Ontario segment of the Abitibi
. Greenstone Belt {(circa 2.700 Ga). The batholith consists of
*an odder phase (OP) of foliated tonalite-granodiorite and a
younger phase (YP) of largely unfoliated granodiorite-tonalite
that is rich in xencliths of supracrustals and OP.

The OP is subdivideﬁlgnto an homogeneous foliated tonalite,
grading eastward into a kly foliated to mainly lineated,
p01klloblast1c (microcline)“granodiorite, which passes into a
granodiorite-tonalite with a cataclastic to gneissic foliation
concordant to the contact. In places, the OP grades peripherally
into an agmatite gneiss consisting of volcanic xenoliths,
leucocratic tonalite, granitoid dykes, and a massive -hornblende .
tonalite that occurs as distinct plutons along the western

margin of the bathollth.

Major element chemistry of the OP (64 to 77% SiO,) ///
shows trends compatible with differentiation (decreas% in Al

2
Fe203TOTAL' Mg0, Cal0 and T10 slight increase in Na20? and K

giving support to the gradatlonal nature of the internal
subphases. The hornblende tonalite (61 to 66% Si0,) appears
to be a separate entity, possibly a hybrid subphas% since it

is generally. higher in A120 FeZOBTOTAL' Mg0 and Ca0 when

compared to the OP. The YP (66 to 73% Si0,) shows minor
internal variations, also compatible with alfferentlatlon, -
trends are outside the field of, and subparallel to, the OP,
suggesting a genetic relationship, although the YP cannot be
derived from the latter. Classification diagrams (A-F-M,
An-Ab-Or, Q-Ab-Or) demonstrate that the batholith belongs to
the calc-alkaline: suite of the trondhjemite-tonalite series.

03,
20)a

Trace element data {(Ba, Sr, Rb, Zr, Ni, Cr) for both
phases is relatively scattered, showing weak compatible and
in some cases antipathic correlation,..such as the large ion
lithophile elements (LiL) elements Ba and Sr, with differentiation.
Rayleigh Fractionation is used in an attempt to outline a
crystallization sequence within the OP which supports the field
evidence. The lack of .clear LiL elements differentiation
trends is a function of mineralogical and ‘chemical homogeneity
brought upon byﬂa crystallizipg tonalitic melt subjected to
chemical differentiation, as indicated by plagioclase. zoning,
and minimal physical separation between plagloclase crystals
and residual melt.

REE data for the batholith (LREE: 20 to 50 times chondrites,
Eu/Eu* of about 1.20 to 1.60, HREE: 0.5 to 3.5 times chondrites)
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is compatible with paftial melting (using a Batch Melting model)
of a basaltic parent, at lower Crustal levels, as source ]
material for both phases. '

The crystallization history of the batholith is summarized
in four stages: (A) partial melting of the supracrustal
greenstone pile (Abitibi Supergroup) and underlying high grade
tonalitic-basic gneisses. (B) tonalitic melt mobilization '
along a rising diapir; to produce the OP. (C) filter pressing
during magma ascent controlled the segregation of residual melt
eventually becoming the granodiorite fraction of the OP.. (D)
subordinate tonalitic melt body(ies) produced the YP.

E Emplacement of the OP produced structural patterns

indidative of a diapiric mode of intrusidn that is continuous

from an early stage of stoping (early diapirism) with agmatite
development, hybridization and dyking, through to a later stage
where minor internal differentiation of the subphases and
protocataclasis of the eastern margin took place (late diapirism}.

.

deflection and overturning of an early fabric in the supracrustal
roc around the batholith (D, event); a flattening of pillows,
extensive shearing parallel t% the contact {marked by a

prominent schistosity), and radial shear zones. Structures
parallel to the north trending margin of the YP Hope Lake

Stock, at the south central margin of the batholith, overprint
the diapiric fabric in the supracrustal rocks {possibly
synchronous with a D3 event).

\stéapirism was accompanied by the development, and subsequent

Regional structures imposed on the batholith and country
rocks include east-west t:énding minor fold axes, pronounced
schistosity and cataclastic foliation (D, event); and northeast
trending shear zonds (up to 200 m wide) Ehat contain guartz
stockworks and gold mineralization.

) The sequence of events in the Round Lake Baﬁholith area
is closely linked to the main deformation within the Abitibi
belt, possibly a north-south horizontal compression (D2 event}.

Contrary to previous hypotheses, the Round Lake Batholith
‘ a magmatic body, derived via partial melting from a mafic
- Sparent (ensialic greenstone and/or sialic basement). The magma
,j was diapirically mobilized, slightly differentiated, and.
intruded into the surrounding supracrustal country rocks.-

~
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RESUME (ABREGE)

Le batholite de Round Lake, d'dge achéenne (2.688 Ga),
recoupe les unités du super-groupe de l'Abitibi & 1l'extrémiteé
‘'sud de la ceinture volcanique de 1' Abltlbl (agée d'environ
2.700 Ga) en Ontarlo

Les unités lithologiques constituant le batholite
sont regroupées en deux phases: "older" et "younger". La phase
*older"™ est composée de tonalite-granodiorite avec foliation
accentuée 3 directior est-ouest, surtout le long des bordures
ou elle est concordante avec la strucutre des volcanites
-encaissantes.

La phase "older" (64 a 77% Si0.,) a des profils en éléments
majeurs confirmant une différenciat%on peu. prononcée (diminuation
en A1203, FeZOBTOTAL' Mg0, Cal et TlOz; enrlchlsseme?t en
Na20? et K20. Ceci supporte l'évidence d'une gradation

continuelle entre les unités tonalitiques et granodioritiques.

La phase "younger" (66 & 73% Si0,) change peut en éléments
majeurs; les profils chimiques a%firment aussi une différenciation
mineure. Les profils sonts paralléles & ceux de la phase "older"”
suggérant une source magmatigque commune.

Les diagrammes A-F-M, An-Ab-Or et Q-Ab-Or démontre gque
le batholite appartient & la série ca;co -alcaline avec afflnlté
trondhjemitique-tonalitique. -

D'aprés les .éléments traces et terres rares, la phase
*older" est mineralogiquement et chimiquement trés homogéne.
Cette homogenéité parvient d'une differentiation chimique
seulement 4d'un magma tonallthue. indiguée par les plagioclase
zonés, et non d'une @différenciation. physique entre les cr::.staux
de plaglolcase et le magma résiduel.

Le bathollte a évolué en guatre étapes: (A) fusion
partielle de la croute volcanique et de gneiss tonalitiques-

basigues (avec une contribution 3v manteau). (B) la fusion
alimente un réservoir central de magma tonalitique,
resultant en un dlaplr ascendant (la phase "older”). (C)

."filter pressing" durant l'ascension du diapir magmathue
produit un magma residuel granodioritique. (D) ascension des
réservoirs subsidiaireg de magma tonalitique (la phase "younder®)
au centre et & la périphérie du réservoir central.

Les sgxuctures d'emplacement de la phase "older" indique -
une intrusion par diepirisme (déformation D,)., Les structures
regionalles consistent de plissements avec axes de plis orientés
est-ouest, SChlstOSIté prononcee et follatlon cataclastique.
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Ces derniéres structures sont liées a une compression nord-sud
(deformation D2).

En conclusion, et contrairement. aux hypothéses d'origine
déja prononcées envers le batholite de Round Lake, le batholite —
est entidrement magmatique, dérivé via fusion partielle d'une
source mafigue provenant surtout de la crofite volcanique;
sans différenciation particuliére, et introduit par diapirisme
dans la crofite supérieure recoupant les roches volcaniques
encaissantes du super=groupe de 1'Avitibi.
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CHAPTER I: INTRODUCTION

Location
The Round Lake Batholith of Archean age is located near

the mining community of Kirkland Lake, at the southern .extremity
13ﬁ the Ontario segment of the Abitibi Greénstone Belt in the
Superior Structural Province (Figs. 1 and 2). The batholith
occu;ies an area of approxi&ately 3200 km2 between latitudes
47°40'N to 48°05'N and longitudes 79°50'W to 80°55"W. It is
crudely elliptical, elongated in an east-west direction. The
western part of the batholith is buried beneath a mantle of
younger Proteroioic sedimentary rocks of the Hufonian Supergroup.
Purpose A

The Round Lake Batholith has previously been interpreted
as a magmatic body differentiated from a mafic parent, intrudcd////—‘n
into, and thus younger than the surrounding supracrustal
country rocks (Lawton, 1954). .In contrast, Ridler (1972, 1976}
suggested that thelbatholith, or parts of it, represents
diapirically remobilized pre-greénstone sialic basement.

The present st;dy was undertaken with the ultimate goal
of resolving £he ambiguity betweeﬁ'tﬁe Ewo contrasting
“interpretations by defining the 1ithological, chemical and
structural characteristics of the Round Lakeé Batholith and,
insofar as possible, deterﬁining its origin, mechanism of

-

emplacement, and relationship to the tectonic evolution of the

*
region.



Previous Investigations

Géological investigdtions of the batholith and surrounding
areg have been conducted intermittently for the past 100 years.
McOuat (1872), Park (1904), Knight (1907), Collins (1913),
Burrows and Hopkins (1922a; b), Cooke (1922), Bell (1929),
Dyér'(1936), Moorhouse (1944), Lawton {1954, 1959), Grant (1963),
Lovell (1963,‘1967, 1972), Moore (1966), Mackean (1968);
McIlwaine (1978), Johns (1980), Johns et al. (198la, b, c),

'maglineated the batholith's perimeter and gave some information
on the internal character of the body. |

Laﬁton (1954), in the only detailed descriptive study of
the batholith, 'determined that it is a composite intrusion
consistiﬁg\sf quartz diorite and hornblende granite as the
two major phaées. Lawton's field mapping was confined.to the
eastern part of the body and phase relationships on the whole

" were not thoroughly determined. Since Lawton's work, the
batholith has been the subject of numerous special studies,
from its ‘incorporation in regional stratigraphic correlation
and synthesis (Ridler, 1972, 1975, 1976; Jensen, 1978;
Goodwin, 1979), in geochronological (Aldrich and Wetherill,
1960; Lowdon et al., 1963; Purdy and York, 1968; R.K. Wanlesgss )
pers. comm., 1979; Stevens et al., 1982) and metamorpﬁic (Jélly,

1974, 1978, 1980) studies, and in gravimetric surveys (Gibb

and van Boeckel, 1970; Gupta and Wadge, 1977, 1979).



Field and laboratory methods

Field work for the Round Lake Bathol;th project was carried
out over a cumulative period of 9 weeks during the summers of
1979 and 1980. Traverses conducted within the 3200 km2
‘batholith and”Sur;ounding area were restricfed to roadg
(Highways 11, 65, 66, 112, 560, 564, and 573; secondary
concession, lot, access, mine ana logging roads), railroads
(Ontario Northland Railway along the Swastika-Bostoﬁ Creek¥
Englehart corridor; abandoned 1ine‘near Charlton), rivers
(Montreal River and its affiliated lakes; Englehart River),
trails, and areas of major outcrops, particularly along internal
and external contact zones. |

Geological information was compiled on 1:56,000 air
photos, and'ﬁas subsequently transferred to topographic base
maps of the same scale. Physiographic and other pertinenf
geographical features are summarized in Lawton (1954).

During field mappiné, more than 400 hand specimens were
collected, From which 73 thin sections were cut from the Round
Lake Bathoii&h older and younger phases {includes 4-
amphipolitfb xenoliths), and 17 from supracrustal rocks located
at different external contact zones. Polished thin sections
were also cut to determine magnetite-ilmenite-hematite
relationships from each of the major batholith rock types (older
phase toqalite, g;anodiorite, and hornblende tonalite; younger
phase graﬁodiorite—tonalite).

_Rock nomenclature 66 the Round Lake Batholith map sheet

(Map 1) is basically a field classification. Modal compositions



(from point counting) of selected thin sections (55) were
plotted in Streckeisen's (1976) ternary diagram for plutonic
rocks (Quartz-Alkali Feldspar-Plagioclase), and the corresponding
"nomenclature was used in conjunction with the major-element
chemical scheme for tonalite/trondhjemite proposed by Barker
{1979).

Fresh, 1 to 2°kg samples were used in major and trace
element__analyses. Most analyses were performed at the
Department of beology, University of Ottawa. Analyses from
the batholith (and surrounding country rocks) were also obtgined
from the Geoiogical Survey of Canada and Ontario Geologiqal
Survey. Additional country rock analyses were also compiled
from the literature (Goodwin, 1979).‘ A compilation of 84
samples (major and selected trace elements) from 16 Archean
tonalite/trondhjemite type localities was also used for
comparative purposes. Breakdown of analyses for the hajor rock
types in the study area and laboratory facilities used is given

as follows:

Rock Units University Geological Survey Ontario Geological

of Ottawa of Canada Survey
Round Lake 48 16 24
BathBYith :
Supracrustal 4 67 Nil

country rocks _ © (50 from Goodwin,
‘ _ 1979)




Analyses performea at the.University of Ottawa (both major
and tface elements) were carried out on-a Philips 1410 automated
X-ray flﬁorescence unitt Determinations were made on fused
disks (consisting of 1.5 grams of powdered sample, 4.5 grams

.sof Li28407 and 0.5 grams of Li2C03)”ﬁsing a Cr tube and data
reduction using alpha‘coefficients of De Jongh (1973). Based
on duplicafes and the results of runs on the standard SY-2

(Abbey, 1977), the precisionlof amounts recorded may be taken

. { o+ . +
as follows: 5102, A1203, F82031t0tal)' KZO: - 2%; T102: - 3%;

,0, MgO, CaO: I 4%; P,0., MnO, S: I 10%; Ba: I 50% for the

-+

Na

the range 10 to 40 ppm and I 10% for values greater than 40 ppm;
: _

Sr: X 10% (values greater than 40 'ppm)}; 2r: b 50% for the

range 20 to SO'ppm and ¥ 15% for the range 50 to 500 ppm;

Rb, Zn: ¥ 100% for values iess than 20 ppm,i 50% for the range

20 to 40 ppm, and T 10% for values greater than 40 ppm; Cr: :
\100% for valugf less than 20 ppm, I 50% for the range 20 to 50
ppm, and 1 15% for the range 50 to 500 ppm; Ni: * 100%. for
values less than 40 ppm, ¥ 50% for the range 40 to 100 ppm, and
¥ 10% for vaiues greater than 100 ppm. -
Rare earth elements, HEf, SE and Th were determined by
instrumental neutron activation analyses based on the method
described by Gordon et al. (1968) and Gibson and Jagam (1986).
A totai of 8 analyses from the Round Lake Batholith (older phase:

b; younger phase: 1; older phase hornblende tonalite: 1) were

made at the University of Ottawa. - Powdered samples were

]
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irradiated fat the McMaster Univers Nuclear Reactor) for

1

approximately 6 h at flux of 10 2n/cm2/s, and countedvusing

an Aptec 2 cm2 Ge planax detector. G-2 was the standard used

’ ) .
{Flanagan, 1973). Based on duplicate and standard results, the

precision of amounts recorded may be taken as follows: La, Ce,

Sm, Eu, Yb, Th, Sc, HE: % 5%; Tb, Lu: I 10%.

Harker (elements vs Sioz) variation diagrams were computer
- _ N 7
generated usirfg an available graph program: SPSS SCATTERGRAM

(Nie et al., 1973).
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CHAPTER II: REGIONAL GEOLOGICAL SETTING OF THE ROUND LAKE
BATHOLITH ‘

The Archean Superior Province of northefn Ontario and
adjacent Quebec consists of alternating, easterly trending
geo%pgical subprovinces or "megabelts" (Stockwell, 1970p
Goodwin, 1972, 1978; Douglas, 1979). The subprovinces‘disg;aj

—~

contrasting structural trends and styles, grades of metamorphism,
and lithologies.

Rocks of the Wawa-Abitibi, Wabigoon, Uchi and Gods Lake
(Sachigo) Subprovinces comprise low-rank metamorphic volcanic/
k?iutonic assemblages, whereas the Pontiac, Quetico, English
River and Berens Subprovinces (Fig. 1) are characterized by
high-rank métamorphic sedimentary sequehces.r

. The Abitibi Greenstone Belt (Fig. 2) is located in the
eastern pértkof the Wawa-Abitibi Subprovince; it is bounded on
the east by thé Grenville Front, the zone of contact between
the Superio? and Grenville Provinces, and to the west ,by the
Kapuskasing structure, a northeast trending fault zone and
high-rank metamoiphic gneiss (granulite facies) that cuts
sharply across the regiohgl east-wesy trend of phe major
structural subprovinces. 'The Abitibi Belt, the largést and
most continﬁﬁus greenstone belt of the Canadian Shield (Gaodwin
and Ridler, 1976), extends some 700 km from the east to the
west and is approximately 200 km wide. It consists of
repetitive volcanic cycles ranging from ultramafic to felsié

compositions, clastic sediments intercalated with the volcanic
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rocks, and in narrow, fault-ﬁoundea zones, ultramafic to mafic
infrusions and granitoid complexes, all of which are represented
in the study area.

The dominant structural style®of the belt reflects the
presence of ioéal-gran@toid bodies with concordant external
structures, and east-wést trending isoclinal folds of regional
extent (Goodwin and Ridler, 1970; Goodwin, 1979). The south
trending homoclinal, easterly facing supracrusfal succession,
located abouE the eastern margin of the Round Lake Batholith,
is a typical example of the former (Fig. 3). The homoclinal
succession is part of the southern limb of a major east-west
trending synclinorium transecting the central portion of the
Ontario seément of the Abitibi Belt (Jensen, 1978). - -

Two major metamorphic episodes (burial and contact
metamorphism)} defining five metamorphic isograds kdiagenesis
to greenschist types with minor amphibolite facies) have been
outliﬁed in the central part of the belt, including the Round
Lake Batholith area (Jolly, 1974, 1978, 1980). The metamorphic
isograds show a distinct relationship between the amphibolite
(and greenschist) facies metamorphism and granitoid intrusions,
whereas the widest, ana'probably thickest part of the o~
sﬁpracrustal pile, located north of Kirkland Lake, is of
subgreenschist (prehnite/pumpellyite) facies metamorphism, and
i5 barren of granitoid intrusions (Fig. 4). Jolly (1978)

suggested that there was a gradual progression from an early

o7,
4'{.’,’ k]

-
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low-grade burial metamorphism in the belt, to_a\iater high~grade
contact metamorphism produced by. the emplacement of granitoid
complexes.

Rock units of the region can be divided into pre-batholithic,

batholitic and post-batholithic sequences encompassing igneous

and sedimentary rocks of Archean, Proterozoic and Phanerozoic

ages.

Pre-batholithic rocks comprise a succession of supracrustal

. » ”
volcanic and sedimentary units termed the Abitibi Supergroup

(Table 1). Jensen (1978, 1980), in a chemost;atigraphic study
of the Kirkland Lake area, subdivided the succession into three
chemically distinct cycles of volcanic strata (Fig. 3). The
first two cycles are subalkalic, each with a basal komatiitic
sequence (Wawbewawa and Lardér Lake Groups), a middle tholeiitic
sequence {Catharine and Kinojevis Groups), and an upper calc-
aikaline sequence (Skead and Blake River Groﬁbs). The third
and youngest cycle, Timiskaming Group, is presg}ved along the
Larder Lake Fault, and is characterized by shallow water
sediments and alkalic volcanic rocks. The base of the first
cycle overlies calc-alkalic tuﬁfs, Pacaud Tuffs (Ridler, 1972},
believed to be part of an earlier cycle (Jensen, 1978), which
crops out along the northeasfern margin of the Round Lake
Batholith. _ )

The supracrustal succession has been intruded by a number

of granodioritic and tonalitic batholiths (Round Lake, Watabeaqg



i

Table 1. General Table of Formations for the Round Lake Batholith ares, Timiskaming District, Ontario,

Stratlgraphy modified from Pyke ct al., 1973 Jensen, 1973, 1980; Pyke, 1930

GROUP, FORMATION,

EON ERA INTRUSIVE UNIT, DYKE LITHOLOGY
SWARM, STOCK
BATHOLITH — —~ \/}
PHANEROZOIC PALEQZOIC Guiges, Bucke, Thornloe, Chemical and clastic sedimentary
Dawson Point Formations  rocks
UNCONFORMITY
APHEBIAN
or Abitibl Dyke Swarm Diabase
HELIKIAN ’
INTRUSIVE CONTACT
PROTERQZOIC
Nipissing Dlabase Gabbro, dlabase
INTRUSIVE CONTACT
APHEBIAN ‘
Huronian Supergroup Clastic sedlmentary rocks
Cobalt Group, Gowganda
Locrain Formations
UNCONFORMITY
Matachewan Dyke Swarm Dlabase
INTRUSIVE CONTACT
Cairo, Holmes, Otto, Syenlte
Lebel, McElroy Stocks
INTRUSIVE CONTACT
ROUND LAKE, Watabeag, Tonalite, granodiccite
Batholiths
INTRUSIVE CONTACT
Timiskaming Group Trachyte lavas, clastic sedimentary rocks
UNCONFORMITY
Blake River Group Pyroclastic rocks, massive lavas of mafic
(rot in study area) to felsic composition
Kincjevis Group Pillowed and massive lavas of mafic w

ARCHEAN

Abitib] Supergroup

felsic composition, volcaniclastic
sedimentary rocks

Larder Lake Group

Pillowed to massive lavas of ultramalic
1o mafic compasition, clastic sedimentary
and felsic pyroclastic rocks

DISCONFORMITY

Skead Group

Pyroclastic rocks, massive lavas of mafic
ta felsic composition

Catharine Group

Plilowed and massive tavas of maliic
composition, volcaniclastic sedimentary
rocks

% awbewawa Group

Pillowed and massive lavas of uitramafic
to mafic composition, minoc felsic
pyroclastic rocks

Pacaud Tufls

Volcaniclastic sedimentary rocks,
pillowed and massive lavas of malic
composition

16
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and.Blackstock Batholiths) encompassing the batholithic

episode, and by syenitic plutons (Cairo, Holmes, Otto, Lebel -
and McElroy Stocks). Field relationships indicate the batholiths
are all about the same age and are older than the syenitic

plutons (K.D. Card, pers. comm., 1981).

Post-batholithic rocks, in addition to the syenitic plutons,
include north trending tholeiitic diaﬁase dykes of the
Matachewan Swarm which intrude the batholithic and pre-
batholitic sequénces. Emplacement of the Matachewan dykes was
followed by deposition of Proterozoic clastic sedimentary strata,
the Gowganda and Lorrain Formations of the Huronian Supergroup, .°.
which with asSociated.Nipissing Diabase intrusions, extend into
the map area from the south. The last major Precambrian igneous
event was the emplagement of northeast trending alkali olivine
diabase dykes of the Abitibi Swarm.

Several major northiﬁorthwest trending faults, part of the
Timiskaming Fault System (Lovell gnd Caine, 1970) transect the
central part of the study area. Normal movemeéts on these
" faults resulted in the preservation of Ordovic}anlsilurian
‘sedimentary rocks (Guiges, Bucke, Thornloe and Dawson Point

Formations) in the southeastern part of the map area.
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CHAPTER III: GEOLOGY OF THE ROUND LAKE BATHOLITH

1) Country rocks surrounding the batholith

Pre-batholithic supracrustal rocks surrounding the Round

Lake Batholith consist of the Pacaud Tuffs (map-unit 1), the
Wawbewawa (map-unit 2), Catharine (map-unit 3), Skead (map-unit
4), Larder Lake (map-unit 5), Kinojevis (map-unit 6), and
Timiskaming {map-unit 7) Groups (map 1 in pocket).

The Pacaud Tuffs extend along the pefiphery of the
batholith £rom Round Lake to Wawbewawé, a distance of,
approximately 25 km. The unit has a maximum surface outcrop
width of 2500 m, but averages less thanJBbO m. It is composed
of thinly bedded (on a scale of mm to a few cm), aphanitic.
to fine Qrained, mafic to intermediate tuffaceous greywacke
(Lawton, 1959} interbedded with iron formation, chert, pillowed
basalt, conglomerate with mafic voléanic, iron formation and
felsic porphyry fragments, and finally, intruded by gabbroic
sills and porphyritic dykes of felsic composition (Lawton,
1959; Grant, 1963).

. The Wawbewawa Group (Jensen, 1978) has an exposed maximum
width of 4000 m, and consists‘of ultramafic volcanic flows with
olivine and pyroxene spinifex textures and polysutured flows,
pillowed and massive basalté, minor tuff layers, and gabbro/
peridotite sill and syenitic dykes (Mborhouse, 1944; Lawton,
1959; Grant, 1963; Jensen, 1978; Johns, 1980). Lawton (1959)

believed that this mafic sequence'was gradational With\éhe
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underlying Pacaud Tuffs.

Conformably overlying the Wawbewawa Group is a sequence,
some 4500 m wide along the southwest, of fine grained pillowed
bésalté interbedded with featureless massive mafic volcanic
flows, thinly bedded tuffaceous argillite, and gabbro/
peridotite sills and dykes (Moorhouse, 1944; Lawton, 1959;
Grant, 1963: Jensen, 1978; McIlwaine, 1978; Johns, 1980)
belonging to the Catharine Group (Jensen, 1978). Tﬁé succesion
is conformably overlain by the Skead Group (Jenseh, 1978)
cons®sting of at least 4500 m of mafic to felsic massive lavas
ang-coarse—to fine-grained pyroclastic rocks, iron Formation,
chert and quartz-feldspar (rhyoiite);porphyry bodies (Moorhouse,
1944; Lawton, 1959; Grant, 1963; Jensen, 1978; McIlwaine, 1§78;
Johns, 1980), the largest of which is exposed south of the
Cross Lake Fault at the contact between the Catharine and
Sﬁead Groups (Johns, 1980).

Disconformably overlying the Skead and Catharine Groups
is the Larder Lake Group {(Jensen, 1978) which has a minimum
exposed width of 6000 m so*pﬁ of the'Lardér Lake Fault, and
extends in an east;west direction across the northern portion
of the map afea. The Larder Lake Group consists of massive,
ultramafic to mafic lava flows, pillowed basalt, turbidite/
greywécke, conglomerate, iron formation, chert, felsic tuff,
and gébbroic to syenitic intrusions {(Abraham, 1951; Lawton,

1959; Lovell, 1964, 1967, 1972; Moore, 1966; Jensen, 1978,

\\

—mn
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1980}.

The Kinojevis Group confofﬁably over}ies the Larder Lake
Group (Jensen, 1978), and is exposed in the northwest portibn
of the map area. The outlier is predominantly composed of
massive and pillowed basalts with miror ingermediate to felsic
lava flows and volcaniclastic sediments (Loveil, 1967).

A sliver of Timiskaming Group (see Cooke and Moorhouse,
1969, for a summary of the unit) clastic sedimentary rocks

4
with trachyte flows crops out at tﬁe southern and eastern ends

v

pf Kenogami Lake, and is the younge;E\ﬁnit of Abitibi
Supergroup rocks exposed in the Round Lake Batholith area
(Jensen,‘£978, 1980}.

The Otto Stock (map—unit 10), largest of a suite of

syenitic intrusions, is the most significant post-batholithic

unit in the map -area. It consists of a quartz syenife (map-
unit 10C) core, a mafic (contaminated) porphﬁritic syenite (map
—unit 10E) with a nepheliﬁe syenite tmap-unit 10D) subphase
forming a generally continuous peripheral zone, and finali}l
equigranular to ﬁorphyritic syenite (map-units 10A and 10F)
and diorite (map-unit 10B) forming the remainder of the
intrusion. The.aée and tectonié evolution o?ﬁthe stock have
been, and still are, controversial because of inconsistencies
between field relationships, metamorphism and geochronology.

Jolly (1978) indicated that the Otto Stock contact aureole

overlapped all lithologies and structures in the area, with the



exception of the Round Lake Batholith. The aurecle containing
bluish~green amphiboles rimmed by £faint blush actinolite which

Jolly (1978) interpreted to have been developed by the later

. low-grade metamorphism accompanying the emplacement'of the

batholith. However, field evidence (based on one outcrop of
the stock-batholith contact), implies that the stock is
intrusive into and younger than the batholith, since xenoliths
of the latter are found in an egquigranular ﬁatrix of reddish

-

syenite (Plate 1, Fig. 1) contrary to the metamorphic

interpretation.

The ége of the stock is interpreted to be late Archean o;
early Proterozoic. Matachewan diabase dykes, dated at 2.633
Ga (Rb-Sr whole rock method; Gates and Hurley, 1973) are known
to crosgcut other syenitic intrusions in the area (see maps byu
Moore, 1966;7Lovell, 1967; compilation map by Pyke et al., |
1973), and according to Ridler (1977), dykes of the swarm
crosscut the northern part cf the Otto Sﬁock.\ In addigion,
the Huronian Supergroup Gowganda Formation, of early Aphebian
age (Fairbairn et al;, 1969), at Kenogami Lake, contains
syenite cobbles possibly derived from the Otto Stock (Lovell,
1972). These observations are also incompatible with Rb-Sr
whole-rock ages of 1.730 and 2.160 Ga (Purdy and York, 1968;

Bell and Blenkinsop, 1976) on the stock, but certainly attest

to a minimum age of early Proterozoic for the intrusion.




Plate 1, Fig. 1

Tonalite xenclith (T) from the Round Lake Batholith in a
matrix of reddish syenite (S) from the Otto Stock.
Locality, 4 km southwest of Round Lake. Pen is 15 cm long.
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2) Description of the Round Lake Batholith *’

The Round Lake Batholith is a composite body consisting
of an older cataclastically féliated,_in places marginally
gneissid, biptite (-hornblende )_tonalité {-granodiorite}
phaée (map-unit 8), compositionally variable from tonalite and
qugrtz diorite to granodiorite and monzodiorite, and a jounger
unfoliated to weakly foliated hornblende (-biotite) -
granodiorite-tonalite (map-unit 9 - Indian Chute, Hope_Lake
and Crdoked Creek Stocks), Eith minbr quartz monzdhiorite.
The younger granodiorite—to;alite contains xencliths of the
older phase and surrounding country rocks. Agmatite zones
along the margin 9f, and within the batholith, contain
amphibolige,fragments permeated by leucocratic and unfoliated
hornblende tonalite.’ The hornblende tonalite constitutes a
major subunit (mép-unit 8C) along the western margin of the
batholith.

Meodal compositioA; of the batholifﬁié Linits are given in
Table 2 and shown in Figure—BrTlocafions in Figure 9).

Planar fabrics in both phases are generally east-west
trending, except at the eastern periphery of the older
anse, where they curve parallel to the batholith outline.

A similar curvature in planar structures along the western
periphery is not observed. Other variations in the foliaﬁion
directian result from local shearing aloﬁg fault/shear

structures.

Batholithic rocks vary from medium-to coarse-grained.
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Granite

Quartz diorite
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» Tonafite suite.({map-unit 8A)
« Granodiorite suite (map-unit 88)
m Cataclastic granodiorite-tonalite

1 suite (map-units 80,E)

2 Granodiorite _ & Hornblende- tonalite (map-unit 8C) -
3 Tonalite « Dykes .- :
4 Quartz monzonite ¢ Granodiorite, tonalite (map-unit 8)

5 Quartz monzodiorite @ Older phase-average of 56

6 samples (Lawton 1954)

@ Younger phase-average of
2 samples (Lawton 1954)

Sample locations given in
fig. 8

20

Fig. 5.

/
35 ' : 65 80

Modal mineralogy of the Round Lake Batholith. (a)
Q (guartz) - A {alkali feldspar) - P (plagioclase)
modal diagram. (b) Q@ (quartz) - F (feldspar) - M
(mafics) modal diagram. Plutonic rock names from
Streckeisen (1976}.
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b
The major minerals include plagioclase, quartz, microcline,

biotite and hornblende. The principal opaque minerals are
pyrite, ilmenite, magnetite and hematite. Ilmenite is most
commonly an exsolution product of magnetite along octahedral
cleavage planes. Hematite can occur as single crystals and
as replacement of magnetite a19ng crystal edges and cleavage
ﬁianes. Apatite, allanite, sphene and zircon aresthe most
common primary accessory minerals, whereas epidote, chlorite,
.muscovite and carbonate aré the most abundant secondary
alteration products. e
| Plagioclase ié mainly albite~-oligoclase, although andesine
was reported in the older phase by Lawton (1554). Plagioclase
crystals are tabular, average less than 3 mm
in lengtﬁ, and are locally saussuritized to sericite and
epidote in their cores. Crystals are commonly zoned with
older and younger phase plagioclase cores averaging oligoclase,
whereas rims are generally more albific.

Clear quartz occurs as elongated to rounded, serrated

aggregates with undulose extinction, interstitial to and

overgrown on plagioclase. Microcline occurs mainly d@s
anhedral, slightly Furbid interstitial grains. It is'commonly
poikiloblastic (or megacrystic), with grains greater than 1 cm
enclosiqg plagioclase and quartz. Biotite, partly and wholiy

altered to chlorite, occurs as disseminated and discrete
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corroded flakes, and as aggregates with hornblende.
Hornblende is generally found as euhedral to subhedral
overgrowths.on biotite/chlorite flakes,ﬁplagioclase and
microcline, in some cases suggesting late ctystallization.
Excluding saussuritization, epidote is locally abundant,
appearing as single and aggregate crystals asspciated with

1)

biotite, hornblende, biotite énd hornblende, and allanite.

A) Oider phase: tonalite (-granodioritej (map;unit 8)
| The tonaiite.unit (map—unif 8A), the most widespread
batﬁolithic unit‘(map 1 in pocketi, varies compositionally
from quartz diorite to tonalite.
It is weaklf to moderately foliéted greyish rock with
a steeply dipping east-west trending cataclastic foliation
defined by the orientation of mafié minerals and granulate@
feldspar-quartz fabric (mortar texture: Plate i;, Figs; 1, 2
and 3). Where the cataclastiq foliation ig not well defined,
and the rock is more massive, the mqrphology of plagioclase
remains unchanged (i.e., subhedral to anhedral shapes) due
to secondary overgrowths of qﬁartz. In areas of moderate
cataclasis, vein-like aggregates averagipg less than 1 cm ;n
width of récrystallized quarti (i‘feldspar) are developed.
These aggregates are accdmpanied by feldspar-quaftz
porphyroclasts, interstitial granoblastic material (from
cataclasis), and by narrow chlorite-epidote streaks of mafic

mineral remnants (Plate III, Figs. 1, 2 and 3).



Plate II, Fig. 1

Representative sample from the older phase main tonalite
{map-unit 8A), showing greyish colour and weak to moderate
cataclasis defined by the orientation of mafic minerals
(M) and granulated feldspar-quartz fabric (FQ). Scale in
cm.  Sample locality, Hough Lake. ,

"Plate II, Fig. 2

‘\
Photomicrograph from sample in Fig. 1, showing cataclastic
mort&r texture of feldspar and quartz indicative of weak
cataclasis. Cross-nicols. Field of view is 1 cm across.

Plate I1I, Fig. 3

Plane-polarised light view of Fig.‘2. Note cataclastic
foliation defined in part by biotite aggregates (B).
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Plate III, Fig. 1

Sample from older phase tonalite (map-unit 8A), showing
moderate cataclasis with the development of vein-like
aggregates of quartz and feldspar (FQ). Scale in cm.
Sample locality, 4 kmydue west of Chamberlain.
. ) N
Plate III, Fig. 2

Photomicrograph from sample in Fig. 1, showing advanced
mortar texture with the development of interstitial

granoblastic feldspar and quartz (FQ). Cross-nicols.
Field of. view is 1 ocm across.

Plate III, Fig. 3
Plane-polarised light view of Fig; 2. Note feldspar-
quartz porphyroclasts (FQ) and narrow chlorite-epidote
streaks (CE) possible representing "slip-shear" planes.
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The tonalite is composed of 11 to 35% quartz, 42 to 77%
plagioclase, 0 to 7.5% microciiﬁé, 0 to 12% hornblende, 0 to
20% biotite/chlorite, 1 to 15% epidofe, trace to 4% muscovite,
and trace to 3.5% accessories (including opaque minerals).

The older phase tonalite is crosscut by a few_qﬁartz—

‘ - * .
feldspar porphyry, felsite, biotite to pebbiy lamprophyre,
and diorite dykes)‘ The diorite dykes are typically |
holocrystallinef mesocratic, weakly foliated, finé grained and
feldspar porphyritic; contacts are sharp, and in pIéces,
irregular and contorted. xénoliths in the main tonalitic

mass are rare, and when present, consist of small (less than

25 em long) amphibolitic varieties (Plate IV, Fig. 1).

’

Thelfoliéted and more massive tonalite passes gradually
putwaré along the batholith periphery (with the exception of
the eastern margin) into an inhomogeneous xenolithic Qneiss
(Plate VvV, Fig. 1) Qith a weakly foliated hornblende tonalite
subphase (agmatite and map-Epit 8C).

The gneiés is best displayed aiong the northern margin
of the batholith from Round Lake to the area south of the
Croakea Creek Stock. Hefe,.it consists of at least two
varieties of leucocratic topalite (weakly foliated and
éneissic*t&halite and quartz diorite), and weakly foliated to

1iﬁeéted.ﬁo£ﬁblende tonalite, both containing abundant,



Plate IV, Fig. 1

Amphibolite xenoliths in outcrop from the older phase Y
tonalite (map~unit 8A), Wookey Lake area. Hammer is "o
roughly 40 cm long. -
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Plate V, Fig. 1

Xenolithic tonalitic gneiss outcrop from the northern ,
marginal agmatite zone of the older phase tonalite (map-
unit 8A}. Note variable hornblende tonalite bands.
Locality, due south of Round Lake, east of Highway 1l1.
Magnet is 2.5 cm across. ' .

Plate V, Fig. 2

Well defined elongate amphibolite xenolith in tonalitic
gneiss outcrop from the northern marginal agmatite-

zone of the older phase tonalite (map-unit 8A). Elongation
- parallel to the batholith contact. Locality, roadcut

along Highway 66, southwest of the Crooked Creek Stock.
Hammer is roughly 40 cm long. ’

Plate V, Fig. 3
Sharp bordered and undeformed subangular amphibolite
xenoliths (A) in tonalitic gneiss outcrop from the

northern marginal agmatite zone of the older phase tonalite
(map-unit 8A). Gneissossity is south facing, with the '
batholith contact to the right, producing an inward

dipping fabric. Locality, roadcut along Highway 11, due
south of Crooked Creek bridge. Field of view is roughly

15 m across.
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elongate and follated amphibolite xenoliths (hornblende,
plagloclase, epldote and quartz mineralogy) ranging from less
than 1 m to app:oximately 2 km in length. The xenoliths are
arranged with their long axis parallel to the batholith contact
{Plate V; Fig. 2), and range from sharp borde;ed and undeformed
(Plate V, Fig. 3), with recognizabte primary st;uctures
(i.e. pillows), to partly assimilated types. Both varieties
may be found in the same outcrop.

The gneissosity is steeply dipping and generally
conformable with the ‘batholith contact, although south of
Round Lake the fabric‘is perpendicular,tb the suprac;Lstal
foliation. The gneissic rocks are also crosscut by ﬁarrow
(avergge less than 15 cm wide) granitoid' dykes consisting of
leﬁcocratic granite pegmatite, in ﬁlaces biotite~rich;
quartz-feldspar porphyry, melanocratic tonalite, and guartz
aplite. These dykes are mainly subvertical (few subhorizontal
dykes were found), and are of several ages (Plate VI,'Fig.'l).
They'are often folded about vertical axial planes with
subhorizontal fold axes (Plate VI, Fig. 2).

The gneissic tonalite is composed of 13 to 37% quartz 46
to 70% plagloclase 6 to 11% biotite/chlorite, 0 to 3.5% |
hornblende, 3 to 13% epidote, trace tq 4% muscovite, and trace

to 1% accessories (including opaque minerals).

v



Plate VI, Fig. 1 ) . _ :

Outcrop of tonalitic gneiss from the northern marginal
agmatite zone of the older phase tonalite (map-unit B8A)
showing severak ages of leucocratic granite pegmatite
dykes (numbered 1 to 3). Locality, roadcut along Highway

66, southwest of Crooked Creek Stock. Hammer is roughly
40 cm long. ©

t

Plate VI, Fig. 2

Folded granite pegmatite dyke (D) in tonalitic gneiss
outcrop from the northern marginal agmatite zone of the
older phase tonalite (map-unit B8A). Note vertical axial
planes; fold- axes is subhorizontal. Locality, roadcut

along Highway 11, due south of the Crooked Creek bridge.
Field of view is roughly 3 m across. '

N
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The more massive horﬂslende'tonalite (compositionally
variabie from quartz diorite to tonalite) occurs as distinct
irregular masses along the batholith contact and within the
older pﬁase. Hornblende tonalite (Plate VII, Fig. 1) is
associated with xenoliths of and along the. contact is
gradational into, the surrounding supracrustal rocks.

In hand specimen, the tonalite is reddish, weatg;;;EE‘to
a bPﬁf white or grey color, and contains large subhedral
hornblende.crystals (greater than 2 mm long}, @ﬁich éfe often
poikilitic su&rounding biotité/chlorite and plagioclase
(Plate Viil, Figs. 1 and 2). Anhedral forms are usually
fouﬁd in association with biotite, chlorite, epidote, opaque
minerals and sphene in subrounded mafic xenoliths. The
xenolithic hornblende tonalite plutons at Everett Lake and
southwest to Matachewan are mineralogically and texturally
similar to fheir sméller homologues loéé;ed elsewhere in the
batheolith. |

Hornblende tonalite consists of 11 to 24% quart?, 43 to
62% plagioclase, 0 to 2.5% microcline, 8 to 28% hornblende, 0‘
to 3% biotite/chlorite, trace to 7% epidote, f;ace to 3%
muscovite,.o to 1.5% carbonate, trace to 2.5% accessories

{(including opaque minerals).

Near the eastern and western borders of the batholith,



Plate VII, Fig. 1

Older phase hornblende tonalite (map-unit 8C) outcrop
crosscut by felsi dykes. Note weakly foliated nature.
of tonalite and buff white weathering colour. Locality,
4 km northwest of Elk Lake. Magnet is 2.5 cm across.
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Plate VIII, Fig. 1

Representative sample from the older phase hornblende
tonalite (map-unit 8C) showing weak foliation, reddish
colour and subhedral hornblende cyrstals. Scale in cm.
Sample locality, Everett Lake.

Plate VIII, Fig. 2
Photomicrograph from sample in Fig. 1, showing subhedral
hornblende (H), lineated and sericitized plagioclase (P)
and interstitial quartz (Q). Note portion of mnant
amphibolite xenolith (A). Cross-nicols. Fidld of view
is 1 ocm across. '
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the predominantly grefish color of the main tonalite unit is
gradually replaced by'pervasive reddening due to. iron oxide
staining of the_quartz and feldspar. 1In tﬁe nortpeast,‘bounded
by South Mindoka, Highways 11 and 112 and the concession recad
to Krugérdorf, the rock is markedly less foiiated and is
characterized by a lack' of cataclastic fabric, a linear fabric
consisting of elOnggte feldspar and quartz rods (Plate IX, Fig.
1) plunging moderately to subvertically (60°-85°) southward,
abundant poikiloblastic microcline, and chlorite-rich
slickensided fractures. Microcline not only occurs in the
northeaét, but the whole eastern portion of the batholith is
marKed by the presence of both poik{loblastic and locally
inE:?Stitial microcline (Plate IX, Fig. 2)# The resulting rock
ranges in composition from tonalite through granodiorite to
quartz monzodiprife (map-unit 8B - poikiloblastic microcline
granodiorite).

The transition between the tonalite and the granodiorite
suite appears gradational from field evidence. There is
gradual and pervasive color change from tonalite to granodiorite
(grey to pink), both are linked by similar mineralogical and
textural characteristics, and sharp intrusive contacts between
the two phéses were not found.

Granodioritié ropks consist of 17 to 35% quartz, 38 to
65% plagibclase, ; to 19% miérocline, trace to 10% biotite/

chlorite, trace to 5.5% epidote, trace to 12% juscovite, and

—*r- ) ) {.'_’_/‘—‘_\ .___\\— -
T~
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Plate IX, Fig. , . \\

Linear fabric defined by elongate white feldspar and
pale grey quartz rods in outcrop of older phase )
granodiorite (map-unit 8B). Locality, roughly 3 km
southeast of Tarzwell. Magnet is 2.5 cm across.

Plate IX, Fig. 2

Photomicrograph showing poikiloblastic microcline from
the clder phase granodiorite (map-unit BB). Note zoning
pattern and sericite alteration in plagioclase (P).
Cross—-nicols. Field of view is 1 cm across. Sample
locality, 6 km west of Wawbewawa.
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trace amounts_of accesééries and opaque minerals.

The eastern bafholith periphery consists of strongly
cataclastic, foliated and gneissic quartz-feldspar augen-rich
tonalite-granodiorife {map-units 8D and 8E¥.

The gneissic and strongly cataclastic border zone varies
in width from less than 1 km to- approximately 3 km, extending
from Round Lake to the Cross Lake Fault. The zone is
characterized b;'extreme cataclasis of constituent minerals
forming a steer, to moderate inward dipping,- foliated to
gneissic fabric concordant to the batholith outline, and
gradational with the inner maiphtonalite-and granodiorite.. The
;éne is also in fault csntact with the peripheral agmatite
gneisses of Round Lake. '

The foliated, cataclastic margin is best displayed
northeast of Charlton (mép-unit 8b - foliatéﬂ,,cataclastic
tonalite), where the rock is almost black and consists of
reddish anhedral feldspar—rich augens or porphyroclasts
(average less than 1 cm in diameter) set in a fine grained
black groundmass cof granoblastic material (Plate X, Fig. 1).

In thin section, the porphyroclasts are composea of
partly granulated, e€longated and lgnsoid plagioclase-quartz{\
(—microéline)‘aggrégates surrounded by granpblasticallf
foliafed, fine grained and somewhat recrystalli;ed quartz %

(mosaics of non-undulose quartz with 120° junctions between
r

graihs) with remnant biotite. The rock is highly altered to



Plate X, Fig. 1

Foliated, cataclastic  outcrop of marginal older phase
tonalite {(map-unit 8D), showing reddlsh feldspar -rich
porphyroclasts (F) set in a flne/g ined and\follated
black groundmass of granoblasti¢-“material. Locality,
roughly 3.5 km southwest of Chamberlain. Magnet is 2.5
Cm across. .

Plate X, Fig. 2

Photomicrograph from the older phase foliated, cataclastic
tonalite (map-unit 8D}, showing advanced stage of
cataclasis with feldspar- quartz porphyroclasts (F) and
recrystallized quartz mosaics (Q). Compare with Plate
I1I, Fig. 2 and Plate II, Fig. 2. Cross-nicols. Field

of view is 1 cm across. Locality, 250 m southeast of
outcrop in Fig. 1.

Plate X, Fig. 3

Plane-polarised light view of Fig. 2. Note outline of
feldspar porphyroclasts (F).defined by narrow and sinuous
chlorite-epidote stringers (possible "slip-shear" planes},
and the clear groundmass of quartz.
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sericite (from the breakdown of plagioclase, biotite and
microcline), chlorite (from biotite) and epidote (from
plagioclase and biotite, but restricted to the groundmass).‘
The mogtly‘clear, glassy groundmass contains chlorifé-épidote
stringers (narrow shear planes?), less than 1 mm in width,
parallel to the foliation which, with the latter, are
‘deflected around the porphyroclasts (Plate X, Figs. 2 and 3).

Along the northeast ﬁeriphery of the batholith, the
catﬁclastic zone is cha;acterized by progressively foliated
' to.gnéissic (last 200 m fromlthe contact) structures as the
margin is. approached {(map-unit 8E - gneissic, cataclastic
granodiorite (Piate XI, Figs. 1, 2 and 3).

Portions of the gneissic fabric in the vicinity of Boston
Creek are interpreted as deformational segregation produced by
intense cataclasis. The foliéted and gneissic fabrics show
similarities with the cataclastically foliated variety
encountered'near Charlton, in that they have porphyroclasts
and groundmass of the same textural characteristics, even

though the rock is more leucocratic in the northeast. The

strongly folijiated graﬁodiorite is again generally reddish due
- S

to iron oxide stéining of thf/ﬁost rock in this area, but

as the contact is approacheé greenish-grey bands (averaging

less than 3 cm wide) appear interlayered with the more

leucocratic layers, giving the rock a gneissic appearance

(Plate XI, Fig. 3). From thin section, the darker bands



Plate XI \
Series of figures from outcrops along the northeast margin
of the batholith showing the progressive foliated to .
gneissic cataclasis structures in the older phase marginal
granodiorite (map-units 8D, E).

Plate XI, Fig. 1

Note feldspar porphyroclasts (F) in foliated granoblastic
groundmass. Compare with Plate X, Fig. 1. Pen is 15 cm
long. Locality, 1 km east of Tarzwell.

Plate ¥I, Fig. 2

Note more advanced stage of cataclasis with development

of gneissic fabric resulting from increased shear stresses.
Pen is 15 cm long. Locality, 3.5 km southeast of Boston
Creek.

Plate XI, Fig. 3
Note fully developed gneissic fabric resulting from extreme
cataclasis. Leucocratic bands consist of feldspar
porphyroclasts with iron oxide alteration, giving a
reddish tinge, whereas the darker bands cons}st mostly
of clear, fine-grained gggnoblastic quartz (- feldspar)
and chlorite/biotite. Brunton compass is scale. Locality,
Boston Creek.
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cons%st mostly of clear: fine grainedlgranoblastic quartz
(+feldspar)} with abundant chlorite (/biotite) flakes and minor
quartz-feldspar porﬁhyroclasts, devoid of iron oxide apart

from alteration in porphyroclasts. In éontrast, the leucogratic
band§ are comp;sed of feldspar with dusty ifon oxide

altgration %Pd fracture filling (Plate XII, Figs. 1 and 2).

In the contact zone at Boston Creek, tﬁi gneissic fabric is
éccentuated bf cataclastically foliated, bifurcating and
discontinuous leucocratic pegmatite bodies (widths in cm scale)
with sharp and regular contacts subparallel and oblique to -
the main structural trend (Plate XIII, Fig. 1), suggesting that
these were ﬁossibly early dykes subsequently deformed and
sheared with the host rock.

The granodiorite-tonalite consists éf 6 to 19% granoblastic
materiél (quartz, plagioclase, * microcline), 20 to 32% quartz,
37 to 60% plagioclase, trace to 20% microcline, trace to 5.5%
biotite/chlorite, trace to 8% epidote,.trace'to.S% muscovfze,
trace to 1% accessories and oﬁaque minerals.

Several conclusions regarding thé peripheral clastic
zone can be drawn from the field evideﬁcef The periphéral
cataclastic zone is devoid of country rock xenoliths when
compared with the homologous peripheral agmatite gneiss west
of Round Lake. Secondly, the gneissose cataclastic fabrié'.
appears along the northeast contact only. éoth features, and

the apparent gradation between the various structural
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Plate XII, Fig. 1

Photomicrograph of leucocratic band in older phase gneissic
granodiorite from the previous Plate XI, Fig. 3. Note
alignment of feldspar porphyroclasts (F) and recrystallized
quartz groundmass (Q). Cross-nicols. Field of view is

1 Cm across.

Plate XII, Fig. 2 -~

Plane-polarised light view of Fig. 1 photomicrograph.
Note heavily altered feldspar porphyroclasts (F) and.
chlorite stringers (C), again possibly indicating "slip-
shear" surfaces. .
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Plate XIII, Fig. 1

Cataclastically foliated, bifurcating and discontinuous
leucocratic .granite pegmatite dykelets in marginal older
phase gneissic granodiorite (map-unit 8E) outcrop. Note
slight obligue trend of dykelets to gneissossity.
Locality, Boston Creek. Magnet is 2.5 cm across.
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"élements encountered in the batholith east of fhe’Cfoss Lake
Fault, were probably produced during emplacement. Shearing-
stresses originating from late-stage movement in a visgousr
fluid-crystal mush, prior to complete sclidification, could
‘induce peripheral cataclasis of the type observed here. o
The model may explain the unfpliated and lineated northeast
granodiorite portion of the batholith, éince the granodiorite
would represent a crystallized remnant of a confinually rising
(near verfical as defined by the subvertical lineationd less
viscous magma, during which most of its adjoining and partly
crystallized periphery was cataclastically deformed.. The
extensive deformation would have obliterated any evidence of
country rock xenoliths present in the peripheral zone, such
that xenoliths were“gmplaced at lower levels, assimilated and
sheared beyond.recognition at the present erosional level. As
for the lack of a gneissosse fabric in the Charlton area,
fabric variability (from cataclasis expressed by schistose
foliation and gneissosity) may reflect differences in the
‘intensity of shear‘associated with magma movement, viscosity
and density contrasts between magma and host rock, emplacement

level and confining stresses.

B) Younger phase: granodiorite-tonalite (map-unit 9)

The younger granodiorite-tonalite, with quartz monzodiorite
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affinities, is a homogeneous red to mottled white rock with a
weak east-west trending foliation, accentuated by or%ﬁnted
xenoliths which average 5% of the rock. It corﬁplet‘;‘m‘ncks
the cataclastic fabric of the older phase (Plate XIV, Fig. 1).
The younger phase occupies the central part of the batholith,
(the Indian Chute Stockf, and flanking cupolas, including

the Crocked Creek and Hope Lake Stocks (map 1, andffig. 9).
These bodies display both concordant and discordant intrﬁsivé
relationships toward the older tonalite.

The'Créoked-Cfeek (Moore, 1966; Lovell, 1972) and Hope
Lake Stocks, also intrude the supraprdstal country'rocks;
and near—the Hope‘L;ke Stock, predominantly southﬁest_‘
trending structures in the volcanic succession have béen
reo;iented northerly.

The stocks consist of cumulate tabular plagioclase andl
subhedral quartz crystals set in matfix of quartz,
poikiloblastic microcline, and euhedral hornb;ende (?iatb X1v,
Fig. 2). Sphene, the commonesf accessory mineral, 6ccurs as
large euhearal wedge-shaped grains averaging almost 1 mm in
length. : 3 i

The granodiorite-tonalite is composed of 14 to-31% quartz,)
48 to 75% plagioclasé.(méy inclpée microcline), 2 to_13% |
microcline, 3 to 18% hornblende, 0 to 4% biotite/chlofite,
trace to ;% epidote,'tracé muscovite, trace to 3.5% accessories,
including opaque minerals.

The younger phase is characterized by founded to‘elongate

xenoliths less than 1 cm to greater than 1 m in diameter



Plate 3¢V, Fig. 1

Outcrop surface of younger phase granodiorite~tonalite
(map-unit 9). MNote variable types and sizes of xenoliths
in a reddish homogeneous and unfoliated host. Locality,
roughly 8 km northeast of Indian Chute Falls, Council
Creek. Pen is 15 cm long.

Plate XIV, Fig. 2

Photomicrograph of representative younger phase
granodiorite-tonalite (map-unit 9), showing plagioclase
(P), subhedral quartz (Q), poikiloblastic microcline (M),
and euhedral hornblende (H). Cross-nicols. Field of view
is 1 cm across. Locality, 2.75 kg northeast of the
northern tip of Kushog Lake.. - '

'\“' "
=
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PLATE XIV




Plate XV
Series of figures from the younger phase grangdiorite-
tonalite (map-unit 9) showing the variety of ; noliths:
amphibolite (Fig. 1), foliated mafic volcanic/ (Fig. 2),
hornfels (Fig. 3), autoliths of intermediate composition?
(Fig. 4), and foliated tonalite (Fig. 5) most likely from
the older phase of the batholith. Fig. 6 represents an
extremely granitized fragment recognizable by the dispersed
and remnant mafic mineral aggregates.

Scales: Figs 1 and 6 - quarter, 2 cm .in diameter
Figs 2 and 4 - magnet, 2.5 cm across
Figs 3 and 5 - camera lens cap, 5 cm in diameter.

Locality: Figs 1 to 5 - dém/power station at Indian
. . Chute Falls on Council Creek
Fig. 6 - 8 km northeast of Indian Chute Falls.
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consisting of:

1). recfystallized‘ultramafic and mafic. (volcanic?)
fragments (Plate XV, Figs. 1 and 2)

2) granitized hornfelsic fragﬁents (sediment or felsic _
Qolcanic in origin) (Plate XV, Fig. 3)

3) autoliths of intermediate compogition, possibly
‘reprgsenting an earlier phase of the—gréﬁggiorite-
tonalite, and céntaining the above xenolith typé;
(Plate XV, Fig. 4)

4) foliated tonalite fragments, pfobably from the older
phase (Plaﬁenxv, Fig. 5}.

Xenoliths show varying degrees'of assimilation in a single
outcrop, with extremely granitized fragq?nts recognizable only
by the dispersed and remnant mafic mineral aggregates (Plate
XV, Fig. 6). However, the bulk of mafic and intermediate
xenoliths have a ﬁineralogical compositioﬁ similar to the
surrounding Qranodiorite-tonalité (horgbl®nde, quartz,
plagioclase, chlorite (—biotits), egidote, sphene, apatite and.
opague minerals; no microcl?ne), althgugh ;hey differ in
proportion (hornblende in excess of 50%,q&artz approximately

40%) and in terture (finer grained and anhedral shapes)t

3) Physical properties of batholith

The total magnetic field (Geological Survey of Canada and

-

Ontario Department of Mines Aeromagnetic Maps, 1970a, b;
Geological Survey of Canada Aeromagnetic Maps, 1965, 1981)

i
'
y
S—

, .
R
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over most of the Round Lake Batholith is relatively consistent,
ra x"xg from under 2000 to over 2300 gammas (Fig. 6), due to
an almost’ total lack .of magnetic mlnerals (magnetite). Minor
variations (i.e. linear patterns) occur at the northwest
trending Montreal River and Cross Lake Faults, and over the
northeast trendiﬁg diabase dykes of the Abitibi Swarm. Major
changes also d&cﬁr along the eastern periphery.(east of thé
Montreal River Fault),yahere the batholith coﬁtact roughly
corresponds to the 2100-2200 gammas contour. The adjacent
Wawbewawa and lower Catharine Groups volcanic rocks
(ultramafic to mafic in composition) attain higher magnetic
fields, exceeding 2;00 gammas betweén Charlton and Boston Creek.
The contact zone maénetic response is not as distinct west of
the Montreal River Faﬁlt, partly due to the prominencg of
diabase dykeg of the Matachewan Swarm which extenstyely
crosscut the batholith, but mainly resulting frof/the thick

cover of Huronian Supergroup rocks. Neverthele’s, the contac

can be traced as a magnetic discontinuity begeath the cover
rocks, extending from the Matachewan area, W terly to E
—
Lake, then southwestefﬁy along Duncan Lake, and southeasterly,
eventually joining with the batholith-couhtfy rock contact at
Penassi Lake and into the Elk Lake area:J
In addition, the bathollth corresponds to a dlstlnct
\-_J

negative Bouguer gravity ancmalytéDominion Observat;ons Branch

Gravity Map, 1966), with values ranging from less than -70 to -40
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milligals east of the Montreai River Fault. Wgst of the'fault,
the gravity field over the batholith decreases to =60 to —30A
milligals (Fig. 7), and blends in with‘éhe'regional northwest
érending contours. Significantly, the -50 milligals contour
extends west of the Montreal River Féu%t for more than 30 km,
inSiSating the probable pfesence of lighf granitoid méterial in
th;é\area, and the possible subsurface extension of the batholith
The sharp magﬁetic contrast along the easteén periphery also
corresponds to a sharp gravity increase to -20 millig;ls across
the contact zone, a distance of less than 5 km. Both major
horthwest trending faults alter the negative anbhaly from east
td west by -70 to -65 milligals-aéross the Cross Lake Fault, o
and by -55 to -50 milligals at the Montreal River Fault. These
"anomaly breaks”™ suggest that bhoth faults contributed to -the
presgnfléonfiguration of the batholithic phases.

Any model used to explain the negative anoﬁaly must take
'into account the ;arge density contrast between the tonalitic
composition of the béthOlith, whigb'is probab%y less than the
crustal average (approximately 2.75 g/cm3 for this part of the
Superior Pfovince. ‘This approach hg? already been utilizgd to
estimate the thickmdss of ‘the Round Lake Batholith as between

)

. 4 and 10 km (Gibb ‘and van Boeckel, 1970).
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Fig. 7. Bouguer gravity apomaly map of the Round Lake Batholith -
area (taken from Dominion Observations Branch, 1966:
Gravity map No. 58). . ' _ :
Legend: contour intervals at 5 milligals; stippiled
© pattern corresponds to the Round Lake-Batholith (and
Otto Stock); heavy dashed lines correspond to faults
,of the Timiskaming System. )
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CHAPTER 1V: .GEOCHEMISTRY OF THE ROUND LAKE BATHOLITH
The geochemistry of igneous rock suites is useful not
only for classificafion purposes, but also for determining
magma séurces and cogene;ic relationships. These approaqhés
will be utiizzed for the Round Lake Batholith to: -

1) classify the major phases and subphases,

2) support the field evidence of large scale homogeneity
within the batholith, and of a spatial relationship
between the older phase tonalite, poikiloblastic
grancdiorite and peripheral tdnalite—granédiorite
(fractionatio; linki,

3) détermine the source of the bapholith.;x/qjgg

o

Major and trace elements are useful in determining sources
9

and postulating fractionation models for igneous rocks.

Element concentrations have been inherited from the parent
- .

magma, and partitioned between successive liguid and crystalline
fractions. Mineral phases precipitating from a liquid will
accomodate specific major elements in their structures, and

depending on the compatibility of trace elements {based on .

”~

partition coefficients - KD ), these will preferentially enter

{or be rejected from) the mineral.framewokk. Continued
séparation of mineral phases. will-deplete or enrich the residual

liquid in major and trace elements. Compatiﬁle trace elements

|
(KD' » 1) -will .be restrlcted to the mineral phases. - For example,

during fractlonatlon of an acid magma 1nvolV1nng/;nly

s .
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plagioclase; the major oxides, Alzoz, Ca0, tend to decreasé and
Sipz, NaZO, K20 increase along a liquid line of descent, and
there is a complementary increase in the tracé elements Rb}

Ba, REE's and decrease in Sr, with the particular pattern
giving a valuable hint as to the fractionation sequence itself
r(Kgr for_plagioclase > 1; for others < 1i.

Major and trace element concentrations allow qualitative
estimates of source regions for parent maﬁhas which can be
cémpared to chemically and petrographically defined sourcé
material (for example, either amphibolite or eclogite). The
source region is of importance, particularly when it is necessary
to determine whether an igneous complex was entlrely or partly -
derived from a primary source such as the mantle or represents
reworked sialic material.

The sﬁ ceeding sections in this chapter will contain a

brief review qf Arcpean tonalite/trondhjemite chemistry an
petrogenesis; and a summary of méjor and trace element
concentrations from the batholith that will include ;%émical
classification, identifiéation of trends, and a comparison with
analyses from worldwide occurrences of Archean;tonalite/
tron@hjemitel’suites.' The latter part of theléhapter will .
be concerned with fractionation and pefrogenesis of the baéhblith.

1) Review of Archean tonalite/trondhjemlte chemistry and
petrqgenesis

.

Worldwide, Archean tonalite/trondhjemite suites (partial

wlstreckelsn (1976) defines trendhjemite as a light cdloured
tonalite containing less than 10% mafics, and oligoclase or

andesine as the plagioclase.
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listing in Appendix IV) have the following chemical

characteristics (from Glikson, 1979; Barker, 1979; and Appendix

IV):
1) SiO2 ranges between 68 and 75 weight %; A1203 is

between 13% and 16%, generally 15% Al at 70% Si0

2 3
- and less than 14% at 75% Si02; Cal is generally

2

between 1.5 and 3.0%, although values may exceed 4%
or be lower fhan 1l%; Na20 is generally 4.0 to 5.5%,
some as low as 3.5% or as high as 6.5%; K,0 is

generally less than 2.5%, but may range to higher than

5%; Fe203TOTAL (Fe0+Fe203) + Mg0 is generally less
than 3.5%, and again there are'many exceptions since
some exceed 6.5% (F8203TOTAL: Mg0 greater thén 2?;
and finally, TiOz_is less than 0.5%.

2) Tonalites folfoW=a calc-alkaline trend in the
triangular A-F-M variation diagram.

3) All are quartz normative. Normative corundum is

uncommon, since magma derived from the anatexis

of igneous-parents_are diopside normative.l It has been

shown in some cases that at greater than 65% 5102 calc-
alkaline rocks change from lepSlde to corundum
normatlve.-cIn normative trlangular varlatlon 'q qg%
diagrams {(Q-Ab-Or, An—Ab—Or); tonalitic rocks .5
generally plot close to the Q;Ab and An-Ab tie lines

¥~ ' (with minor Or enrichment}.




61

4)' Sr and Ba are usually less than 1000 ppm, whereas Rb
ig less than 20q‘ppm {quite commonly less than 30 ppm):‘
all three largétion iithopﬁile_(LiL) élemgnté (Sr, Ba,
Rb) dispiay weak correlations to major element abundances, :
and generally show a wide range of dispersion. Ba/Sr
_is generally greater than 1, whereas Rb/Sr is less than 0.15.

86 range between 0.700 and 0.705

5} Most initial Sr87/Sr
" For the 2.5 to 3.0 Ga tonalite age group.

6) All have steep chondrite normaiized REE patterns with
LREE 30 to 206-t'mes chondrites and HREE 1 to 5 times
chondrites; ﬁa/?b-range from 20 to 70; slight
positive, or-no ﬁu anomaly (Eu/Eu* averages 1).

These chemical characteristics have led many workers (Arfh

- and Hanson, 1972, 1975; Barker and Arth, 1976; Arth et al.,:

1978; Glikson, 1979; Gower et al., 1982) to set constraints in

developing modéls of‘drigiﬁ'for tonalite/trondhjemite magmas.

These arevreported here, along with the most referred-to mddel

or origin: ,

1) 1In mnrfractionat;on or partial .melting hodel involving
major and .trace elements plagioclase cannot
be a residual (or precipif&;ing) phase, whereas garnet
and, in all gxrobability, amphibole are obligatory
phases of the resi@pe. Garnet and aqphibolé wohl&g
produce the HREE depletion needed in tonalitic .

Yb,Lu

magmas (KD much greater than 1).

-

(i S . - n
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3)

4)
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6

Low initial Sr87/Sr8 and K and Rb contents, in

addition to the predicted behaviour of REE (LREE -
enrichment, Eu/Eu¥* greater than or equal to 1;
HREE depletion) in tonalites suggest that the magma

ogigingtEd from the manFle or undifferen¢iated

crustal rocks with a short residence time, containing

low levels of K, Rb, 2r, U, Th, total REE, and low

initial Sr87)5r86.

Field evidence, melting amnd fractionation models,land‘
KD's suggest that tonalitic magmas can be derived by
partial melting/of rocké of basaltic’or gabbroic
compbsitiqns suéh'a; eclogite, amphibolite and basic
granulite. Formatién of tonalite by fractionation of
a basaltic magma, under.hydrous conditionsnguld‘
necessitate'mofe than 70% fractionai c}ystéiiizatibn '

(producing a pyrqxene and garnet cumulate). In moSt

cases, field evidence demonstrates that there is

‘insufficient parental basaltic magma to produce

tonalite by crystal fractionation. Secondly,
tonalitefgabbfo bimodal.éssembiages‘show no-
intermediate rock composition between gaSbfd,aﬁd
tonalite as‘;ould be pred'CtedbeQﬂifferentiatioﬁ.

Initial warking models for the genesis of tonalites,

- -
.-

stem from evidence gathered in Archean granite—greenstone

belt,coméﬁexes of Minnesota and northwestern Ontario.

e
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The commonest petrogenetic médel states that
tonalite/trondhjemite melts were formed by 20%
partial mélting (althoug@ 5 to 35%-15 acéeptablé) of
eclogite {(or amphibolite), leaving a residue
consisting predominantly of garnet and clinopyroxene.
fgrther modifications to this scheme resulted in
modally specific and alternative parental rocks to be
chosen, which vary from basic granulite‘(from two
pyroxéne—garnet-bear;ng to amphibolite-two pyroxgpé-
garnet-bearing and garnet-free amphibolite). Figure 8
represents a summaiy of proposed partial melting and
fractionatioﬁ models in the genesis of tonalite/
trondhjemite melts in general as derived from a basic
parent (basic granulites not included, but may be
equivaleﬁt in composition to a'gabqio). On theoretical
grounds, eclogife has been excluded as a source rock
for Archean tonalites, since Archean geothermal
gradients did not intersect the stability -of eclogite
(Figure 25, p. 62; Glikson, 1979}. Other non-igneous
source rocks such as short-lived Archeén greywackes
are also exéluded as source rocks, sihce these would
produce potassic-rich melts (Winkler, ;975), and not °
sodié-rich melts cequired for tOnaliggs.

Whatever thebmantle or lower crustal scurce, thé parent

must not only be basic in nature, but must satisfy experimental



DIFFERENTIATON ' ROCK PRODUCED
. — HIGH-AL>O3 TRONDHJEMITE
WET '‘BASALTIC MAGMA —> TQMUTE AND
EXTRAUSIVE EQUIVALENT

CUMULATE

HORNBLENDITE AND
HCORNBLENDE -BIOTITE
DIORITE

1556 AL20O3

AT 7024 SiO;

LOW-K ANDESITIC MAGMA —>| LOW AL205 TRONCHJEMITE
TONALITE AND
EXTRUSIVE EQUIVALENTS

CUMULATE

PLAGIOCLASE-HYPERSTENE
AUGITE
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PARTIAL MELTING

«——— QUARTZ ECLOGITE
RESIDUE

PYROXENE-GARNET
AMPHIBOLITE

HORNBLENDE -PLAGIOCLASE
+QUARTZ * GARNET

lnésmue

CLINDPYROXENE * HCRNELENDE
+ OATHOPYRDXENE
2 GARNET (HIGH-AL203 LIQUID)
* PLAGIOCLASE {LOW AL203 LIQUID)

A

GABBRO

PLAGIQCLASE-PYROXENE
HORNBLENDE 2 QUARTZ
+ QLIVINE

lﬂES!DUE

TCLINOPYROXENE-PLAGIOCLASE
- 20OLIVINE

Fig. 8. Models of tonalite-trondhjemite genesis (Barker and Arth, 1976

-
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studies in the series granite-tona;ite-gabbro with Hz?_(Wyllie,
1979). '

Based ‘on Archean geothermal gradients of either 30 to
35°C/km (Baer, 1977) or 40 to 50°C/km (Glikson, 1979), melting
of basic crust to produce anhydrous tonalite liquid requires a
minimum teMperéture éf 1200°¢ (Figure 25, p. 62; Glikson,’1979).
Similarly, Wyllie-et al. (1976) and Wyllie (1979) showed that
even if tonalites represent primary anhydrbus melts (2%
dissolved H20) formed by anatexis of lower continental
crust (andesitic or tonalitic gneisses), the liquidus
temperature would be still in excess of 1000°¢ {Figure 17-14B,
p. 513; Wyllie, 1979). Both temperatures are beyond the upper
limit of normal crustal meté&grphism {less than 900°C for
granulite facies metamorphism (Figure 17-14A, p. 513; Wyllie,
1979), although conditions_in the Archeqn may have allowed for
extreme temperatures in the lower crust. Addition of heat
froﬁ Ehe‘mantle to the lower crust (Wyllie, 1979) would be a
plausible mechaﬁism fegulatiﬁg the temperature.

The ge;ération_of Archean tonalites by melting of a basic
parent, possibly ultramafic-mafic greenstones at lower
crustal levels, temperatures greater than 1000°C and depths
greater than 35 km, as suggested by Glikson {1979), is

consistent with major and trace element modelling.

2) Chemical Analyses from the Round Lake Batholith

Major and trace element analyses from the Round Lake
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Batholith and 3urroundihg_Abitibi Supergrotp ére listed™in
Appendices I; and III, respectively, whereas REE ané Th, Hf:\ and,
' Sc from the major batholithic phases-are listed in Table 4 ‘
(sample locations givgn in Figure 9; Ontario Geological Surve§
and beol?gical Survey of Canada samples are not includea).
Chemistry from the compilation of worldwide Archean‘tonalite/
trondhjemite occurrences and the suite from Finland are listed
in Appeﬁdix IvV.

Sample diétribution and laboratory facilities where
analyses were performed are tabulated in Appendix I.

Analyses from the Ontario Geological Survey and Geqlog}cal
Survey of Canada were used to complement énalyses of fhe
batheolith and surrounding supracrustal ﬁnits, from areas that
were not fully investigated or sampled; Ontario_Geologica;
Survey analyses suppiement the toﬁalite (map-unit 8a), //r
hornblende tonalite (map-unit 8C), granodiorife—tonalite
(map-unit 9), and dyke category. Oﬁtario Geological Survef
sampies are located in the central part of the batholith bounded
by the twin northwest trending faults of the Timiskaming System.
Geological Survey of Canéda analyses are scattered throughout
the batholith, wherever gaps in the sampling occurred. Abitibi
Supergrbup analyses from the Pacaud Tuffs were taken from the
Boston Creek area along the northeast ﬁargin of the batholith,
those of the Cétharine—Wawbewawa from the northeastern and

southwestern porticns of the map area, and the Skead were taken

- ~
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Map-units

11-14 .y Proterezoic and yaunger rocks

10 Otto Stock
Round Lake Batholith

9 ) D Younger phase granocdiorite-tonalite
Older ph&:e :

80, E l [:j Protoclastic granodiorite~-tonalite

:1:] Granodiorite suite

BA S Tonal:te sulte
ac E Harnblende tonalite

1-7. 10 D Abitibi Sp. and undiffersntiatnd
granitolds

INDIAN CHUTE \
123 @327

329
o134 STOCK

|
51000' 80"30'

9. Generalized geologic map of the Round Lake Batholith
area showing locations of samples used in this study.
OGS samples from the bathelith and samples from the -
Abitibi Sp. are not included. Dashed, heavy set lines
correspond to faults. Legend above! .

i
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from outside the map area to the east.
In- Harker and triangdldr variation diagrams, analyses

a

were plptted with sfﬁbols dépicting rock types and laboratory
facilities. The- laberatory symbol subdivision shows the
-varf%bility of analyses within a single hap-unit, and enables
a separation of trends largely controlléq‘by %ithqr .
inter-laboratory bias (see Abbey,'1979) ;; magm;tic'
diffegéntiation. 1f ‘each group of analyses from a single -
map-unit plots in a different portions of the diagram, so as
to form a linear trend, this could be concei&ed as an
erroneous variability brought about by inter-laboratory bias.
. Alternatively, if groups intermix with each other gndvform a
linear trend, this trend may be interpreted as differentiation.

\

A) Results: major and trace element cordgentrations

- A éummar& of major and trace element concentrations from
the Round Lake Batholith and Abitibi Supergroup, in terms of
mean-chemical compositions and rangés,'is.given in Table 3.

" Included in Table 3 is a mean chemical cémposition for the
volcanic pile of the Kirkland Lake-Timmins-Noranda area
(from Gobdwin, 1979), which is to bé used in conjunction with
the partiagd melting model of.érigin for the batholith.
5 The following patterns and interpretations are noted in
tﬁe anglyﬁical data:

1) Field evidence demonstrates spatial and genetic

relationships between the older'¥ha$e tonalite

N
K
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(map-unit BA),\éranodiorite (map-unit Bp), and marginal

cataclastic granodiorite-tonalite (map-units 8D, E).

Chemically, there are somewhat minor variations in the -

chemistry of older phase units. Méans for

5102, AJZQ?_FQZOBTOTAL' Cao0, Nazo(?) and TiO2 tend to

decrease from tonalite to the cataclastic granodiorite-

toﬁalite, whereas K20 tends to increase. The trace
elements Ba, Sr and Rb (the LiL glements) manifest
considerable dispersion.about their means in all fhree
units. 'Bé ranges from 200 to 1541 ppm, with a mean

of 445 ppm, in the tonalite; 245 to 718 ppm in the

granodiorite (mean of 512 ppm); and 291 to 1178 ppm

(-
in the cataclastic granodiorite-tonalite (mean of 508 ™

ppm). Sx ranges from 237 to 842 ppm, 271 to 786 ppm,

and 207 to 538 ppm for the same three units (means of

564, 594 gnd decreasing to 352 ppm respectively).

Rb ranges from 11 to 66 ppm, 18 to 49 ppm, and

23 to 80 ppm with increasing means of 23, 32 and 50

ppm. Cr, 2n and Ni values are too low to be of

significance, whereas Zr appears to decrease. Trace
element, and major to trace element ratios (Rb/Sr,'
Ba/Rb, Ba/Sr, K/Rb, K/Sr, K/Ba, Ca/Sr) offer a wide
range of values wiéh no coﬁsistent variation between

the units.

Interpretation: perhaps the most striking




r
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3)
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featyre of these analyses is-thé nbminal améunt of
v&fzgtibn across the older phase of the batholith
considgring its large dimensidns. The compoéitional
homﬁéeneiéy in the minéralogy and chemistry depicts a
single source - single magma origin for the older 3
phase, with the internal fariations gcaused by

minor differéntiation. .

. ~—
The younger.phase granodiorite-tonalite (map-unit ?)

. oxide ‘data resemble that of the older phase tonalite

{map-unit 8a). Trace element means are generally

}

higher for Ba, Cr, Sr, 2zn and Ni, and equivalent for
Zr and Rb. Trace, and oxide to trace element ratios
offer a narrower range of values than the older phase

tonalite, and there is a significant overlap.

-t v

Interpretation: major elements from the

younger phase granodiorite-tohalite and*the older
phase tonalite demonstrates,tﬁat both units have a
common origin, probably the same parent, although
their.age difference and trace element discrepancies

promote two distinct evolutionary lines.

‘FeZOBTOTAL' Mg0 and Ca0 when compared to the other

Hornblende tonalite of the older phase (map-unit 8C)
has lower mean values for SiOz,'and higher A1203,

e
units in general. Trace element values show the same

type of disgersion about their means as depicted by
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the other batholithic™nits, or the means approaching

those of the younger phasé granodiorite-toﬁalite.

Interpretation: features such as these mafic

indicators, in addition to thé mafic.xeholith content
of the tonalite and the laﬁter's'prOximity to the
Abitibi Supergroup, suggests a possible link to thev
supracrus;al rocks surrounding thé batholith, whether
via derivation or contamination. In addition, the possibility of
a link between the hornblende tonalite and the younger phase is
plausible, since both have a similar spatial distribution (margin
of the batholith), lack a strong foliation, and are
xe&olith—rich. Alternatively, the hornblende tonélite
may also be a late pulée, emplaced'along contact zones
between older phase tonalite and either Abitibi
Supergroup rocks or younger phase granodiorite-tonalite
(Fig. 9).

Means from the Abitibi Supergroup show considerable

variability in Si0 Fe,0 cal, K.0, Ba, Sr and

2* “©2Y3r0oTAL’ 2

Ni between the mixed Pacaud Tuffs and ﬁomatiitic-
tholeiitic Catharine-Wawbgﬂéwa Groups, and the
calc-alkaline Skead Group. Skead Group rocks are

generally higher in SiOz, Na.0, K.0, Ba, Sr and Ni,

2 2

and lower in Fe20 and Ca0. The overall mean

3TOTAL

of the_ Supergroup approximates the regional composite

L.

—f£rom the Abitibi Belt.



Table 4. Rare earth elements, Th, Hf and Sc in ppm from the
: Round Lake Batholith. Chondrmc meteoritic values
from Haskin et al. (1968} were used to normalize rare
earth valués of Eu/Eu*, and in Figs. 11, 13 and 24.
For sample locations see Fig. 9.

Map-Unit 8A 88 8 & 9
SampleNo. 14 70 136 299 88 228 3% 35

La 22 il 10 6 *+ 8 15 46 - 16

Ce 42 22 S0 12 16 25 109 35
sm 2 25 1 1 1 L5 9 25 .
Ew ° 0.8 0.8 0.9 0.3 0.5 0.6 2 1
Tb 02 03 02 01 01 02 08 0.2
Yb 03 07 03 01 0¥ 05 1 05
© Ly 0.07 0.2 0.0% 0.03 003 007 021 0.07
Th 3 1.5 4 1 1. 2 5.5~ 2.5
HE s 3 5 2 3 3 3

Sc 25 65 3 L5 2 3 13

IREE 67.6 374 624 195 25.8 429 168 55.3
Ew/EU*! 14 12 24 L& L5 L4 09 LO
La/Yb 86 15 29 60 36 32 38 35

‘EulEu* = observed Eu value # value obtained by interpolation
‘between Sm and Tb (or Sm and Gd as in some REE data of
Appendix IV).
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Interpretation: in granite-greenstone belt

defeldpment, the formation of plutonic tonalite/
trondhjemite suites is believed to be accompanied by
acid voléanism (see Glikson; 1979) Dacitic t
'rhyolltlc lenses would be emplaced above earlyg\\y
greenstone cycles 1ntruded by the batholith and below
_upper greenstone cycles which postdate the intrusions.
'This cyclic scenario is certainly consistent with

the volecanic stratigraphy for the Kirkland Lake
segment of the Abitibi Belt. The Skead Group,
representing a calc—alkaliné‘sequencé of basaltic -
to rhyolitic lavas and pyroclastics, and rhyolitic
porphyries-would be'an_é&uivalent to these acié
volcanic lenses emplaced above the érecurso: cycﬁ;qh_
(Pacaud Tuffs) and below the second cycle (Larder ~
Lake Group). According to the scenario;.tﬂe Skead
Group wou{d be classified as an extrusive differentiéte
of the Round Lake Batholith,'the batholith being the
closest major tonalitic intrusién to the Skead. A
model encompassing this scenario would not onlxjﬁave
to contend with the lower SiO2 and higher Fé203, Mg0,
cao, Cr and Ni values of the Skead, when compared to
any unit of the Round Lake Batholith (which i5
incompatible with differentiation) and also the

intrusive relationship of the batholith with the

C
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post-Skead Larder Lake Group. Details of the origin

of the volcanic pile, particularly the Skead Group,

are beyond the scope of the thesis.

The Abitibi

Supergroup anaMses are presented here for comparative

and batholith modelling purposes only.

REE are 19 to 67 ppm_for tonalite (map-unit 8A), about 26

ppm for grancdiorite (map-unit 8B) and 43 ppm for cataclastic

grancodiorite (map-unit 8E). All feature a smallhpositive Eu

anomaly (Eu/Eu* between 1.2 and 2.4), and all are LREE

enriched (La/Yb) ranges between

15 and 86 for the tonalite, and

is 36 and 32 for the granodiorite and cataclastic granodiorite,

respectively). Th

and Sc from 1.5 to 6.5 ppm; all

ranges from 1 to 4 ppm, Hf from 2 to 5 ppm

relativély low values.

The younger phase granodiorite-tonalite REE and Th, Hf,

Sc values ovérlap with those of
the exception of a 1ower Eu/Eu*
is\higher in all REE {total REE
vaﬁues than either the older or
is slightly negative (Eu/Eu* at

of 3 ppm is compatible with the

the older phase units with

at 1.0. Hornblende tonalite

of 168 ppm), and Th and Sc
younger phases. The Eu ancmaly
0.9), whereas the Hf content

others. The anomalously high

REE values méy be related to the above nozmal sphene and

apatite contents in sample 390 (1% each} Table 2) and trace

allanite and 2ircon, since accessory minerals such as these_are

important in controlling concentrations of REE (see Table 5).

The REE data and Th, Hf, Sc values from the older and

¢



717

younger phases, with the possible exception of the hornblende
" tonalite, are consistent: with an origin‘from the same parent,
and reaffirm.the contention that the older phase is chemically

homogeneous.

B) Variation diagrams: classification, comparison and trends

Chemicaltanalyses from the Round.Lake Batholith (Table 3
and Appendix II) are compatible with other Archean tonalite/
trondhjemite suites. One significant déviatioq is the relativley
low Rb content of the batholith, at less than 80 ppm overall,
coﬁpared to Archeaﬁ suites which range up to 200 ppm. This
characteristic probably reflects the Rb depleted nature of the
parent. Compatibility also eﬁcompasses the quértz normative
character of all batholihic units. In contrast, corundum
normat;ve récks are mostly restricted to the older phase, with
the exception-of the hornblende tonalite which is predominantly
diopside no:matiye, as is the younger phase granodiorite-tonalite.
Conversidn from diopside to corundum normat}ve occurs at
approximateiy_ﬁS% Si02, which is consistent with the division
employed by'Barker (1979).

Harﬁer diagréﬁs (Fig. 10) for both Round Lake Batholith
phases, inciuding hornblende_tohalite, show major eiement
trends with négative and poor positive eorrelations

in terms of S§io0.. Al.O

2 203+ Fey03q5pay MID and Cal

v .

exhibit negativ correlations with SiOz, whereas

Na,0 and K,0 exhibit a poor positive correlation. Trends for



-Fig. 10. SCATTERGRAM - generated Harker diagrams for the Round
Lake Batholith and Abitibi Supergroup Pacaud Tuffs,
and Wawbewawa-Catharine-Skead Groups. (a) Map-units
1-4 (1: Pacaud Tuffs, 2: Wawbewawa group, 3:
Catharine Group, 4: Skead Group) and 8 (Round Lake
Batholith older phase), including dykes and xenoliths.
(b) Map-units 1-4, 8, and 9 {(Round Lake Batholith
younger phase), including dykes and xenoliths.

Symbol nomgnclaturel:

Round Lake Batholith

Dotted A A A Tonalite (map-unit 8;\)
~~ line ‘ ® O Granqdiorite (map—unit 8B)
field | QO Cataclastic granodiorite-teonalite (map-units 8D,E)
L JRe Hornblende tonalite (map-unit 8C)
e o Dykes

. ,
®OoK Granodiorite-tonalite (map-unit 9)

B Xenoliths (amphibolite; OP-in B8A, YP-in 9)
Abitibi Supergroup ' .
[ Pacaud Tuffs (map-unit 1)
Solid line = Catharine-Wawbewawa Groups (map-units 2, 3)
field 1
o . Skead Group (map-unit 4)

lpillea symbol: sample analysed at the University of

Ottawa

Open symbol: sample analysed at the Geological Survey
of Canada

Dotted open symbol: sample analysed at the Ontario
: Geological Survey
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the younger phase are generally less marked, with a chstering_
of results between 64 and 70% Si02. Trace element frends fram
both phases (ex;lu@ing the hornﬁi;nde tonalite) are vague owing
to few results and the scattered distribution of daté points.
Nevertheless, Ba and Rb from the older phase tonalite,
granodiorite and cataclastic marginai-unit show a ébmewhat weak
positive correlation, and 2r shows a significant negative-
correlation. Within the older phase hornblénde tonalite, Ba
and Sr exhibit a strong pecsitive correlation, whereas Zr shows
a poor positive correlation.

Both pegmatite and aplite“dykes plot closely, or slightly
-within, the olﬁer phase field for all elements (data pointg
at roughly 72, 73.5 and 75% 5102). The quartz-feldspar
porphyry dyke (at 64.5% Si02) plots in proximity tﬁ the yoﬁqger
phase clusters of analyses and within the hornblende tonalite

‘ -field.

Analyses from the Abitibi Supergroup Pacaud Tuffs, and
Catharine-Wawbewawa and Skead Groups are included in the
Harker diagrams (Fig. 10).. With few exceptions, the Pacaud
and Catharine-Wawbewawa units plot in the same field, whereas.
Skead Gro;ghrocks piot outside the field (mostly because of

higher Sioz) and define:a trend extending from the other two

units. Overall, A1203 shows the only distinct positive
correlation with'Si0,; Na,0 and K,0 are weakly positive; and
Mg0 and Ca0 show a strong negative correlation.

Fe,0q3p0maL”



1000 Younger phase —---- Map-unit 9, granodiorite, tonalite
~ — Map-unit 8C, hornbiende tonalite
500 Older phase | '-Map-uni.t BE.catacta'stic.: granodiorite
————— Map-unit 88, granodiorite

200 — : —_— Mapl-unit 8A, tonalite

|

| | ] o I l
LA CE SM EU GD TB YB LU

Fig. 1l. °Chondrite-normalized REE patterns from the
: Round Lake Batholith. Sample numbers are
given at the LRE element side of curves.

89
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Ba and Rb concentrations are low and generally too scattered

to exhibit any trends, whereas Sr and 2r show a weak positive

correlation. ¥

The older phase amphiboliye xenolith, found in agmatite
gneiss near the Crooked Creek Sﬁock, plots within the
Pacaud Tuffs and Catharine-Wawbewawa fiélds, suggesting an
-origin from similar rocks. The two younger. phase amphibolite
xenoliths plot in proximity to the Skead Group field, although
the xenolitﬂélare slightly lower in A1203 anéd Zr, and higher

2
in F8203TOTAL' Mg0, Ca0, Na20 and Sr than the Skead average.

Chondrite—normalized REE curves‘TFig. 11) graphically
demonstrate the chemical homodeneity of the Round Laké Batholith:
LREE enriched and depleted HREE concentrations with positive
to sli;htly negative Eu anomalies. The lowest SiOé value of
66.90% from t%e oclder phases tonalite corresbonds to the
highest REE concentration, with the highef SiO2 samples
containing lower REE values. Both features suggest a little
to a more differentiated sequence. But the minimal SiO2
range in older phase samples (66.90 to 72.40%; exciuding
hornblende tonalite) and the insignificant modifications to
the shépe of the REE curves (such as cdntinuous enrichment
or depletion-of the LREE, HREE and Eu) preclude any‘ Y
insight into the fractionation history of the older phase.

In summary, Harker diagram trendsfand chondrite-normalized

plots reinforce several conclusions previously documented:



1)

2y

3)
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N

‘Even with the separation of laboratory facilities in

the analyses, trends shown here appearhEF be real,-
i.e., caused by magﬁatic processes. Cergé%n analytical
clusters in major element analyses of the Slder'phase'
tonalite reflect the similar composition of rocks
from EPe sampling area, and the spatial gradation

between the tonalite and the granocdiorite and

cataclastic granodiorite-tonalite.

It should be stressed that very smooth variation in
major element composition cannot be solely taken as
evidence for simple differentiation. Smooth variation
résult in part from normalization ¢f the oxide sums

to 100%. However, from the Harker diagrams, the least
differentiated oldeﬁ=phase analyses belong to the
tonalite, whereas the most differentiated belo to

the cataclastic granodiorit§—tonalite, the overall
range of'differentiation being quite narrow with.
significant overiap as suggested by thd field evidence.
Overlap between the older phase (excluding hornblende.
tonalite) anq younger phase granodicrite-tonalite
substantiates the genetic link between the two phases,
since.téends tend to be subparallel. Hornblende
tonalite overlaps witﬂ&n, and extends, the trend of

the younger phase in major eléments only, and not in

the trace elements, suggesting that both units are
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’

not part §f the same differentiation sequence.

4) There is definitely no genetic correlation between
the Abitibi Supergroup rocks and the Round Lake
Batﬁolith phases iﬂ terms of the upper supraérustal

‘package being partly derived from the bati0lith as

differentiation products. Units follow fantipathic
major and trace element trends; eveén thpbugh some of
the Pacaud Tuffs and Skead Group rocks_ lot neﬁr;”
though generally outside; the fields‘of the older and

yoﬁnger phases of the batholith.

¥
r

Comparison of major and trace elements between the Round
Lake Batholith phasgs (excluding dykes) and other Archean
tonalite/trondhjemite suites (Appendix IV) is'graphically
-presented‘in Harker's diagrams of Figure 12, chondrite-normalized
REE plots of Figure 13, and REE vs SiO2 plots of Figure 14.
.Also\included in these figures are 18 analyses f:oh the
Proterozoic gabbro-~trondhjemite suite of southwest Finland
(also in Appendix IV; Arth et . al., 1978).

Harker diagrams clearly show that Round Lake Batholith

4
analyses overlap and exceed the narrower fields of Archean



Fig.

12,

SCATTERGAM-generated Harker diagrams comparing the
Round Lake Batholith (field: <./ ) excluding dykes and
xenoliths, worldwide Archean tonalite/trondhjemite
suites (field: (7 , symbbl: x), and the gabbro-
trondhjemite suite of southwest Finland (symbol: *).
Both the Archean and Finland suites are listed in
Appendix IV.

Ay
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suites with respect to major elements and Ba, Sr and Zr.
Overlap with the most differentiated tonalite-trondhjemite
. samples of the Fénland suite is also evident, although
203,,Na

batholithic trends for Ai
outside the evolutionary line for a typical gabbreo to

20, KZO' Sr and Rb are‘generglly
trondhjemite differentiation sequence.

Chondrite-normalized REE data from the Round Lake Batholith
(Fig. 13) plot in the lower half of the field defined by
Archean suites. Four curves from the least to most
differentiated samples of the Finland suite (sequentially UK-10,
UK-8, UK-15 and UK-12) are also plotted. The Finland pattern
shows a general decrease in total REE Eoncentrations and an
increase in the Eu anomaly with increasing SiO2 (from 60.43 to
“1;.39%). The only significant correlation of
the Finland suite .with the batholithic patterns
is the position of curves relative to S_iO2 content:. UK-10
at 60.43% SiO2 is similar to the older phase hornblende

tonalite curve at 62.00% S5i0 whereas the field encompassing

2!‘
the youﬁger phase and other older phase units (ranging'from
66.90 to 72.40% Si02) is consistent.with samples UK-8, UK-15
and UK-12.

REE plots (total REE, La/Yb and Eu/Eu* .vs Si02; Fig. 14)

for the Round Lake Batholith exhibit a generally tight cluster

of data points in all three diagrams at about 70% sio,,

which overlaps with other Archean suites. The REE plots also

v
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Comparison of chondrite-normalized REE -
patterns from the Round Lake Batholith (RLB)

with other Precambrian tonalite/trondhjemite
suites. :



Fig.

14.

REE plots ( REE, La/Yb and Eu/Eu* vs SiO,} for the
Round Lake Batholith, Elzevir Batholith Gf eastern
Ontario (Table 3: Pride and Mcore, 1983), Archean
tonalite/trondhjemite suites, and gabbro-trondhjemite
suite of southwest Finland. Symbols are: Tonalite
{map-unit 8A), A ; Granodiorite (map-unit 8B), e ;
Cataclastic granodiorite (map-unit 8E), B ; Hornblende

‘tonalite {map-unit 8C}, Q : Granodiorite-tonalite

{map-unit 9), ¢ ; Archean suite, ¢ (field; with 70%

of samples falling below the dividing line at

roughly 80 ppm REE); Finland suite,7f {arrow); Elzevir
Batholith, +. .
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contain two distinct differentiation sequences, the Grenvillian
Elzevir Batholith of trondhjemite composition (Pride and
Moore,.1983) and the familiar Finland quite. The Elzevir
Batholith features a marked decrease in REE, La/Yb and Eu/Eu*
with ;ncreasing SiOz, even over a narrow range of SiO2 values
(roughly 64 to 75% Si02). The Finland suite initially inéﬁeases,
then;decreases in ‘REE, and (in contrasﬁ to the Elzevir
Bathélith) incféases.in Eu/Eu*, over a wide range_.of‘SiO2
vglues (40 to 75%'5102). The Round Lake Batholith cider phase
REE data does not obviously follow either of-the two
cdnfrasting differentiation trends.

. o™

Triapgular classifiga;ion diagrams (A-F-M, An-Ab-Or and
Q-Ab-0Or) for the Round Laké Batholith indicate that phases
display calc—aikaline affinities of thertonaliteltrondhjemite
seriés (Fig. 155, which ;s consistent with other Archean
- suites and the Finland trondhjemitic rocksr(Fig. 16).

On an A—?—M diagram (Fig. 15a),kthe Round Lake samples
plot along a- narrow field extending towards the alkaii -
corner, whereas most Abitibi Supergroup Pacaud Tuffs and
Catﬂhrine—WawSewawa saﬁﬁles show an Fe0+Fe203 enriphment
indicative of thdleiitic_affinities; Four samples of the
-éacdﬁd, and all.of the Skead (with thevéxception of one sample),
plot in.the-calc-~alkaline. field; and as in the Harker -

diagrams, both units show trends that are incompatible with "

the batholithic phases. : -



Fig.

15.

~

Triangular compositional diagrams for the.Round Lake
Batholith: (a) A-F-M (wt %) plot of Irvine and Baragar
{1971); (b) An-Ab~Or (cation normative) plot of

Barker (1979); (c) Q-Ab-Or {(cation normative) plot of
Barker and Arth (1976). (a) Map-units 1-4 (1l: Pacaud
Tuffs, 2: Wawbewawa Group, 3: Catharine Group, 4:
Skead Group), 8 (Round Lake Batholith older phase),
including dykes and xenoliths. (b-c) Map-units 8 and
9, including dykes and xenoliths. Symbcl nomenclature
same as in Figure 10.
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Fig. 16. Triangular classification diagrams comparing the
Round Lake Batholith, excluding dykes and xenoliths,
worldwide Archean tonalite/trondhjemite suites, and
the gabbro-trondhjemite suite of southwest Finland. .
(a) A-F-M. (b) An-Ab-Or. (c) Q-Ab-Or. Classification
sape as in Figure 15. Symbol nomenclature same as in
Figure 10. :

iz




(a)

Tholeiitic

Cate-Alkaline

—

(F)
FeQ+.9Fe 0,

:'\'u»

105

MgO (M)



106

AN

Trondhjemite

c
o

50

AB



(c)

Gabbro/
trondhjemite trend

Common
calc-alkaline
trend

107




108

-

On a normative An-Ab-Or diaéfam (Fig. 15b), the Round
Lake samples occupy the tonalite‘and_tfbndhjemite.fieldé of
Barker (1979) with two dykes ané one older phase tonalite
plotting in the g;anite field.i‘Accordigg to this diagram, Both'{
younger phase xenoliths are chémiEally indistinct from other L3
'tonalite—trondhjemite'lroéks of the batholith, ;oniraryi
to the older phase xenolith.

Cn a normative Q-Ab-Or diagram (Eig. 15¢c), the ciuster of
data points illustrates the homogeneity not only of the older
phése but of the whole ﬁatholith. Here, all three xenoliths
blot outside of the main en&elope of the batholith analyseﬁ.
Based on the Harker and triangular diagrams, the younger
phase amphibolite xénoliths are not of a precursor‘intrusive
phase, but are likely akin to the surrounding supracrustal
rocks, as suggested previously. ‘

In compariéon, the minor Or enrichment shown by Archean
tonalite/trondhjemite suites is not evident in the Round Lake
Batholith cluster (excluding dykes) (Fig. lﬁa,bxﬂ; The lack
of Or enrichment depicts a plagioclase involvement in the
crystallization history of batholith. Petrographic evidence
from the batholith attests to a very pronounced plagioclase
involvement, since the plagioclase content varies from 38 to

77% overall (see Téble 2).

3) " Fractionation within the batholith: an enigma

it is difficult to envisage large plutonic bodies of the
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dimensions of the Round Lake Batholith without differentiation.’
Most well known -large plutonic masses, such as the Phanerozeic
Sierra Nevada Batholith (Bateman et al.;‘1963), consist of
many mineralogically, texturall¥ and chemically z09ed plutons
ranging from gabbroiC'to granitic compositions. The hrchean
‘Round Lake Batholith, as with many other eerly Precambrian
tonalite/trondhjemite complexes of similar tectonic setting
does not exhibit the same degree of heterogeneity, typical of
differentiation, of many of the Phanerozoie batholiths. The
absence_ of diverse phases (gabbfo and granite} in Archean
plutBnic bodies, as shown by the abundance of tonalitic rocks
throughout the ancient shield areas, must reflect thear common
source and subsequent crystallization history.

Hyndman (1984) postulated partial melting-as the
characteristic mechanism producing voluminous amounts of
chemically homogeneous perent, followed by rapid solidification
of the magma nearjits source. This is a feasible process fer
Archean tonalites. Partial melting of vast amounts of
ampfiibolite at depth, shown by Barker and Arth (1976) as the
most i&kely source rock and possibly representihg the base of
the greenstone pile, would produce a tonalitic melt. The melt
would subsequently crystallize, allowing chemical, and ﬁot
physical, differentiation. Zoning in plagioclase, the‘main
component mineral of tonalites, infers either a depletion or

enrichment of certain elements from the-residual melt. However,
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this (chemical) dlfferentlatlon would be negllglble assuming
that the residual melt would not physically separate from early
formed plagioclase crystals. Ultimately, the residual melt
would remain practically in-situ, and probabiy crystallize as
k—feldsparfand qguartz.

The scenario may well apﬁly to the Round Lake Bathplith
‘older phasg. Howeyer, prior to advocating such a model, it is
essential to examine and evaluate all possible processes which
could lead to mineralogical and chemical homogeneity as'depicted
by the Round Lake Bathol&th older phase.

In all,.there are three possible processes that may
create the same pattern of homogeneity. These are:

1) homogeneity tArough alteratioﬁ, a consequence of

either regional metamorphism or autometamorphism.

2) homogeneity through the previcusly outlined partial

melting of a chemicaliy homogenecus parent,uvia either
‘a single pulse lor multiple magmatic pulses), with
rapid crystallization and no diffefentiation:

3) homogeneity through a.combination of partial melting
with a single pulse of tonalitic melt (as in 2),
subject to differentiation that would have been
inhibited by a lac? ot phyéical separétion between
crystals and regidual melt.

Alteratlon is Judged the least likely process contributing

to chemical homogenelzatlon. Differentiation within the older
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phase of the batholith as shown by the apparent eastwafd
gradation of sdbphases from tonalite to g}ahodiorite, coupled
with a minos variability in‘major elements, nullifies any..
significant modifications brought upon by alteration..

Arth et al. (1978), in their study of the tonalite-
trondhjemite rocks of the Finland suite, suggested that the
trace elements Sr and Rb were transported into, end_Ba out of,
the magmatic system during low temperature alterstion brought.
upon by (the exchange of) fluids rich in water originating
from surrounding metamorphosed country rocks. Both biotite
-and hornblende from the Round Lake Batholith appear to give metamorphic
ages (Chapter VI: Geochronology of the Round Lake Batholith).

. . ’ -
The petrographic evidence in the older phase supports the.‘
metamorphic interpretation: micas (biotite.and huscovite) are
late growth minerals. Sagssuritization 5f plagioclase is the
sole mode of formatioe of muscovite, whereas biotite occlurs as_
disseminated corroded flakes and, most importantly, as |
aggregates with the late forﬁing euhedral to subhedral
hornblende. Hydrous minerals such as micas would not be part
of most tonalites primary mineral assemblages. Tonalites, in
general, are "“dry" rocks;‘based on experimental work, water -

content brobably does not exceed 2% (Wyllie, 1979). Peraluminous

systems are mica bearing, although the Round Lake Bathol;;h_as .

a whole does not fit this category.

Another approach in establishing the role of metamorphism
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A

in the modification of chemistry would be to correlate befwéen

modal micas and the compatible trace elements Ba and Rb (Kga

.

and Kgb are greater than 1 for micas; Table 5). A strong

[

positive correlation would imply an influence from metamorphism/

alteration. s%;ts of the correlation are shown in Fig. 17.

‘No apparent correlation exists between modal micas and Ba and

Rb, even owing-to_impfecise modal counts from the cataclastic

marginal shbphases; and to the precisioh of Rb which exceeds

* 50% of values under 40 ppm. Micas are strictly minor

constituents in the older phase, and probably did not control

Ba concentrations as much as feldspar which constitutes at
least half to three—quarters”of the minerals (Kga for plagioclase .
and K-feldspar are 1.21 and li.é respectively; Table . 5).
Rb is generally lov éh;oﬁghout the ba;hol}th, even with the
influx-ofxiéte hica;. Therefore,=Rb can not be reliably used
in petrogenetic modelling shemes. -

The éecond process'is also excluded on the single premise
fhat différenﬁiation was ac£ive in the older phase cf the
Round Lake Batholith. Ubiquitous zoniﬁg of plagioclase
throughout the older phase attests to a chemical differentiation.

The third process invokes partial melting resulting in a

single tonalitic melt pulse being subjected to chemical

&
&

‘differentiation only, with the residual melt remaining at or

near the site of plagioclase nucleation pfbbably throughout

most of the crystallization history. Examples of the link
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Table 5. Crystal-liquid partition coefficients used in this study.
Some values were added for comparison. )

n
i

Mineral . ) Element

Ba Se Ry La sm ru ™ Yo

A 3 A » A B A B A B A 5 A B A s
Quartz e.oa' . osot! . ooot! - . - - . - - - - - .
Pugiocise 1210 on? a2l Lo' eom! 0ori? - ot - o’ - 07’ - ent - eon’
T T T ¥ e T e N T . - - - - -
Biotite sa' L oo a0 23t o . 0 - 00 - 00 - sor -, o
Muscovite 266 - ot . 1! - - - - . - - - - - -
Hornblende 0002 o422 coz? oae? oo 028t - 02 . e’ - a® o, - 0y’
Orthopyronene 0.00747  0.00t® o0ss? ooo17? coozr® 0022 - ese* - 0o’ - cord? . 00t - 0.549°
Clinopyraxene -~ 0g0r? - 007 - oo - oo - 09’ - ee® - 0 - Ky
Carnet - et - ao? - e - oo - 26 . 1’ - - n.e
Apatite .- - e - - - S % ST L X A T T L .’
Zircon - - - - - - - 3 - oAt o A o 3 - e’
Sphene - -~ . - - S S 17 < 1. TL A |, R w.a®
Allanite - - - - - - - 300 - X0 - 0 - X0 - 100

A. K. values for intermediate to felsic compositions; B. K values for.

basic to intermediate compositions D
Sources: 1. Mittlefehldt and Miller (1983); 2. Arth and Hanson (1975);
"3. Cox et al. (1979): 4. Allégre et al. (1977); 5. Hanson
(1980); others are approximations based on previous
sources and Miller and Mittlefehldt (1982).
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Fig. 17. Ba and Rb vs modal micas from the older phase

{excluding hornblende tonalite)} of the Round
Lake Batholith.
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between chemical homogeneity and the degree of separation of
early formé% crystals from residual'mglts during crystallizétion
in granitoid rocks have been described by McCarthy and Hasty
{(1976), Tindle ahd Pearce (1981), and Lee and Chrigtiansen
(1983). - . |

The effect of having intercumulﬁs melt (residual melt),
'during crystallization, imparts a melt character to fhe solids
(crystallized portions)}, and tends to suppress the degree of
enrichment or depletion .of elements in iate 50lids and melts.

Hence, chemical homogeneity occurs with a clustering of elements

]
i

in variation diagrams instead of normal liquid lines of ascent
aﬁd deséént.
The large ioq lithophile elements Ba, Sr and Rb
would be the best parameters in modelling the crystal melt
evolution during crystallization of the older phase of the
Round Lake Batholith, sincé they occur in major silicate
minerals of tonalites. LiL elements would readily fluctuate
as changes in the crystallization sequence of minerals took
place, éven though major elements would show
consistent trends. Rb will be excluded from the fractionation
modelling of the older phase because of its low concentration.
Ba and Sr data from the older phase are presented in a
logarithmic plot (Fig. 18). Samples have been subdivided
. aécordinélto a chemical classification instead of the field/

modal mineralogy classification, since alteration has probably
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'modified the modal mineralogy to some extent. éa0|was used as
the classification index, since the élement exhibits one of the
best trends in major element differentiation. Secondlj, Ca0
is also selected on the basis thét it is théﬁelement (Qith
5102) which exémpiifies best the modal-chemical relationship
of the oidér.Eﬁése in ggneral. CéO-bearing minerals include
plagioclase, hornblendé, . epidote ahd sphene. General
relations between amoﬁnts of CaO'and modal mineralogy are sh;wn
in Fig. 19. Older phase samples of Figure 18 were subdivided
into three discrete data groups based on Cal and the proportion
of K-feldspar: K-feldspar-poor portion of the older phase
{least differentiated) at ca0 content}greater'than 2,.75%,
with the next division set at 2.25%, wﬁich is the arbitrary
boundary between the K—feldspa?—rich portion (greater than 10%
K-feldspar) at Ca0 less than 2.25% (most differentiated) and
intermediate values (less than 10% K-feldspar) at Ca0 between
2.25 and 2.75%.

Fig. 18 also includes vectors showing theoretical effects
on melt composition from crystallizing mineral phases, assuming

Rayleigh Fractionation1 and using partition coefficients

. listed in Table 5. -‘Rayleigh Fractionation is used here Since

‘lRayleigh Fractionation equation:
Cl/Co= F(Dlul) assuming Henry's Law for Ba and Sr distribution
where C_ = concentration of element i in the original melt.

) o »

C. = concentration of element i in the residual melt.

l L
F = weight fraction of melt remaining. .
D. = bulk partition coefficient for the element i.
i
D‘.': =y 3 4 1 .
i i) xiKi' where Ki—partltlon coefficient of

the element in the given mineral phase, xi=weight
fraction of the mineral phase in the solid assemblage.



Fig. 18.

Ba and Sr distribution in the Round Lake Batholith.

older phase. Sample classification based on Ca0 and

the relative proportion of K-feldspar (Fig. 19).

Symbols: @ , Ca0 concentrations greater than 2.75%;
® , Ca0 between 2.25 and 2.75%; O , Cal less

"than 2.25%. Vectors show the theoretical effects on

melt composition of crystallizing single mineral
phases (assuming Rayleigh fractionation), and are
annotated according to the crystallized fraction (in
per cent). Inset graph: fractionation trends from
the Silurian Loch Doon Pluton of Scotland (Table

1, Tindle and Pearce, 1981).
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Fig. 19. Relatibnship between Cal content (whole rock)
and mineralogy from the Round Lake Batholith
older phase (map-units 8A, B, D, E). .
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it best describes the composition of an eﬁolving melt and of
the instantaneous solids crystallized from the melt; by
definition, the total solid is never in.equilibrium with the
melt (except for the first infinitesimal increment of
crystallization) (McCarthy and Hasty, 1976; Cox et al., 1979).
This agrees with the nature of zoned plagioc;ése within the
older phase. Zoning implies crystal growth at é faster rate
than re-equilibration with the changing melt co;position,
Thus, total equilibrium was never aftained between solids and
ﬁelt.

The direction of (and annotation on) each vector in Fig.
18 represents the path (ggd amount of fractionation) taken by
the melt as either plagioclaée (PLAG), K-feldspar (KSPR},
biotite (BIO), hornblende (HBDE) or orthopyroxene (OPX) is
crystallizing, involggng up to 50% crystallization. An example
of mineral.phasés involved in differentiatiofi is shown in the
inset plot of Fig. .18, and is taken from the Silurian Loch
Doon P}uton of .Scotland (Tindle and Pearce, 1981). There are
fhree differentiation trends exhibited by the diorite to
granite pluton. ' The first involves a decrease in Sr with
.Ancreasing.Ba (trend 1)}; the second, décreasing‘S; with decreasing
Ba (trend 2); and the third, minimal 'decrease in Sr with a
strong depletion|i; Ba (trénd 3). From the vectors, trend 1

could be controlled by plagioclase, orthopyroxene and hornblende

fractionation; plagioclase and K-feldspar would enable trend 2
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to be modelled, whereas mostly K-feldspar could control trend
3. Overall, these trends indicate differentiation

with pure meits and solids of cumulate nature rather than
crystal-liquid mushes with‘imperfect separation of melt and
solid phases. ’

No clear single mineral phase emerges for the older phase
of the Round Lake Batholith. This is contrary to the field
evidenqe; plagioclase should emerge as the mineral phase
contrélling the crystallization history. Partition coefficients
for Sr and, less so, Ba are compatible. with plagioclase
fractionation (K>' is 4.12, Ko® is 1.21; Table 5). Thus,
plagioclase Eractionation should deplete both Sr and Ba in the
residual melt. Of all the otﬂer minerals, quartz and K-feldspar
are solely residual melt minerals, since they occur as

-

groundmass minerals surrounding plagioclase. Biotite,
muscovite and hoénblende are late stage metamorphic/alteration
minerals.

The lack of clear melt (and solid) trends as shown by Sr
and Ba from the older phase during its crystallization history
is a possible indication that the cluster of data points
represents mixtures betwéen pure melts and solid/cérystal pprfioné.
Rayleigh Fractionation épfves calculated for melts and crystals
with intercumulus melt could be constructed allowing for

crystal-liquid mushes, rather than pure melts and crystals

of cumulate nature.\\Curves could be based on the removal of a

rd
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constant modal mineralogy from a parent magma/melgxcontainingcv
an initial .Ba and Sr.content'corresponding to an older phase
average‘compositions. Homogeneity within the older phase allows
for the removal of a constént mineralogy during fractionation,
and because of the _PQS%?bilitY of solid-melt mixing, the
chemical composition of tfle parent melt should approximate
the average of the older phase.

Crystal—iiqdid mixing'cén not be solely responsible for
the behaviour of both Ba and Sr wiéhin the older phase.
Recalculating the modal miﬁeralogy of the older phase in order
to exclude either alteration or late growth minerals, plagioclase
would constitute roughly 90% of the mineral assemblage used
in the mixing model. The resulting curve would closely
approximate that of the plagioclase (PLAG) vector in Fig. 18.
The accompanying solid and solid with,intercumulus melt curves
would be subparallel to the PLAG melt curve. The cluster of
ppints from the least to intermediate to the most diffgrentiated
subphases roughly trend parallel to the K-feldspar (KSPR),
hornblende (HBDE), and orthopyroxene (OPX) vectors. Accordingly,
plagioclase could not prqduce the observea patterns. However,
K-feldspar woulé aléo have to gé excluded, since thé‘feidspar
can not be é-fractiohating phase within a tonalitic melt.
K-feldspar crystallizes at low temperatures when compared to
the 1000°¢ plus temperaﬁures of tonalitic melts. K-feldspar

is strictly a late stage mineral. In addition, hornblende and
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orthopyroxene could not exceed 10% of the fractiohating
mineralogy. This is insuff@cient to deplete either Ba or Sr,
as the feldspars, since both Kga and Kgr approéch zero (Table
5). Fractionation of appreciable amounts of hornblende and

orihopyroxene would enrich the residual melt in Ba and Sr,

o

again akin to the observed trends. This is not feasible, since . .

neither hornblendites or gabbros occur within the older phase,

.nor are they expected to be present at depth. The substantial

negative gravity anomaly corresponding to the batholith
precludes the existence of basic rocks directly underlying the
Round Laké Batholith.

The role of intercumulus melt during-the crystallization
of the older phase cannot be rejected in view of the
inconclusive results from the present modelling. Chemical

differentiation has taken plaée, indicated by the zoned

plagioclase, whereas residual melt was preserved as groundmass

quartz and K-feldspar, some of which forms the granodiorife

subphase located at the eastern margin of the batholith.
There is a differentiation mechanism which could link the
oldef phase's Sr enriched main tonalite (according-to Fig. 18,
Ca0 values greater thaﬁ 2.25% are mostly Sr enriched tonalite)

to the more Sr depleted granodiorite. This link is based on

the premise that both subphases are gradational in the field.

.—-The mechanism is filter pressing, whereby some of the residual

melt (depleted in Sr) was squeezed out of the enclosing semi-
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crystalline tonal%te magma, inducing differeﬂtiation, and
forming the granodiorite. Filter pressing (also termed filter
differentiation; Propach, 1976) may explain the ﬁarked shift
of data points, in Fig. 1B, away from the main cluster, occupied
mostly by tonalite, fowards the Sr depleted granodiorite
cluster. Tge‘process wéuld allow_for marked deviationslin the
concentration of elements even at the end stages of crystallization,
which may explain the overlap of data pointg bhetween samples
with less. than 2.25% Ca0 and the remainder of the older phase.
The scenario would have residual melt removal by filter pressing
late in the crystallization sequence of the tonalite. Prior

and during melt removal, the magma viscosity would have
increased several orders of magnitude when compared to the
originai_tonalite melt. The melt would retain some trace
element vestiges of the crystalline portion via remnant
plagioclase from which it separated, because of incomplete
crystal—liquid.éeparation due to a high viscosity.

4) Petrogenesis of the Round Lake Batholith: magma source and
crystallization history

Geochemical modelling of Archean tonalite/
trondhjemite suites, encompassing the compositional homogeneity
Ahd voluminous nature of these rocks, suggests that.tonalites
are derived via 5 to 35% partial melting of basaltic or
gabbroic materials from the lower crust (/upper mantle). Glikson
61979) suggesteé that the sinking Archean ultramafic-mafic

greenstone pile prbvided the source material,. upon melting, to

. -
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generate tonalite/trondhjemite melts.

‘A Batch Melting model will be tested for the Round Lake
Batholith in an attempt to impose constraints on source
region mineralogy. The model will encompass mainly the LilL
and RE elements (partition coefficients listed in Tgble 5 under
KD vélues for basic and intermediate_compositioqg): The source
rock will be oﬁe having the compositien of the Abitibi
supracrustal pile, with the exception of Ba and Sr, which was
inferred from Condie's {1976) average depleted Archean tholeiite:
Ba at 80 ppm, Sr at 100 ppm, Rb at 4 ppm, La at 4 ppm, Sm at
2.ppm, Eu at 9.2 ppm, Tb at Q.5 ppm, Yb at 1.8 ppm. The nature
of the melting_will be non-modal equilibrium melting as Batch
Méltingz.

Modelling will involve leaving single mineral residue of
plagioclase (PLAG), Siotite (BIOS,.garnet (GT), hornblende
(HBDE), orthopyrbxehe {OPX), clinopfroxene (C?X), and the
accessories apatite-sphene-alianite, over the O-to 90% melﬁing

interval in.order to evaluate potential source mineral. Results -

2Batch Melting equation:

c./c = 1
1"7o F+D, (1-F)

where C_=concentration of element i in the solid.
Co=concentration of element i in the melt.
F "=weight proportion of melt formed.
Di=bulk partition coefficient of the ‘element i for -
the residual solids at the moment when the melt
15 removed from the system.

T~ . / --—\—-""

\ _.
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. are given as Ba, Sr and Rb variation diagrams, and La/¥Yb and

Eu/Eu* vs Yb plots in Figs. 21 and 22, respectively. -

Figure 20 illustrates the chondrite-normalized REE patterns

of Arth and Hanson (1975), for 5, 20 and 35% batch melting of
a tholeiite. Patterns are shown in comparison with the Round
Lake Batholith older phase field (the youngeriphase curve 1is
lJocated near the upper boundary of the field, whereas the
hornblende toﬁalite consist of higher normalized values).

" The model itself is based on a garnet-pyroxene residue,
although hornbiende (and garnet) in the residue would also
produce a similar pattern. The older phase pattern is one of
slightly higher REE values than the modelled curves, and 5
timeS'chondfites. ﬂpdelled HREE's average near chondrite
values, and show a distinct upturn in ¥b and Lu contrary to
the older phase trend. \

The difference between the modelled and observéﬁ patterns
suggest that the tholeiite may not be adgéuate to produce
tonalitic melts, since the source would require generally
higher REE values to imparth an older phase trend. Secogdly,
there may be an involvement of accessory mineral phases, such
as allanite, sphene ané}or apatite, in addition to garnet and
hornblende (and/or pyroxené) which would decrease or.increase
(depending if the.accessory is residual or not) the overall

REE content in the tonalitic melt (allanite and sphene exhibit

KD increases over those of gafnet and hornblende by factors of

#)

P
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Fig. 20. Chondrite-nomalized REE plot showing patterns
predicted for 5, 20 and 35% melting of tholeiite,
-leaving an eclogitic residue (Arth and Hanson,
1975). Inset: older phase field of the Round
Lake Batholith (taken from Figure 13).
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10 to 1000).

Vectors in Figures 21 and 22 demonstra;e that eﬁtegsive batch melting
of a depleted tholeiite produces ‘a meit of tonalitic com@osition.
(at least plagioclase-rich)-akin to the older and younger
phases of the Round Lake Batholith. The residue would contain
- garnet, hornblende and clinopyroiene (torthopyroxene, iaccessory

minerals), which is consistent with Barker and Arth's (1976)

- model. Choosing of a different source material with Ba and Sr

values closer to the known Abitibi pile (Ba: 162 ppm, Sr:

184 ppm} and REE values from avera;e enriched Archean :;;leiites
(Yb: 2.4 ppm, La/Yb: 5 to 6, Eu/Eu*: 0.9; from Condie, 1976},
which exclude komatiitic tholeiites, would not modify the
residual mineralogy that greatly.

One interesting feature of'the La/Y¥b vs ¥Yb graphlls the
marked separation between the main tonalite of the older phase
and the granodiorite portion. REE's of the main tonalite
mass aﬁpear to indicate derivation from partial melting of
tholeiite leaving a garnet-hornblende residue, whereas REE's
of the granodiorite and cataclastic granodiorite-tonalite were’
ﬁoSsibly.influenced by a residue containing accessory minerals.
The younger phase unit and horqblen@e_tonalite are prépably
pg;tial melt products of the sahe source as the older phase
main tonalite mass, although the possibiiity of accessory minerals

- ’

in the residue curbed any La/¥Yb increase in the younger phase melt.

The concept of two partial melting episodes rekindles



Fig.

21.

5.

Sr-Ba, Rb-Ba and Sr-Rb for the Round Lake Batholith
with vectors showing the theoretical effects on
melt composition from single mineral residue
(assuming batch melting). Vectors are annotated
according to the melt fraction (in per cent).

Field corresponds to the older phase tonalite
(map-unit 8A), granodiorite (map-unit 8B), and
cataclastic granodiorite-tonalite (map-units 8D, E});
¢ : younger phase granodiorite-tonalite (map-unit
9).
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Fig. 22. La/Yb and Eu/Eu* vs Yb for the Round Lake Batholith.
Vectors show the theoretical effects on melt
compositions from single mineral residue (assuming
batch melting ), and are annotated according to the
melt fraction (in per cent). Field corresponds to
apatite-sphene-allanite residuum. The clinopyroxene
vector is not included in the Eu/Eu* diagram since
its effect is minimal.. Map-unit symbols are:
Tonalite (map-unit 8A), A ; Granodiorite (map-unit 8B),

@® ; Cataclastic granodiorite (map-unit 8E}, R :
Hornblende tonalite (map-unit 8C), @ ; Granodiorite-
tonalite (map-unit 9), ¢ .
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the possibility of the older phase consisting of several partial
melt pulses from the same source. Each pulse would produce
melts of slightly variable major and trace  element character.
Pulses ranging from tonalite to granodiorite; each producing
separate clusters of -data points in Harker, termnary.and trace N
element plots, giving_an overall false notion of differentiation.
on a gradational scale. Again, this.is feasible for the older
phase. However, the difficulty in recognizing one separate

pulse from another must bé surmounted; clea;cﬁt internal

contacts are needed to give creedance to the multiple pulse
scenario. At present, the model will consist-of one major
paftial melt episode producing a tonalitic melt, the older

phasé, which underwent internal chemical differentiation and

limited physical differentiation (process of P. 109-110).

In any event the major source assemblage for the tonalite-

fxf\

granodiorite rocks of the Round Lake Batholith may actuall;
approximate either an enriched tholeiite, or even a granulite
fapies tonalitic gneiss (mafic gneiss with tonalitic leucosome)
wi;h én assémblage consisting oflgarnet, clindpyroxene
(torthopyroxene), hornblende, plagioclase, quartz, opaques and minor
accessories (Drury, 1978; Percival and Card, 1983).

Typical granulite facies tonalitic and basic gneisses
from tﬁe wél}‘studied~Archean Lewisian compiex of northwest
Scotland gi?e Ba concentrations of 208 and 1209lppm for thg

basic and tonalitic gneisses respectively, 215 and 894_pp@7for
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Sr, 8 and 30 ppm for Rb; a mean of 1.79 pph for the combined
Yb (18-analy§?§), 19 for La/YP, and 1.12 for Eu/Eu* (19 analyses)
(Drury, 1978; é;}de and Muecke, 1980). ?artial melting of ”
granulites, with the mineralogy End trace element chemistry .
listed above, would yield mineral fractions in the residue
comparable to the melting of either depleted or enriched
tholeiites.

High grade gneisses are plausible source rocks for the
bulk of the Round Lake Batholith magma (with the exception of
the hornblende toqalite) when considering that various tonalitic
gneisses with amphibolite to granulite facies assemblages
underlie, as sill complexes, and are basement to the supracrustal
pile of.the Abitibi Supergroup ip the western portion of the
Abiﬁibi Belt (Percival and Card, 1983} (and possibly the belt
in its entirety). Percival and Card (1983) designated the
gneisses as being part of domal .structures occurring at'depths
between 10 and 15 km, and are analogous-to massive.and foliated
tonalites (and granites) at higher levels that probably bear
similarity to Ehe Round Lake Batholith. The gneisses are
believed to have been initially emplaced as voluminous,
interplated tonalitic sheets (Percival and Card, 1983).
Emplacement was-accompanied by a heating event (Percival and
Card, 1983) which may have contributed to the melting of the
vqléanic pile aqd some of the underlying gneisses, at around

the 10 to 15 km depth in thé upper crust (estimated from Figqg.
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3, p. 325; Percival and‘Card, 1983), to p;qduge_tpq_h;ghq;
‘level tonalites.®

Assuming the average Archean geothermal gradient is
40°c/km (averaging of 30 to.35°C/km from Béer, 1977, and 40 to
SOOC/km from Glikson, 1979), an estimate of temperature at the
10 to 15 km reported above would range between 400 and 600°C
under normal regional metamorphic conditions. In order to
produce tonalitic magma from the melting of tholeiites and/or
granﬁlite facies tonalitic gneisses, temperatures required must
exceed 1000°C under normal regional metamorphisﬁ at lower.
crustal level (Glikson, 1979, postulated that temperatures of
this nature would be attained at depths beyond 35 km for a 40
to 50°C/km Archeén geotherﬁ). Therefore, the underplating
mechanism occurring at intermediate crustal levels, envisaged
by Percival and Card (1983) for the Abitibi Belt (possibly
accompanied by a regional metamorphism) would have to
generéte temperatures greater than 1000°% at 'depths of 10 to
15 km in_the Archean crust of the Kirkland_Lake—Timminé.area. .

-Amphibolite inclusions within both older and. younger phases
of the Round Lake Batholith give some indications as to the—
probably source of the batﬁplith's magma. White and Chappell
(1975) pointed out that xenoliths (and xenocrysts) in granitoid
bodies can represent solid residual material from the region
of melting where the granitoid melt was produced. Xenoliths

from the batholith are mostly amphibolitic in composition, and
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are located throughout the younger phase, and in the older phase
alcng the northern and southefn contact zones with the
supracrustal units from the Otto Stock te the Matachewap area
and from Robillard Lake to the Penassi Lake area. In mo;;
cases, field evidence; petrography and chemical analyses
demonstrate that the xenoliths are probably of-local derivation,
akin to the surrounding supracrustal focks.

The only possible direct field\pvidence of tohaiitic
magma being generated by the melting of basic supracrustal
rocks, on a local scale, is seen within the older phase 6{
hornblende tonalite unit. Here, amphibolitized and texturally
varied supracrustal rocks are permeated by tonalitic mégma
rich in what appears to be Xenocrystic amphibole and minute
to large xenoliths of remnant volcanic material. Contacts
between the tonalite and inclusions, even in a single outcrop,
vary from sharp to diffuse, whereas the inclusions themselves
can either be well preser&éd or ghost-like. Assimilation has
taken place with the fracturing, trancporting and mixing of
fragments aé the tonalite was injected; although granitization,
shoﬁn by in-situ amphibolitized ghost fragments adjacent to amd
gradational with either finer grainedbamphibolite or aphanitic
volcanic remnants, is also common, which tends to support the
melting hypothesis.

The younger phase grénodiorite-tonalite contains a divefse

collection of amphibolitic xenoliths, with lesser granitized
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-hornféléic and foliated tonalitic inclﬁsions, that includes
probable autoliths of intermediate composition. The variety

-nég inclusions must reflect materials derived from a gombination
of source regions: these would include rocks similar to the
éurrounding supracrustg; pile, older phase (?) tonalite-
granodiorite, and possibly a precursor plutonic host.

The evidence presented here suggests that the Round Lake
Batholith.was derived from essentially two exfensiﬁe partial.
melting events broducing both the older and younger phase
magmas. Source rocks either included or approximated in
combq;ition an average enriched tholeiite-(more specifiéally,
a komatiitic depleted-tholeiitic assemblage according to
Condie, 1976), or fonalitic and basic gneisses {(and, for the
younger phase,la contribution ?fgh a precursor host of
intermediate composition.and possible the older phase). Based
on xenolith types and distribution, there was a definite
contribution from a volcanic source for both magmas. One -
'scenario would have the gneiSses tectonically emplaced below
the ultramafic-mafic supracrustal pile. The heat generated
during the emplacement would produce melting éf the gneisses
and the lower supracrustal pile at intermediate and upper
crustal levels, producing tonalitic melts, which were then
emplaced in the uﬁper Afchean crust.

In conclusion, the crystallization history of thé Round

Laké Batholith is séhematically summarized in Figure 23. The

A



Fig. 23.

. Schematic diagram showing stages in the development

of the Round Lake Batholith: partial melting and
crystallization history. -

A. Partial melting of intermediate and upper crusts;
melting of either the ultramafic-mafic supracrustal

upper crust or the tonalitic and basic. gneisses,
or both. )

B. Diapiric mobilization of the Round Lake Batholith
tonalitic melt.

C. Round Lake Batholith magma chamber: convection
and differentiation in the older phase.

D. Advanced stage in the development of the Round
Lake Batholith: continued differentiation in
the older phase granodiorite, emplacement of
the younger phase. T

u'e
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~model incorporates field evidence, chémistry and several

principles andrevaluations reviewed earlier in this chapter

concerning Archean tonéiite/trondhjemite suites and the

systematics of differentiation in granitoid systems. The -

stages envisaged in the partial melting - crystallization

A)

B)

evolution of the Round ﬁake Batholith are as follows:

4

Heat generated during the.em@lacemeﬁt of tonalitic

—

and basic gneisses, caused widespread parfial melting,-

at intermediate and upper crustal levels, of the

ultramafic -mafic supracrustal piie and high grade

. tonalitic and basic gneisses (Fig. 25A). Source region

mineral as;emblage consisted of hornblende, garnet,
plagioclase, clinopyroxene, and minor accessories.
(:orthopyroxene, iquartz). The residue after melting
would contain hornblende, garnet and clinopyrokene
(torthopyroxene, iactessories).

Pértial melting was accompanied by major and subordinate

!

tgnalitic melt mobilization along a rising (diapiric)
nuclei (Fig. 25B); the Round Lake Batholith older and
younger phases repreéenting the largest and subordinate
nuclei‘respectively. Crystallizétion‘of‘the
batholithic melt probably began early in the
mobilization period with the developmenﬁ ang
accumulation of plagioclase crystals. Both major and

% h

I
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subordinate nuclei also incorporated marginal
xenoliths, and retained restite material from éhe:
source region of which few have not been totally
assimilared in tﬁe older phase.

Probaéle convection within tﬁe older phase magma
chamber contributed to the upward and ouifiy ;
accumulation of plagioclase crystals (Fié. 25C). -
The granodiorite\distribution and coﬁvectioﬁ ﬁechanics

in a thermogravitatienal column suggest that two

.convecting cells operated and enabled minor

D)

Ce

western and’ prominent eastern granodiorite sit&?. _

,in the main tonalite.

differentiatioh to occur within the older phase.

‘Filter préssing {during magma ascent) may have

\

.controlled the segregation &ffiés}dpﬁl melt towards .

i .
and into the convecting cells: each to become the

.
chment
Y -

Plagioclase accumulation brought about a Sr en

'Differenfiation within the older phase, based on

st:uctufal evidence,lculminated with the granodidrite
melt 'ris'ing anle bréaking through -its pRt:.f,
goiid'graﬁitoid eﬂvelope creating new centres 6-@g§’
crystallization (Fig. 25D). A single (br a series)
of subordinéte tonalitic melt bodfk;ges), now termed

the older phase hornblende tonalite aﬂd younger phase

ny

'graﬁodiorite-tona;ite, ascended through the older



v

phase and crystalllzedL$1th minimal 1nternal
diferentiation. The ascent took place along established
weakness zones lsuch as the main older phase core
(represeniing the ascendinglportion between both
convecting cells in'the coiumn) and contact zones
between the main older phase and surrounding

supracrustal rocks.’

P
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CHAPTER Vi ECONOMIC GEOLOGY OF THE ROUND LAKE BATHOLITH

There are twelve major types of mineralization associated

with four rock assemblages of different ages in the Round Lake

Batholith area (Fig. 24; for a complete distribution see Pyke

et al., 1973). Mineralizations are grouped as follows:

1)

3)

Au-Cu and Cu-Pb-2n associations in volcanic and

volcaniclastic rocks, from Cycles Iland II of the
Abitibi Supergfoup[ in the.dicinity of the eéstern
éﬁd'southern Round LaEE Batholith contact zone

(Boston Creek to the Hope Lake Stock), snd within the
Larder Lake Group of the Matachewan area. Many of the
showings occur along shear zones accompanied by either
quartz and/or quartz-carbonate'vein}ng. In addition,
some showings are linked to a major quarth—feldspaf
pbrphyfy body located at the base of the Skead Group
(Cjtle I}, east of the Hope Laké Stock. Ultramaf;c
rocks of the Larder Lake Group f:pm the Matachewaﬁ
contain asbestos. |

Au(-Ag) %n associétion with Fe-Ch(-bb-Zn) sulphides

from the Round Lake Batholith contact zone noriheast
‘ .

of Charltdﬁ and southwest of Robillard Lake. Gold

has more recently been recognized along a major

northeast trending structure in the Hough Lake-South

Mindoka area of the batholish.

Syenitic rocks from the major'alkaline stocﬁg north
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of the batholith contaié one or more of the following
minefalizétions: Au-Cu(~-Pb~Zn}, Mo, barite and
radicactive minerals.

4) Ag-Co{(Cu-Ni) association in gabbro-diabase of the
Nipissing Diabase from Elk Lake te Obushkbng.Laké

in the Gowganda area.

i
Gold within the Round Lake Batholith occurs along narrow

{generally less than 100 m wide) northeast-trending brecciated'
and quartz veined shear zones in older phase tonalite,

grancdiorite and foliated to gneissic cataclastic peripheral

tonalite and gralMgdiorite. The longest zone, some 12 km in

length, is located ;n the Hough Lake-South Mindoka corridor;

a second, less prominent zone intersects the batholith periphery

-

northeast of Charlton. A third zone, part of the southwest

Robillard Lake occurrences, was not reconnoitred. Thrég major

outcrops of breccia and/or gquartz veining outliﬁ; the first
linear shear zone: these are the Hough Lake, South Mindoka
and LaSkowéki subzones.

¢.In‘£p% Hough Lake area, hematite-stained and brecciated

tonalite is crosscut by a stockwork of quartz and hematite.

Individual quartz veins are locally.present and have \
~ .
consistent northeast trends of 075%. Hand specimens are barren

of sulphidé mineralization. The South Mindoka subzone crosscuts



weakly foliated and' gneissi;ﬁanodiorite outcrops from
southwest of the railway track, northeastward, to the batholith
contact. ‘This zone is over 500 m wide, and consists of
sporadic barren quartz veins that trend 030° and aﬁeraée less
tﬁan 50 cm in width. The host granodiorite is locally
brecciated and slightly hematitized. The Laskéﬁgki—subzone is
located on the west side of Highway 11 about 2 km south of the
_ junction with Highway 573. It consists of a 100 m wide
miheralized -quartz stockwork crosscutting granodiorité. The
surrounding granodiorite is uniform in modal and chemical

ol . P . -
composition, and texture {(Pantalone, 1981). Approaching the

.stockw0j£?/§i%gle quartz veins appear and the granodiorite

become schistpse with a greenish white-color {sericitization).

'“in the stockwork, grancdiorite fragments (up to 1l min size)
are white (due to albitization) énd are coated with chlorite
and sericite. The stockwork consists of coarsely cryétalline
milky quartz (up to 15 cm wide) and minor carbonatef and 1is
acgompanied by chlorite—richlfractures trendingsnorth to
northeast with modérate to steep westerly dips; Qutlying quartz‘§*>
veins generally trend 025 to 040° and dip 55 to 60° to the ) ‘f.

~

}
northwest. The quartz contains occasional pyrite and

L] ’r

. . . . . " . \h/
chdlcopyrite blebs (up to 2 cm wide). Numerous limonite-stained

,ésuéé.bhqpughout the quar¥tz attest to the leaching of additgonal
sulphides{‘ The main metallic minerals include pyrite,
chalcopyrite, covellite, a silver telluride and gold (Fantalone,

' N, ' V
2 .



Plate XVI, Fig. 1

Quartz stockwork in marginal older phase foliated,
cataclastic tonalite (map-unit 8D) outcrop. Veins are
‘subparallel to the batholith contact (northeast trending).
Locality, 4.5 km northeast of Charlton. Field of view 4 -
m across. : < .
»
Plate XVI, Fig. 2

Close-up of veinlets from Fig. 1. Note tightly folded
guartz veinlets (Q). Axial planes subparallel to foliation
in host. Fold axes plunge southwesterly (to the rlght)
Magnet is 2.5 cm across. ‘

1

&




143

PLATE XVi
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r1981).- Assays ihdicated goIH concentratibns of.trace amounts
to 0.771 ounces per ton, with silver values normally averaging
6 times that of gold (Pantalone, 1981)-.

The shear zone and reported gold occurrence, northeast

4 Ll .
of Charlton, corisists of multiple and parallel quartz vein

) !
‘ranging in width from 3 mm to 50 cm, trending 0759, and

dipping 70° northwesterly in foliated and cataclastic
tonalite of thelbatholith's periphery. The 'main outcrop
.surface is barrea of sulphide minefﬁlizaggon. One ;ignificant
feature of the qﬁartz veins is their' subparallel orientation
with respeét to the catéclastic fabfic and batholith- .
supracrustdi;contact. In addition, nume;oué Qeins_appeér to
"have been (tightly) folded (Plate XVI, Figs. 1 and 2) about
axial planes subparallel to the fabric with southwest plﬁhging
fold axes. Consequently,ivein é%placement did not.postdate_theA
deformation which produced the batholith's catéclastic“
périphery_such that vein parallelism was a structgrally
induced phenomehon as a result of shorténihg perpendicular to
. _

the contact. Shortening probably occurrea during the

emplacement of the batholith.
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'CHAPTER VI: GEOCHRONOLOGY OF THE ROUND LAKE BATHOLITH
Absolute ages from all the geochronologlcal 1nvest1gat10ns
{Table 6) lend a quantitative aspect to the igneous history of
the Round Lake Batholith area, and generally support the
'established stratigraphy.
Denosition.of part of the Archean supracrustal sequence
in the Kirkland Lake area, as indicated by the ages from the
top of the first (Hunter Mine Group, equivalent to the
Skead Group) and second‘(élake River Group, aboﬁe-the
Kino}évis Grodp) .cycles, took place within a relatively short
time span between 2.710 and 2.703 Ga (Nunes and Jensen 1980}.
The older phase tonalite (map—unlt 8a) of the bathollth
s 'gives an average crystalllzatlon age of 2.688 Ga {R.K. Wanless,
peée. comm. , 19797-ba5ed on-two discordant zircon ages of 2.662
and 2.713 Ga), which gorrelates well with ages from other
\‘ . post ~Abitibi Supergroup batholiths (ca. 2.680 Ga) from the
_\ central part of the Wawa-— Abltlbl SubprOV1n“e (Krogh et al.

~ 1982). The younger mineral K-Ar (2.518, 2.534, 2.555, 2.557,

-2. 589 2.624 and 2.684 Ga) and possibly the whole- rock and
mineral Rb-Sr (2 390 and 2.550 Ga) ages (Aldrlch and Wetherlll
1960 Lowdon et al., 1963; Purdy and York, 1968; Stevens et
al., 1082) from the older phase may represent either primary
crystallization or secondary metamorphlc cooXing ages (average
2.580 Ga). The low 1n1t1al Sr 15:86 of 0 7009 (Purdy and g ~

York, 1968) suggest_‘ any major contamlnatlon and suggests
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that the older phase was not primarily derived from reworked
sié&ic crustal material, although it may have been short-livead,
since ratios for these rocks tend to exceed 0.708 (Chappell and
Whité ,.1974). The isot0pic ratio'supports the evidence from
the major and minor element chemiétrg that the older phase was
derived from a ﬁafic pare;t: a sinéle source of either (or a

i

i :

mixture between}) ultramafﬁc—mafic supracrustal rocks and/or
‘ . !

granulite facies tonalitiq and basic gneisses, both having

generéily low Archean inidial SrB?/Srs6.
Hornblende K-Ar ages of 2.469 and 2.564 Ga (Purdy and
ork, 1968; Stevens et al., 1982) for gransdior;te of the
younger phase (map-unit 9) are compatible with the older phase
K-Ar and Rb-Sr ages, and since intrusive relatfahships have
Béén established between both phases; all the ages must date
" the l&%é Archean’cﬁoling‘stages of metamorphism (ca. 2.500-2.600
Ga). |
Thé Otto Stock yields a wide span of K-Ar, Rb-Sr and U-Pb
ages raﬁging from 1.730 to‘2.552 Ga (Aldrich énd Wetherill,
1960; Purdy and ¥ork, 1968; Bell énd Blenkinsop, 1976; R.K.
Wanless, pers. cémm., 1979; .Stevens et ai., 1982), even though
y previ&usly outlined field evidence suggests a relative age of
“ %ate Afchean or early Proterozoic for the intrusion. Whether
the Gowganda Eo:mation-(contdéqs,cobbles.of Otto Stock
syenite) age of 2.286 Ga (Rb-Sr method‘on the matrix; Fairbairn

et al., 1969) 1is éorrect or not, the stock predates ‘the

R
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emplacement of the Nipissing Diabase (whole-rock'Rb;Sr age of
2.162 Ga: Fairbairnet al., 1969, sinée the Diébase crosscufs
Huronian Supergroup rocks in the area, and postdates the Round
Lake Batholith older phase (zircon U—Pb'dge of 2.688 Ga).
Thus, the U-Pb zircon date of 2.493 Ga (R.K. Wanless, pers.
'comm., 1979) on the quartz syenite (map-unit 1l0c) seems to be
a plausible crystallization age, whereas the hornblende K-Ar
age 2.234 Ga {Stevens eﬁ al., ;982) may well represent a |
_primary cooling age. The second hornblende K;Ar”age of‘2.552
Ga (Stevens et'al., 1982) is not only compatible‘with two other
biotite K-Ar and Rb-Sr ages of 2.506 -and 2.470 fespectively
(Aldrich and Wetherill, 1960), from two different mafic
supracrustal xenoliths,-ﬁut the similarity tepds to suggest
that the hornblende is a xenﬁéryst remnant from hornblende-
- biotite-rich xenoliths commonly fouhd tﬁroughout the stocﬁ.
~Along the northeastern margin of the stock, a crosscutting
iémprophyre dyke gives a biotite K-Ar age of 2.435 Ga {(R.K.
Wanless,”pers..comm., 1979).

Two major diabase.dyke swarms, the Matachewan and Abitibi,
crosscut the Round Lake Batholith, and give whple-rock Rb-Sr

i
ages of 2.633 and 2.147 Ga respectively (Gates and Hurley, 1973). -
o .

'

\\ : . S
T
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CHAPTER VII: TECTONIC EVOLUTION 0? THE ROUND LAKE BATHOLITH.

1) Review of Archean "granite-greenstone belt” evolution

Granite-greenstone belts consist of volcanic-sedimentary
rock succe551ons (supracrustal sequences), and granltoids'which
surround and intrude the greenstone belts (Anhaeusser et al.,

1969). The volcanic phase con51st5 malnly of ultramafic to
L

)

maflc lava flows and sills, 1ntercalated with a variety of

felsic pyroclastlcs. and volcanlclastlc and chemical sediments.

Thé supracrustal rocks are'highly deformed and faulted with

large scale synformal folds developed subparallelfﬁo the

usually elongated greenstone belt. Major faults are generally
inconspicuous, since they trend parallel-to the bedding and/or
foliation surfacos. Metamorphism within the supracrustal |
rocks is-bf the low grade Qreenschist facies, wirh local
increaoos in grade to amphibolite facies at the edges of the:
oelt and arouod introsive granitoids within the belt. The
granitoids car be subdividedlinto‘throe cateéories'based on
oqppositionol, textural and structural grounds: migmatites
and banded gneisses, circular to elliptical diopiric bodres,
ano'iate crosscutting granitoids. The complex array of
migmatites and gneisses which surround the greenstone belts
oohtain homogeneous massive granitic phases- and enclaves of

contort%p granltlzed greenstone. It is believed that the

gnelsses may be in part older apd basement to the greenstone

belts {(Baragar and McGlgnn. 1976). Possibly transit ional to

pe
——
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the gneiSS'are sodic-rich diapiric granitoid bodies (granodiorite-
tonalite); whereas younger potassic-rich granitoids (syenite-
monzonite), of upper mantle origin, occur in both the
supracrustal succession and gneiséic to diapiric granitoids.

SomMe granite-greenstone belt evolutionafy modéls 5
(Anhaeusser ;t al., 1969; Baragar and McGlynn, 1976; Archibald
et al., 1978; Gorman et al., 1978), consistent with Archean
stratigraphy of the Canadian égzg}d,“propose that the
supracrustal rocks were deposite; on a thin, older, sialic
crust of gneissic and migmatitic affinitiés. The volcanic
portions were erupted through faults which probably remained
active during the entire sequence of development of the belts.
Contemporaneous sedimentation from granitoid and volcanic =
sources during the eruptive cycle was concentrated near belt
margins and continued beyond the end of volcanism. With
subsequent thickening and suﬁsi%%nce of the supracrustal piles,
the underlying sialic crust began melting (due to a high
geothermal gradient)  and, becauselof the density inversion
(heavy basaltic matérial above lighter graniteid material),
granitoid magma rose through the crust and eventually through
the volcanic-sedimentary rocks. Crustal bulging at the margins
of the belt and the intetnal émplqgement of plutons contributed
to the deformation of the supracrustal deﬁs, which is marked.
by isoclinal folding, thrusting aﬁa longitudinal strike;?lip‘

faulting.
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Greenstone belts. are usually affected by more than one
period of deformation (Coward and James, 1974; Archibald et al.,
N 7

1978; Fyson et al., 1978; Fyson and Frith, 1979) which cannot

be accounted for solely be the diapiric rise of graﬁitoid

material as pr0p$sed by Anhaeusser et al. (1969) and 6thers.

The previous authors concluded that both diapiric emplacement

(vertical tectonics) and lateral compression (or shortening)

on a regional scale (horizontal tectonics) played major roles

in the deformational sequence of greenstone belts. Field

evidence depicts early deformational structures in greenstone

belts being formed in response to -diapiric uplift of granitoid

bodies, whereas later structures were due to regional

compression imposed across granite-greenstone terrains. -

Diapirismlis commonly initiated prior to D1 deformation, and

diapirs are emplaced, at their present levels, during or

. slightly after.pl, with two or more post-emplacement deformational

episodes (see eéémpiés by Cogard and James, 1974; Fyson et al.,

'1978).

Criterié for diapirism in Archean grahitoid bathecliths

(Clifford; 1972; Stepbansson, 1977) must include:

1) cénformable structures in the diapir (assumed to be a?
granitoid bedy) dnd surrounding.supracrustal units. i
Stratigraph¥Y.within- the supracrustals should be
concordant to the diapir's contact.

2) development of local shear/mylonite zénes along the



3)

3)

6)
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diapir-supracrustal contact. Formation of a foliation
(cataclésis) in the marginal parts of'the diapir and
adjacent supracrustal rocks (Fyson et él., 1978).
semicircular to oval shape of the diapir. .Diapir
should contaip subvertical lineations (aisplayed by’
minerals and/or slickensides) to be conformable with
moderate to steep outward {or inward)-dipping foliation
and mineral lineation in the supracrustals around the
diapir. ‘

lack of a ghost stratigraphy of supracrustal

remnants within the diapif. Rare dykes emanating

from the diapir into the supracrustal cover (also
indicating near solid-state emplacement).

radial and tangential fracture patterns about the
diapir into the supracrustals.

strong compression normal to the bedding and/or
schistoslty in the Supracrustal rocks (with extension

in the plane of schistosity) parallel to the tectonic

transport caused by the diapir. Deformational mode

is one of severe flattening illustrated by fabrics
in pillows, buckled dykes and layered volcano-
sedimenﬁary units, and bending of previously folded
supracrustals into concordance with the diapir
contact. Scenario is such that a gradation exists

from generally undeformed pillows with axial ratios
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r L ] « .
(Y :2 , where Y =intermediate pillow axis in plan view,

Z'=1ong axis in third dimension) of 1:1 to 4:1, to
flattened pillows with ratios of up to'50:l at the
.diapir contact. Observed deformation implies that
the diapir underwent a balloon-;ike inflafion with
an axially symmetric stress fiéld'at all points on
the expanding diapir surface.

Post-diapir structures consist of pervasive schistosities
(accompanying tight isoclinal folding in the supracrustal
succession) that passes from the supracrustals into the diapir
with little deflection. In addition, a granitoid diapir would
also act as a relatively rigid massif during regiocnal
compression.- Pressure shadows would then develop in the
supracrustal terrain adjacent to the diapir. Presggzg shadows
would lack schistosity and any extensional features, such as
pillow and pyroclastic or ciastic fragment elongations
that typify diapirism.

2) Structural evoluticn of the Abitibi Greenstone Belt

The central part of the Abitibi Belt consists of an

. eXtensive succession of volcanic and sedimentary rocks crosscut
(and possibly underlain) by a variety of gneissic, foliated

t0 massive granitoids and mafic intrusives. The volanics

are sé%divided in the Kirkland Laké-Timmins Area into a lower
and upper cycle, each composed of komatiitic, tholeiitic and

calc-alkaline volcanic rocks, capped by clastic sediments and
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alkaliﬁe volcanics. Three volcanic edifices (or domes)}.
characterized by the circular arrangement.of félsic uniﬁs,.
occupy the thickest part of the supracrustal pile at
approximately the.same latitude. The Round Lake'Batﬁoligh

is one of five major granitecid masses in the area. Tﬁo m%jor
easterly and northwesterly‘trending fault systems crqsscuf\the
Belt. The easterly trending Larder Lake and Porcupine~Des£or
Faults controlled sedimentation and volcanism within a graben-
type structure of late Archean age (Jensen, 1978).

Pyke (1980) provided a working model for the origin of the
volcanic-plutonic péttern exhibited in the Kipkland Laké-
Timmins area. Salient features of Pyke's model, whiCh is
based primarily on the paleogeographic setting of Abitibi
Supergroup cycles and the major batholithic complexes, are:

1) initial buildup of shield volcanic complexes producing
the lower cycle sequence (consisting of the Wawbewawa,
Catharine and Skead Groups, map-units 2, 3 and 4).

The primordial crust is postulated to have been
ultramafic to mafic in composition. Subsequent rifting
and outpouring of ultramaficllavas marked the beginning
of the upper cycle, along with clastic sediment
acgumulation within and adjacent to the main rift
_zo;es (ultramdfic lavas and sediments form thg,Lardef

Lake Group, map-unit 5) of the Larder Lake Fault in

Kirkland Lake. Partial melting in the downwarped
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central portions of the lower cycle volcanic czmplexes
produced toﬂélite/trondhjemite melts (for example, -
the Round Lake Batholith) whicﬁ eventuallf intruded —

.the overlying voicanic ejecta. o

2) outpouring of tholeiitic bééalts (Kinojevis Group,

lmap—unit 6.). Downwarping of’upper cycie komatiites,

. sediments, and tholeiites'gavé riséﬁfd partial melting,
ﬁfdziding calc-alkaline volcanism for the top of fhé
cycle (Blake  River Group).

3) renewed activity along the Larder Lake Fault zone led

:to minor ‘extrusions of alkaline volcanics, and further
sedimentation (Timiskaming Group, map—unit‘7).

The above model provides a conceptual'?xample of how the
volcanic-sedimentary—intru;i(e association @?Y'have developed
without incorporating any structural détaiis.rJA:mOFg
‘comprehensive géotectonic model was formulated by Di@fbth‘éta e
al. (1983a, b), in which the authors summarized the gﬁféfigfaphic
paleogeographic and tectonic evolution of the southern segment’ "
of the Abitibi Belt, overlapping the Kirkland Lake area.

Dimroth's ﬁodel evokes a similar supracrustal evolution to the
above scénario, but with the addition of a correlation between
deformational episodes and emplacement of batholithic complexes.
The generation of abundant granitoid magma (major toualite)

trondhjemite batholiths) began, during énd?or after the

deposition of the upper cycl simultaneously with major folding

' Fa



156

as the Abitibi Belt was shortened in a north-south ﬁirection.
Folding deyeloped from an, early stage of buckling (flexure' .
folds) with suﬁﬁg&tical axial plane trending easterly,
accompanied by (and probably resulting.in-part from) éranitoid
~diapirism. This event was succeeded \by isoclinal folding, in
the same general direction, with a stréng east-west éenetrative
schistosity. The penetfative deformation reportedly did not
affect the major synvolcanic batholiths, since these areas
were stiffened by the rigid massifs. .Folding terminated with
strike-slip faulting (for 'example, along the Larder Lake .
Fault), and the férmation of sporadic kink bands and conjugate
fracture sets related to continued north-south shorteﬁing.

’

3) Structures of the Round Lake Batholith

Even though Lawton (1954) suggested that solid state
deformation contributed to the development of fabrics in the
older phase granodiorite-tonalite, speculation on the actual
mechanics of emplacement for the batholith as a whole, €an oniy
be resolved from detailed examinations of externél contact
zones {(in relation_to regional structures). Such a study was
undertake; in three areas (Boston Creek, Charlton and Hope
Lake Stock) along the eastern perimeter of the batholith,
where structures strictly escribed to the emplacement of fhe
"older and younger phases were distinguished from those

produced on a regional extent.
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A) The Round Lake Batholith contact zones

Boston Creek (northeast poftion of the Round Lake Bathclith)

The supracrustal sequence of the Boston Creek area is’

subdivided into the Pacaud Tuffs (map-unit 1), Wawbewawa (map-

unit 2 ) and Catharine (map-unit 3) Groups. The supracrustal

rocks show disti?ct structural elements (Fig. 25):

- 1)

2)

3)

4)

primaty structurés such as graded bedding in tuffaceous
layérs, pillows and an accompanying stratiform
foliaton indicate younging away fgom, and general
conformity\to, the Round Lake Batholith contact (A;

see Fig?‘%§; Plate XVII, Fig. 1l}.

the SO-S1 fabric tends to dip vertically, although
south and west of Boston Creek, the fabric and mineral
lineations fn the marginal granodiorite facies of the
batholith are inward dipping (Plate XVII, Fig. 2).

the SOfSl fabric is also accentuated by a strong o
subpa?allel schistosity and boudinage of competent
tuffaceous layers in the immediate batholith contact‘
zone. One set of guartz veins tend to subparallel the

stratiform foliation. In addition, outcrops of

tuffaceous sediments adjacent to the batholith appear

géﬁlicified with a conchoidal likeé fracture.

minor folds in .tuffaceous rocks southeast of Boston
Creek (Plate XVII, Fig. 3) have an array of axial

plane orientations from subparallel to the batholith
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Schematic structural description of the Boston Creek
rea (northeast portion of the Round Lake Batholith).

Lycation on Map 1. Geology modified from Lawton

Fig. Z5.
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Plate XVII, Fig. 1

Well preserved pillows in tholeiitic basalt outcrop from
the Wawbewawa Group (map-unit 2). Younging direction
towards top of figure, to the northeast. Round Lake
Batholith contact to the southwest. Locality, 2 km
northeast of Boston Creek. Pen is 15 cm long.

Plate XVII. Fig. 2

S -Sl foliation in basalt outcrop from the Pacaud Tuffs
(aap—unit 1). The foliation and batholith gneissossity
face southerly suggesting an inward dipping Round Lake
Batholith contact. Locality, 650 m southwé&st of Boston
Creek. Pen is 15 cm long.

.Plate XVII, Fig. 3
: : , \
Minor folds in tuffaceous volcanics outcrop from th
Pacaud Tuffs (map-unit 1). Axial planes here arg_ogiented
in an east-west direction with westerly plunging fold
axes. Locality, 1.5 km southeast of Boston Creek. n

is 15 cm lgng.
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PLATE XViI
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:

to easterly with moderate plunging axes in no consistent

direction (B). However, a conglomeratic outcrop at

several sets of disconformable structures were
discerned, all of which are inherent to the easter

internal-external contact zone of the batholithn

5 a)

3 'b)

5 ¢)

" " Boston Creek has ﬁébbles elongated vertically (C).

-,

radially distributed lineament and schistosities

transect both the batholitY and supracrustal

‘rocks between Round Lake and CharlEén (D).

Schistosities are axial plane cleavages
assgciated with small scale en echelon kink

bands (Plate XVIII, Fig. 1l). Kink folding

was accompanied by ductile shearing with the _

‘éhear sense being partly defined in the

'northeast by the plastically deformed gneissic

granodiorite (Plate XVEII, Fig. 2). Sinistral
strike-slip movement produced £he observed
rotation of the fabric.

easterly trending shear structures (E)
accompanied by a stﬁpng penet;ative schistosity,
brecciation and quartz-carbonate stockwork
development.

northeast trending lineaments‘(F) oééurring
east of Boston Creek form'part of a regional

shear system that transects the batholith in

—



——

Plate XVIII, Fig. 1 _ : .

En-echelon kink folds accompanied by shearing in tuffaceous
volcanics outcrop from the Pacaud Tuffs (map-unit 1).
Direction of shear is to the northeast, radial—to the
bathoIith contact which is located a few meters from the-
bottom of the figure. Locality, 650 m southwest of Boston
Creek. Pen is 15 cm across. "

Plate XVIII, Fig. 2

Ductile shear in the marginal older phase gneissic
granodiorite (map-unit 8E) outcrop. The shear is a
continuation of the structure shown in Fig. 1. Sinistral
strike-slip movement along the shear produced the observed
rotation of the fabric. Camera lens cap is 5 cm in
diameter.
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Plate XIX, Fig. 1

Photomicrograph from the amphibolite facies metamorphic
aureole contact rock {recrystallized mafic tuffs) within
the Pacaud.Tuffs (map-unit 1) adjacent to the Round Lake
Batholith. Note hornblende porphyroblasts (H) set in a
fine-grained groundmass of hornblende, biotite/chlorite
and feldspar/quartz. Fabric conforms to the S -Si
stratiform foliation. Locality, Boston Creek. Field

of view is 1 <c¢m across.
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Plate XX, Fig. 1 n
Crosscutting tonalitic dykes (D) from the Round Lake
Batholith in tuffaceous volcanics outcrop from the Pacaud
Tuffs (map-unit 1). Locality 1 km east of Tarzwell.
Hammer is 30 cm long. '

Plate XX, Fig. 2

Crumpled S.-S, foliation in tuffaceous volcanics ocutcrop
from the Pacaiid Tuffs (map-unit 1). Axial planes are
perpendicular to the Round Lake Batholith contact Same
locallty as Fig. 1. Pen is 15 cm long.

Plate XX, Flg. 3

L}
4

Conjugate kink folds in tuffaceous volcanics outcrop from
the Pacaud Tuffs (map-unit 1) near the Round Lake Batholith
contact. Folding (KF) resulted from shortening parallel

to the S,.-S. foliation along the dip direction. Same
locality as Fig. 1. Field of view is 40 cm across.
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the Hough Lake-South Mindoke and Boston Creek

areas, to beyond the McElroy Stock near the
Larder Lake-Cadillac Fault. The shear system
consists of brecciation and gold-sulphide
bea;ihg quartz-carbonate stockworks.

6) a narrow“metamorphic aureole of amphibolite facies at
the batholith contact is well foliated, with schistosity
conforming to the SO-Sl fabric (Plate XIX, Fig: 1).

The contact zone due east of Highway 112 at Taézwell_
keveals two sets of intersecting structures, in the supracrustal
rocks, within 30 m of the batholith. The contact can be
described as follows: narrow agmatitic section between the
gneissic granodiorite-tonalite and conformable supracrustal
tuffaceous rocks, tonalitic dykes (apparently from the
batholith) crosscutting the tuffs conformably and disconformably
(Plate XX, Fig. 1), and finally, crumpled tuff layers (Plate XX,
?ig. 2) containing minor folds with north-south and N40®E axial
planes. The supfacrustal rocks are inward dipping towards the
batholith and show evidence of shortening, marked by conjugate
kink folds (flowage folds), parallel to the SO-Sl fabric along
the dip direction (Plate XX, Fig. 3). The dy&es incorporate
previously deformed xenoliths and crosscut these early formed
conjugate kink folds developed in the foliation plane.

Charlton (southeast portion of the Round Lake Batholith)

The Charlton and Boston Creek areas have similar
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structurai settings, since both are located on opppsiﬁe corners
of the eastern perimeter of the Round Lake Batholith.
Similarities between both settings inclu@e conformity {(and
overturning} of the supracrustal .S.-8

0 "1
outline and axial planes of minor folds within the supracrustals

fabric to the batho}ith

lie roughly perpendiculaf to the batholith contact. These and .
additional structures warrant separate d;;criptions.

The geology of the Charlton section (Fig. 26) is subdivided
into the batholith's cataclastically foliated tonalite
(map-unit 8D), and Wawbewawa and Catharine Groups({ map-units 2
and 3). Two major northwest-southeast trending faults, pért
of the Timiskaming System, crosscut the area. The tonalite
is devoid of a gneissic faBric, implying weaker cataclasis in
comparison te the northeast margin where the gneissic fabric-
overprinted the cataclastic foliation. 1In addition, there is
little evidencé suggesting that the Pacaud Tuffs (map-unit 1) —
are found in the Charlton area, since volcaniclastic rocks
similar to ‘those in Boston Creek are lacking. However, there
are minor, thin horizons of argillite intermixed in the
ultramafic and b;saltic succession.

- There are four imporfant structural features that give
additional insights as to the nature ah& timing of emplacement
of the batholith with respect to regional structures. These
are: _

l) conformity of the east-west cataclastic fabric of the

’
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Fig. 26. Schematic structural description of the
‘Charlton area. Location given on Map 1.
Geology modified from Moorhouse (1944).°
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Round Lake Batholith granodiorite-tonalite as the
contact and more intense cataclasié is approached to
the south and eas? (A; seé Fig. 26)

the flattening of pillows into conformity with the
bathol&th contact. Basalts due south of Charlton

trend somewhat "oblique to the batholith contact (B).
Pillow shapes and top directions indicate a south
faézagqénd overturned sequence (Plate XXI, fig.l).
Interpillow sediments, pillow selvages and amygdules
are easily’ recognizable primary—features. Basalts due
north of Charlton consist of highly stretched pillows
that have beeﬁ\g}ongated in conformity to the batholith
contact (C Plate XXI, Fig. 2). Selvages are the
only recognizable remnant aiding in identification of
pillows. Pillows are generally several metres in
length and less than 10 cm wide. Flattening is
consistent ‘with a c&mpression directed perpendicular

to the stretching; here, perpendicular to the batholith
contact. The apparent layering produced by alternating
massive, basaltic pillow cores and selvages can

easily be erroneously-interpreted as tuffs. Anastomosing
thin layg;s in a basaltic section, akin:to tuffaceous
layering, may be a subtle indication of highly
deformed pillows. !

two direction of minor folding in the supracrustal



Plate XXI, Fig. 1

Well preserved pillows in tholeiitic basalt outcrop
from the Wawbewawa Group (map-unit 2). North is to the
right. Pillow sequence dips to the north and youngs

southwards. Locality, roadcut Highway 560, Charlton.
Hammer is 40 cm long.

-

Plate XXI, Fig. 2

Stretched pillows (outlined in black) in tholeiitic
basalt outcrop from the Wawbewawa Group (map-unit 2)._
Stretching direction is parallel to the Round .Lake
Batholith contact, a few metres from the bottom of the

figure. Locality, 2.5 km north of Charlton. Magnet is
2.5 cm across.
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sequence. Rare mafic volcaniclastics—argiliaceous
units, interspersed with;n the recognizable but

highly deformed pillow basalts in the contact zone,

are folded with north-south subvertical axial planes
and north to northwest shallow to moderate dipping

axes tD). Axial plane'surfaces are oblique and

roughly perpendicular to the batholith contact. Traces
of axial planes are @iscerned throughout the supqacrustal
sequence due to a strong axial planar cleavage (E).
Axial planes and cleavages are inferred as being
pgrtly radiéi to the batholith. However, these
structures more than likely postdate the deformation
of_the pillows north of Charlton. The pilloﬁs were
deformed—atdring emplacement of theobatholith,

whereas later east-west compression produced folds

with north-south axial plane orientation. In adaition,
some folds. are either buckle folds produced during
emplacement of the batholith or early folds subsequently
reoriented into conformity with the batholith (F). \
Axial planes are inward dipping, and plunge, towards
the batholith, mimicking the overturned basaltic
sequence.

quartz stockwork and veining in the cataélastic
tonalite of the marginal phase (G). .There is evidence

suggesting quartz veining was completed prior to the

r
L d
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final emplacement of the batholith. Veins were

compressed with axial planes and fold axes parallel

. to the batholith ﬁérgin (H}Y.

Hope Lake Stock

The younger phase Hope Lake Stock (map-unit 9).is bounded

to the north by the older phase tonalite (map-unit 8A) to

the east by pillowed basaltic rocks of the Catharine Group

-~

(map-unit 3), and Proterozoi; cover rocks (conglomerate,

dﬁaféiite and diabase), and to the south and west by the

Montreal River Fault (Fig. 27). The area of structural

interest is the well exposed eastern contact zone. Structures

are summarized as follows:

1)

2)

tﬁe Hope Lake Stock contact is transitional with

the host basalts, pfoducing an agmatite zone

seﬁeral hundred metrés wide. '~ Xenoliths are
amphibolitic, generally massive and unfoliated with
few recognizable pillow structures. Undeformed
tonalitic dykes commonly crosscut the basaltic
sequence, (Plate XXII, Fig. 1), and appear radially
distributed aboyt the stock margin,

the earlier eagt-northeast S,-S, fabric in the basalts
(A; Fig. 27) ‘has been deflected and rotated into
conformity with the younger phase intrusive. Evidence
suggest folding and other structufes are related to

the emplacement of the stock:
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Schematic structural descriptioq of Fhe Hope
Lake Stock contact zone. Location given on
Geology modified from Moorhouse (1944).
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Plate XXII, Fig. 1
Undeformed tonalitic dykes (D) emanating from the Hope
Lake Stock, intruding an amphibolite outcrop of volcanic
origin from the Wawbewawa Group (map-unit 2). Locality,
east contact zone of the Hope Lake Stock. Magnet is 2.5
Cm across.

Plate XXII, Fig. 2

Buckled pillows in basalt from the Wawbewawa Group (map-
unit 2). Pen is parallel to axial planes which are.
parallel to the Hope Lake Stock contact to the left.
‘Buckling resulted from compression direction perpendicular
to the stock. Locality, southeast contact zone of Hope
Lake Stock. Pen is 15 cm long.

Plate XXII, Fig. 3

Pillow elongation in basalt from the Wawbewawa Group {(map-
unit 2). The unidirectional extension is subparallel to
the Hope Lake Stock. The deformation is analogous to
*die-drawing" extension. Pillow cores are epidotized (E).
Locality, northeast contact zone of Hope Lake Stock.
Hammer is 40 cm long.
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2 a) in area annotated B, pillows are buckled (Plate
- ‘ XXII, Fig. 2) with the compressi&n direction
.o . having been perpendicular to the stock. Axial
planes trend northerlyaéﬁnfo:ming to the stock
margin. s
o " 2 b)  elsewhere, flattened pillows (in all three
diﬁensions) and a pronounced schistosity,
possibly an axial-plane cleavage, generally
conform to the contact (C and D).
3) Pillows also depict unidirectional extensions on
moderately dipping axes subparallel to the stock (D;
Plate XXII, Fig. 3), suggesting that‘ the flattening
mode in proximity to the stock was accompanied by a

"die drawing" extensional deformation‘(see Clifford,

1972). This ‘unidirectional stra%:ﬂiiyric is located
within the supracrustal wedge at the junction of
the stock with the older phase tonalite.

‘\
be implied from the close proximity Qf structures to, and

Deformation resulting from emplzggmgnt of the stock can
uniformity of deformation about, the eastern margin of the
stock (structures tend to follow.curvatures in the contact).
Structures in the southern supracrustal pile are conformable
fp the main batholith from Charlton to the Hope Lake Stock,

such that folding near the intrusive implicates, either

directly or indirectly, the stock in a post-older phase
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deformation. Finally, regional defofmation would not be_expected 7
to produce flattening and extensional structures in a

supracrustal wedge between two rigid granitoid bodies of the

type described here. The wedge would remain an area of low

strain, possibly devoid of L-S fabrics.

The simplest way to account for e L-S fabrics would be’
to hypothize that the tonalite stoﬁk at an early stage
underwent a balloon-like inflation. \During expansion, the
surrounding east-northeast trending basaltic pile adjacent the
stock was compressed producing folds wi northerly axial

planes. éompression in a plane parallel to the stock margin
included pillow flattening, ié, extension of pillows in all
,‘girections parallel to the stock. The older phase tonalite

géted as a rigid body to the north which constricted flattening

in the supracrustal wedge between theé rising younger phaée

stock and somewhat s£ationary tonélite. Cdnsequently,

deformation within the wedge was a flattening mode in one
direction (in this case, any volume change would be unidirectional
probably parallel to the rising plutonic body), which was
accompanied‘by a unidirectional extension producing cigar-shaped
pillows.‘ Tonalitic dykes were then injected into an already
deformed volcanic sequence at the younger phase margin, and

did not noticeaoly participate in the non-rupturing extensional

strain. .

4) Emplacement history of the Round Lake Batholith and tectonic
evolution of the Kirkland Lake segment of the Abitibi
Greenstone Belt

-
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In summary, regional structures consist of easterly
trending shears accompanied by a strong penetrétive schistosity
that appears to overprint conformable SO-Sllstratiform folia?}on
about the northeast margin of the Round Lake Batholith. The
easterly trending fabric does nﬁt penetrate the batholith's
eastern cataclastic margin and adjacentlunfoliated granodiorite
subphase, although the‘fabfic becomes pervasive throughout
the main older phase tonalite, and is weak in- the younger phase
Indian Chute' Stock. Folds with north-south axial planes in
the Tarzwellharea, adjacent the batholith's east—wesp trending

contact, postdate the development of S -Sl structures.

0
Emplacement of the later Archean;early Proterozoic Qtto Stock,
northwest of Tarzwell, may have contributed to the buckling of
the east-west SO—Sl fabric; although, it is unlikely, based

on evidence from the Charlton area.

Nevertheless, it is quite apparent that these folds and
the array of minor folds southeast of Boston Creek were not
produced by the emplacement of thé Round Lake Batholith. The
S5y-S, was uniquely developed during the emplacement of the
batholith. In addition, conformable flowage f9ﬁds (depicted

\

"by conformable axial planes to the S -Sl fabric, and horizontal

0
fold axes) parallel to the bathclith margin result from vertical

movement most probably associated with ascension of the batholith.

All other obliques and perpendicular folds located in the

supracrustal 50-51 fabric adjacent the batholith were formed

during post-batholith deformation, either from regional north-
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south and east-west compressions or, as previously stated,
localized shor;ening during intrusion of post-batholith/older
phase stocks similar to the post SD—-S1 sttuifures about the
younger phase Hope Lake Stock.

In the Charlton area, there was no significant post §.-§

g "1
intrusions in order to bring about shorteﬁing. Therefore it
is proposed that the shortening producing the north-socuth
oriented foldq' normal to the batholith contact in the Tarzwell
and Charlton afeas, was part of an east-west combressional
event.

Most of the other structures about the eastern portion
of the batholith are related to emplacement and comply with
diapirism at the present level of exposure. The structures
-nbt only iﬁclude the conformable SO—S1 fabric, but also
stratigraphic younging away from the batholith, mylonitization
(?2)~of supracrustals adjacent the batholith, cataclasis in the
marginal parts of the batholith, rounded shape of the eastern
portion of thé batholith, subvertical lineations in the batholith
and adjacent supracrustals, subradial to radial lineaments
about the margin, and a steeply outwafd and\inward dipping
SO—Sl fabric, along the eastern margin, which is accoﬁpanied
by flowage folds with subhorizontal fold axes.l The eastern
portion of the batholith has also criteria for a highly

viscous-near solid émplacement of the tonalitic-granodiorite

magma of the older phase in the late stages of intrusion.
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This is indicated by acute cataclasis and lack of xenoliths
along the batholith margin compared to the generally -
agmatitic contacts elsewhere in the older phase. Continued
ascension of a crystalliied margin during diapirism would
induce catad&asis {termed protoclasié)'obliterating any evidence
of previously incorporated xenoliths; whereas the high viscosity.
of the magmea eliminated further stopiﬁg.

Any emplacement model for the Round Lake Batholith must
take into account contrasting geological settings for the major
~portion of the bathélithfs older phase toﬁalite and eastern
margiq.granodiorite phase, both of which display two distinct
emplacement features, stopiné and protocataclasis. Both are
‘probably transitional events during diapirism: initial
stoping involving the older phase tonalitic melt, proéressing
to protocataclasis after minor differentiation produced the |
granodiorite and was subsequently- "brecciated", during ascension,
once crystallization was af an advanced stage. The events are
termed early and late diapirism.

Early diapirism would incorporate partial melting of the

lower crust-upper mantle (basic in character) producing the
tonalitic melt of the Round Lake Batholith. Due to the melt's
relatively less dense and viscous character, the buoyant melt
would rise as a diapir (mushroom or inverted droplet shape)
through the: crust, crystallizing, and subjected to some

differentiation involving feldspar crystal settling and
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.
convection. ‘Ascension of the melt througﬁ the crust was
effected by stoping and pervasive assimilation of the predominantly
mafic crust. Exposed remnants of this episode would include
agmatite zones, and tonalitic dykes intrusive into the country
rocks (t hornblende tonalite subphase).

The earliest structural feature possibly indicating-the
presence of the Round Lake diapir would have been doming of the
supracrustal pile. Superimposed folding wcould enhaﬁce the dome
into a large scale antiformal structure. Supracrustal rocks
would be tilted, facing away from the domal centre. Tilting
would approach the vertical during continued aséension, as the
supracrustals would be eventually squeezed under the inverted
tear drop~shaped diapir producing an inward facing and overturned
stratigraphy. At this advanced stage of emplacement and because
of faster cooling rates at the margin,  the diapi; would consist
of an.ogter crystallized sheil. The érfstalliﬂe margin would
tﬁerefore be spbjected to'cataclasis as the diapir rose to higher
levels in the crust. Deformafipn in the supracrhstal pile close
to, and accompanying the emplacement of, the diapir would be
flattening in all three dimensions. &his is indicated by
flattened pillows (and probably boundinaged_so—sl layers),
implying extension iﬁ all directions parallel to.the diapir
margin and a marked compression on horizontal axes normal to the
5 ~ .

;iapir margin.

Late diapirism denotes continuing ascension of the (diapir
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]

and) tonalitic melt in segregrated pafté of the bathoIith. Minor
differentiation within the older phase, as indicated in the
ﬁrevious chapter, probably resulted from filter pressing, ~__

whereby the granodioritic melt was squeezed out of the surrounding

crystalline framework consisting primarily of plagioclase. The
/' -

—

differentiate migratéd upwards and laterally towards the eastern
margin. Factors permitting filter pressing may have included

- loading from the overlying supracrustal pile and/or squeezing

of the diapir via regional compression. Whichever the event,
vertical loading or horizontal compression, the remaining melt
likely migrated towards iow pfessure extremities within the
diapir. At this stage, the differentiate possibly broke through
the largely crystalline diapir, and continued its ascension with
the surrounding crystailine shell producing a second smaller
scale diapir. This smaller diapir would be represented by
outcroppings of mostly granodiorite along the eastern portion

of the batholith, and its contact zone with the shpracrustals
became the site of extensivé‘prdtocataclasis.

Several sections of the remaining contact facies of thé
older phase also show evidence of emplacement deformation.
¥enoliths and dykés are flattened-elongated parallel to the
bathelith margin. Dykes are buckled, having axial planes
apargllel to the margin; whereas amphibolitized xenoliths are
elonéated,/ﬂgparently deformed into conformity with the margin.

This is substantiated by the conformable internal foliation in
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xenolit?s defined by amphibole qnd piaty minerals. Flattening
is.largely ascfibed to dispirism, and possibly a late expansion
of the diapir due to the arrival of the younger phase
granodioritic-tonalitic Indian Chute Stock at the core of the
older phase. The deformation never proceeded beyond minor
cataclasis when compared to the pervasive and intense.
brecciation along the eastern margin.

An additiocnal feature rglated to the eastern portion of the
older phase pertains to the temperature of emplacement.
Metamorphism in the supracrustal pile in the Round Lake
Batholith area is mainly greenschist-subgreenschist facies with
few areas of amphibolite facies abutting against the batholith,
.including a narrow contact aureole. Eiséwhere, xenoliths along
the older phase contact (gnd youﬁger phase Hope Lake and Crooked
Cree Stocks) arq_amphibolitized, although amphibolitizatié%
decreases rapidly outside the confines of the contact. This
lack of increased temperature (in thé supracrustals) with
proximity to the bathclith is not fortuitous. At present levels,
much of the batholith was crysfallizéd during emplacement, thus
allowing minimal heat transfer to the supracrustal host. A near
solid emplacement of the eastern portion would produce radial
and confbrmab}e stress regimes producing structures in the
surrounding supracrustal pile that would include radial

lineaments and schistosity development parallel to-the batholith

margin. Both structural features can be recognized along the
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eastern margin.

One query remains, and it concerns the role of the Round
Lake Batholith in the tectonic framework of the Kirklan@ Lake
segment of the Abitibi Belt. The geotectonic model for the
southerﬁ segment éf the Abitibi Belt, produced by bimroth et al.
(19835, b), recognizes three major deformational episodes.- A
-'Dl event consisting of large scale flexure folding. Synclinoria
were formed at zones of pre-orogenic subsidencé . ie., zones of
thickest volcanic accumuiation, whereas anticlinoria nucleated
at less subsident zones, in part from diapifism in the crust.
Fl were open folds, generally easterly trending with scbvertical
axial surfaces and a weak Sl fabric in the supracrﬁstals. The
Sl {and sﬁbparallei S0 primary fabric) conforms to the outline
of domal structures where diapirism occurred. _?2 folding was
isoclinal with a'penetrative vertical 52 fabric trending
east-west. D2 criginated from a north-scuth compression. Late
northeast-southwest and northwest-southeast schistosities
belonged to conjugate shear planes, manifested by strike-slip
faulting related to cohtinuing north-south shortening.

Dimroth's scheme can be applied to s%ructures in the Round
Lake Batholith area. S0 primary fabric and Sllétratiform
foliation are subparallel and conform to the elliptical shape
of the batholith. Ve££ical tectonics related to diaﬁirism was
tbe mechanism producing the Sl fabric. 52 developed from ' &

-north-south horizontal compression and is represehted by the
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ipternal cataclastic east-west fabric within the batholith and
crosscutting east-west shears and schistosities in the supracrustal
pile. Pervasiveness of 52 supports a stronger penetrative '
plastic rock strain during D, than in Dy- Additional folds with
north-south agial surfaces in the supracrustél rocks adjacent

the batholith's north and south contacts east of the Cross Lake
Fault could depict a D3 deformation resulting from an east-west
compression. The north-south trending fold structures

deflecting the So—Sl fabric and accompanying the emplacement

of the younger Qhase Hope Lake Stock also-—qualifies as a D3 -
fabric: There is no evidence to suggest that emplacement of the
Hope_Léke Stock and the other younger phase’étocks was not
syncﬁronous with east-west compression in the Belt. Current

field evidence.indicates that the younger phase Indian Chute
Stock, at the core of the older phase, contains a weak

east-west foliation subparallel to 52' suggesting a late 02
emplacement possibly'extending into D&L Recognition of an
east-west compression in the Round Lake Batholith area is
significant, since it has been overlooked by previous workers.
However, relative timing of the D, event with emplacement of -
younger phase stocks remains ambiguous.

Timing of the development of the older phase marginal diapir

is also vague. The smaller diapir must either postdate. D2
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deformation, since S2 did not penetrate the granodioritic
core and cataclastic margin, or was not affected by D2.
If emplacement of the smaller diapir did accentuate the SO---S1

fabric in the supracrustals, then the east-west schistosities
and shears adjacent the batholith, and believed to be D,

deformation, must postdate this second diapir. This is not the

case hére.
Allowing thafathe north-south compression promoted filter
pressing and differentiation in the older phase which led to '
the developmenf of the marginal diapir, it may be concluded
that the compressive stresses producing the east-west cataclasis
.elsewhere in the batholith and schistositiés in the surrounding
supracrustals were not of sufficient intensity to exceed
expansive stresses accompanying the smaller diapir. Thus, the
only structurés formed were those derived from the ehplacement
of the smaller diépir. In éddition, the def;rmation associéted
with the smaller diapir appears to be restricted to the -~
immediate contact zone along the-éastern margin. Diapirism
of the older phase as é whole produced the large scale
conformity of the supracrustal pile surroundinq the batholith.
Subséquent north-south compression induced development of the
second diapir, and produced on S, cataclasis in the batholith

and an 52 schistosity overprinting an S,-S, stratiform.foliation

071
away from the batholith. The smaller diapir and marginal

supracrustals were not affected by 02 for two reasons. The
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diapir's magma at the core was probably less viscous than the
remainder of the batholith which underwent brittle deformation.
Secondly, the crystalline margin of the smaller diapir and
adjoining supracrustals were subjected to intense vertical
* deformation brought forth by cataclasis, never allowing any
D2 fabric to develop. Agcension of the smaller diapir was
‘accompanied'by an intense stress field which led to the marginal
cataclasis, and was probably responsiﬁle for the development of
near radial lineaments about the eastern margin. |

‘. The 1ate‘no:theasf trending shear zones which crosscut the
batholith from Hough to South Mindcka and the supracrustals from
Boston Creek to the Larder Lake Fault, would represent remnants
from the last structural episode.

The proximity of, and ambiguity between, structural events
in the Round Lake Batholith area can only be resolved by
additioﬁal detailed structural studies where qrosscutting
structures ascribed to both diapiric and regional deformation
can be identified. Structural interpretations offered here are
based on field evidence supplemented by general Archean
structural concepts (vertical and horizontal teétonics) and
Dlmroth's et al. (1983a, b) studies in the Abitibi Belt.
Nevertheless, a comprehensive model for the tectonic evolutlon
Q;Qf the Round Lake Batholith, incorporating the Kirkland Lake
segﬁent of the Abitibi Belt, can now be formulated using

petrochemical and structural constraints already discussed.



185

0

The model follows previous models for the Qestern and southern
Abitibi Belt devised by Pyke (1982)_and Dimroth ef al.(1983a, b},
and is summarized in Figure 28. |
Phase 1 ((a) in Fig. 28)

The initial stage in the deVelopmeﬁt of the volcanic pile
began Qith the presence of (at least) two large shield
volcanic complexes: the Lake Apitibi and Round Lake Complexes
(A). Béth were résponsible for the deposition of Cycle 1
volcan%cs'(Wawbewawa, Ca?harine and Skead Groups and equivaieﬁt
rocks, map-units 2, 3 and 4; may or may not have includgg the
Pacaud Tuffs, map-unit 1}. The tonalitic-gfanodioritic
rocks of the Round Lake Batholith appear to be gtochemically
incompatible with the Cycle 1 supracrustal sequence. It is
ﬁostulated that the present site of the batholith has remained
an active geothermal hot spot during the late Archean. The

site evolved from an early mantle derived volcanism, and

progressed to a deep seated (crustal) partial melting episode
which produced a tonalitié'melt. The central part of the Belt
consisted of an extensive east-west trending rift strucfure(B).:
Cycle é'komatiitic and tholeiitic wvolcanic rocks (Larder Lake
and Kinojevis Groups and.equivalent rocks, map-units 5 and 6)
eminated from this rift.

Phase 2 ((b) in Fig. 28) Yo

3

Cycle 2 volcanism terminated with the volcanic rocks of the

e P

calc-alkaline Blake River Group encohﬁassing‘four major

)
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volcanic complexes(C): from east to west,'these are the Lac-
Dufault, Ben Nevis, Watabeag and Shaw Complexes. The Belt also

experienged the beginqings of a north-south compression (of

“unknown origin)(D). Two major fault (—rifi) structures, the

Lardgru Lake(E) and Porcupine—Destor(F) Faults, were present
early in the evolution of the Belt. Béth were aétive asknormal
faﬁlts during‘subsidence of the dense Cycle 2 volcanics, and
were later to.become zoﬁes of prominent alkaline volcanism and
fluviatile sedimentation (the Timiskaming Group of Cycle 3,
map-unit 7). The supracrustals were moderately affected by a
low-grade burial metamorphism of subgreenschist prehnite-
pumpellyite facies. Extensive partial melting of Cycle 1 ultramafic-mafic
supracrustals and tonalitic gneisses in the lower crust, with
the possible adéition of upper mantle basic material, generated
tonalitic mglts at the present sités of the Round*Lake and Lake
Abitibi Batholithé(A). Ascension of melts and xenoliths via
stoping and eyentually diapirism caused upwelling in the upper
crust, resulting in domal structures that were to eventually
accomodate both the Round Lake and Lake Abitibi diapirs.

Early Diapirism {({(c) in Fig. 28)

D, structures (Fl flexure folds-G and S stratiform
foliation-H) were initiated due to diapirism and the continued
sinking of the dense volcanic pile. A synclinoria developed

> v

between the Round Lake and Lake Abitibi diapirs(A). Supracrustal

rocks became tilted away from the domai centres. Tilting

n

J
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approached the vertical as ascension and expansion of the diapirs
proceeded. Supracrustals were eventually squeezed under the
inverted‘tear~shaped diapir producing an inward facing folia£ion
(facing the diapirs) and overturned stragigraphy.' Deformation

in the.supracrustal pile, accompanying the emplacemént of
diapirs, is one of extreme flatteﬁing: extension in all
directions parallel £o the diapir margin.and compression normal
to the margin. ‘

Sinking of Cycle 2 supracrustals allowed partial melting
at depth with the production of granodioritic to monzoﬁitic
melts{I). The melts rose, as smaller scale diapirs along the
initial rift structure, at the former sites of Cycle 2 volcanic
complexes, between'the Larder Lake{(E) and Porcupine-Destor
Faults(F).

North-south compression(D) in;ensified throughout the
Belt, initiating the regional isoélinal £efaing in, the
supracrustals with east-west trending axial planes.
Folding ((d) in Fig. 28)

North;sougp compfession(D) culminafed with the development

of F2 east-west trending isoclinal folds(J) and S, penetrative

2

schistosity(K), subparallel to D, structures, which affected

1

both the supracrustal and granitoid rocks. S1 stratiform

foliatibn, conforming to the Round Lake diapir's circular to

-
elliptical outline, was transected by Sz'shear zones and

¥

schistosities(L).
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Filter pressing within the Round Lake diapir érobably
occurred during the peak of north-south compression, and resuIteq
in the physical sepafation of the grénodiorite melt fraction
from the cryétallized tonalite of the older phase{M).
All major granitoid bodies in the Belt were emplaced in

the upper crust by the end stages of D2'

Late Diapiriém {(e) in Fig. 27)

North-south D2 compression(D) was in the waning stages as
the second smaller granodiorite diapir along thg eastern
portion of the Round Lake Batholith, continued its ascension
Ehrough the crust(N). “Here, diapirism produced extensive
cataclasis along the eastern margin of the batholith;
boudinage of Sl layering in the supracrustals and radial
lineaments about the eastern margin. In all, diapirism altered
the ellipticity of the batholiéh bringing about a more rounded
eastern perimeter. However, the ellipticity of the batholith
as a whole was somewhat modified due to the incoming ypu;ger
phase granodioritic-tonalitic melt. Emplacement of the
. younger phase(0) brought about variable expansion of fhe older
phase as melts rose_through the core and north and south
central margins of thé older phase. The space problem created
by the younger phase neccessitated adjustments in the shapé and
size of the batholith, most oé which occurred between the Cross
Lake and Motreal River Faults.

Emplacement of the Hopg,Lake Stock(P) folded the S1
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‘easterly trending fabric into northerly oriented folds and
accompanying schistosity. This was possibly synchronous with
an east-west compression (D3 event) which produced north-south
schistosities throd;hout the supracrustals adjacent the batholith.
The prominent Hough Lake-South Mindoka, northeast Charlton,-
and Boston Creek-McElroy shear and breccia zones (ail towards
the eastern margin of the batholith) were probably initiated at
this stage. Movement along the Larder Lake(E) and Porcupine-
Destor(F) Faults activated strike-slip faulting which may have
produced conjugate sets of faults oblique to the main east-west
system of fractures. The shear-breccia zones would therefore

be remnants of these subsidiarz.faults;

Final Stage ((f) in Fig. 27)

The sketch represents the current level of exposure for the
Round Lake Batholith, and outlines -all of the structures related
to diapirism and regional compression (refer to skefch for

a complete summary).

“y
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Fig. 28. Diagrammatic illustration of model for the
‘ evolutionof the Round Lake Batholith -and
central Abitibi Belt. Keyed to summary.
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f)Final Stage
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CHAPTER VIII: SﬁMMARY AND CONCLUSIONS

Two origins have previously been outlined for the Round
Lake Batholith. The batholith is a magmatic intrusion,

. differentiated from.a mafic parent, andlyoﬁnger than the
surrcunding supracrustal pile. - Altermatively, it has been
suggested that the batholith represents in part a diapir of
reﬁggjlized pre-greenstone sialic basement. The main purposev

of this thesis was to resolve the ambiguity between the two
céntrasting‘interpretations by defining the lithological, chemical
and structural characteristics oﬁ,the batholith and to hopefully
determine not only its origin, bﬁt also mechanism of emplacement,
and relationship to the tectonic evolution of the region.

The Roﬁnd Lake Batholith is c¢rudely an elliptical body,
elongated in an east-west d;rectioni'and consists of an older
cataclastically foliated, in places marginally gneissic,
bictite (-hornblende) tonalite (—granodiorite),'qompositionally
variable from tonalite and quartz diorite to granodiorite
and monzodiorite, and a younger. unfoliated to weakly foliated
hornblende (-biotite) granodiorite-tonalite, with minor qqartz
monzodiorite. Agmatite zones along the margin of, and within
the older phasel contain amphibolitic fragments permeated by
leucocratic and unfoliated hornblende tonalite. The hornblende
tonalite forms distinct plutons along'the western margin of

the batholith.

Planar fabrics in both older and younger phases are generally
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east-west trending, except at the eastern periphery of the older
'phasé, where they curve parallel to the batholith outline.

Field and chemical evidence demonstrate spatial and
genetic relationships between the older phase units: main
tonalite (map-unit 8A), eastern granodiorite (map-unit 8B),
and marginal cataclastic granodiorite-tonalite (map-units 8D, E).
Chemically, in terms of major oxides ana traﬁe element data,
there is minor variation across the older phase considering its
1§rge dimensicons (exceeding 3200 kmz). Concentrations from the
younger phase granodiorite—tonalite (map-unit 9) resembles
that of the older phase tonalite. On this basis, both phases
are believed to have a commédn origin, probably the same parent,
although their-age difference promotes ,two d;stinct evolutionary
lines. The batholith displays an overall calc;alkaiine affinity
of'the tonalite-trondhjemite series whiéh is consistent witn

other Archean tonalite-trondhjemite suites.

One of three processés may have contributed to the
mineraleogical and chemical'homogeneity of the older phase of the
batholith. These are alteration from either régional
metahorphism or autometamqrphism; partial melting of a
chemically homogeneous parent and rapid crystallization without
differentiation; and partial melting with a single puise'of
tonalitié melting subjected té chémical differentiation inhibited
by a lack of physical separation between crystals and

residual nelt.
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The apparent eastward gradation of subpha;es from tonalite
to granodiorite coupled with a minor ﬁariabiiity in major
elements, would exclude significant modificatiéns brought upon
" by alteration. Ubigquitous zoning of plagioclaée throuéhout the
dqf phase, in addition to both gradation and major element
variébility, attest to a chemical and physical differentiation,
'however_minor it may be, which would exclude the second process.
Hence, chemical with minimal physical differentiation does .
appear as the most likely-process.‘ ' ‘ ‘ "
The LilL elements Ba and Sr from the older phase are
‘modelled using quleigh Fractionation, in an attempt to
outline a crystallizatidn sequence within the older phase.
Assuming normal differentiation of a tonalitic melt,'both Ba and

-—

Sr should decrease in the residual melt invoiving plagiocfase
crystallization kKEa,Sr much greater than one). The effect of
having intercﬁmulus melt during crystallization would impart a
melt character to the crystallizeé portions, suppressing the
degree of depletion (or enrichment) in the late solids and )
rmelts. A clustering of.chemical elements would then result (as observed in the
Sr vs Ba plot of P.117) instead of normal liquid lines of ascent and descent.
Modelling from the older phase indicate a lack of clear
melt (and solid) trends during the crystallization history. .
Clustering of Ba and Sr appears to support the premise of

mixtures between pure melts and crystal portions. The

intercumulus residual melt would be preserved as quartz and K
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feldspar, whereas plagioclase is the crystaliine por%ionﬂ

It is suggested that minor differentiatidn proceeded by
filter pressing, whereby some of the residual melt was squeezed
ou£ of the enclosing semi—crfstalline tonalite magma to form the
graﬁodiorite.

The major source assemblage for the Round Lake Batholith
approximates either an enriched tholeiite or a granuli£e facies
tonalitic gneiss, with a mineralogy consisting of garnet,
clinopyroxene (t orthcpyroxene), hornblende.‘plagioclase,.quartz,
opaques and accessories. Two episodes of extensive batch melting in the
order of 5 to 35% melting of either, or a combination of both,
sources would prodfgp fairly homogeneous, melts of-tonalitic
composition, one for the older and another for the younger phase.

Partial melting may also apply to the generation of the
oldgr phase tonalite and granodiorite as two separate episodes,
accouriting for the slightly variable clusters in the chemjstry.
Partial melt pulses would produce melts of slightly different
major and trace element character, each producing separate.
clusters ef data points in any variation diagram; thus giving
an overall false notion of differentiation on a gradational
scale. The difficulty in recognizing one separate tonalite
pulsé from the other more granodiorite one in the older phése
must pe surmounted, since clearcut internal intrusive contacts
are not to be found. -

The crystallization history of the Round Lake Batholith
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can be summarized in four stages. (A) Heat generated during
the emplacement of tonalitic and basic gneisses in the lower
crust caused widespread partial melting of the ultramafic-mafic
supracrustﬁl greenstone piie and the high grade tonalitic and
basic gneisses. (B) Melting was accompanied by tonalitic melt
mobilization along a rising diapiric nuclei, eventually to
become the older phase. (C) Filter pressing during magma
ascent may have controlled the segregation of residual melt,
from the crystallized plaigoclase bearing nuclei, towards

the eastern margin of the batholith. (D)-A single {or a
series of) subordinate tonalitic melt body(ies), ascended
through the older phase and crystallized with minimal intérnal
differentiation, producing the younger phase.

Detailed examinations of external contact zones along the
northern, eastern and southern margin of the Round Lake
Batholith was undertaken to resolvé emplacement structures from
both older and younger phases of the batholith, and regional
structures. |

Structures such as conformable SO—S1 fabric from the
supracrustals along the older phase margin, mylonitization of
supracrustals adjacent the older phase, pillow flatgéning in the
vicinity of the contact only, cataclasis in the marginal
parts of the batholith, rounded shape of the eastern portion

of the batholith, subvertical lineations in the batholith

i
and adjacent supracrustals, subradial to radial lineaments



: B 201

-

about the margin, and a steeply outward and inward dipping
SO-S1 fabric, along the €astern margin, accompanied Sy flowage
folds with subhorizontal fold axes in the supracrustéls, are
all Indicative of diapirism as a mode of emplacement for the
older phase. Structures at present erosional levels sﬁgéest a
small viscosity contrast between a mostly crystalline older
phase and host supracrustals during emplacement.

The younger phase Hope Lake Stock at the southcentral
margin of the batholith also deflected the conformable east-
northeast SO--Sl fabric in the supracrustals. Emplacement
features here mimic those_of the older phasg.

Regional structures consist of easterly trending shears
accompanied by a strong penetrative schistosity that overprinted
the conformable SO-Sl fabric about the eastern margin of the
older phase. Folds with north-south axial'planes"adjacent the
older phase's east-west trending contact postdatg the

development of S5,-5; structures. Both structural fabrics can

0
bl attributed to north-south and subsequent east-west
compression. The last regional event was the development of
northeast-southwest trending shear zone of large extent, such
as the breccia-quartz vein bearing structure of the Hough
Lake-Laskowski-South Mindoka zone.

The structural evolution of the RounduLake Batholith has
been subdivided into episodes of partial melting, and earl¥ - e
and late diapirism, which incorporate tectonic events from the

"Ki;kland Lake segment of the Abitibi Greenstone Belt.

Deposition of the supracrustal pile (Abitibi Supergroup)

—_————
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in the Kirkland Lake area occurred prior to 2.703 Ga. Partial

melting of the sinking_ultramafic-mafi& ﬁbper crusf éﬁdnébnalitic
gneisses in the lower crust (with the possible addition of-upper
mantle basic material) genérate tonalitic melts. Thesé melts
\Exgntually nucleated and rose to the upper crust and became the
Round Lake Batholith. Ascension of the older phase tonalitic
melt proéeeded by'initial stoping and hybridization, and later
strictly diépirism'without assimilation (early diapirism}.

) Combined diaphﬁsm and sinking of the dense volcanic pile
prpduced Fl flexure folds and S1 stratiform fq}iation (subparallel

to S0 bedding in the supracrustals). Synchronous north-south

compression in the Belt cﬁ%minated with the development of'F2

east-west trending isoclinal folds and 5, penetrative schistosity

(subparallel to D1 structures), affecting both the supracrustal
and granitoid rocks. The 52 fabric transects the Sl foliation
‘at the north-south trending margin of the Round Lake Batholith.
Filter pressing with the older phase méy havé occurred
during the peak of north-south compression, and resulted.in the
physical separation of residual melt, later to crystallize
as the granodiorite at the eaétern portion of the older phase.
The gradodiorite developed as a second smaller diapir, and
continued its ascension through the crust producing extensive
cataclasis along the entire length of the eastern margin (late
diapirismj.

. & .
The ellipticity of the batholith was further modified
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by the emplacement of the younger phase as a granodiorite-tonalite
melt ascended through the core aqd north and south central

margins of the older phase late in the Dz'event. Emplacement

of one‘of the younger phase plutons, the Hope gake Stock, folded
the Sl easterly trending fabric into northerly‘orieq}ed folds.
This may have.been cldéely fgllowed by an east-west compression
(D3 event) which produced north-south schistosities throughout

the supracrustals.adjacent the batholith's north and south

contacts.

iy

The main older phase tonalite was emplaced prior to the
2.688 Ga crystallization age based on éircon geochronology.
«
Eleven K-Ar and. Rb-Sr ages from the older and younger phases
average 2.549 Ga, and probably dates the cooling stages of
Archean metamorphism and the last episgde of structuEal
deformation. Archean metamorphism and.deformation did not
affect the Otto Stock, and must therefore predate the 2.493 Ga
crystallization age of the Stock {(which is intrusive into tpe
Round Lake Batholith). This implies that the metamorphism,'
deformation and plutonism within the Abitibi Belt of the Kirkland
Lake area took place over a 200 million year interval
spanning the depqsition of the Abitibi Supergroup, circa 2.700
Ga, to the intrusion of the Otto Stoc&, circa 2.500 Ga.
Both Lawton's and Ridler's original interpretations have

credibility based on results from this study, although neither

one by itself is entirely valid: the Round Lake Batholith

is a magmatic body derived via partial melting from
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a mafic parent (either, or a combination of, ensialic greenstone
and/or sialic "basement"); diapirically mobilized, slightly
differentiated; and intruded into (thus younger than) the

surrounding supracrustal country rocks.
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APPENDIX I

Geochemical sample distribution frem the Round Lake Batholith
and Abitibi Supergroup: by unit and laboratory facilities.

Map Total University of Ontario Geological Survey
Unit Samples Ottawa - Geological of Canada
(159) Survey

Round Lake Batholith

Tonalite 8A 29 17 .7 5
Granodiorite 8B 8 R - 2
‘Cataclastie

granodicrite-

tonalite 8D,E 8 7 - , 1
Hormblende » :

tonalite 8C 10 9 1 . -
Granodiorite-

tonalite 9 26 6 15 5
Dykes: porphyry: 1 1 - - -
pegnatite 2 1 1 -
aplite 1 1 - -
Xenoliths:

from unit 8 1 - - 1
from unit 9 _ 2 - - 2

Abitibi Supergroup

Pacaud tuffs 1 19 4 - , 15
Catharine-
Wawbewawa
Group 2,3 42 - - ‘ 42
Skead Group 4 10 - - 10
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Appendix 11

Geochemigal da.ta from the Round Lake Batholith

-

sample analysed at the Geologica! Survey of Canada.

sample analysed at the Ontario Geological Survey. Samples without suffixes
! or 2 analysed at the University of Ottawa.

mean value (x.) of oxides with accompanying standard deviation (cr) for the
number of samples (n. ) per map-unit (i).

quartz-feldspar porphyry dyke.

pegmatite dyke.

aplite dyke. .

amphibolite xenolith in map-unit 8A.
amphibolite xenolith in map-unit 9.

-
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Total 99.06

Trace elements

Ba

Cr 13

Ir

S

Rb

In

Ni 18
K/Rb

RbfSr

CafSe

K/Se

K/Da

Ba/Rb -
Ba/Sc

CiPW Norms

Q 13.8
or 10.01
Ab 35.11
An 20.44
Le | 0.0
Ne 0.00
Di 0.00
He 0.60
En B N b
Fs 1.7
Fo 0.00
Fa 0.00
Mt 2.17
Ap 0.30
c 0.3%

25200

74.20
13.60

1.23
0.)%
Q.66
8,33
3.n
0.12
g.c8
0.02
0.00

95.26

18.20
22.30
3.3
.73
0.0
0.0
Q.00
0.00
0.93
0.00
0.00
0.00
0.08
0.17
0.67

a763

63.50
17.40

4.00
2,26
a7
4.43
1.3
0.2
0.19
0.07
0.0l

97.81

290

33,36

19.07
1.09
40.40
19.26
0.00
0.60
0.00
0.00
6.37
1.06
0.09
0.00
2.03
0.41
1.68

Map-unit 3A Tonallte

23267

64,40
16.60

856
2.3
216
w32
1.83
0.%0
0.16
0.0%

< 0.00

93.02

19

17

.23
11.36
39,63
14,96
0.00
0.00
0.00
0.00
6.66
1.60
0.C0
0.00
2.1%
0.3%
.08

[T}
L 4

631.60
16.30
1.60
1.20
0.99
3.73
8,60
.21
0.37
0.1}
0.0%
0.01

9%.10

Mo

32.80

26.27
7.23
.78
17.93
0.60
0.00

0.00 *

0.00
2.76
c.00
0.00
.00
1.3%
.28
1.23

13

68.93
16.39

t.77
0.96
3.36
3.33
0.96
0.29
0.09
0.01
0.04

99.07

379.50
0.0%
AR.06
13.18
39.83
9.32
0.33

2.87
3.69
4%.92
17.11
0.04
0.00
g.00
0.00
2.66
0.00
0.00
0.00
0.00
0.1
0.1

M

€9.0%
13.38

4.0}
1.32
3.9
LT91
l.186
T 0.2
0.03
0.03
0.9}

100,23

363
2
132
237
k11
12
7

310.6%
0.13
119.%2
40,63
26.33
11.77
1.5%

26.09
6.89
33.88
19.22
0.00
0.80
0.00
a.00
3.05
0.97
0.00
0.00
2.02
0.17
0.0}

362

70.22
16.08

2,12
0.1%
J.09
L
1.06
0.23
0.06
0.03
0.02

92.18

361
12
1R
a7
12
17

461,18
0.08
86.30
13.03
.38
19.00
.0.76

13.23
€.30
43.6%
13.02
0.00
0.00
0.00
0.00
.3
0.00
0.00
0.00
0.29
0.1}
0.63

]
xlh

@n

16.26

1.68
.21
3L

313
1.33
0.30
0.09
0.08
0.01

T

2.31
0.72

- 1.M
6.71
0.92
0.62
0.39
0.1%
0.03
0.02
0.01

186.18
10.49
- 24.02
168.0)
12.60
10.%0
7.7

.S

>

g58e288883

1)
"

g &S

do
23
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Sample No.

T Quldes
Sldz
A0y
FeO
Fc203
MgO
Cad
NJ20
K20 5
T|02

- Py
MnQ
S

Total

1

70.99
16.33

1.93
0.7
2.¢3
.15
1.79
0.17
0.03%
0.03
0.%90

97.99

Trace elements

Ba
" Cr
Zr
S
Rb

en
Ni

K/R»
Rb/Se
Calsr
K/5r
K/Ra
Ba’RY
BalSe’

CiP%

g
Ap

373
21
119
389
3
L}
13

201.62°

0.%6
32,63
25.23
3
10,22

0.6%

3.1
13.36
LI
17.9%
0.7¢
¢.50
0.%1
0.0
1.95
0.40
0.7
0.09
0.un
0.10
l.u%

1]

79.73
13.37

§.27
0.83
2.4)
3.42
1.29
0.1a
0.72
0.02
0.7

%7.36

394,953
0.92
22.2%
13.62
15.21
39.11
0.99

26,49
7.75

89,42

12.2
0.09
0.co
0.50
0.69
1.77
0.09
0.60
0.0
6.co
0.0
1.23

bl

72,
t3.

536,

24,
14,

2%,

P Y
bR

o0 0 000 ~0000N

:S O 8 08 - wNo .-

ta
16

(1]

RY
.60
.30

29

.13

03

.0l

na

]

.00

co

N

o

.06
.13

a1t

-y
2
-
o

ooouuuclo‘o?
] .
-1

(=3
a
N

37.33

690

26.71

26,65
13.18
86,71
lo.a%
0.9%
0.0
0.0
0.00
0.72
0.Ga
0,00
0.90
6.90
0.11
1.2

136!

72
I3

=0 - I - = TR IRV I - ]

e
a

429

— ~
O L WD O

o 0o o 0 o000 o0

.70
.50
W17
.00
(B2
.20
.30
.37
L1
.04
N2
.02

.00

.0
.89
6e
48
.00
£o
.C0
g0
.93
.60
.00
€0
0
69
BT

Map-unit 1B Granodiorite

259

76.7%
i2.79

1.02
0.3
1.08
L
1.76
0.92
0.00
0.0!
0.70

93.70

LS
ag
89

271
32
29

§56.59
0.42
23.43
31.91
5.2
12.97
1.5

.77
10.&1
82.33
5.86
0.60
0.c0
£.00
060
1.32
0.00
0.00
0.90
0.60
0.00
1.03

260

71.32
15.05

.11
0.6l
1.81
3.
2.7%
0.12
0.01
0.0)
0.40

ton. 29

243

32
L3}
49

12

334,59
0.12
L7
al.2t
70.32
3.00
0.39

27.37
12.27
93,69
5.8
0.co
n.co
0.0
0.00
1.12
0.09
0.00
0.2
C.0%
0.62
1.03

s

71.62
15.a3

1.27
g.78
{.67
5.93
2.1%
0.1
0.93
0.01
6.%0

9%.17

713
11
L1
Jal
h13

433,75
0.a3
16.11

21.93

29,28
19.54
_0.97

22.76
12,49
N7
7.93
0.29
0.30
0.90
¢.00
2.04
0.0%

0.00 .

0.co
0.%0
¢.1
0.33

X O
72.66 1.9
5.3 117
Lzt e
0.4 0.8
2.09  0.%4
532 6.7
1.76 0.3
0.13 0.3
0.83  4.92
0.02 .01
0.01 0.0l
99.04
512 176.59
LI P H
9 * 17.02
394 210.7¢
» 12.01
13 16.39
13 9.52

223
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do

do
do
do
da
da

do
do
do

do
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Sample No.
Oxides
Sit)2

m203

FeO

Total

19

72,00
13.34

0.36
0.3
1.73
3.29
2.62
0.10
0.00
0.0t

0.00

93.92

Trace elements

Ba
Cr -~
ZIr
Sr
Rb
in
Ni

K/Rb
Rb/S
CalS
K/Se
K/Ba
Ba/Rb
Ba/Se

CIPW Norms

Q
&

Ab
An
T
Ne
i
He
En
Fs
Fo
Fa
344
Ap
C

1178
0
3]
333
L3)
3

[

303.82
0.03
23.23
40.33
13.46
27.%0
2.19

23.03
13.57
47.73
8.7}
0.00
0.00
0.00
0.00
0.97
0.00
0.00
0.00
0.00
0.00
0.%0

13l

€9.407
13.47

2.43
0.96
.
8,29
1.21
0.23
0.0%
0.0a
0.00

97.66

291

121
333
23

836,78
0.07
73.83
X.ls
3,32
12.63
0.57

29.3%7
7.7
39.63
17.08
.00
0.00
0.00
0.00
.73
0.00
0.00
0.00
1.03
0.17
117

Map-unit 4D,E Cataclastic granodiorite-tonalite

1908

73.38
18,98

1.02
0.32
1.3
L8 1
© 2.98
0.09
0.01
0.02
0.03

99.19

339

67
iz
30

12

9,23
0.25
33,80
78.08
¥3.90
6.7
1.70

28,14
17.76
43.51
7.78
0.00
0.00
0.00
0.00
0.39

0.00
0.00

0.00
Q.00
0.02
1.1t

ot

n.%
13.70
1.20
0.30
0.80
2.8
.00
1.29
0.22
0.07
0.04
0.0}

7.3

o

.33

WA

7.90
37.16
12.26

Q.00

0.00

0.00

0.00

2.29

0.00

0.00

0.00

0.19

0.13

1.36

e

70,33

15.39

2.13
0.3
2.0)
AN
2.0%
0.21
0.06
0.03
0.01

7.0

pt1

14
103
wr

LY

13

403.22
a.12
1.2
71.%6
44,57
%.03
1.860

29.42
12,36
NL67
.92
0.00
0.00
0.00
0.00
.3
0.00
0.00
0.00
Q.46
0.13
2.4%

267

71.33
13.96

1.y
0.1
1.6
3.63
2,06
0.09
0.0t
0.03
0.01

93.38

399
n
12

493
L1
21

356.28
0.10
23.9)
3,33
42.36
1.3
0.31

28.66
12.23
.13
1.0
¢.00
0.00
0.00
0.00
1.1%
0.00
0.00
0.00
0.00
0.02
1.33

F1j]

JL73
15.39

1.03
0.8)
1.79
31
2.37
0.1t
0.00
0.02
0.01

93.31

b33
3
12

- N6

37
0
13

e A0
0.17
.07
61.50
20.03
9.33
1.59

24.72
13.33
.27
‘.96
.00
0.00
0.00
0.00
1.20
0.00
0.00
0.00
0.00

0.00

0.68

271

72.7%
18.8)

1.59
0.38
2.0

8.3
2.69
0.13
0.00
0.03
0.01

99.28

A6

7
33
07
3
19
13

106.02
0.27
70,83
107.38
31.22
7.93
2.11

.72
16.06
41,7
10,22
0.00
0.09
0.09
042G
1.62
0.00
n.oo
.00
0.00
0.00
0.78

Xin,e

T4l
13.16

1.2
0.9
1.09
.31
2.1%
0.13
0.03
0.03
0.01

98.48

%oe "ips

L3
b.6%

0.38
0.23
0.62
0.38
0.66
0.07
0.0%
0.0t
0.01

253.8¢
10.7%
17.93
123.23
17 .41
7.96
3.6}

]
do

geggesesss

288888
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Sample No.
Oxides

Sio2
AIZO}
PeQ
Fe.ZO’
Mg
CaC
leo
K?O
TIO?
on,
MnO
b

Total

163

61.13

17.63

5.3
2.31
6,09
a07
1.03
0.63
o.14
' 0.07
0.00

.89

Trace elements

Ba
Cr
Ir
S¢
Rb
in
Ni

K/Rb
Rb/Se
Ca/Sc
K5
K/Ba
Ba/.lb
Ba/Sr

CIPW Norma

Q

Or

Ab

An e
Lc

Ne

Di

" He
T En

Fa
Fa
Fao
Mt
Ap
C

73]
L}
166
s
n
37
»

¥96.21
0.07
142,71
28.38
874

10.23

.7

15.82
6.28
3%.74
26.9%
0.00
0.00
1.33
0.87
7.0
.18
0.60
0.00
2.2
0.30
0.00

177

60.19
17.13

3.45
LR
J.02
823
1.35
0.51
0.11
0.03
0.01

97.69

LBH

7
L6
309

3

237.33
0.16
116.11
41,68
23.0%
.16
1.58

12,03
2.7
39.26
2).31
0.00
0.00
0.7%
0.22
9.0
2.63
0.00
0.00
2.13
0.2
0.00

208A

37.04
19.97

6.3
" 2.92
7.19
7
1.10
0.63
0.19
0.08
0.0)

toe.at’

180
n
129
7
H
L}
12

118147
0.02
101.33
13.01
30.73
2.3
0.36

4.32
[ L1
02,13
29.7%
0.00
0.00
2.08
. 1.0)
6.76

2.80 7

0.00
0.00
2.26
0.80
0.00

Map-unit £C Homblende Tonallte

s

63.12
13.93

.37
3.9
4,32
5.1
L.61
.47
Q.19
0.08
0.00

F3.010

718
P
123
737
Ll

62

33

336.90
0.03
83.83
13.14
16.96
32.8)
£.07

11.93
9.51
¥3.79
15.10
0.00
0.00
o351
0.76
7.36
1.7t
0.00
0.00
2.06
0.40

' 0.00

7

£1.79
16.19

€.32
3,33
837
[ A T3
1.7t
0,39
0.16

0.11.

0.00
100.15

302

69
180
403

93
(1)

293.7%
0.12
81.03
335.23
23,23
10.46
1.23

11.83
10.10
3.9

0.00
0.00
0.33
0.13
2.6l
3.63
0.00
0.00
2.13
0.0
0.00

363

63.51
16.07

.
2.21
3,92
6.16
1.2%',
0.4
0.19
9.05
0.0

99.27

793
)
166
1022
10
i
2%

1037.70
0.01
27.40
10.00
13.09
79.30
0.76

13.72
7.35
.96
12.43
0.00
0.00
877 .
0,00
.68
" g.00
0.00
0.00
2.0}
0.40
0.00

bl

62.61
16.3%

3.8
2.91
L9
[ 3]
1.30
0,38
0.31
0.0%
0.02

9146

274
hrd
118
L1139
L}
3

.26

289.39

0.0%

63.10
26.72
43,48
6.37
0.59

16.33
9.02
LAY
19.37
0.00
0.00
0,00
.00
3.16
1.03
g.00
0.00
.21
0.32
0.00

338

€3.36
13.09

834
312
8,26
.78
.97
0.46
a.07
0.07
0.00

99.92

996
76
202
347
33
32
b1

A37.72
0.06
33.93
23.23
19.73
15.1t
1.18

16.68
13.96
2.73
12.67
0.00
0.0
347
0.38
5.83
0.9%
0.00
0.00
2.08
.13
0.00

3%0

62.00
13.92

814
3.4
812
5.16
1.33
0.49
0.23
0.08
0.0l

98.5%

708
9%
186
726
3
39
63

378.46
0.03
8743

7.2

18.17
20.82
0.93

10.35
9.22
46.60
15.20
0.00
0.00
4.4
0.92
7.3
1.%0
0.00
0.00
2.09
d.as
.00

2528!

J8.60
17.30

6.28
.n

3.30

L
1.73
0.63
0.2%
0.10
6.00

93.43

23

3.96
10.30
35.5%
.78

0.00

0.c0

0.9

0.07

»n

3.5

0.00

0.00

2.26

0.51

0.00

Xsc

61.81
16.91

3.13
3.00
7%
1.5%
0.33
0.12
0.08
0.01

93.20

n7
3%
143
393
3

LY
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-

Sample No., %
Oxlides

slo, 2.67
AlzcJ 1.37
FeO .
FezoJ 0.96
MgO 0.43
CaO 0.98
Nazo 0.62
K0 0.3%
Ti()2 0.0%
!’20J 0.07
MnO 0.02
S . 0.0t
Total

Trace clements

Ba 215.17
cr .01

Zr 2E.8) -

sr 259,98
Rb £ 17.51
b 20.20
il 12.83

K/Rb
Rb/{5¢
Ca/S
K /S
K/Ba
Ba/Rb
Ba/Sc

CIPW Norms

Q

Or
Ab
An
Lc

. Ne

Dl
He
En
Fa

Fo

Fa
Mz
Ap
Cc

3t

Pic

10 60,439
do 16.49

832
.3
3.97
3.03
1.40
0.50
0.16
.06
0.02

g 85882888

99.17

a3
137
603
)
73
A0

5888 058w

400.77
. 0.03
47,03
19.27
23.5
17.0}
0.82

16.13
5.32
43.37
18.37
- 0.00
0.00
0.23
0.03
6.9
1.}
0.00
0.00
.10
0.0%
0.00

pT3Y)

72.0%
I8, B3

0.38
0.20
t.02
8.00
3.03
a.06
0.00
0.00
0.02

s7.28

3658

40
307

o o

7.2
0.11
18,32
82.36
11.92
FATVL]
7.21

23.8)
30.37
J6.66
3.17
0,00
0.00
0.00
0.00
0.3
0.00
0.00
0.00
0.00
0.00
1.08

Dykes
363 1T
73.% 78.90
15.91 18,40
0.15
1.10  ©.%2
0.2 0.00
2.0 0.63
35,65 093
.77 L9
0.16  0.03
0.0} 0,02
0.0l  0.01
0.00 0,00
100.37  99.63
1112 570
¢ 3
118 30
2y 100
2
7
12
612.2%
0.0}
19.13  %6.06
17,36 310.%0
1.21 37.97
46.33
1.33 * 3,70
26.00  27.3%
10.32  23.33
49.99  AB.NE
10.76  3.10
0.00 0.00
0.00  0.00
0.0  0.00
0.00 0.00
1.14  0.00
0.09 ©.00
0.00  0.00
0.00  0.00
0.00 0,20
0.06  0.0%
0.77  0.89

¥

61.60
15.40
I.00
1.50.
1.70
.92

o

3.90 ¢
2.03
0.27
0.13
.08
0.03

.1

330

28.36

17.48
11.93
2.

.30
0.00
A0.00
1.63
0.00
3.83
0.00
. 0.00
0.00
1.03
0.27
0.00

LH]

2.9
13.83

32l
2.)*
3.3
3.43
1.8
10,38
0.1%
0.08
0.00

92.36

343

1}
133
333

32

6€2%.130
0.02
28.67
13.28
21.36
28.32
0.6%

15.32
.47
32.61
12.7%
0.00
0.00
2.6%
0.08

A

0.13
0.00
.00
1.93
0.29
0.00

173

67.90
13.30

LA
1.60
2.06
2.36
6.10
1.83
0.3
0.18
0.03
0.0l

7.3

400

30.0%

17.68
5.55
38,61
10.06
0.00
0.00

1.23

0.00
3.05
0.00
0.00
0.00

1.66 .

0.7
0.00

112

65,30
15.60
1.9
1.00
218
2.7
,3-%0
1.39
0.1
.13
0.0
0.0)

2.26

3.3

16.28
a4t
3339
11,48
0.00
0.00
1.07
0.00
.9
0.4
0.00
0.00
1.97
0.32
0.00
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&

[ NN
SampléNo. 186 19!
Oxldes
510, £7.21  £1.30
ALO, 15.20 ° 15.30
Fed 3.60
Fe,0, 2.3 0.00
Mgo - 2.0l (R ]|
Ca0 .79 2.W7
leo J.n 5.60
K0 , 0 L
Ti0, 0.30  0.32
PO, o.f! 0.1
MnO g.08  0.03
s 0.00 0,02
Yota! ”"noe N.Y
Trace elamints
Ba 1”28 650
Cr b2 ]
Ir 1’ .
b4 647
/b »
In [}
NI 26
K/RS 206. 3%
Rb/Se 0.06
Calse 32,33
KiSe 308
K/Ba 20.35 .3
Ba/Rb 0,18 .
BalSr 1.3
CiP% Norms
Q 18.27  17.¢67
- or 12.26° 11.01
‘Ab 937 3.0
An 1.12 6.0
Lc -+ 0.00
Ne 0.09
Di 1.72 A
- He 0.0 0.7
En (Y01 T T
F1 0.00 0.72
ro 0.60 - 0.00
Fa Q.00 0.00
att L7 LY
Ap 0.23 0.3
“C 0.00 0.00

LS

M ap-unit # Granodiorite, Tonalite

105!

.70
15.20
1.40
1.30
(I H
2.3
3.60
2.08
0.3
0.13
0.08
.0}

7.2

130

20,31

460 -

- 0.00
Q.00
0.00
1.09
0.32
0.00

353

£2.00
15.92

2.10
1.2%
L1
7.97
0.69
0.29
0.l11
0,08
0,00

.79

16)

108
M

Fil

3.
0.0%
20,61
18,76

N

.3
Q.42

18,28
003

10.60
3.36
'0.00
0.00
0.2
0.00
3,40
.00

0.05 -

0.00
0.1}
0.2)
0.20

b1 ]

£3.9
13.89

2.79
2,18
2.0

.1

2.02
¢.31
o.11
0.04
0.01

$7.83

£23
3

1197

hAl)

19,38

0.06
26.90
72.34
20.3
17.19

(1

1892
12.00
52.97
1.4y
0.60
0.00
1.43
0.00
5.29
0.00
0.00
0.00
1.03
0,23
0,90

b2 A}

.13
16.73

1.3
1.83
2.72
6.33
1.)9
0.32
¢.10
0.03
0.00

100.73

3
26
183

»
al
i

0.0
0.02

19.36

11.0%
17.3%
16.88

0.68

17.3)

3.03

3.5
12.5%
0.00
0.00
0.00
0.00
.17
0.00

0.00

0.00
0.3
0.24
0.01

-~

(1]

72.33
13.49

1.6%
0.9
©0.97
7.00
1.79
0.1%
0.06
0.02
0.0

100,46

19.45
10.36
61,99
R}
0.00
0.00
0.00
0.00
2.3t
0.00
0.00
0.00
0.00
0.13
0.43

17752

67.00
13.70
1.81
1.3)
l.92
.13
n
1.5
0.33
0.1%
0.03
0.00

1.8

£70
33
100

3.9
13.26
19.08

0.96

17.3)
%.16
.58
12.7%
0.00
0.00
[.37
0.060
L 3% b
0.00
0.00
0.0%
1.0%
0.30
0.00

1773%-

65.10
13.20
1.7%
1.67
2.19
.73
5.72
1.5
0.3
C.14
0.0%
' 0.00

1.

32.3%2
21.17

0.63

17.79 18,70
9,13 10.16
51.30  A9:43
1.3 1216
0.00  0.60
0.04 jgo.co
1ot 55000 &)
0.08 ol
3.60 w79
0.45  0.00
0.00  0.00
0.00 0.0
1.98  L.73
0.3 0.3
0.00 0.00

17722

€7.80
15.30
1.66
1.36
2.09
3.13
(R
1.7
0.3
0.1%
0.06
0.00

W70

)

130

M7
ny

lesiiigil.ss

0.63%

17%2°

&3.10

16.40
.26
1.26
2,37
3.8
3.9
1.38
0.1
.18,
0.03
0.00

.12

A0
100
100

L> T

32,25
18.32
25,90

.33

132

8.12
33.05
13.9%

0.00

0.00

.16

'0.11

3.93

0.31

0,00

0.00

“1.97

0.1}

6.00

227
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' 4 Map-unit 9 Granodlorlte, Tonallte

Sample No, 23232 l:"'ll2 Q?&Zz O?Glz i7662 Q??Oz ‘75]2 l76h2 7 l?'ﬁ!? l?Slz ”.22

Oxides

_sio, €3.00  71.50 66.30 68.30 6A.60 &7.50 66,70 #6.30 66,10 §5.70  &2.10
A0, 15.10 V16,30 16.10 17.10 13.30 16.70¢ 16,60 16.80 1620 16,30 16.%0

FeO 0.38 ‘ . 2.66
Fe,0y . 2.78 0.60 37 2.28  3.97 2% 247 307 0t 330 Q.62

MgO 2.01 0.00 2,05 091 2.6 L& 2.1 27 LB 1M IR

Cad 2,39+ 2.3 333 308 332 2,00 289 293 139 LN N6
Na,O 536 581 __3.8. 339 L2 san. 35,98 6.03 72 3.2 5%
K0 1.33 1,33 132 0 L0y 1,62 1.6 1.31 A8 LT 1 192
Tio, 0.31 6.0% 0.3 0,32 0.4). 0.3 035 0.3 0.3 03¢ 0,36
PO, 0.12 0,06 0.18  0.10 0.16° 0.1 0.0 0.8 0.15. 0.1 0.21 .
MnO 0.04 0.02 ©.0%5 0.03 0.03 @.0% 0.03 0.06 ©.03 0.06 0.07 :
s 0.00, 0,00 D0.00 0.02 0.02 . 0.00 - 0,00  0.00 ~0.00 .0.0¢ 0.01
Toul 98.36  99.08 9%.87 99.26 98,07 98,36 95.9 99.02 97.81 9E3) 9.7

Trace elements

Ba 310 M0 300 .700 - %10 0 0 530 320 290 120

cr A0 37 10 150 23 70 7 &3 73 15

zr , 90 ‘ : 200

Sr 700 - . . 700

Rb . . ‘ o

Zn ’ ‘
M~z 0 : %0 13 3 » 35 w. A

X/Rb :

RB/Sr . ‘ . *
Cafsr 23.79 37.27

Kise' 19.77 o 12.77 '
K/Ba ©L20.63 2810 7350 19.21 17.00 28,13 7063 20.28 T3 30.43

Ba/Rb . . ' ~
Ba/Sr . 0.73 : 0.7%

CIPT Norms . .
Q C19.26 25.1% 1T 72.83 18,38 19.32  18.35 1890 iy’ iz 1007

Ce . 102 7.87  T.36 6,09 %.66 9.3 10,77 .89 T3 LM 1L

Ab 50.29 3218 SE.60  30:19  A9.97 3238 33,0 54.03  JL33 3209 a3l

An ©l0.86 ML17 15,30 1663 LRSv 8,97 12.60 107 T HL99 112 16.10

Le 0.00 0.00 §.00 ©0.00 ©0.00 0.00 ©0.00 000 000 000 0.00

Ne 0.00 4.00 0.00 0.00- ©0.00° 000 0,00 0.00 006 0.60 0.00

o 1.04 0.00  0.00 0.0 2.2 0.00 0.5 0.3 0.0 035 130

He 0,00 0.00 0.06 0.00 0.8 0.60 0.00 000 000 0.01 0.19

En s.07 111 3.6 251 6% 501 577 6.0 £ &3 3.0

Fi 0.09 0.00 0.09 . 0.00 ©0.27 0,00 0.00 000 000 0.7 0.32

Fo 0.00 0.00 ©0.00 0,00 0.60 0.00 06.00 0,00 0.0 0.00 0.00

Fa 0.00 0.00 ©0.00 0.00 000 0.0 000 0.0 0.00 000 0.00

Mt 1.46 0.02  1.9% 0.5} 200 O.m  0.66 1,36 L3 L¥.T L1

Ap .23 .13 0.0 0.2t 0% 0327 0.20 033 027 03 0.

C 0.00 1.3 0.97 1.36 0.%0 2.7 0.¢0 0.00 1.12 0.00 0.00



Sample No.

Oxides

5102
Alzoj
FeO

Fesly

Mgo
Ca0Q
leo
K.‘,O

Ti()2

P04

. MnO

b3

Total

Xy

67.23
13.90

2.83
1.97
.7

3.39-

1.9
0.2%
D.13
0.03
‘0.01

93.73

Trace clements

K/Rb
RbfSe
Calse
K/Se
K/Ba
Ba/Rb
Ba/Se

CiPW Normsi

Q

Or
Ab
An

Ne
Oi
He
En
Fy
Fo
Fa
Mt
Ap
C

53
33
17%
657
n
»
32

R

0.36

0.68
0.60
0.63
0.4
0.3
0.07
0.03
0.01
0.0t

120.06
32.30
32.08

193.0)
11.43
19.02

3.0%

L

”I:Y

A7.00
13.50
7,90
3.5
10.10
.97
- 170
1.30
0.70
0.0%
0,2}
0.1

20
450

L} ]
[70

no

0.00
.26
1.9
3.7
0.00
-0.00
13.00
3.0
7.13
2.3
10.33
3.91
2.40
0.09
0.00

Inclusions

.0.00

32710 32980t
.90 3.%0
L1613
530 a0
.20 2.3
677 T
7.0 1y
.20 460
0.77  0.82
0.5 0.5t
0.25 0.2
0.15 0.14
0.08  0.1¢

T 9.9 91,37

210 o

130 30
70 7

€30 750
120 210

. .67 2.50
(Y3 TR 8 1
3278 ALl

15,03 . 13.79
‘p.00 0.00
0.00 = 0.00
12.63  1a.4b
870 300
12.88 12,98
73 2.8
0.00  0.00
0.00 0,00
.19 2.8
0.5« 0.6l -

06.00

“

229

?1

A
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Appendix Il

Geochemical data from the Abitibi Supergroup:
AN Pacaud Tuffs, and Catharine-Wawbewawa-Skead Groups

sample analysed at the University of Ottawa.

sample ahalysed at the Geological Survey of Canada. Samples without suffixes
are from Goodwin (1979; analyses from the Geological Survey).

mean value (x.) of oxides with accompanying standard deviation (ai) for the
number of samﬁles (ni) per map-unit (i). '

-

mean (and standard deviation) chemical composition of the Abitibi Supergroup
. samples used in this study (71 samples). o

mean (and standard deviation). chemical composition of the volcanic pile .
. (regional composite)} in the Kirkland Lake-Timmins-Noranda area (Table 6 in
Goodwin, 1979). - —



- a.

b o

o

Sample Na.

162

Oxides (weight %)

sio,
Mzo3
FeQ

FezoJ
M50
Ca0O
leo
KIG
TK)2

on’
MnO

5

Total

82.10
15.10
7.0
3.60
9.02
9.01
2.50
0.71
0.78
0.12
0.2s

0.00

96.93

Trace elements (ppm)

Ba

Cr

Ir
¢

in
Ni

"
Mo
L2
120

120

1082

63.90
18,70,
2.30
2.10

2.t5

879
2.9
1.49
0.30
0.10
0.06
003

97.34

3.5

i
=]

1

Pacaud Tulls map-unit 1

231

CiPW Norms (%cation equivalents)

Q

Orc
Ab
An
Lc
Ne
Dl
He
En
F1
Fo
Fa
Mt
Ap
<

.o

0.00
.33
23.26
28.90
0.00
0.00

9,41 .

3.33
1.7
a.6L
7.0
)07
2,87

0.26

0.00

1.3
?.18
7.4
23.6)
0.00
0.00
.32
0.02
6.02
0,43
0.00
0.00
1.11
0.22
0.00

! 20 a0 ! o et ' mt ow??
88.70 49.30 #8.71  A9.47  65.50 A9.10  A2,08 30.0% 30.00 /
13.70  16.80 183 IN.97 1330 600 (L7 1e.el ‘18,20
. 3.70  6.70 70 7.70 7.20 .
.20 1.90 1070 12.26 “1.80 2,60 1).67 11.33 k.60
€91 5.40 7.3 B.47 L9240  MIT O 7.32 7.6
9.53 11.20 3.78 10.63  5.20 1180 7.3 13.31  [0.%0
220 120 105  2.23 )80 280 058 Lo 190
1.1 0.08 0.3 0.F 0.3 0.97 3.9  0.21 0.4
.13 ©.37 0.3% -6.72 ©0.51 0.6 1.3 0.3 0.80
0.2 0.08 .08 008 0.12 0.06 0.08 0.0 0.0
0.2 0.7 0.23. 0.9 - 042 0.8 047  0.3v 0.2
0.42  0.07 0.0 @01 009 0.08 006 0.0 0.8
e7.81  95.8) 90.92 99.2% 9582 97.3%  $5.Iv 99.63 LR
150 0 b L] 160 180 N 50N
700 790 399 193 52 410 71 a2t 170
&7 a3 Y] 120 53 7 7 32
120 €2 122 ] 270 160 1% 165 130
] [ 4 104 3
-5 Z Y] re s
129 3 103 1 Y] 140 »n 117 2
. ‘ »
0.25 4.9 0.3 0.00 .2 0.00 0,00 303 2.2
7.2 0.30  0.836 1.0% 1.8l S 2030 L2z A
067 11.3% 1008 20,63 13.13 ez 6AD 11,07 17.8
29.70  AL.IE .82 30,37 28,30 33 20036 32 JLL
0.00 ©.00 " 0.00 0.00 0.00 0,00 0.00 0.00  .0.00
0.00 0.00 90.00 0.00 0.00 0.00 0.00 0.00 - " 0.00 <
1303 10,30 21,97 1231 2. 1420 10.83 1831 12.36
6% 33z _10.7%  €.08 1% Ia7 . 931 397 &
(.48 19.23 11.32 1899 424 7.60 530 1193 107
6.7 &.19 3.63 7.l 206 L8t 7.3 63} T
0.00 0,00 0.00 2.03 0.00 270 ©0.99 0.00 0.00
0.00 ©.00 0080 1.0 0.0 1.3 0.0 0.00 0.00
2,88 2,06 2,38 2.37 2.7 232 AI0 2,23 2.4%
0.26 £.09 Q.09 0.09 0.2 0.13 0.21 0.07 0.1
~g.c0 0.00 0.00 0.00 0.00 ' 0.00  0.00

0.00 | 0.00



Sample No.  %62°

Oxides

sio, 47.4%0
ALO, 13.40
FeQ 11.%0
Fezol 3.30
MzO &.10
CaQ 3.90
Na,0 320
X0 0.30 .
Tio, 1.6
P20y

MnQ 0.23
s

Total 93,36

Trace elements

Ba 120
Cr
zr 100
5 130
Rb
In
Ny 220
CiP¥ Neems
< 0.00
Or 1.92
Ab 31.10
An 23.03
Le 0:00
Ne - 0.0%
o]} 0} )
He 3
En 16.33
* Fs 13,67
Fa 119
' Fa 1.10
Mt L
Ap 0.69
c : -~ 9:00

.70
t%.30
3.60
4.10
8,50
15.00
0.0
0.10
0.7%

93.41

k2]

7

169

1198
0.66
3.00

.67
0.00
0.00

12.9%

1310
3.7
2.3
0.00
0.00

2.61

0.00
0.00

963

87.20
11.70

2.70

8.20
7.9
110
2.50
0.10
0.99

0.2%

95.63

23

0,60
0.63
24.00
21.83
0.00
0:00
11.38
11.03
7.00
.20
3.23
3.1
.78
£.00
0.00

Pacaud Tuffs map-unit 1

966

42.30
12.00
2.8
3.60
3.20
11.90
.10
Q.20
1.28
Q.10
0.26

96.7%

L¥
325
16
t70

130

2.43
1,22
0.8
24,3}
0.00
0.00
15.3¢
13.2%
r.72
7.57
0.00
0.00
3. 1e
0.2
0.00

E13

62,20
15,20
4.20
1.3
2.20
4.70
3.60
0.70
0,43

0.08

94,27

170

110
160

160

23.8%
8,03
28,72
2).81
0.00
0.00
0.63
0.2
6.13
.87
0.00
0.9

2.1

0.00

0.00

969

48.30
.3
10.00
3.10
6.30
10.00
2,00
0.29
1.40

119
110
120

190

430
1.29
19.3%
23,13
0.00
0.00
th.21
10.48
12,93
9.16
0.00
0.00
3.0
0.00
0.00

973

e
493.90
.70
7.30
).90
6.40
3.40
3.90
0.19
1.36

0.19

97.14

130

70
220

0.00
3.83
X%.2)
20?%3
0.00
.00
12.21
L 44
2.92
1.3
6.9%
3.28
M0
0.00
0.00

tool

32.50
13.10
3.20
2.30
6.00

10.30

1.90
0.10
0.70
0.03
0.19.

95.8%

L1
230

1o

49

’.t3
0.6)
18.7%
24.35
0.00
0.00
13.43
7.3
11.02
B!
0.70
0.00
2,087
0.11
0.00

e o

50.47
13.92

.19
6.0
.81
2.18
0.66
0.37

0.10

110
21l

%

6.2
1.9

3.36
2.16
3.00
1.0)
0.90
0.8

0.06

§1.8)
13LY
.22
33,18
43.11
16.72
€2.90

pggsge &5

—
-]

232.




Sample No,  93%

Oxided

310, 42.20°
ALO, 12.10
FeO 1.30
Fezt'.!3 X 5.70
MgO 850
Ca0 15.30
Na,0 ' 2.40
.0 0.30
TI0, 1.18
P20y .
MnO 0.3
5

Total 91,99

Trace elements

Ba 95

Cr

Zr ”

5S¢ 260

Rb

In

Ni . 120
CiP¥ Norms

Q " 000
or . 2.02
Ab 19.96
An 24.32
Le 0.00
Ne 2.7
Di 13.57°
He 15.9%
£n 0.00
Fa 0.0
Fa 3.32
Fa .70
At 309
Ap 0.00
C - 0.00-

933

06.20
18,30
12.30
5,00
1,00
10.%0
5.00
0.30
1.%
0.0%
0.83

98.57

130

12
o
130

20

0.00
1.6
.91
16.41
0.00
13.21
. 9.69
19.90
0.00
0.00
2.36
.17
313
0.18
0.00

Catharine-Wawbewaws Groups map-units 2-3

936 937
W0 A0
15.00 I8.00
10.60  3.60
830 7.60
€90 7.0
2.80  11.40
.00 2.3
0.30  0.80
.22 - Lo
0.28 0.2
8%.20 9132
140 59
200
91
150 180
210 240
0.60  0.00
.01 2.3
26,19 19.51
26.39  28.13
0.00  0.00
1.28 . 309
9.19  16.62
638 10.2)
0.00  0.00
0.00  0.00
11.69 9.3
.32 5.90
300 2,867
0.00 0.00
0.00  0.00

938

46,50
1%.20
10.30

3.70
5.80
$.60
240
0.%0
1.16
0.09
0.24

98.79

160
130
)

210

0.00
2.3
2.9
.11
0.00
0,00
’.03
5.03
292
3.0
3.73
[T
3.0
* 0.20
0.00

939

47.20
13.20
“11.90
340
6.9
g.70

2.9 .

0.30
1.19

0.23

9%.22

130
97
180

0.00
3.08
27.10
28.09
0.00
G.00
7.37
3.60
7.49
3.2
6.30
4,08
2.9)
0.00
¢.00

960

8.00
“12.10
9.00
3.3
8.60
12.40
1.60
0.10
0.89

-+ 280

70
93

70

0.69
0.61
15.26
7.1}
¢.00
0.00
20.34
9.73
14.79
6.91
g.00
0.00
2.63
0.00
0.00

70

43.90
16.00
9.30
J.o0
3.60
4.20
2.30
g.33
1.26

0.1

96.32

. 96

1.02
.31
2).69
3
o.00
0.00
8.06
3.
12.22
7.9}
0.00
6.00
3.05
afoo
0.00

233



c " 6.00

\‘/'\\

Sample No. 971 ‘972
Qxides
5“32 50.50 47.10
AIfD’ 13.70  15.%0
FeO 6.80  7.30
Fe203 8.60 3.00
Mg 6.520 7.90
CaQ 11.3%0 9.40
ano 2.60 3.0
K20 . 0.29 0.33
TiOz 0.%6 0.35
P.‘,O, 0.06
MnO 0.21 0.19
5
Total . 99,92 5.7
Trace elements
Ba 100 130
Cr 200 pri¢]
e 20
s’ 160 170
Rb
Zn
MNi too
CiPW Norms
Cw 0.1} 0.00
Qr 1.7 5,12
Ab 23.69 27.4%
An . 30.77  23.63
le 0.00 0.00
Ne -. .00 2.6%
[a}] 4 13.25 13.21
He 7.3 3.20
gg 11.3} .00
Fs 3.31 «0.00
Fo 0.60 12,11
Fa ‘ 0.00 77
Mt 2.61 2.36
Ap 0.13 .00

0.00

Catharine-Yawbewawa Groups map-units 2-3

983

46.90
10.20
10.20
&.60
4,20
15.20
2.50
g.10
1.1
0.0t
0.29

' 9%.93

91

-0

130

Q.00
. Q83

23.6%

13,40
0.00
0.00

22.99
.67
1.7
1.72
1.03
1.23
3.05
0.1t
0.00

386

TR
13.00
.60
12.20
3.00
1.9
1.90
0.10
1.29
0.09
0.23

95.13

v

9%
ki 4]

2’0

6.43
- 0.82
18.63
.12
0.00
0.c0
§.67
7.68
1.7
11.33
0.00
0.00
3.19
.0.21
0.c0

99

.00
12.40
3.30
3.7
.20
12.30
1.9
0.20
0.30

0.20

99.20

n
FLY]

180

200 .

G.00
N
20,43
15.87

6.00

.

IR

11.62
.00
0.00
.7
3N
2.82
0,00

937 933
¥.10 46.50
13,10 11,60
6.60 11.10
11,39 .60
5.50 3.0
1.5 11,30
2.0 %.00
0.10  0.40
131 L
6.10
0.25 0.3
97.96 94,67
7 92
o
140 <100
170 150
1.02 . 0.00
_0.8) _ 238
22.98™ 27.49
26.32  13.67
0.00  0.00
0.00  7.08
7,71 13.13
535 2076
1322 0.60
18,31 0.00 .
0.00 2.0
0.00  3.0%
REREERT:
0.32 0.00
.00 0.00

992

46,30
1%.10
12.60
2.30
3.00
9.20
.
0.20
1.2%

34,91

L1}

19

170

710

0.060

0.00
1.28 —
n.97
2398
0.00
0.00
10.27
16,03
“1.68
1.6%
6.08
3.9
.00
d.00
0.00

1000 1007 1003

52.50 3580

12.%0 12.%0
740  T.20
2.00 4,30
7.90  3.60
10.30 9.70
.30 .20 .
Q.10 0.12
0.47 0.31
0.2} 0.22

93.28  %6.03
e

L

12
280
130
4

0 . 190
10.27  15.69
0.8)__ 0.6%

 xd

12.52  11.63
.t .92
0.00 - 0.00
0.00  0.00
15,19 %39
5.37 6.3
16.30  }1.92
6.3 1.0%
0.00  0.00
0.0 0.00
.21 Lél

.07 0.60
0.C0  0.00

43,10
iv. 30
10.10
1.50
3.60
1.90
4.00
0.40
1.0
0.09

.22

3.25

100
140
fe
300

240

.00
2.9
38.07
21.09
.00
0.00
12.7
7.72
v.06
"9t
-1.36
LN
2.12
0.70
0.00



- ey

Sample No.  100%

Oxides

Siw:)2 46,90
MZOJ 18.29
FeQ 5.60
Fezol .30
MgO .70 -
Cad 12.10
Nazo 2.10
Kzo 0.30
1"102 0.93
PZOJ

MnO 0.19
s

Total 95,32

Trace clements

Ba 330
Cr b 114]

Ir 99

Sr 100
Rb

Zn

NI 30
CiPW Norms

Q ' 0.00
Or .91
Ab 20.0%
An 30.63
e 0.00
Ne 0.00
Di Nt % L]
He 3.9}
En 9.66
Fa s 70
Fo 0.3%
Fa 0.8}
Mt 2.7%
Ap 0.00
c 0.00

10035

43.30
1%.20
1.90
1.90
6.30
10.60
2.80
0.20
0.97
.07
0.20

95,00

3

39

. 960

7o

2.30
1,23
3.2
29.6%
0.00
0.00
th.26
7.17
11.69
3.82
0.00
0.00
2.80
- 0.16

0.00 -

Catharine-Wawbewawa Groups map-unita 2-3

1006
1

49.30
1).00
10.50

3.20

T 6.0

3.80

1.90
.10

.13
0.09
0.21

9.3)

L L)
160
120
170 ,

2

6.33
- 0,63
8.6
.16
0.00
¢.00
1.5
5.3
15.06
10.29
0.00
0.00
3.01
0,21
0.00

1007

- %9.60
13.10
12.70
2.00

" 3.00

7.50 .

2.70
0.10
1.20
0.0%
0.27

98,26

52 -
180
12

3.97
0.5
26.63
25.69
0.00
0.00
5.93
Ln
2.2
11.90
0.00
.00
LT
.21
0.00

1008

A8.30
13.60
10.20

2.40 -

7.10
3.10
-~
2.70
0.00
1.08
0.13
0.21

93.6%
n
00

%
n

* 130

1.29
0.00
.42
8.2y
0.00
0.00
7.3
(1
17.68
wm
0.00
6,00
2.9%
0.0
_0.00

1009

43.50
10.00
13.80
0.60
8.70
11.10
2.3
0.20
1.9
0.09
0.23

91.93

e
110

20

0.00
1.32
22.98
18.22
0.00
0.00

. 22,83

11.30
0.36
T0.19
11.36
.1
3.3
Q.21
0.%0

1010

42.00

13.¢60

12.20

2.40
4,60
%.60
).10
0.20
1.4%
0.1I
.24

923.49

97
180

170

0.69
1.28
30.10
24.43
0.00
0.00
10.67
10.33
3.40
‘8.13
0.00
0.00
w2
0.25
0.00

. 1011

.

’
32.00

12,70
10.20
2.40
020
5.60
'3.20
0.10
1.40
0.10
0.26

93.76

1.}

1]

210

7.6h
0.6%
3a.98
21.57
0.00
0.00
9.96
9.06
T.58
.87
Q.00
a.00
.27
0.23
0.00

1012

30,00
13.50
10.70
2.40
3.30
10.530
2,60
0.30
1.09
0.03
0.22

96.59

85
180

1.1
1.59
24,87
23.87
0.00
0.00
12,8t
10.02
9.18
7.13
0.00
0.00
2.38
0.13
0.00

1013

43,70

13.00
10.20
.00
3.480
9.30
L3S ]
0.20
1.29
Q.09
0.28

L]
31,36

9

e

.92
LN
32.76
22.20
© 0.00
6.00
10.3?
13,0
5.19
6.9
0.80
0.00
.13
0.21
0.00

101»

46.60
12.50
11.30
2.10
).60

9.30

3.70
0.20
1.23

0.29

91.9%

o

91

150

0.00
1.32
7.9

19,20

0.00
0.00
12.71
13.56
1.42
1.73
2.31
3.08
J.22
0.00
0.00

235



Sample No.

Oxides

SiQ2
A1203
Fel
Fezo 3
MgO
“Ca0
Na O

2

Kzo

TiO2

P04

MnQ

Total

a0l

75.%0
11.30
4. 10
2.10
0.66
2.12
2.30
1.16
0.20
0.03
0.1t
0.33

99.33

Teace slements

Ba
Cr
Ir
S
Rb
In
Ni

CIPW Norms

Q
or
Ab
An
Lc
Ne
o
He
En
F3
Fo
Fa
Mt
Ap
C

210

4
340
180

86.33
7.18
23.33
10.60
0.00
0.00
0.00
0.00
1.50
.68
0.09
0.00
1.9
0.1
2.72

Xz gz,
.38 A7)
13.42  [1.36
13.85  2.77
nn 79
.69 2.00
2,63 ' 0.1
0.33 0.3
.13 0.38
0.t0  0.02
0.2 0.08
0.23 0.20
96.07
" 76.36
193 180,36
1c6 79.93

163 140.70

1321 69.55

mugggeed

10

28

39

33

.

974

61.00
15.09
3.00

2.50°

3.50
"%
0.10
».10
0.7

0.37

93.3%

210
230

1
160

230

21.68
Laum
0.9
30.47
0.00
0.00
6.30
2.07

7.30 7

2.%6
0.00
0.00
2,13

' 0.00

'0.00

Skead Group and equivalent rocks

973

61.50
15.30
3.20
1,30
8,30
4,70
2,80
0.30
0.)2
0.11
0.09

93.13

130
130

3ia

.87
313
26.6%
.93
0.00
0.00

0.00 °

0.00
13.17
2.9}
0.60
0.00
2.08
0.2%
2.4%0

976

37.30
153.20
T 3.0
0.60
j.n
3.70
.30
0.9
0.60

0.13

93.73

200
330
120

290

7.97
b1
33.93
20.20
0.00
0.00
6.06
1.21
13.26
2.67
0.00
0.00
.27
0.00
0.00

77

33.30
18.40
010
2.80
5.20
3.30
20
l.00
0.6%

¢

0.12

98,36

200
120
120

00

1.9%
6.2%
19.78
13,43
0.00
0.00
12.9%
3.0
7.63
2.56
0.00
8.00
2.3
0.00
0.00

30

J6.00
12.60
.50
0.80
6.40
3.10

W'

0.30
0.3?
0.17
0.16

92.32

710
100
"
p b

250

109
). 16
0.23
L1
0.20
0,00

’.19 .

2.0
139
2.99
.00
0.0
2.9
0.31
0.00

9”1

86,00
11.60
3.9%0
1.90
7.0
1.30
t.70

0.20

0.3%

0.1%

1).78

10
21

270

130

7.2
3.70
13.37
26.08

0.,00°

0.00
11.53
18]
13.49
3.5
0.00

_ 0.00.

-1.37
0.00
0.00

236
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Sample No.
Oxides

SIO2
ALO,
FeD
Fe, O

73
Mgo

Total

]

61.60
15.00
3.30
1.10
3.10
30
5.00
I.30
0.39

0.10

97.99

Trace elements

Ba
Cr
Ir
S

Rb
Zn
Ni

-~ CiPW Norma

A
Or
Ab
An
le
Ne
s}
He
En
Fa
Fo
Fa
hit
Ap
C

130 -

Mo,

170

9.2

1,92

45,13
16,10
0.00
0.00
.97
0.%9
11.68
2.08
0.00
0.00
1.99
0.00
.0.00

"

61.90
13.20
3.0
10
.30
820
)%
. 1.30
0.40

0.11

96.71

30

160°

130

13,93
.14
.07
20.41
0.00
0.00
0.71
0.13
12.8%
7.3
0.00
0.00
2.03
0.00
0.00

Chead Grbup.ind equivalent rocks

%93

3%.50
13.7¢
2.30
0.30
440
6.30
3.20
2.0

B.56.

0.37

91.6)

630
130

200

130

6.5%
18.09-

e
16.11
0.00
0.00
11,13
3.23
7.62
.28
0.00
0.00
2.33
0.00
0.00

996

33.90
16.30
3.90
I.40
1.3
3.00
0.70
5.20
0.43

il

91.79

2900
1o
10
o

250

135
.08
6.2
26.97
8.00
0.00
0.C0
0.00
10.31
' 5.02
Q.00
0.00
2.22

X. Ty
36.9¢ - AN
14.51 L.08
3.5t 0.97
J.00 1.17
3.97 1.30
3.02 1.67
1.3% 1.63
0.30 0.10
0.28 0.35
94.02

brh 143.33

196 67.18
93 20,63
326 172.33

02 .87

0.00

0.7

N

g~ 38828

oo g e B

LY
Xas

3.7
13.72

12.02
- 370
9.20
2.60
0.63
1.00
0.07
0.2»
0.19

93.76

162
02

184
M

170

Tas Nas

.13
1.46

3.8
1.83
2.99
1.03

“0.93
0.83
0.08
0.18
0.22

T

127.23 |

63.76
139.70
L1 7% 4
26.72
70.09

-

REzgpRRES
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Sunple No.

Oxides

510
AIZO’
FeO

Fezoj

MgO

Na. O
KZO

TiO
PO
MnC

Ba
Cr
Zr '
Sr
Rt
“In
Ni

CiPW Norms

Q
Or
Ab
_An
Lc
Ne
Di
He
En
Fs
Fo
Fa
At '
Ap
c .

[}

XgkTn  "KTN
33.20 1066
.90 &
230 o
5.0 do
7.10 do
3.20 &
0.80 do
Lot do
0.16 LD
0.19 1066
93.16

Trace clements

228 ia12
113 ”a
100 1003
172 923

75 1002
158 987

238
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Appendix IV

Compilation of geochemical data frorm Archean trondhjemite/tonalite .
suites (world wide occurrences) and the Proterozoic gabbro-tondhjemite

differentiation suite of southwest Finland.

-gabbro to trondhjemite suite of southwest Finland.

Saganaga tonalite of northeastern Minnesota.

Giants Range Batholith of northeastern Minnesota.
Vermilion Granite of nertheastern Minnesota.

Theespruit Pluton of the Barbeton Region, South Africa.
Nelshoogte Pluton’of the Barbeton Region, South Africa.
Dalmein Pluton of the Barbeton Region, South Africa.
Kaap Valley Pluton of the Barbeton Region, South Africa.

~Stolzburg Pluton of the Barbeton Region, South Africa.

Swaziland Granodiorite Suite, Ancient Gneiss Complex, Africa.
Pilbara Gianites, Western Australia.

Yiigarn granitoids, Western Australia, '
Average trondhjemite/tonalite,-Superior Province of Manitoba.
Lawlers Tonalite, Western Australia (Yilgarn Block).

Mount Edgar Batholith, Western Australia (Pilbara Block).
Rainy Lake Granitoid Comple# Superior Province of\Qntario.
Average granodiorite (IlI) and tonalite (V). )

i

.
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lSample Data Source

1) UK-1, UK-2, UK-3, UK-9, UK-4, UK-3, UK-6, UK-7, UK-10, UK-11, UK-3,
UK-14, UK-18, UK-15, UK-17, UK-12, UK-13, UK-16, from Arth et al., 1972

2) DDH-4, SM-63, SH-63, DL-7, MN-28A, DLNW-30, DLSE-6, DLNW-10, KA-2A,
KA-2B, ¥-5 from Arth and Hanson, 1975

3) VG-18, V17, VGIC, VD19, 31, H1214, H1279 from Yiljoen and Viljoen, 1969
4) THEES,‘ NELSH, DALM, KAAP, Stolz from Condie and Hunter, 1976

3) 106, L17, 118, 104, 105 from Glikson, 1976

€)TR1, SWZ15, SWZ16, SWZ18 from Hunter et al., 1978

7) ST-AN from Anhaeusser, 1974

8) 1511, 1512, 1583, 1514, 1515, 1516, 1517, 1518, 1519, 1525, 1526, 1527, 1531,
1533, 1535, 1541, 1542, 1543, 1545, 1546, 1548, 1349, 1351 from
Oversbhy, 1976

9) B, F from Archibald et al., 1978
10) 5 from Ermanovics et al,, 1979
1} LAW-T, L-LG, L-LT from Cooper et al., 1978
12) MEB-2 from Glikson, 1979
13) 576-30, S76-31, 577-101 from Sutcliite, 1978
14) 111, V from Nockolds, 1954
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d Limestone, Jdolnstone, sandstone, shale ‘.
PRECAMIRI AN
PROTERQZOIC , T f
APHEBIAN
s . -
Ei Nipissing Diabase -
: , ' A
HURONTAN SUPERGROT T ' , A
E}ﬂ Lorrain Formation: orthogquartzite, arkose, wachy I L
@ Gowganda Formation: conglomerayte, ardillite, wacrso, e e !
ARCHEAN ) - ;
T
SYENITIC PLUTONS: Calro, Holmes, Otte, Lebel Stock: .
) o E }
10a - syenite; 10b - diorite; 1Ge - quarsz syoeni’:
@. 10d - nepheline syenite; 10c - contaminated syenir:. oo ksg l
10f - porphyritic syenite
K s
ROUND ILAKE BATHOLITH . . ;- )
. . - ‘ i ,
m Younyer, massive intrusions: Indian Chute, Hope Lake, ' .
. Crooked Creck Stocks: aranodiorite ctoralite Ao )
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. (o ke .
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lavas, volcaniclastic sedimentary rocks )
154
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Skead Group and equivalent rocks: da - Lasal-t - - rayoelitee
lavas and pyroclastics, iron formation; 4b - auart z-feldspa
porphyry

Catharine Group and equivalent rocks: o - pallowed and massipve
basalt, amphibolite, volcaniclastic sedimentary rochks:

ijb - gabbro, peridotite

Wawbewawa Group: 2a - altramafic Tava, ol lowed and mass ive
hasalt, amphibolite, felsic tuff; 2b - albae, poerLdortite

Pacaud Tuffs: malic to intermedigte voleoaniciastae

sodimentary rocks; pillow basalt, amphiboliter iron
formation; quartz-feldspar porphyry, cabbae

Geological contact

L. . . . 5‘ Q . ') (@] i A '
Fnliation (inclined: 07-297; 30 -"9 ; 60 -84 5 certieal)

SrﬂSl - bedding and stratiform foliarion
)

Grelssesity

Axial plane gf minor fold

l.incation, axis of minor fold

Linecation: M - ﬁineral; P - deformed pillow; S - slickenside

A~
Lincament: CLF - Cross Lake Fault; MRF - Montreal River Fault

Shear zone {shear sense not implied)

of information: Compilation by J. Lafleur, 1981.

Geology” from Moorhouse, 1944; Lawton, 1954, 1957; Grant, 1964

Lovell, 1964, 1967, 1972; Moore, 1966; Mackean, 1968; Pyke et al.

1973;: Mcllwaine, 1978; Jensen,_197ﬂ, 1980; Sinclair, 1979;

Johes, 135G,

Additional geology froa Lafleur, f9?9, 1537,
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