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Abstract

The mineralogy, petrology and petrogenesis of a representative suite of late Archean syenitic
intrusions emplaced along the Porcupine-Destor faull zone near Matheson, Ontario in the
southern Abitibi greenstone belt are studied using a combined approach invelving field work,
petrography, mineral chemistry and, major and trace element geochemisiry. Members of the
Matheson suite are from east to west: Iris, Garrison, Emens, Ludgate and Pangea intrusions.
The Iris, Emens, Ludgate and Pangea intrusions are mostly composed of syenitic rocks with
compositions ranging from alkali-feldpsar quartz-syenite to melasyenite. Textures range from
equigranular to porphyritic. Iris and Pangea intrusions also contain related mafic rocks. The
Garrison intrusion is composed of hornblende quartz-monzonite. All intrusions but one have
hypersolvus feldspar assemblages; the exception being Garrison intrusion, which displays a
subsolvus feldspar assemblage. The occurrence of late aegirine-augite, magnesioriebeckite and
widespread albite replacement, especially in rocks from Ludgate and Iris intrusions, indicates

that late or post-magmatic sodium-rich fluids variably affected the rocks.

Two magmatic series were identified based on silica-saturation properties and alkali-contents.
The first, comprised of Emens and Ludgate intrusions, is composed of silica- undersaturated
to -saturated potassic to ultrapotassic rocks; and the second, comprised of Iris, Ludgate and
Garrison intrusions, is composed of silica-oversaturated sodic rocks. Moderate to high large ion
lithophile elements contents and prominent negative Nb-Ta-Ti anomalies in normalized diagrams
characterizes both series. Similarly, both suites display fractionated rare earth element patterns

without negative Eu anomalies.

Rare earth element modelling confirms that the mafic rocks and syenites of Iris intrusion
are cogenetic and are linked through fractionation of apatite, titanite, diopside, amphibole and

feldspar. The U-shaped rare earth element patterns of the syenites are a direcl consequence



of this fractionation. Rocks from the Matheson suite are analogous to those of the Kirkland
Lake suite, also of the southern Abitibi greenstone belt. Both suites share several geological and
geochemical traits, which indicates that they were formed through similar petrogenetic processes.

A geochemical parallel with the Roman provinee of Italy also exists.

The petrography and geochemistry of the potassic rocks indicate that the parent magmas are
mantle-derived and that the observed geochemical traits of the potassic series are directly related
to subduction processes. Although the petrogenesis of the sodic suite still remains fo be clearly
established, it is likely that these rocks have the same petrogenesis has the potassie suite but
acquired their sodic character through intense albitization. Alternatively, both suites could be

derived from a source that underwent heterogeneous potassic and sodic metasomatism.
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Sommaire

La minéralogie, pétrologie et pétrogenése de cing intrusions syénitiques d’dge Archéen tardif
sont étudiées. Les plutons, ci-aprés nommeés la suite de Matheson, ont été introduits en bordure
de la zone de faille Porcupine-Destor prés de Matheson en Ontario, sifuée dans la ceinture de
roches veries de I'Abitibi du sud. Létude utilise une approche combinée qui incorpore des relevées
de terrain, pétrographie, chimie des minéraux et géochimie des éléments majeurs et traces des
roches entiéres. Les intrusions membres de la suite de Matheson sont de 1'est vers 'ouest :
Iris, Garrison, Emens, Ludgate et Pangea. Ces intrusions sont géographiquement associées &
plusieurs gisements auriféres. Les intrusions Iris, Emens, Ludgate et Pangea sont composées
principalement de roches syénitiques alors que I'intrusion Garrison esi composée surtout de
monzonite quartzifére. Des roches mafiques sont aussi présentes dans les intrusions Iris et
Pangea. Les roches ont des textures qui varient d’équigranulaire & porphyrique. Toutes les
intrusions, a I'exception d’une, possédent un assemblage de feldspath hypersolvus. Seulement
'intrusion Garrison démontre un assemblage de feldspath subsolvus. La présence de minéraux
sodiques tardifs tel que I'aegyrine-augite et le magnésioriebeckite, en plus d’'une abondance de
plages tardives d’albite, indiquent que les roches ont été variablement affectées par des fluides
enrichies en sodium tardi- ou post-magmatiques. Ceci est surtout le cas pour les intrusions

Ludgate et Iris.

Les propriétés de saturation en silice et les teneurs en éléments alcalins ont permis d’identifier
deux séries magmatiques. La premiére, comprenant les intrusions Emens el Pangea, est
composée de roches potassiques  ultrapotassiques sous-saturées a saturées, alors que la seconde,
comprenant les infrusions Iris, Ludgate et Garrison, est composée de roches sodiques sur-
saturées. Les deux séries sont caractérisées par des teneurs modérées a élevées en éléments

lithophiles 4 fort rayon et par des diagrammes normalisés qui ont des anomalies Nb-Ta-Ti négatives
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prononcées. De plus, les deux suites ont des courbes d’éléments terres-rares fractionnées ne

démontrant aucunes anomalies négatives en Eu.

La modélisation & l'aide des éléments terres-rares confirme que les roches mafiques et
syénitiques de I'intrusion Iris sont cogénétiques et qu’elles sont reliées par le fractionnement de
Vapatite, la titanite, le diopside, I'amphibole et le feldspath. Le fractionnement de ces minéraux
est aussi responsable de la forme courbée en U des patrons d’éléments terres-rares des roches
syénitiques de cette intrusion. Les roches de la suite de Matheson sont analogues a celles de la
suite de Kirkland Lake qui est également située dans la ceinture de roches vertes de 1’Abitibi du
sud. Les deux suites ont en commun plusieurs traits géologiques et géochimiques qui laissent
entendre qu’elles ont été formées par des processus pétrogénétiques semblables. Un paralléle

géochimique existe aussi avec les roches potassiques de la province romaine d’Italie.

La pétrographie et géochimie des roches potassiques indiquent que les magmas parentaux de
ces roches proviennent du manteau et que leurs traits géochimiques ont été directement acquis
des processus de subduction. Quoique la pétrogenese de la suite sodique reste & étre définie
de facon plus précise, il est probable que ces roches ont une pétrogenese identique a la série
potassique mais que leur caractére sodique ait été acquis suite a une albilisation intense. En
contrepartie, les deux suites pourraient provenir d’une source ayant subit un métasomatisme

hétérogeéne potassique et sodique.
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. close spatial association between gold mineralization and syenitic intrusions has long been

\recognized in Archean greenstone belts, and in particular in the Abitibi greenstone belt
of the Superior province in Canada (e.g., Wyman & Kerrich, 1988; Fyon et al., 1989; Kerrich,
1989; Levesque & Hattori, 1989; Edgar et al., 1991; Rowins et al., 1993; Duuring et al., 2000;
Robert, 2001). One well-known locality, exemplifying the economic importance of this type of
association, is the Kirkland Lake gold camp in Ontario. Although most mines are now closed,
Kirkland Lake has historically been one of the most productive gold camps of the world. The
economic importance of this type of association has prompted several studies on the possible
genetic link between gold mineralization and alkaline intrusions, on the role of the Kirkland Lake-
Larder Lake fault at focusing both gold and intrusions, and on the nature of syenitic magmatism
in general (e.g., Gameron & Hattori, 1987, Cameron, 1988, 1993; Smith & Sutcliffe, 1988, Ben
Othman et al., 1990; Sutcliffe et al., 1990; Hattori, 1993; Bowins et al., 1993; Levesque, 1994;
Fang & Zhang, 1995; Wilkinson et al., 1999).

A similar type of association exists to the north of Kirkland Lake along the Porcupine-Destor
fault zone (PDFZ) near Matheson, Ontario. The geological setting of this area is surprisingly
similar to the one of Kirkland Lake. Several small syn- to post-tectonic syenitic intrusions intrude
the volcanic rocks along a narrow corridor that includes and is parallel to the PDFZ. Their age
of 2680 Ma (i.e., Garrison intrusion; Gorfu et al., 1989) and style of emplacement are similar to
the intrusions from Kirkland Lake. Furthermore like Kirkland Lake, they are in close spatial
association with several small Au deposits (e.g., Buffonta and Hislop) or active mines (e.g., Holt-

MeDermott and Holloway).

Despite the similarities with the Kirkland Lake camp, few geological studies are available for
this part of the PDFZ. This prompted the Ontario Geological Survey (OGS) to fund several
projects in the Matheson area (i.e., this study, Ropchan, 2000; Luinstra, 2002) in order to
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better understand the intimate association of gold, PDFZ and syenites, and at the same time, to

establish a parallel with the Kirkland Lake camp in the hope of stimulating gold exploration.

The purpose of this project is to describe the mineralogy, geochemistry and petrogenesis of
a suite of syenitic rocks that occur near the PDIFZ in Guibord, Michaud, Garrison and Harker
townships (Figure 1.1). A thorough characterization of these intrusions will demonstrate that

they are in fact very similar to those of Kirkland Lake.

In view of the fact that there are no detailed studies of these intrusions and that there is only
a few recent geochemical analyses published (e.g., Berger & Amelin, 1999), emphasis is placed
on characterizing the petrography and mineral chemistry of the various rock units, including
comprehensive major, trace and rare earth elements analyses of the rocks. The petrogenesis of
the intrusions and possible genetic relationship between the members of the intrusive suite is
explored in light of the results and compared with other alkaline rocks of similar composition or

geodynamic setting.

A suite of five intrusions was sampled in this study. The intrusions are from east to west: 1)
Iris, 9) Garrison, 3} Emens, 4)Ludgate, and b)Pangea (Figure 1.1). Fieldwork for this project
extended from early June to the end of August 1999 while employed by the Ontario Geological
Survey (OGS) under the supervision of Ben Berger and Dr. John Ayer. A portion of this time
was spent producing a detailed geclogical map of the Iris intrusion. Field mapping was done
at a scale of 1:100 with the final produet, attached at the end of the thesis, at a scale of 1:295.
Since mapping was performed before the era of metre-scale GPS accuracy, several days were spent
establishing a large grid on the outcrop for precise positioning. The grid was divided into 5 metre
increments and extended over all the outcrop surface area. Over forty samples of the different

rock units of the map area and beyond were collected for a wide array of elemental analysis
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including major, trace, rare earth, gold and platinum group elements. Samples of Ludgate and
Garrison intrusions were also collected in the field by the author. Since Emens and Pangea
intrusions do not outerop at the surface, several drill holes were logged during the summer in
order to get an accurate representation of the various lithologies of these intrusions. Drill core
sampling for these intrusions is as extensive as what was performed at Iris intrusion. Over 50
polished thin sections were made from rocks of all the intrusions and over 100 mineral analyses
were performed on these samples. All whole-rock and mineral analyses were funded by the OGS.
Access to drill core from Emens and Pangea intrusions was made possible courtesy of Moneta-
Porcupine Mines and Pangea Goldfields respectively. Similarly, Mr. Alex Perron made sampling
of the Iris and Garrison intrusions possible while Pentland Firth Ventures granted access to the

Ludgate intrusion. The collaboration of these companies is gratefully acknowledged.
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General geology

I. Geology of the Superior province

The Superior province is the largest Archean eraton in the world covering over 1.5 million
square kilometres (Hoffman, 1989). It extends from Manitoba in the west to Québec in the east,

with a major portion of the province (565 000 km?) located in Ontario (Thurston, 1991).

The Superior province in bounded to the south by the Proterozoic Southern province (Bennett
et al., 1991),~t0 the east by the Proterozoic Grenville province (Wynne-Edwards, 1972; Easton,
1999), to the northeast (Labrador trough) and northwest by the mostly Archean Churchill
provinee and to the west and north by Phanerozoic basins (Nelson & Johnson, 1966; Sanford et

al., 1968; Roksandic, 1987; Norris, 1993).

In general, the Superior province is composed of east-northeast trending domains of
heterogeneous lithologies, ages and deformation/metamorphism intensities. These domains are
interpreted to be acereted remains of Archean continental and oceanie crust (Gard, 1990). These
contrasting domains prompted the further subdivision of the Superior province into subprovinces
based on the predominant lithologies. Card (1990) identified four broad types of subprovinces :

1) voleano-plutonic, 2) metasedimentary, 3) gneissic/plutonic and 4) high-grade gneiss.

The voleano-plutonic subprovinces are by far the more economically important since they host
most of the base and precious metal deposits. They are composed predominantly of greenstone
belts (metamorphic volcanic and related sedimentary and intrusive rocks) and granitic rocks.
The metamorphic grade in these subprovinces is generally low (sub-greenschist to greenschist

facies).
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The metasedimentary type subprovinces are composed of shale and sandstone metamorphosed
to various degrees. The metamorphic grade is usually low (greenschist} on the subprovinces

margins and more intense in the interior (amphibolite to granulite facies).

The gneissic/plutonic type is composed of tonalitic gneisses and granitoid intrusions. The

metamorphic grade is usually high (upper amphibolite to granulite facies).
The high-grade gneiss subprovinces are composed of gneisses (sedimentary and plutonic

origin) cut by tonalitic, granodioritic and syenitic intrusions (Percival & Card, 1985). The

metamorphic grade of the subprovinees is high (upper amphibolite to granulite facies).
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1. Geology of the Abitibi greenstone belt

The Abitibi greenstone belt (Goodwin & Ridler, 1970; Jensen & Langford, 1985; Hodgson,
1983) is the largest greenstone belt in the world, covering an area of over 85 000 km? (Card,
1990). The belt is located in the southeastern part the Superior province (Figure 1.2). It is
characterized by a high ratio of supracrustal fo intrusive rocks and a generally low metamorphic

grade.

The Abitibi greenstone belt has a long history of mineral exploration and mining. It is one of
the gold most productive greenstone belts in the world, with over 3700 metric tons of gold mined
in the past 80 years (Colvine et al., 1988). The belt is also rich in base metal deposits of the
voleanogenic massive sulphide type and the komatiite-associated Ni-Gu-PGE type. Amongst the

base metal deposits, the Kidd Creek Pb-Zn mine is elassified as a world-class deposit.

The Abitibi greenstone belt is bound to the south by the Ramsey-Algoma granitoid complex
(Card, 1979), the Cobalt embayment (Bennett et al., 1991) and the Pontiac subprovince (Figure
1.9). To the north, the belt is bound by the Opatica subprovince; to the east by the Grenville
province (Easton,1992), and to the west by the Ivanhoe Lake cataclastic zone, part of the

Kapuskasing structural zone (Percival and Card, 1983).

Dimroth et al. (1983b) subdivided the Abitibi greenstone belt into two distinet belts: the
northern belt and the southern belt {Figure 1.3). The northern belt is characterized by abundant
tonalite-trondhjemite-grancdiorite intrusions, anorthosite complexes and minor ultramafic units
(Dimroth et al., 1983b). The regional metamorphic facies of the northern belt is normally
greenschist or higher (Dimroth et al., 1983b). Only a small part of the northern belt is exposed
in Ontario (Figure 1.3).
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The genesis of the southern Abitibi greenstone belt can be simplified into three major and
broad events. 1) The extrusion of volcanie rocks and the deposition of syn-volcanic sedimentary
rocks, and the intrusion of syn-volcanie peridotitic to granodioritic rocks between ~2.75 and
~9.70 Ga (Corfu et al., 1989). 2) The intrusion, between ~2.70 and ~2.68 Ga, of large tonalitic
and granodioritic batholiths that were later folialed, and followed by the emplacement of more
massive granodiorite, granite, feldspar = quartz porphyry and syenite intrusions (Corfu et al.,
1989). 3) The deposition of syn- and post- intrusion alluvial-fluvial sedimentary rocks (Hyde,

1980) with coeval extrusion and intrusion of alkaline rocks (Gooke & Moorhouse, 1969).

The southern belt was subjected to episodes of regional deformation prior to and after the
deposition of the sedimentary and alkaline voleanic rocks. The regional metamorphie grade is

generally low (subgreenschist facies) but is higher (amphibolite facies) near some intrusions

(Jolly, 1978, 1980; Powell et al., 1995).

The Abitibi greenstone belt supracrustal rocks are divided into distinet units called
assemblages. Thurston (1991) defines an assemblage as “stratified volcanic and/or sedimentary
rock units built during a discrete interval of time in a common depositional or volcanic setting.”
Jackson and Fyon (1991) subdivided the Abitibi greenstone belt into 54 different lithotectonic
assemblages. These subdivisions were based on a model suggesting that the Abitibi bell was
formed by the superposition of allochthonous assemblages. However, recent work by Corfu
(1993), Heather (1998) and Ayer et al. (1999, 2002) has established that inherited zircons with
ages similar to those of underlying assemblages are present in all assemblages apart for the
Pacaud and Kingjevis. This evidence is not consistent with an allochthonous model and it
suggests to these authors that the lithostratigraphic units of the Abitibi greenstone bell were
deposited in autochthonous successions. In light of this evidence, Ayer et al. (2002) published a

revision of the stratigraphy of the belt. The new stratigraphy now comprises seven volcanic and
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two sedimentary assemblages. The following is a brief review of these new assemblages taken from

Ayer et al. (1999, 2009).

Pacaud assemblage
The Pacaud assemblage is composed of tholeiitic mafic volcanic rocks with lesser amounts of

komatiite and calc-alkaline intermediate to felsic volcanic rocks. The assemblage age ranges from

about 2750 to 2735 Ma.

Deloro assemblage
The Deloro assemblage is composed of mafic to felsic calc-alkaline voleanic rocks, and

commonly with regionally extensive iron oxide formations. The assemblage ranges in age from

2730 to 2724 Ma.

Stoughton-Roquemaure assemblage
The Stoughton-Roquemaure assemblage is composed of thick Mg- and Fe-rich tholeiitic basalt
sequences with local komatiites and felsic volcanic rocks. The assemblage ranges in age from

about 2723 to 2720 Ma.

Kidd-Munro assemblage
The Kidd-Munro assemblage consists mainly of basalt and komatiite but calc-alkaline basalt to
rhyolite and tholeiitic rhyolitic volcanic rocks are also present. The age of these rocks ranges from

971910 9710 Ma.

Tisdale assemblage
The Tisdale assemblage consists of tholeiitic basalts and rhyolites, komatiites and intermediate

to felsic calc-alkaline volcanic rocks. The assemblage ranges in age from 2710 to 2703 Ma.
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Kinojevis assemblage
The Kinojevis assemblage is composed of a thick sequence of tholeiitic mafic volcanic rocks and

a minor amount of thin felsic flows and clastic sedimentary horizons. The Kinojevis has a narrow

age range of 2702-2701 Ma.

Blake River assemblage
The Blake River assemblage is composed of calc-alkaline mafic to intermediate volcanic rocks
in the Ontario portion but also contain tholeiitic basalt and rhyolites in Québec (Jackson & Fyon,

1991). The assemblage age ranges from 2701 to 2697 Ma.

Porcupine assemblage
The Porcupine assemblage is composed of wacke, siltstone and mudstone with a predominantly
distal environment. Local turbidity current deposits and conglomerates indicate a more proximal

setting. The Porcupine assemblage was deposited after 2696 Ma (Bleeker & Parrish, 1996).

Timiskaming assemblage

The Timiskaming assemblage is predominantly composed of narrow bands of clastic sedimentary
rocks and alkaline to cale-alkaline volcanic rocks. The sedimentary rocks consist of polymictic
conglomerates and sandsiones deposited in subaerial-fan, fluvial and deltaic environments

(Mueller et al., 1994). The assemblage age ranges from 2687 to 2675 Ma.

The formation of structures in the southern Abitibi greenstone belt can be divided into three
broad events (Jackson & Fyon, 1991): 1) pre-cleavage folds, 2) structures related to batholith
emplacement, and 3) syn- to post- Timiskaming structures. Of the three events, the syn- to post-
Timiskaming structures are the most prominent. The Poreupine-Destor fault zone (Green et al.,

1990; Jackson et al., 1990) and the Cadillac-Larder Lake shear zone (Hamilton, 1986; Toogood &
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Hodgson, 1986; Robert, 1990) cut the southern belt in a easterly direction for several hundreds
of kilometres (Figure 1.3 ).

There is evidence that the steeply south-dipping Porcupine-Destor fault zone first underwent
a vertical south-over-north slip (Green et al., 1890). Later reactivation produced a component of
sinistral horizontal slip (Hodgson ef al., 1990), while Pirosheco and Kettles (1991) identified a still

later dextral horizontal slip reactivation on the deformation zone.

In Ontario, the Cadillac-Larder Lake shear zone is steeply south-dipping and contains steeply
south-plunging stretching lineations (Jackson & Fyon, 1991). These characteristics (dip and
lineation directions) and older-to-the-south on younger-to-the-north relationship all suggest that
the main displacement of the Cadillac-Larder Lake shear zone was reverse and south-side up

(Hamilton, 1986).

Numerous tectonic models have been proposed for the Abitibi greenstone belt (Goodwin,
1977; Dimroth et al., 1983a; Jensen and Langford, 1985; Hodgson, 1986; Ludden et al. 19386;
Hodgson & Hamilton, 1989). Early models were dominantly based on vertical tectonics (Ayer
et al., 1999, 2002). These models explained the stratigraphy by the development a large
scale geosynclinal basin formed as a result of rifting, erustal subsidence and cyclical voleanism
(Goodwin, 1977; Jensen & Langford, 1985). Later, plate tectonic models were introduced. These
models hypothesized that the Abitibi greenstone belt was formed by lithotectonic assemblages that
were developed in different geodynamic environments. These assemblages were then juxtaposed
in their present positions by various tectonic processes. This most likely occured along active

continental margins (Jackson et al., 1994; Mueller et al., 1997; Calvert & Ludden, 1999).
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As previously mentioned, Heather (1998) and Ayer et al. (1999, 2002) have suggested a
stratigraphy-based model, in which they hypothize that the lithostratigraphie units of the belt
were deposited in autochthonous successions. They interpret that the present distribution of

units is the result of interplay of multiphase folding and faulting.
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IIL. Geology of the study area

The intrusions that were studied are located in Harker, Garrison, Guibord and Michaud
Townships (Figure 1.1). These townships were previously mapped by Satterly (1947, 1949), Prest
(1951), Troop (1989, 1990) and more recently by Berger and Amelin (1999). Two recent thesis
projects were also done in this area. Ropchan (2000) studied the petrography and geochemistry
of alteration zones associated with gold mineralization at the Holloway mine in nearby Holloway
Township while Luinstra (2002) studied the geology, structure and gold mineralization within the
Porcupine-Destor fault zone. This brief summary of the local geology is mostly inspired by the

work of Berger and Amelin (1999).

Most of the area of these townships is covered by overburden (Quaternary sand and gravel).
However, a wealth of archived data obtained by private company diamond drill core and airborne
geophysical data facilitated the geological mapping and the interpretation of the unexposed areas

(Berger & Amelin, 1999 and references therein).

Five assemblages of Achean metavoleanic and metasedimentary rocks were identified in the
study area. Using the classification introduced by Ayer et al. (1999, 2002), these assemblages are:
1) Kidd-Munro, 2) Porcupine, 3) Tisdale, 4) Kinojevis and, 5) Timiskaming. A brief description of
each assemblage is given below. For simplicity the prefix “meta” will be omitted in the following
paragraphs. However, the reader should keep in mind that most rocks of the area, which are not
located within the Pocupine-Destor fault zone, have generally only undergone either prehnite-

pumpellyite, or greenschist facies metamorphism (Fowler et al., 2002).

The Kidd-Munro assemblage is composed of ultramafic, mafic and intermediate voleanic rocks.

The mafic voleanic rocks are predominently pillowed or massive although some hyaloclastite,
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pillow breccias and variolitic units are also present. A recent study of the variolitic rocks of the
area by Fowler et al. (2002) adresses the subject of variole genesis. The stratigraphy is generally

north younging, however south-facing pillows occur in Garrison Township (i.e., Troop, 1990).

Rocks from the Porcupine assemblage are restricted to the northeastern part of Guibord
township. The assemblage is composed of clastic and a minor amount of chemical sedimentary
rocks. Turbidites displaying Bouma sequences are common. The predominence of silistone and

mudstone in the turbidites indicate that they were formed in a distal facies.

The Tisdale assemblage consists of mafic and ultramafic volcanic rocks. Ultramafic rocks
with spinifex, flow breccia and cumulate textures are interleaved with tale-chlorite-carbonate
schist and mafic volcanic rocks in Guibord and Michaud Townships. Ultramafic flows and schists
also oceur north of the Garrison intrusion in Garrison Township. These flows also extend into
Harker Township. Pillowed and massive mafic volcanic flows are common in central Michaud
Township. Variolitic mafic volcanic flows of high magnesium basalts are found in western Guibord

Township.

The Kinojevis assemblage is predominently composed of massive and pillowed mafic volcanic
rocks. Several clastic interflow sedimentary rocks also occur. Variolitic mafic voleanie flows are

abundant. The Kinojevis assemblage consistently youngs to the south.

The Timiskaming assemblage consists of subaerial sedimentary rocks and syenitic intrusive
rocks. The sedimentary rocks are usually in close spatial association with the Porcupine-Destor
fault zone and oceur as an arcuate band that extends from central Garrison through Michaud and
Guibord Townships. The sedimentary rocks are composed of polymictic conglomerates, sandstone

and mudstone. Iron formation and jasper clasts, which are characteristic of Timiskaming
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conglomerates, occur within these conglomerate and sandstone beds, as well as ultramafic, mafic
and syenitic clasts. The higher proportion of sandstone and mudstone over conglomerates, and
the small average clast sizes, coupled with the absence of large scale cross-bedding indicate that
deposition occured in a low energy fluvial environment. Numerous alkalic intrusive rocks ranging
in composition from pyroxenite/hornblendite to syenite and granite intrude the country rock as
plutons, dykes, sills and cupolas. It is a representative suite of these intrusions that concern this

study. Their characteristics will be discussed in-depth in the following chapters.

Jurassie/Cretacious kimberlite dykes and plugs occur at the New Buffonta pit of Garrison
intrusion in Garrison Township. Kimberlite was also reported in western Michaud and eastern

Guibord Townships.

Gold mineralization occurs throughout the study area. Gold was extracted from the Buffonta,
New Buffonta, Garrcon and Jonpol deposits in Garrison Township. Several potentially economic
deposits are outlined in close proximity to three intrusions that are part of this study i.e., Pangea,
Ludgate Lake and Moneta-Porcupine deposits in Guibord and Michaud Townships. Holloway
and Holt-McDermott mines are the only active gold producers in the immediate vicinity of the
study area. Gold mineralization in the area is usually closely associated with alkalic rocks and
subsidiary faults or shear zones of the Porcupine-Destor fault zone. Gold mineralization can
be hosted within sheared syenites (i.e., Ludgate Lake deposit), within variolitic basalts at the
periphery of alkalic intrusions (i.e., Buffonta, New Buffonta and Pangea deposits) or within

hydrothermally altered Timiskaming eonglomerates (i.e., Moneta-Porcupine deposit).

The Porcupine-Destor fault zone is the dominant structure in the area. It is interpreied to fan
west of the Garrison intrusion into a number of discrete west-, southwest- and northwest-striking

faults. Another major structure called the Arrow fault splays from the main Porcupine-Destor
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fault zone northeast of the Garrison intrusion at the boundary between Harker and Garrison
Townships, and reconnects with the Porcupine-Destor fault in western Guibord Township (Figure
1.1). North-northwest to north-northeast striking faults offset the main Porcupine-Destor fault
in Michaud Township, and appear to terminate at the contact with the Ludgate and Emens

intrusions.
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Petrography and mineralogy
I. Infroduction
Iris intrusion

HE Iris intrusion is located approximately 4 km east of Highway 672 at the boundary of

| Harker Township (Figure 1.1). The mineral rights of the area that covers the intrusion
are owned by Mr. Alex Perron, a local prospector. The Iris intrusion is a small infrusion with a
total surface area of only ~0.5 km?®. It is very well exposed (Figure 2.0 & 2.1). The exceptional
exposure is the result of numerous exploration surveys conducted over the area. Several thousand
square metres of the intrusion were stripped of overburden and washed with high-powered
water pumps. The intrusion is composed of numerous distinet mafic and felsic units. Five
major rock units were identified while mapping the intrusion: 1) pyroxene-bearing hornblendite,
9) monzodiorite, 3) alkali-feldspar quartz-syenite, 4) alkali-feldspar porphyritic syenite and 5)
antiperthite syenite. A detailed geological map of the Iris intrusion exposure is attached at the

back of the thesis while a smaller version of this map is presented as Figure 2.3.

Garrison infrusion

The Garrison intrusion is the largest of the five infrusions in the area and is also well exposed.
It is located approximately 2.5 km south of the intersection of Garrison Creek with Highway 101
in Garrison Township (Figure 1.1). The site visited, called New Buffonta, is also owned by Mr. Alex
Perron and is located at the southwestern margin of the intrusion. Past exploration ventures have
left numerous stripped areas and one large open pit that is now flooded (Figure 2.2). Medium-

grained hornblende quartz-monzonite is the major rock unit in the Garrison intrusion.

Emens intrusion
The Emens intrusion is located northeast of the Ludgate Lake syenite, approximately 2 km
southeast of Perry Lake in Michaud Township (Figure 1.1). The southwestern portion of this

intrusion is in contact with the Ludgate Lake syenite. The Emens intrusion, which does not
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outerop at the surface, was sampled only in drill core owned by Moneta-Porcupine Mines Lid.
Two major units were identified in the available core: 1) alkali-feldspar phenocrystic biotite-

syenite and 2) alkali-feldspar syenite.

Ladgate intrusion

The northern tip of the Ludgate intrusion is located approximately 2 km south of Perry Lake in
Michaud Township (Figure 1.1). The site visited is owned by Pentland Firth Ventures Ltd and is
at the southern boundary of the intrusion. It consists of a stripped outerop of about 30 m by 80
m in dimensions. The principal rock type found on the property is coarse-grained alkali-feldspar

quartz-syenite.

Pangea infrusion

The Pangea intrusion is located approximately 1 km southeast of the intersection of Little Pike
River with Highway 101 in Guibord Township and extends about 2 km into Michaud Township
(Figure 1.1). The Pangea intrusion, like the Emens, does not outcrop at the surface and was
only sampled from drill core originally owned by Pangea Goldfields Ine. Three petrographic units
were identified from these drill cores: 1) medium-grained melasyenite with extensive textural and
compositional variation, 2) pyroxene-bearing hornblendite and 3) coarse-grained alkali-feldspar

syenite.
Note that all the rock units in this study are classified according to the recommendations of the

TUGS Subcommission on the Systematics of Igneous Rocks reported by Streckeisen (1976). All

of the above mentioned rock units are deseribed below.
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Figure 2.0 View of the Iris
sxposure, looking towards the
north from a distanee of ~250
.

Figure 2.1 View of the cleansd
exposure of the Iris intrusion.

.
.

Figure 2.2 Abandoned open-pit at
the New Ruffonia property within
the Garrison intrusion.

(hapler 2 24



Petrography and mineralogy

II. Iris infrusion

A. Pyroxene-bearing hornblendite

Pyroxene-bearing hornblendite (hereinafter called hornblendite) is the prineipal mafic rock
unit at the Iris intrusion. The hornblendite unit is located on the southern and southeastern rim
of the intrusion (Figure 2.8), in sharp contact with the coarse-grained alkali-feldspar syenite unit,
and is crosseut by 0.5 to 2 m thick xenolith-rich monzonite dykes, 1 to 3 em thick fractures filled
with blue asbestiform amphibole (Figure 2.4) and numerous small (5-15 mm) albite veins (Figure
9.5). The hornblendite unit is interpreted, on the basis of cross-cutting relationships seen on

outerop surfaces, to be the oldest unit of the Iris intrusion.

The hornblendite rock consists of a fine- to medium-grained green matrix composed of
anhedral albite, anhedral to subhedral diopside and magnetite, and 40 to 50 % dark green to
black 0.5 to 1.5 em anhedral to subhedral pargasite and magnesiohastingsite megacrysts (Table
9.1; Figure 2.6, 2.7 & 2.8); chapter 3 for mineral chemistry). The modal abundances reported
in this chapter are visual estimates of minerals identified in thin section. The rock contains

zones of various sizes that are only composed of large amphibole and albite crystals (figure

2.9). Some of these zones contain elongated euhedral

Mineral Modal%

Amphibole megacrysts  40-50 amphibole erystals that have albite filled eores (Figure
g{ﬁg?de ig:gg 9.10 & 2.11). The occurence of this texture, which is
Magnetite 5-10 similar fo hopper pyroxenes and olivines, is believed to
Apatite 5

Chlorite 5 reflect rapid disequilibrium crystal growth from volatile-
ggjﬁgﬁiry caleite ti rich fluids. The rock is also loecally massive, coarse-
Epidote tr. grained and equigranular. On a weathered surface,
Table 2.1 Range  of  modal the hornblende megacrysts are commonly in positive

composition of the pyroxene-bearing
hornblendite unit.
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Petrography and mineralogy

Detailed map of the Iris intrusion. See also larger map included at the end of the thesis.
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Figure 2.4 Vein of bive amphibole
cross-cutting  the  pyroxene-
hearing hornbiendite unit.

Figure 2.5 Small albite veins
cross-cuiling the pyroxene-
bearing hornblendite unit.

Figure 2.6 Fresh surface of the
pyroxene-bearing hornblendite
rock. The hernblende mega-
crysts are dark green io black.
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Figare 2.7 (lose-up of a Tresh
surface of the pyroxene-bearing
hornblendite. The hornblende
megacrysts are dark green fo
black. The matrix, composed
of albite, diopside, apatite and
magnetite is  greenish-gray.
Larger albite crystals are while
to pale gray.

Figure 2.8 Close-up of a fresh
surface of a pyroxene-bearing
hornblendite slab. See above
for description. A white albite
veinlet is cross-cufting the
sample,

Figure 2.9 Local grain-size
variations  are  commonly
observed in the pyroxepe-
bearing hornblendite unit. The
minerals of these zones are
interpreted to have erystaliized
from volatile-rich pockets.
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Figure 2.10  Local grain-size
variations  are  commonly
observed in the pyroxene-
bearing hornblendite unit . Also
visible are euhedral amphiboles
with albite-filled cores. 'The
occurence of this texture is
believed to reflect rapid
disequilibrium erystal growth
from a volatile-rich
environment.

Figure 2.11  Close-up of the
euhedral amphibole. See above
for description.

Figure 2.12  Weathered surface of
the pyroxene-bearing horn-
blendite wunit. Amphibole
megacrysts are in positive relief
producing a rough, knobby
surface.
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relief, producing a rough knobby surface (Figure 2.12). Usually, the mairix is slightly

chioritized.

Under the microscope, pargasite and magnesiohastingsite megacrysts display light olive green
to dark olive green to brownish-orange pleochroic colors. They are sometimes zoned, the zoning
consisting in variations in the pleochroism along the rims of the megacrysts (Figure 2.13).
Most large megacrysts are subhedral but smaller ones are commonly euhedral (Figure 2.13).
They contain numerous small inclusions of apatite, magnetite and diopside suggesting that the
megacrysts formed late in the paragenetic sequence. (Figure 2.13, 2.14 & 2.15). The megacrysts

are usually fresh but alteration to chlorite is observed.

Diopside is present in the matrix as anhedral to subhedral crystals but euhedral erystals
displaying pyroxene basal sections or long-prismatic shapes are also common (Figure 2.16). The
diopside crystals are small (0.2-0.4 mm) however, the long axis of some prismalic crystals may
reach up to 7 mm in length. They are light green with little or no pleochroism. Diopside is
commonly twinned (Figure 2.16 & 2.17). In these erystals, the twinning plane is parallel to the
long axis. The occurence of lamellar twinning is common in diopside (Nesse, 1991). Diopside is
generally fresh but larger crystals have amphibole alteration rims that are probably the result of

the interaction of late hydrous fluidswith the rims of the pyroxene crystals.

Albite crystals are anhedral and usually display good albite twinning (Figure 2.18). The Na-rich
composition of this feldspar was confirmed using optical extinetion angle measurements and
electron microprobe analyses. They are turbid, producing a distinctive dark gray color. Albite
is interstitial to diopside, magnetite, apatite and titanite crystals (Figure 2.18 & 2.19). This
texture suggests that albite crystallized late in the sequence either from residual melts or from

postmagmatic Na-rich fluids.
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Figure 2.18  Euhedral zomed
: amphibele erystal conialning
apatiie, diopside and magnetile
inclusions. Parallel polars.

Figure 2.14  (lose-up of apatite
and magnetite inclusions in an
amphibole megecryst. Parallel
polars.

Figure 2.18  Close-up of 2
diopside and albite inclusion
in an amphibole megacryst.
Crossed polars.
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Figure 2.16  Euhedral long-
prismatic  iwinped diopside
arystal. Also visible are magne-
{ite crystals and inlerstitial
albite. Crossed polars.

Figure 2.7  Close-up ofa twinned
diopside  erystal containing
magnetite inclusions. Crossed
polars.

Figure 2.18  Albile-twinned inter-
stitial albile and evhedral
titanite containing apatile and
magnetife inclusions. Crossed
polars.
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Magnetite is ubiquitous and is present in high proportions (Table 2.1) making the rock
extremely magnetic. Magnetite crystals are usually anhedral to subhedral and 0.1 to 0.4 mm
in size. Smaller magnetite crystals are also found as inclusions in megacrystic pargasite and
magnesiohastingsite, diopside and titanite erystals (Figure 2.13, 2.14, 2.17 & 2.18). Some

magnetite is also intimately associated with chlorite.

Apatite crystals are usually small (0.1-0.3 mm), anhedral to subhedral and ubiquitous. They are
also commonly included in the megacrystic amphibole and in titanite crystals (Figure 2.13, 2.14
& 2.18). Titanite is less common but ubiquitous. Titanite crystals display subhedral to euhedral
rhombic sections (wedge). The crystals vary in size from 0.4 to 0.8 mm. They commonly contain

small magnetite and apatite inclusions (Figure 2.18).
B. Monzodiorite

The monzodiorite unit is the least exposed of the Iris intrusion. It is only found in the
southeast corner of the intrusion (Figure 2.3), where it is in sharp contact with the coarse-grained
syenite, medium-grained syenite and hornblendite units. The monzodiorite unit is crosscut by

the coarse-grained syenite unit and monzonite dykes.

The monzodiorite rock is medium-grained, equigranular and is composed of anhedral black
hastingsite, anhedral dark green diopside, anhedral light gray albite and light pinkish-gray
perthite (Figure 2.20; Table 2.2). It does not display any major variation in modal composition or
texture. The rock is more altered than the hornblendite. Pervasive chloritization is the principal

alteration but local epidotization is also common.
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Mineral Modal%

The principal components of the monzodiorite rock
Albite 20-25
Perthite 920-925 are albite and perthite (Table 2.2). Stained slabs of
g;osg:;zzite ?g:gg monzodiorite confirmed that albite is equally or slightly
Chlorite 5-10 more abundant than perthite.
Magnetite 5
Epidote |
Titanite tr. . G
Apatite i Under the microscope, albite crystals are anhedral,

Table 2.9 Range of modal compo- dark gray to rusty-brown and 0.4 to 0.8 mm in size.

sition of the monzodiorite unit. . L. . .
Albite twinning was observed in a few of crystals (Figure

9.21). A minor amount of secondary albite was also observed. The secondary albite is anhedral,

clear and is commonly rimming turbid albite erystals.

The perthite crystals are anhedral, dark gray and 0.4 to 0.8 mm in size. The high turbidity of
the crystals prevented an accurate examination of the exsolution domains but the erystals appear

to be composed of 50 to 60 % K-domains. No twinning was visible within the domains.

Diopside erystals are anhedral to subhedral and pale green. They generally do not display
pleochroism. Diopside crystals that show basal sections are usually 0.4 to 0.6 mm in size while
those with prismatic sections can be up to 1 mm in length (Figure 2.2%). Diopside with basal
sections is commonly twinned (Figure 2.23) or rimmed by hastingsite (Figure 2.92 & 2.23).

Magnetite and apatite are common as inclusions in the diopside.

Hastingsite crystals are anhedral, vary in size from 0.2 to 0.5 mm and display light green to
brownish-green pleochroic colors (Figure 2.24). The occurrence of this amphibole, as rims on
diopside, suggests that it erystallized late in the erystallization sequence from an H%O-em_'iched
magma. Larger hastingsite erystals frequently have numerous inclusions of magnelite and

apatite, and are often partially altered to chlorite.
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Figure 2.1  Interstitial  {urbid
albite. Also visible are diopside,
maguetite, apatite and amphi-
bole erystals. Crossed polars.

Figure 2.20  Fresh surface of a
monzodiorite sample.

| Figure 221 Albite- and Carlsbad-
twinned albite erystal with a
turbid core. Crossed polars.

ot
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Figure .27 Long prismatic
diopside erystal rimmed by

hastingsite, Magnetite
inclusions are visible. (rossed
polars.

Figure .23  Twinned  diopside
crystal  displaying a  basal
section. The crystal is rimmed
by hastingsite. Magnetite
inclusions are visible. (rossed
polars.

Figure 2.24  Anhedral hastingsite
with magnetite and apalile
inclusions. Parallel polars.
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Magnetite is ubiquitous in the monzodiorite rock. It oceurs as small anhedral crystals ranging
in size from 0.1 to 0.3 mm. Apatite crystals are usually subhedral to euhedral and 0.1 t0 0.2 mm

in size. Both magnetite and apatite are commonly included in diopside and hastingsite.

(. Alkali-feldspar quartz-syenite

The alkali-feldspar quartz-syenite unit (hereinafter AF Qz-syenite) is the principal rock unit of
the Iris intrusion. It represents about 80 % of the exposed intrusion. Field relationships indicate
that the AF Qz-syenite is the latest unit of the intrusion. It is in sharp contact with all the other
units except for the alkali-feldspar porphyritic unit where the contact is sharp in some areas and

gradational in others.

The AF Qz-syenite is composed of light pink to reddish-pink to sometimes brick red perthite
that is commonly zoned and a minor amount of quartz, chlorite and magnetite (Figure 2.25 &
9.26; Table 2.3). This rock displays a hypersolvus feldspar assemblage. Perthite erystals are
generally subhedral, tabular and 1 to 3 cm long. Large perthite crystals are often compositionally
zoned, displaying white to light gray cores, and alternating pinkish-gray and reddish-pink zones

(Figure 2.26). This compositional zoning is readily visible

Mineral Modal%

on slabs stained by potassium cobaltinitrate (Figure 2.27)
Perthitic feldspar 85-90
Albite 2-3 and in thin section (Figure 2.28 & 2.29).
Microcline 1-3
(Quartz 5
Chlorite 3-5 Under the microscope, the zoning consists of alternating
Magnetite fr.
Titanite ir. Na- and K-rich zones displaying antiperthitic and perthitic
Hematite tr.

textures respectively (Figure 2.30). Pure albite zones

Table 2.3 Range of modal
composition of the alkali-feldspar are also common. Cores of the zoned feldspars are

quartz-syenite unit.
commonly composed of albite with good albite twinning.
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- /ﬁ» o 7 Figare 295 Light pink  alkeli-
. ' feldspar quariz-syenite rock.
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Figure 2.96  Reddish-pink alkali-
feldspar gquartz-syenite rock.
Zoned perthile crysials are
visible,

Figure 2.97  Sab of the
alkali-feldspar  quarlz-syenife
rock stained by polassium
cobaltinitrate in order {o identify
K-feldspar.  Zoning in the
perthite crystals is  clearly
vigible. Image couriesy of Dr,
Gary  Beakbouse, Ontavio
Geological Survey.
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Figure 298  Rim of a perthite
crystal displaying alternating
perthite and antiperthite zones.
Crossed polars.

Figure 2.2¢  Perthite crystal
displaying alternating perthite
and antiperthite zones. Crossed
polars.

Figure 2.30  Perthite crystal
confaining antiperthitic and
perthitic  zones. Crossed
polars.
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The antiperthitic zones are generally composed of 20 to 30 % K-domains whereas the perthitic
domains are usually composed of 50 to 60 % K-domains. Antiperthitic zones are more abundant
than the perthitic ones. These observations are consistent with the whole-rock chemistry of the
AF (z-syenite, which is enriched in Na compared to K (Chapter 4 for rock chemistry). Patch
perthite (Anderson, 1928) is a common texture in the perthite. Potassium domains commonly
display tartan twinning and the Na-domains less frequently display albite twinning. A minor
amount of distinet antiperthite grains were identified (Figure 2.31). They are usually composed
of 20 to 30 % small tartan twinned K-domains. Film microperthite (Anderson, 1928) is common
in small (0.5-1 mm) anhedral unzoned crystals (Figure 2.32). In these crystals, the exsolution
domains are usually homogeneously distributed and are 1 to 3 um thick and 50 to 100 um
long. Because of these characteristics, the film microperthite erystals were good candidates for
wide beam electron microprobe analysis. These analyses revealed that K and Na are almost
equally abundant in the microperthitic feldspar (Chapter 3 for mineral chemistry). No twinning
was optically visible within the individual domains of these erystals. The perthite of the AF
Qz-syenite is usually turbid. The intensity of this turbidity is normally a function of the degree
of hematization of the rock. In highly hematized samples, the perthite crystals are highly turbid

and display a brown to rusty-brown color.

Numerous perthite crystals have irregular and peculiar exsolution textures. One particular
microperthitic feldspar crystal is composed of thin albite exsolution lamellae similar to film
microperthite. However, the lamellae are not parallel and are producing a strange zigzag texture
(Figure 2.33 & 2.34). The change in orientation of the lamellae may be the result of unseen
erystal dislocations or twinning. Another strange exsolution texture produces a «cross-hatch
like» pattern in a perthitic feldspar crystal (Figure 2.35). In these crystals, the albite exsolution
lamellae have two different orientations that intersect at angles of about 60° and 120°. The

lamellae have varying thickness and are irregularly shaped. The two sets of lamellae appear to
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Figare 2.31  Antiperthite crystal
with tartan-twinned K-domains.
Crossed polars.

Figure 2.32  Film microperthite
erystal.  Extinct domains are
potassie. Crossed polars.

Figure 2.33  Irregular exsolution
texiure in a perthile erysial
See text for deseription. A
close-up view of the area within
the reclangle is available in the
next figure. (rossed polars.
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Figure 2.34  Close-up view of the
previous figure. See text for
description. Crossed polars.

e
-

Figure 2.35  Irregular exsolufion
iexture in a perthite crystal
producing a «cross-haich like»
pattern. Thistexture may result
from an extreme coarsening of a
braid perthite. Crossed polars.
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react at their infe