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ABSTRACT

The Paleoproterozoic Wathaman Batholith forms a major part of the Trans Hudson Orogen
in northern Saskatchewan and Manitoba. On Reindeer Lake in Saskatchewan the batholith is 125
km wide and may continue for 800-900 km along strike. The size is comparable to Phanerozoic
batholiths associated with destructive continental margins. The plutonism took place over a
relatively short time interval, between 1865 and 1850 Ma.

The batholith and satellite intrusions have been divided into 3 major zones based on
modal, geochemical and Nd isotopic composition, from south to north these are the: La Ronge
Domain (LRD); South Central (SCZ); and North East (NEZ). The LRD hosts satellite intrusions
that are mainly metaluminous, calc-alkaline tonalites and granodiontes. eNd(t) in this zone ranges
from +4.8 to -0.4. The SCZ is composed of two distinct series, a K-feldspar megacrystic
granodiorite and a monzogranite series. The granodioritic series range in eéNd(t) from -2.3 to -5.4;
whilst the monzogranite series are characterized by eNd(t) +0.2 to -0.4. These rocks are all of high-
K calc-alkaline affinity. The NEZ is composed of a K-feldspar megacrystic monzogranite and a
monzonitic series, both of shoshonitic affinity. The monzogranites rocks have eNd(t) of -1.4 to -
6.9, while the monzonites have eNd(t) of -0.3 to 4.

The Wathaman Batholith had been interpreted as the root of a continental arc but was
enigmatic in that it lacked co-magmatic mafic phases and was considered too homogeneous, too
felsic, and too megacrystic, i.e., more like post-collisional granitoids. This study has resolved many
of the uncertainties in the origin of this batholith. There is a greater diversity of rock types than
previously described, and good field evidence for mingling of mafic and felsic magmas. Within a
series eENd(t) is independent of rock type, and both the SC and NE zones rocks are characterized by

high Sr and Ba. The petrogenesis of the batholith can be explained by mixing between 3 end-
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members: Archean crust; Proterozoic supra-subduction zone depleted mantle; and a late Archean
enriched lithospheric mantie. Relative contributions from end-members change from south to
north, with a major role for: depleted, subduction zone affected mantle in the LRD; enriched
mantle in the SCZ; and enriched mantle + crust in the NEZ. The batholith is interpreted to have
formed in a subduction zone setting where mixing was dominantly occurring in the asthenosphere
and at the crust-mantle boundary. Upper level contamination processes can only be clearly seen in

the NEZ.
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CHAPTER 1: INTRODUCTION

1.1 INTRODUCTION

The upper crust of the Earth is dominantly composed of ‘granitoid’ plutonic rocks, and its
bulk composition is that of granodiorite (Taylor and McLennan, 1985). That granitoid rocks form
such a volumetrically important component of the crust naturally leads to the inference that the
processes involved in granitoid magma generation are important to the formation and evolution of
the continental crust itself.

The sources for this voluminous granitoid plutonism have been variously attributed to sites
within the crust, the mantle or combinations of both. Petrogenetic models proposed for the
development of calc-alkaline magmatic arcs, and their associated granitoids, often call on a
significant contribution from the mantle. However, granitoid plutonism is also linked spatially and
temporally to other orogenic processes and the formation of granitoid magmas in such zones (e.g.,
post-collisional settings) is commonly attributed to thermal/deformation induced disturbances in
the lithosphere and asthenosphere. Distinguishing between granitoids formed in active arc settings
versus post-collisional settings is an important part of deciphering the magmatic record in any
orogenic belt.

Studies of large Phanerozoic granitoid batholiths, which are largely restricted to continental
margin arcs or within continental plates, show that they are composed of mixtures of mantle and
crustal components in varying proportions (DePaolo, 1981; Bennett and DePaolo, 1987; Liew and
McCulloch, 1985; Farmer and DePaolo, 1983; Samson et al., 1991). The crustal material in these
batholiths can be derived from subduction of continentally—deﬁved sediments and/or may involve
in situ “recycling” of the continental crust. The “mantle signature” in these large batholiths may

come from the underlying asthenosphere, from subcontinental mantie lithosphere or from remelting
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of a basaltic underplate previously added to the crust from the mantle (Gromet and Silver, 1987
Leake, 1990; Atherton, 1993). Isotopic constraints on the origin of the mantle signature often
indicate that if this signature originated from melting of a basaltic underplate to the crust, then the
recycling of this crust must have been on a rapid basis. Mixing of the crustal and mantle derived
material is often hypothesized to occur at or near the crust-mantle boundary. Complex zones of
mixing, assimilation, storage and homogenization (MASH) have been proposed as the ultimate
source for many large granitoid batholiths (Hildreth and Moorbath, 1988), with subsequent
modification of the parental magmas by fractionation and assimilation processes in the mid to
upper crust (Boily et al., 1989; Davidson et al., 1991).

1.2 SETTING OF THE THESIS AREA

This thesis presents the results of an integrated field, petrological, geochemical and isotopic
(Nd) study of granitoid rocks formed during the Paleoproterozoic Trans-Hudson Orogen (THO)
(Hoffman 1988; Lewry and Stauffer 1990) in northern Saskatchewan. The geology of northern
Saskatchewan is interpreted to preserve evidence for Paleoproterozoic continental rifting,
intraoceanic island arc volcanism and sedimentation, arc accretionary events, continental magmatic
arc development and eventual continent-continent collision(s). The purpose of the study is to
determine the nature and evolution of granitoid magmatism in northern Saskatchewan in order to
better constrain the tectonomagmatic evolution of this part of the THO.

The study area is located on Reindeer Lake which provides a unique ~ 175 km transect
across several lithotectonic domains of the northerm THO in Saskatchewan. This thesis was part of
a regional mapping (1:50,000) project, centred in the Reindeer Lake area, which was conducted by
a Geological Survey of Canada field party led by Dr. David Corrigan. Mapping was done the

summers of 1998 and 1999, with a total of five months spent, by the author, in the field area.
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Geochronology of volcanic, plutonic and metamorphic rocks (conventional U-Pb zircon, monazite
and titanite) have, and are, being conducted by Dr. David Corrigan at the Geological Survey of
Canada. This thesis draws upon the currently available geochronological data set, both published
and unpublished.

Due to the scale of mapping and the size of the major plutonic body, this study was devised
as a regional scale geochemical study of granitoid plutonism. The purpose of this type of approach
is to try and resolve regional differences in the geochemistry and nature of the source regions for
the granitoid magmatism. These differences may be related to the history and evolution of specific
lithotectonic domains. One limitation of this type of study is that a detailed evolution of individual
plutons, inferred to have been emplaced during the same magmatic event, cannot be adequately
addressed.

Reindeer Lake provides a well exposed and an easily accessible transect through the THO.
The southern and central portions of Reindeer Lake expose rocks of the Kisseynew, La Ronge and
Rottenstone lithotectonic domains. The La Ronge and Rottenstone domains occupy most of this
area, with parts of the Kisseynew Domain exposed at the southern end of the lake. These domains
are dominantly comprised of juvenile volcano-sedimentary belts of arc-affinity, which are intruded
by several later plutons of variable size and composition. The northem portion of the lake exposes
portions of the Wathaman Batholith and Archean basement rocks of the Peter Lake Domain.

1.3 AIMS OF THE THESIS

The major aim of the thesis was to examine the nature and evolution of plutonism associated
with the Wathaman Batholith and to determine its relationship to the plutonism located within the
mainly juvenile arc-related terranes of the La Ronge and Rottestone domains. Although many of

the plutons within the confines of these arc-related domains are contemporaneous with the
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emplacement of the Wathaman Batholith (and not with volcanism), they have traditionally been
thought to have formed in an island arc setting (Bickford et al., 1990). These interpretations are
largely based on the interpretation of major and trace element data, with only a limited number of
Nd and Pb isotopic measurements from restricted portions of the domains. However, it has also
been suggested that the Wathaman Batholith and contemporaneous plutons of the La Roage and
Rottenstone domains represent one large batholithic complex (Lewry et al., 1980).

Studies of the Wathaman Batholith (Fumerton et al., 1984; Meyer et al., 1992) have
emphasised that it is a remarkably homogeneous granite-granodiorite pluton and suggest that it is
quite different from the Phanerozoic batholiths formed in continental-arc settings, although they
interpret it as the root of a continental-arc based on trace element geochemical characteristics. It is
now recognised that arc-type geochemical signatures, e.g., calc-alkaline affinity, high low field-
strength element (LFSE) to high field strength element (HFSE) ratios, negative Nb (relative to Th
and La) on primitive mantle normalised plots, occur in rocks where no evidence for
contemporaneous subduction is found (e.g., Morris et al., 2000). The observation that the
Wathaman Batholith apparently also lacks comagmatic mafic phases (Fumerton et al., 1984), a
common feature of subduction-related granitoids (Pitcher, 1997) is in conflict with an origin for the
batholith by subduction-related processes. Fumerton et al. (1984) suggests that the batholith “may
be considered as just one phase of a larger batholithic belt that also includes numerous smaller
plutons. Taken as a whole the composite batholithic belt is similar in many aspects to Mesozoic
Pacific rim batholitic belts, and like them was probably emplaced during plate collision”. The
Wathaman Batholith may indeed be part of this “composite batholithic belt”, however this does not
explain its remarkably homogeneous nature and felsic character. The interpretation that it may

represent a single “phase” of this batholitic complex is difficult to explain considering its size. The
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homogeneity of the Wathaman Batholith must be re-evaluated, as it poses the biggest threat to
subduction-related models for its formation, and thus for the tectonic development of the northwest
Reindeer Zone, as all tectonic models involve a northerly dipping subduction zone beneath the
Hearne margin during the emplacement of the batholith.

New mapping in the La Ronge-Rottenstone domains and the Wathaman Batholith, combined
with geochronological, geochemical, and isotopic studies have been undertaken to help resolve the
apparent dichotomy that the Wathaman Batholith is the root of a continental-arc but is not similar
to Phanerozoic equivalents (save for a few geochemical characteristics). These studies will also
help clarify the Wathaman Batholiths relationship to contemporaneous plutonism in the northwest
Reindeer Zone.

1.4 ORGANIZATION OF THE THESIS

Chapter 2 reviews the previous geological and geochronological information available on the
northwest Reindeer Zone, the Wathaman Batholith and the Cree Lake Zone. This information is
mainly derived from studies conducted along strike to the southwest of the Reindeer Lake area.
This will provide a basis to compare and contrast the regional geological information obtained
from mapping in the Reindeer Lake area. Chapter 3 describes the geological information from
mapping in the Reindeer Lake area with descriptions of the various lithotectonic domains of
interest. The rock types found in these domains as well as their structural, metamorphic and
geochronological histories will be discussed. The second half of chapter three will discuss the
granitoid rocks, beginning with a brief description of the major subdivisions of the granitoid rocks
in the area, and a justification for that subdivision. This will be followed by a detailed description
of the composition, textural features, field relationships, structural and metamorphic histories, and

available geochronological data for the granitoids. Chapter 4 presents the geochemical and
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isotopic data obtained from the Wathaman Batholith and L.a Ronge Domain plutons. It includes a
discussion of the major, trace and rare earth element (REE) data, as well as Sm and Nd isotopic
data. Chapter 5 presents the results of geochemical modelling and provides a petrogenetic model
for the formation and evolution of the Wathaman Batholith and plutons of the La Ronge Domain.
Concluding the thesis, a tectonomagmatic model is proposed for the evolution of the northwest
Reindeer Zone between ca. 1865-1850 Ma.
To facilitate the review of the material in this thesis, each chapter presents the text - followed

by the tables, figures and plates. Descriptions of the analytical techniques and the data obtained

during this study are presented in the appendices.
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CHAPTER 2: REGIONAL GEOLOGY

2.1 INTRODUCTION

The Trans-Hudson Orogen (THO) (Hoffman, 1988; Lewry and Stauffer, 1990) extends from
South Dakota, through the exposed Canadian Shield in Saskatchewan and Manitoba, across
Hudson Bay to northern Quebec. It is part of the larger Paleo- to Meso-proterozoic orogenic
system that assembled several Archean cratonic blocks and juvenile Paleoproterozoic terranes
during the assembly of the North American continent (Hoffman, 1988). The THO is the most
exiensively preserved Paleoproterozoic orogenic belt on Earth (Bickford et al., 1990), with
remarkable preservation in northern Saskatchewan and Manitoba (Figure 2.1).

Volcanic rocks preserved within the THO provide evidence of extended periods of
dominantly mantle-derived (juvenile) arc and oceanic volcanism (Watters and Pearce, 1987,
Chauvel et al., 1987; Syme, 1990; Thom et al., 1990). The formation, accretion and preservation
of these juvenile intraoceanic terranes clearly represents new additions to the crust from the mantle,
whether or not they represent net crustal growth is a matter of speculation. Within northern
Saskatchewan the THO is also comprised of extensive tracts of plutonic rocks, whose relationship
to volcanism is equivocal. Some of the plutonism is coeval with volcanism, however, much of it is
later (Bickford et al., 1986; Van Schmus et al., 1987; Bickford et al., 1992; Heaman et al., 1992).
The origin of this later plutonism can shed light on the tectonic and magmatic evolution of the
orogen and may preserve evidence of the pre-intrusion history of the underlying crustal section
through which they were emplaced.

2.2 GEOLOGY OF THE TRANS-HUDSON OROGEN IN NORTHERN
SASKATCHEWAN AND MANITOBA

The THO, as exposed in northern Saskatchewan and Manitoba, is composed of a collage of
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juvenile arc-related Paleoproterozoic lithotectonic domains, that were accreted to the Archean
Hearne margin during Paleoproterozoic collision(s) (Lewry et al., 1990). Domain subdivisions are
based on variations in lithological associations, structural style, metamorphic grade and are largely
separated from each other by high strain zones. Within northern Saskatchewan and Manitoba these
domains (volcano-plutonic-sedimentary belts) are collectively known as the Reindeer Zone
(Stauffer, 1984). The Reindeer Zone occupies the internal portion of the orogen and is bounded by
Archean rocks and their reworked margins (Figure 2.1). The Superior Province and its reworked
margin (Churchill-Superior Boundary Zone) confines the orogen to the southeast. In the northwest
the Reindeer Zone is separated from the Heamne Domain and its reworked margin (Cree Lake
Zone) by the Wathaman Batholith. This extremely large batholith has an exposed strike length of
over 800 km parallel to the regional trend of the orogen, and varies from less than 15 km to over
150 km in width. Archean basement is exposed as tectonic windows within the Reindeer Zone
(Van Schmus et al., 1987; Chiarenzelli, 1989). Seismic studies across the THO have revealed the
presence of an Archean microcontinent, known as the Sask Craton (Ansdell et al., 1995)
underlying portions of the central Reindeer Zone. This new result places a fundamental constraint
on the volume of juvenile material within the Reindeer Zone.
2.3 GEOLOGY OF THE NORTHWEST REINDEER ZONE

The Reindeer Zone in northern Saskatchewan and Manitoba consists of all lithotectonic
elements lying between the Wathaman Batholith to the north and west, and the Churchill-Superior
Boundary Zone to the southeast. The following discussion will be limited to the northwestern
portion of the Reindeer Zone as exposed in northern Saskatchewan. This is not a strictly defined
area per se and for the purposes of this work describes the northerly dipping volcano-sedimentary

belts of the Rottenstone Domain, La Ronge Domain (LRD), and portions of the northwestern
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Kisseynew Domain (MacLean Lake Belt) as exposed in northern Saskatchewan (Figure 2.2).

The remaining portions of the Kisseynew, the Glennie and Flin Flon domains to the south
and west are important portions of the THO; however, they are not intimately involved with this
northern portion and its relationship to the Archean Hearne margin. Interaction between these
domains and the northwest Reindeer Zone did not occur until major collisional events late in the
evolution of the orogen.

An emphasis will be placed on the Rottenstone and LRDs, and the Archean Peter Lake
Domain, since granitoids from this study are found within, or are bounded by these domains.
2.3.1 Geology of the La Ronge Domain

The LRD is bordered by the Rottenstone Domain to the west and the Kisseynew Domain
(MacLean Lake Belt) to the east. It is comprised of a series of variably strained northwest- to
north-dipping volcano-sedimentary belts and is bounded by a high strain zone with the Kisseynew
Domain (McLennan Lake Tectonic Zone) (Thomas, 1993). The domain can be divided into two
distinctive belts, the Central Metavolcanic Belt (CMB) underlying the central LRD, and the Crew
Lake Belt flanking it to the northwest. The CMB is dominantly comprised of metavolcanic and
minor intercalated sedimentary rocks, intruded by late volcanic, to syn- to post-tectonic plutons,
plugs and dykes (Thomas, 1993). The Crew Lake Belt is comprised of a monotonously uniform
package of pelitic and psammopelitic rocks.

At the McLennan Lake Tectonic Zone, the LRD is structurally emplaced above rocks of the
Kisseynew Domain. Occupying the immediate structural footwall are meta-arkoses of the
McLennan Group. At the southern portion of this tectonic boundary, arkoses of the McLennan
Group have been observed to stratigraphically overlie metavolcanic rocks of the CMB, and are

interpreted to be part of a younger molasse basin (Stauffer, 1984). These younger arkoses
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structurally overlie a heterogeneous sedimentary package comprised of pelitic, psammopelitic,
conglomeratic, calcareous and amphibolitic rocks known as the MacLean Lake Gaeisses. The
northern boundary of the LRD with the Rottenstone Domain will be discussed in detail in the next
section.

In the CMB metavolcanics, subaqueous and subareal volcanics are recognized, mafic
compositions dominate and felsic volcanic material comprises less than 10% of the volcanic
successions. The proportion of flows versus volcaniclastic material is quite variable, although
flows seem to dominate in the southwestern portion of the belt (Thomas, 1993). The rocks range
in composition from low-K tholeiitic to calc-alkaline series (Watters and Pearce, 1987). Based on
geochemical patterns and field observations the volcanics in the southern part of the CMB are
inteipreted to have formed in a dominantly oceanic island-arc type tectonic environment (Watters,
1984, 1985, 1986; Watters and Pearce, 1987). Portions of the belt display continental-arc
geochemical (Watters and Pearce, 1987) and isotopic affinities (Thom et al., 1990).

The metavolcanic and metasedimentary belts of the LRD are intruded by numerous syn- to
post- tectonic, and minor late volcanic plutons. The plutons vary from composite intrusions of
gabbro, quartz diorite to granite, homogeneous tonalitic, granodioritic and granitic plutons io late
high level porphyritic leuco-granodiorites and granites (Thomas, 1985). A strong calc-alkaline
character combined with other major and trace element characteristics are consistent with
formation within a volcanic-arc type environment (Watters, 1985,1986; Thomas, 1993; Janser,
1994). It has been noted that plutons located within the CMB are more mafic in composition than
those that intrude into areas dominated by sedimentary rocks. All plutons display some degree of
deformation and foliation developmeat either at the margins or internally.

2.3.2 The Rottenstone Domain and its Relationships
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The Rottenstone Domain has been defined (see Ray and Wanless, 1979) to include deformed
and migmatized rocks of plutonic and supracrustal protoliths, as well as the K-feldspar megacrystic
granitoids of the Wathaman Batholith. A tonalite-granodiorite suite and a later more acidic phase
were identified in the complex zone located between the batholith and aarlier supracrustal and
intrusive rocks. The acidic phase in this complex zone was interpreted to be related to the
Wathaman Batholith (Gilboy, 1975; Lewry, 1976; Ray and Wanless, 1980) and provided the main
rationale for including the Wathaman Batholith in the Rottenstone Domain.

More recently, the currently accepted subdivisions of the THO in northern Saskatchewan
and Manitoba were established by Stauffer (1984). Stauffer (1984) separated the Wathaman
Batholith and the tonalite-migmatite-acidic complex described above, and defined the Reindeer
Zone as all lithotectonic elements lying between the Wathaman Batholith and the Churchill
Superior Boundary Zone to the southeast.

The boundary between supracrustal rocks of the Rottenstone and LRDs is a transitional one,
and varies from about 2-5 km wide in the southwest to approximately 10-15 km wide in the
Reindeer Lake area, where it is even less well defined (Lewry et al., 1981). Ray and Wanless
(1980) report that supracrustal rocks of the Rottenstone Domain pass gradationally into
metamorphosed volcanics, volcaniclastics, and sedimentary rocks of the LRD. They attribute the
decrease in migmatization found within the LRD to an overall lowering of the metamorphic grade.
The LRD also contains plutonic rocks of similar character to those found within the Rottenstone
Domain. Thus the main distinguishing feature between the Rottenstone and the LRDs appears to
be that the LRD contains more extensive and less migmatized supracrustal material. Lewry and
others (1981) actually grouped the La Ronge and Rottenstone domains together, and termed them

the Rottenstone-La Ronge magmatic belt.
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The relationship between the Wathaman Batholith and supracrustal rocks of the Rottenstone
Domain also appears gradational (Ray and Wanless, 1980; Stauffer et al., 1980; Lewry et al.,
1981). The contact zone has been interpreted as a complex zone of injection and metasomatism
that varies from several hundred metres to over two kilometres (Lewry et al., 1981), although it has
been reported to be over 20 km wide in sections exposed on Reindeer Lake (Fumerton et al.,
1984).

2.4 THE WATHAMAN BATHOLITH

The Wathaman Batholith straddles the boundary between and separates the reworked
Archean basement rocks of the Cree Lake Zone from the Paleoproterozoic lithotectonic domains of
the Reindeer Zone. The batholith has been described as a remarkably homogeneous intrusion,
dominated by K-feldspar megacrystic to coarse-grained monzonite, quartz monzouite, granodiorite,
and granite, with only minor diorite and aplite (Stauffer et al., 1981; Fumerton et al., 1984; Meyer
et al., 1992). It has been interpreted as representing the root of a continental magmatic arc, and is
comparable in size and geochemical characteristics to some of the large Phanerozoic arc-related
batholiths of the westem cordillera of North and South America (Fumerton et al., 1984; Meyer et
al., 1992).

The batholith is separated from the rocks of the Cree Lake Zone to the north and west over
much of its length by post-emplacement ductile shear zones. The most westerly portion of the
batholith is in structural contact with rocks of the Cree Lake Zone along the extensive Needle Falls
Shear Zone. The northem portion of this mega-shear splays of into the Parker Lake Shear Zone.
The Reilly Lake Shear Zone is an eastern extension of the predominantly northeast trending Parker
Lake Shear Zone that cuts across and attenuates the batholith. The Reilly Lake Shear Zone extends

at least as far as Reindeer Lake where it separates the batholith from the Rottenstone Domain (see

Chapter 2 - page 6



Figure 2.2).
2.5 THE CREE LAKE ZONE OF THE SOUTHEASTERN HEARNE PROVINCE

The southeastern portion of the Archean Hearne domain to the north and west of the
Wathaman Batholith has undergone extensive thermotectonic reworking during the THO and is
known as the Cree Lake Zone. The Cree Lake Zone is further subdivided into the Wollaston and
Peter Lake domains due to differences in lithological association and structural relationships.

The Wollaston Domain occupies the western portion of the Cree Lake Zone and is composed
of two contrasting lithological and chronological entities. The basement to the Wollaston Domain
consists of foliated and gneissic plutonic rocks of Archean age (Ray and Wanless, 1980; Krogh
and Clarke, 1987), unconformably overlain by and in-folded with Lower Proterozoic supracrustal
assemblages of the Wollaston Group. The lowermost sequence of the Wollaston Group records a
Lower Proterozoic rifting event of the eastern margin of the Hearne craton at ca. 2100 Ma
(MacNeil, 1998; Frossenier et al., 1994) and subsequent development of a passive margin
sequence in the upper portions of the Wollaston Group.

The Peter Lake Domain is a sharply defined crustal block that occupies the area between the
Wollaston Domain and the Wathaman Batholith in northern Saskatchewan. This domain is
dominantly composed of plutonic rocks with only minor supracrustal rocks. Two major plutonic
suites are recognized: older gabbroic, dioritic and tonalitic rocks with minor anorthosite and
ultramafic plutonic bodies; and younger bodies of syeno- and monzo-granite (Ray and Wanless,
1980). The older mafic suite often preserves well-developed igneous textures and layering
(Fumerton et al., 1984). It is separated from the Wollaston Domain by the Needle Falls Shear
Zone and from the Wathaman Batholith by the Parker Lake Shear Zone. However, Ray and

Wanless (1980) have reported an intrusive relationship between K-feldspar megacrystic rocks of
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the Wathaman Batholith and sheared rocks of the southwestern portion of Peter Lake Domain.
The relationship between the northeasterly portion of the Peter Lake Domain and the Wathaman
Batholith is described as a complex intrusive junction on Reindeer Lake (Lewry et al., 1981).

2.6 U-PB ZIRCON GEOCHRONOLOGY OF IGNEOUS ROCKS OF THE NORTHWEST
REINDEER ZONE, THE WATHAMAN BATHOLITH AND THE CREE LAKE ZONE

Igneous activity within the northwest Reindeer Zone and emplacement of the Wathaman
Batholith took place between ca. 1915 and 1834 Ma (Figure 2.3). The oldest known rocks in the
northwest Reindeer Zone are volcanic rocks. Ages of felsic volcanism within the Lynn Lake Belt
(eastern extension of LRD in Manitoba) range from 1915 Ma to 1878 Ma (Baldwin et al., 1987).
Volcanism within the LRD is better constrained and ranges in age from 1876 to 1882 Ma (Van
Schmus and Bickford, 1984; Bickford et al., 1986). A diabase dyke from the Barlett Lake area of
the LRD yielded an age of 1885 +3 Ma (Heaman et al., 1991), in agreement with the age of
volcanism.

Two plutons within the Lynn Lake belt, a quartz diorite and a tonalite yielded ages of 1876
+8/-7 and 1876 +8/-6 Ma (Baldwin et al., 1987), respectively, and overlap with the youngest age of
volcanism in the belt (1878 +3 Ma). Within the LRD plutonism is bracketed between 1874 +1 and
1834 +13 Ma (Bickford et al., 1986; Van Schmus et al., 1987; Bickford et al., 1992; Heaman et al.,
1991), most group between 1860-1848 Ma, i.e., approximately 15 to 25 Ma after volcanic activity
in the domain.

Two gneissic tonalites from the Rottenstone Domain have yielded igneous crystallization
ages of 1863 £12 and 1867 +8 Ma. One sample yielded ages of 1885 +14 and 1922 +24 Ma,
which were attributed to inheritance of older zircon cores. The younger 1867 £8 Ma age was

obtained on hand picked core-free zircons.
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The Wathaman Batholith has been dated between 1866 +12 and 1853 +10 Ma (Ray and
Wanless, 1980; Bickford et al., 1986; Meyer et al., 1992). A late undeformed granitic sheet that
cross cuts the main foliation of the batholith yielded a 1830 +6 Ma age, placing a minimum age on
the major deformation experienced by the batholith (Meyer et al., 1992).

Plutonic rocks from the Peter Lake Domain yield ages of ca. 2500 +50 Ma to 2597 +20 Ma
(Ray and Wanless, 1980; Bickford et al., 1987; Bickford et al., 1992; Annesley et al., 1992).
However, two samples in this domain obtained from the northwestern shore of Reindeer Lake yield
Proterozoic ages. A granitic gneiss gave an age of 1860 +5 Ma (Bickford et al., 1987), in
agreement with the age for the immediately adjacent Wathaman Batholith, and suggests the gneiss
is possibly a highly deformed early phase of it. A gabbro pegmatite yielded an age of 1865 +10
Ma (Bickford et al., 1986), but with further analysis of zircon a revised age of 1908 +27 Ma was
reported (Bickford et al., 1987). The youngest age suggests that the gabbro could be one of the
earliest phases of the Wathaman Batholith at 1865 Ma. The revised age of 1908 Ma does not
correspond well with other ages in the area and the significance of this result (? inheritance) is
unclear.

Basement plutonic rocks of the Wollaston Domain (2494 +38 Ma to 2733 +9 Ma) average
slightly older ages than those from the Peter Lake Domain (Ray and Wanless, 1980; Krogh and
Clarke, 1987). Within the Courtney Lake area of the eastern Wollaston Domain a foliated
syenogranite and a mylonitic quartzofeldspathic gneiss have been dated at 2086 +52/-8 Ma and
2076 +3 Ma respectively. The 2076 +3 Ma age was obtained by the analysis of three individual
zircons, which gave concordant ages of 2074, 2075 and 2079 Ma respectively. It has been argued
that the zircons were derived from the syenogranite mentioned above, if so they place a maximum

age of rifting in the Courtney Lake area (see Fossenier et al., 1994).
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2.7 TECTONIC HISTORY OF THE AREA

The oldest volcanic rocks in the northwest Reindeer Zone are interpreted to be remnants of
juvenile intraoceanic arc-terranes formed between 1915 and 1878 Ma (Baldwin et al., 1987; Van
Schmus and Bickford, 1984; Van Schmus et al., 1987; Bickford et al., 1986). These juvenile arc-
terranes (volcano-sedimentary belts) were accreted to the Heamne margin prior to the emplacement
of the Wathaman Batholith at ca. 1865 Ma, interpreted to have formed over a northerly dipping
subduction zone beneath the Hearne Craton (Bickford et al., 1990; Meyer et al., 1992). Terminal
collision of the Reindeer Zone with the Superior and Sask cratons occurred between 1830 and
1800 Ma (e.g. Bickford et al., 1990). Regional metamorphism, deformation and south-directed

thrusting of the Reindeer Zone occurred during this period (Lewry et al., 1990).
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Figure 2.1 Extent of the Trans-Hudson Orogen (THO) in northern Saskatchewan and Manitoba
and its lithotectonic subdivisions. Lithotectonic domains (unshaded) are collectively termed the
Reindeer Zone (Stauffer, 1984). Bounding Archean rocks (dark shading) to the THO are the Rae-
Hearne domains to the northwest, and the Superior Province to the southeast. Archean basement
and their Paleoproterozoic cover sequences are represented by the light shading. Extensively
reworked portions of these Archean domains are know as the Cree Lake Zone (Hearne) and the
Churchill-Superior Boundary zone (C-S BZ - Superior). The Wathaman Batholith is shaded light
pink. (Modified after Lewry et al., 1990).
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Figure 2.2 Lithotectonic domains of northern Saskatchewan and location of Reindeer Lake within
the northwest Reindeer Zone (as discussed in the text). Archean Rocks of the complex Rae-
Hearne Domains are located in the northwestern portion of Saskatchewan (grey shading).
Modified after Ashton, (1999).
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Figure 2.3 Summary of U-Pb zircon geochronology of the northwest Reindeer Zone, the Wathaman Batholith and the Cree Lake Zone.
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CHAPTER 3: GEOLOGY AND DESCRIPTION OF PLUTONIC ROCKS IN THE
REINDEER LAKE AREA

3.1 INTRODUCTION

In this chapter we review the geology of the Reindeer Lake area, including the
geochronology, structural and metamorphic history. Most importantly, the division of the plutonic
rocks into zones and series will be discussed, and a description of their field characteristics,
composition, mineralogy, texture, fabrics, and distribution within the map area will follow. The
division of the plutonic rocks is based on field observations, spatial distribution and modal
mineralogy. However, as the reader can appreciate, the establishment of the divisions was an
iterative process that also involved examination of the geochemical data. For example, mesonorms
based on major element data were used in conjunction with the results of staining of rock slabs to
classify the rocks. This use of the geochemistry is primarily descriptive, basic and from a practical
perspective - unavoidable.
3.2 GEOLOGY OF THE REINDEER LAKE AREA

Reindeer Lake has been mapped at a variety of scales since 1928; Stockwell, 1929;
1:253,440 - Alcock, 1938; 1:63,000 - Cheesman 1959, Pyke 1960, Shklanka 1962, Sibbald 1977,
Johaston 1983; 1:100,000 - Stauffer et al. 1979, 1980; Gilboy 1980. The results of this previous
mapping were compiled at 1:250,000 for the northern (Macdonald and Thomas, 1983; NTS 64E),
and southemn (Johnstone and Thomas, 1984; NTS 64 D) portions of the lake. Other mapping
investigations of the northern portion of the lake have been conducted by Potter (1979), and
MacDougal (1988).

The most recent mapping on Reindeer Lake was conducted by the Geological Survey of

Canada (GSC) and details of the preliminary mapping results can be found in Corrigan et al.
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(1997; 1998a; 1998b; 1999a; 1999b). The regional mapping by the GSC is part of a collaborative
effort with the Saskatchewan Geological Survey (SGS) in and around the Reindeer Lake area.
This mapping forms part of the La Ronge - Lynn Lake Bridge Project, initiated in 1996 and
focussed on remapping portions of the northern LRD and its exposures in the southern Reindeer
Lake area. Preliminary results of 1:20,000 mapping by the SGS can be found in Maxeiner (1996;
1997; 1998; 1999) and Harper (1996; 1997; 1998; 1999).
3.2.1 Geological overview of the area

The geology of Reindeer Lake north of the Kisseynew Domain can be divided into three
main components. These include: (1) The LRD - early assemblages consisting of poly-deformed
and metamorphosed Paleoproterozoic volcanic, plutonic and sedimentary rocks; (2) a slightly
younger series of calc-alkaline plutons, including the Wathaman Batholith; and (3) The PLD - a
relatively narrow belt of Archean basement rocks, dominated by metaplutonic rocks. The early
assemblages of the LRD underlie most of the southem half of the lake, with the later plutons
comprising approximately 40 % of that area. The northern portion of the lake is almost completely
underlain by the Wathaman Batholith, and the PLD is exposed along a narrow ~10 km long strip
on the northwestern shore of the lake (Figure 3.1).
33 EARLY ASSEMBLAGES OF THE LA RONGE DOMAIN

The LRD as defined on Reindeer Lake underlies the area between the DLSZ in the south,
and the RLSZ to the north (Figure 3.1). The early assemblages in the domain can be divided into
three main lithological units: (1) discrete belts of volcanic, volcaniclastic, epiclastic and
intercalated sedimentary rocks, known as volcano-sedimentary belts. These form a collage of west-
southwest-striking, northerly dipping Paleoproterozoic volcano-sedimentary belts (referred to as

lithotectonic domains); (2) a series of banded dioritic to granitic orthogneiss; and (3) two large

Chapter 3 - page 2



tracts of metasedimentary assemblages. Extensive tracts of later plutons intrude the LRD.

In the southern LRD two discrete belts of volcanogenic rocks were identified and interpreted
as eastern extensions of the CMB identified to the southwest (Maxeiner, 1997; Corrigan et al.,
1997, 1998a). These two belts contain highly deformed mafic to intermediate volcanic and
volcaniclastic rocks, altered volcanogenic and epiclastic rocks, and minor metapelites and
ferruginous psammitic rocks (Corrigan et al., 1998a). Both belts contain tabular granodioritic and
gabbroic intrusive rocks, and one of them contains tectonically disrupted layered to massive mafic-
ultramafic intrusions.

Within the northern and central parts of the domain very similar belts of volcanogenic
material have recently been identified (Corrigan et al., 1998b, 1999a) (Figure 3.1). Volcaniclastic
rocks dominate these northerly belts (Plate 3.1a), with lesser amounts of mafic volcanic material.
Corrigan et al. (1998b) suggested that these belts were northern equivaleants of the CMB identified
to the south. A preliminary U-Pb zircon age of 1905 +22/-5 Ma has recently been obtained on a
rhyolite from Clements Island area in the central LRD (Corrigan et al., unpubl. rept.). This age is
similar to ages of felsic volcanism reported from the Lynn Lake Belt in Manitoba between 1915
and 1878 Ma (Baldwin et al., 1987). However, this age is older than the reported age of felsic
volcanism from the LRD to the southwest (1882 and 1876 Ma; Van Schmus and Bickford, 1984,
Bickford et al., 1986). This result suggests a closer association between these northern
volcanogenic belts, and those of the Lynn Lake Belt and further geochronological and geochemical
investigations are needed. Regardless of the temporal relationship between these volcanogenic
belts, they are all several 10's of Ma older than the plutons investigated during this study.

Spatially associated with the volcanogenic belts is a series of distinctive banded dioritic to

granitic orthogneiss named the Crowe Island Complex (CIC) (Corrigan et al., 1997) (Figure 3.1).
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On outcrop scale the complex is very heterogeneous, and contains early dioritic and tonalitic
phases cut by the later more granitic phases (Plate 3.1b). Original igneous textures are not
preserved and the rocks are completely recrystallized, the degree of partial melting ranges from
incipient to approximately 40 % (Corrigan et al., 1997). Two U-Pb zircon ages have been obtained
from a tonalite and a granite from the CIC, yielding ages of 1892 4 2 and 1886 1 4 Ma respectively
(Corrigan et al., 1988b). These ages are broadly similar to those determined for volcanic rocks of
the LRD and Lynn Lake Belt, and are also significantly older than the major plutons of the LRD
(1866-1848 Ma; Bickford et al., 1986; Van Schmus et al., 1986). Corrigan et al. (1998b)
interpreted the complex as representing a deformed calc-alkaline intrusive complex, and possibly
the plutonic root to some of the La Ronge volcanogenic belts, this is supported by their close
spatial and temporal relationship and isotopic data discussed in later sections.

Metasedimentary rocks underlie large portions of the LRD (Figure 3.1). The
metasedimentary rocks have been separated into two compositionally and stratigraphically distinct
units: the Milton Island metasedimentary assemblage (MIA), and the Park Island metasedimentary
assemblage (PIA). The MIA structurally and stratigraphically overlies rocks of the CMB, and CIC
(Corrigan et al., 1999a). It consists of variably migmatized, finely graded and layered biotite
psammite and psammo-pelite, with muscovite, graphite and fibrolite as common metamorphic
minerals. Stromatic leucosomes of quartz and/or granitic composition are separated from the
paleosome by thin biotite-rich selvages (Plate 3.1c). This assemblage is remarkably homogeneous
over a large geographical area, although it is locally interlayered with thin, metre scale, volcanic
and or epiclastic volcanic rocks as well as rare calc-silicate (Corrigan et al., 1999). The PIA forms
a distinctive package of siliciclastic rocks lying structurally and stratigraphically on top of the

CMB and the MIA. A polymictic conglomerate, containing various clasts of rocks with similarities
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to those in the CMB marks the basal section. The conglomerate is overlain by pink to grey arkoses
rocks dominated by K-feldspar. Sedimentary structures are locally preserved such as trough
crossbeds and laminated beds (Plate 3.1d). Calc-silicate layers and pods are also present in some
outcrops. Biotite and magnetite porphyroblasts form the main mafic minerals with homblende
only occurring locally. Migmatization has effected this assemblage to varying degrees, from only
minor migmatitic segregations to almost complete remobilization near the Wathaman Batholith
(Plate 3.1e). Large rafts of the arkose are also found within the Wathaman Batholith (Figure 3.1)
constraining its minimum age of deposition.
3.3.1 Rottenstone and Kisseynew Domains

An important result from the regional mapping conducted on Reindeer Lake was the
recognition that LRD lithologies mapped in the southern portion of the lake, continue northward as
far as the Wathaman Batholith and are intruded by it. The tonalite-granodiorite-acid migmatite
complex (see Chapter 2) that characterizes the Rottenstone Domain to the southwest (e.g. Ray and
Wanless. 1980) does not outcrop on Reindeer Lake. The Rottenstone Domain on Reindeer Lake
was found to be domtinantly underlain by supracrustal rocks, very similar in character to those
mapped further south. Compositionally similar plutons are also found, and display similar
relationships to the surrounding supracrustals. These observations suggested to Corrigan et al.
(1998b, 1999a) that these rocks were actually part of the LRD. Hence for the purposes of this
thesis no further reference will be made to the Rottenstone Domain concerning rocks exposed on
Reindeer Lake.

The Kisseynew Domain on Reindeer Lake lies south of the DLSZ (Maxeiner, 1997), where
rocks of the CMB are thrust over younger arkoses rocks of the McLennan Group (Figure 3.1). The

arkoses form a footwall synformal structure below the DLSZ. In this study all granitoid samples
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are found within the LRD, and the Wathaman Batholith, and thus a detailed description of the
Kisseynew Domain is not warranted. For a more detailed description of the Kisseynew Domain on
Reindeer Lake see Corrigan et al. (1999a).

3.3.2 Structural and Metamorphic Framework

From currently available geochronological data and tectonostratigraphic relationships, four
distinct structural levels have been identified along the Reindeer Lake transect (Corrigan et al.,
1999a) (Figure 3.2a). Rocks of the CMB, and their northern extensions, along with orthogneiss of
the CIC are the oldest rocks in the area, and form structural level 1. The MIA stratigraphically
overlies the CMB and the CIC and forms Level 2. The PIA lies unconformably on rocks of level 1
and 2, and forms level 3. Level 4 is comprised of rocks of the McLennan Group of the Kisseynew
Domain (Figure 3.2a).

Three major episodes of ductile deformation are observed in the area (Sibbald, 1977;
Stauffer et al., 1979; Maxeiner, 1997; Corrigan et al., 1998a). The earliest phase of deformation
consists of large-scale recumbent folds (F,) that fold rocks of the CMB, CIC, and MIA (Figure
3.2a). The M, metamorphism only produced phyllosilicates (S;) paraliel to bedding planes.

The most pervasive deformational event (D,) consisted of the formation of south-verging
reclined to recumbent folds and south-directed ductile thrust zones, and was coincident with the
attainment of peak metamorphic conditions (M;). The F; axial traces strike predominantly west to
west-southwest, and peak mineral assemblages are contained in F, axial planes and S, mylonitic
" foliations. Shear zones have developed at the structural base of the Wathaman Batholith (RLSZ),
and along the structural base of the LRD (DLSZ). These shear zones are very similar and contain
consistent down-dip mineral extension lineations. All the major rock units in the Reindeer lake

area have been affected by the D,-M; event including a 1830 Ma porphyry dyke (Corrigan et al.,
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unpubl. rept.) suggesting that it occurred after that date. Concordant monazite ages of 1822 t 1
and 1804 t 1 Ma from the CIC and 1810 1 1 Ma for the MIA suggest that the D,-M; event
occurred during that interval (Corrigan et al., 1998b).

The last major regional deformational event (D,) involved the formation of large-wavelength
upright open folds (F;) with axial traces oriented approximately to the northeast. The map patterns
developed in the rocks are largely due to the interference patterns between F; and F, orogen-
parallel and F; orogen-perpendicular folds (Figure 3.2b). The D; deformation is only locally
associated with the growth of low-grade chlorite and muscovite. The D, folding must post-date the
intrusion of the 1773 + 2 Ma Reynolds Island pluton (Figure 3.1) since it has been affected by this
phase of deformation (Corrigan et al.. 1998b).

3.4 THE PETER LAKE DOMAIN

The PLD is a well delineated, fault-bounded, Archean crustal block (Ray and Wanless,
1980; Bickford et al., 1992; Annesley et al., 1992) lying to the northwest of the Wathaman
Batholith. A narrow 8 to 10 km strip of the northeastern part of the PLD is exposed on the
shoreline and islands of Reindeer Lake. The Parker Lake Shear Zone (PLSZ) separates the PLD
from the Wathaman Batholith southwest of Reindeer Lake, but becomes diffuse and splays off into
the batholith on Reindeer Lake (Lafrance and Varga, 1996). On Reindeer Lake, the Wathaman
Batholith clearly intrudes rocks of the PLD, and contains large rafts and screens of PLD lithologies
(Corrigan et al., 1999b).

Three major rock units of the PLD have been identified on Reindeer Lake. These consist of:
migmatitic orthogneiss and subordinate paragneisses; strongly foliated and recrystallized granitic to
granodioritic gneiss; and a heterogeneous suite of dyke, sill and pod like gabbroic and dioritic

layered intrusives. The Lueaza River Granitoids of Stauffer (1979) include the migmatitic gneisses
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and the foliated and recrystallized granodioritic and granitic rocks. Gabbroic and dioritic intrusives
are included in Stauffer's Swan River Pluton (1979). The Swan River Pluton has been renamed
the Swan River Complex (Corrigan et al., 1999b) due to the great compositional and textural
diversity of this rock package.

The orthcgneisses of the PLD are banded at centimetre to metre scale, highly to moderately
strained and well foliated. Minor amounts of migmatitic paragneiss (Plate 3.2a) are observed
within the dominantly migmatitic orthogneiss package. The gneisses are cut by at least two sets of
mafic dykes that likely predate the intrusion of the Wathaman Batholith.

Foliated non-migmatitic granitoids underlie large portions of the PLD exposed in the map
area, flanking the migmatitic para- and ortho-gneisses (Figure 3.1). This belt is comprised of
several cross cutting plutons of mainly tonalite and granodiorite, with lesser granite and syenite.
All the plutons are fine to medium grained, biotite-bearing (< 10 %) and completely recrystallized.
giving a sugary texture (Plate 3.2b). The tonalitic and granodioritic rocks are cut by later pink
granitic phases. Individual plutons do not form continuous mappable bodies and for that reason
they have been grouped together. Foliated and K-feldspar augen megacrystic granitoids are also
found in the PLD, and from their position and intense deformation (Plate 3.2c) are also considered
to be Archean in age.

The Swan River Complex (Corrigan et al., 1999b) is a compositionally heterogeneous group
of layered mafic to ultramafic intrusions. Although dominated by gabbro and diorite the complex
contains minor peridotite, leuco-gabbro and anorthosite. This unit outcrops in several elongate sills
and dykes that intrude the gneissic rocks. Several pods up to a few kilometres in size are also
found within the northwestern portion of the Wathaman Batholith adjacent to the PLD (Figure

3.1). A remarkable feature of the Swan River Complex is its general state of preservation when
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compared to other gneissic rocks of the PLD. Several igneous features are well preserved, i.e.,
primary mineralogy, igneous layering, and magma mixing-mingling textures (Plate 3.3a,b and c).
The gabbros are in places intruded by K-feldspar megacrystic granitoids of the Wathaman
Batholith (Plate 3.3d).

3.4.1 U-Pb geochronology of the Peter Lake Domain

Bickford et al. (1986) dated rocks from exposures of the PLD on Reindeer Lake, producing
both Proterozoic and Archean crystallization ages. A grey megacrystic granite and a granitic gneiss
gave U-Pb zircon ages of 2582 * 19 and 2556 + 22Ma, respectively. Another granitic gneiss gave
an age of 1860 £ S Ma, apparently contemporaneous with the Wathaman Batholith. These results
emphasize the complex nature of the boundary between the PLD and the Wathaman Batholith and
that megacrystic granitoids of both Proterozoic and Archean age are present in this complex

boundary zone.

A pegmatitic gabbro sample from the Swan River Complex (Plate 3.3e) has yielded a U-Pb
zircon crystallization age of 2562 + 2 Ma (Corrigan et al., unpubl. rept.) with a lower intercept of
1830 Ma. The lower intercept is slightly older than monazite ages from the CIC of 1822 + 1 Ma,
but is consistent with the approximate time period of regional metamorphism. Another pegmatitic
gabbro from the PLD on Reindeer Lake has been dated at 1865 + 10 Ma (Bickford et al., 1986),
later revised to 1908 £ 27 Ma (Bickford et al., 1987). It is unclear where exactly this sample was
collected, and detailed descriptions of the zircons are lacking. The significance of this result is
unclear, although there is the possibility that some Proterozoic gabbroic material exists in the area.
3.5 GRANITOID ROCKS IN THE REINDEER LAKE AREA

All rock names used in the following discussions follow Streckheisen (1976), and are based

on mesonorm calculations using the major element geochemistry. Rock slabs were stained to
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determine the modal feldspar proportions and the results obtained are in agreement with the
normative calculations. Samples collected and described during this study were fresh, and free of
any significant alteration and deformation. This did not bias the sampling toward the *“undeformed
rocks™; since, the majority of the major deformation is related to locally developed, late shear
zones. Minor amounts of chloritization of biotite, and sericite growth in feldspars was observed in
the samples.

The granitoid rocks are divided into two main groups based on their geographic distribution
and positions relative to the Paleoproterozoic volcano-sedimentary assemblages of the LRD. These
are plutons found within the confines of the LRD (i.e., LRD plutons) and granitoids of the
Wathaman Batholith. Although the Wathaman Batholith is now separated from the LRD by the
RLSZ, it has been found to intrude the supracrustal rocks of the LRD, and also contains large rafts
of lithologies that lie immediately south of the shear zone. These observations, combined with U-
Pb ages, suggest a temporal continuity in plutonism across the RLSZ. If a genetic link between the
plutons of the LRD and the Wathaman Batholith is to be established it must explain the
fundamental differences observed between the two. For example, the Wathaman Batholith
contains an abundance of K-feldspar megacrystic granodiorite and monzogranite, and almost no
rocks of tonalitic composition. This is in stark contrast to the majority of the plutons of the LRD,
which are tonalitic, and granodioritic (without megacrysts).

3.5.1 The Wathaman Batholith

The Wathaman Batholith is composed dominantly of K-feldspar megacrystic granodiorite-
monzogranite intrusions. On Reindeer Lake, the batholith has a strike length of over 70 km and
varies in width from 30 to 35 km in the southwest to over 70 km toward the northeast (Figure 3.3).

Based on differences in the modal and geochemical compositions, and their distribution within the
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batholith, the granitoids have been divided into two main zones in this study. The two zones
contain rocks of similar, but distinctive character, and are the Southern-Central Zone (SCZ) and
the Northeast Zone (NEZ) (Figure 3.3). The dividing line between these two zones corresponds to
major changes in the overall bulk composition of the batholith from dominantly hbl-bio-bearing K-
feldspar megacrystic granodiorites in the SCZ, to mainly bio-hbl-bearing K-feldspar megacrystic to
coarse-grained monzogranites within the NEZ. This will be discussed further in Chapter 4 when
the complete set of geochemical data is evaluated. Within each of the SCZ and NEZ, distinctive
series have been identified. These series were identified by distinctive compositions, both modal
and geochemical, field relationships and in some cases the relative timing of the various intrusive
phases.

3.5.1.1 South-Central Zone (SCZ) of the Wathaman Batholith

The SCZ of the batholith has been divided into two series, the K-feldspar megacrystic
granodiorite series, and the monzogranitic series. The K-feldspar megacrystic granodiorite series
underlies the majority of the SCZ of the Wathaman Batholith and is composed of a semi-
continuous series ranging from quartz diorite, through quartz monzodiorite to granodiorite and
minor monzogranite (Figure 3.4a). K-feldspar megacrysts are commonly found in compositions
from quartz monzodiorite onwards. Homblende and biotite are the major ferromagnesisan phases,
with homblende dominating over biotite in the quartz diorites well into the granodiorites. Due to
the overwhelming occurrence of K-feldspar megacrysts, combined with the dominance of
granodioritic compositions this group of rocks are hereafter referred to as the KMGS.

Throughout the SCZ, and scattered amongst the KMGS rocks are several large- to
moderately-sized bodies of coarse-grained, equigranular, biotite-bearing granodiorite and

monzogranite (Figure 3.3). These largely non-megacrystic granodiorites and mouzogranites are
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distinct in that they contain very low mafic mineral contents, exclusively comprised of biotite (S
%), and are restricted to felsic compositions. This distinctive group of rocks will be hereafter
referred to as the MS (Figure 3.4A) since their compositions are mainly monzogranitic, and since
they rarely contain K-feldspar megacrysts.

Also scattered throughout the SCZ are several small dykes and pods of quartz diorite and
tonalite (Figure 3.4a). The relationship between these small bodies and other rocks of the batholith
is uncertain. The samples collected during this study were found to cross cut some of the more
felsic granitoids of the SCZ. For now they are considered separately from the larger bodies of
quartz diorite spatially associated with the KMGS
3.5.1.2 North-East Zone (NEZ) of the Wathaman Batholith

This is a northeasterly trending, wedged-shaped zone that widens considerably toward the
northeast (Figure 3.3). The northeast-trending dividing line between the SCZ and NEZ is roughly
inline with the northeasterly-trending contact between the PLD and the Wathaman Batholith to the
southwest, i.e., the PLSZ. This observation may indicate a genetic link between the SCZ-NEZ
transition and the older basement rocks of this domain. Within this zone two series have been
identified, with highly contrasting compositions, and geochemical characteristics. The majority of
this zone is underlain by biotite-bearing K-feldspar megacrystic to coarse-grained monzogranites,
with lesser granodiorites and quartz monzodiorites (Figure 3.4b). This series is similar to the
KMGS of the SCZ, however, the abundance of quartz monzodiorite and granodiorite is greatly
decreased, as is the homblende content of the granitoids. This series is referred to as the K-feldspar
megacrystic monzogranite series (KMMS).

Associated with the granitoids of the NEZ-KMMS are numerous fine- to medium-grained

synplutonic diorite dykes (Figure 3.4b). These dykes also appear to be related to the production of
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the locally abundant, microdiorite enclaves found scattered throughout the batholith. These mafic
microdiorite enclaves are also found throughout the SCZ of the batholith. The NEZ also contains a
very distinctive series of hornblende-rich monzodiorites, K-feldspar megacrystic to coarse-grained
quartz monzodiorites and K-feldspar megacrystic monzonites (Figure 3.3). This series of rocks
will be referred to as the monzonitic series (MS) (Figure 3.4b). The low modal quartz, and
distinctively high modal K-feldspar component to these rocks is also more typical of a monzonitic
differentiation trend, or monzonitic series (Pitcher, 1997; see inset on figure 3.4) distinct from the
more typical calc-alkaline series trends defined by the other series of the batholith.
3.5.1.3 U-Pb Geochronology of the Wathaman Batholith

A medium-grained, equigranular bio-bearing granodiorite (98-D301) has been dated at ca.
1850 +6/-2 Ma. This sample possesses a weak to moderately developed foliation but retains
igneous minerals and textures. The sample was collected from a northeast trending bio-bearing
granodiorite-monzogranite lens located in the southern portion of the batholith and is part of the
SCZ-MS. Also collected from the southem portion of the batholith, was a completely
recrystallized fine-grained bio-bearing granodiorite (98-D246b) possessing a penetrative foliation,
this sample yielded an age of 1856 1 5 Ma. A bio-bearing, coarse-grained to K-feldspar
megacrystic monzogranite of the NEZ-KMMS was collected at the extreme northwest margin of
the batholith, less than two kilometres from foliated granitoids of the PLD. This sample yielded a
preliminary U-Pb age of 1862 +13/-2 Ma. These three ages are all in good agreement with
previously published U-Pb zircon ages for the batholith (Ray and Wanless, 1980; Bickford et al.,
1986) that currently constrain magmatism within the Wathaman Batholith between ca. 1865 and
1852 Ma. Currently, two other samples from the Wathaman Batholith are being processed for U-

Pb zircon analysis and include a hbl-bio-bearing K-feldspar megacrystic granodiorite (98-T223) of
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the SCZ -KMGS, and a hbl-cpx-bio-bearing K-feldspar megacrystic monzonite of the NEZ-MS.
The latter pluton is found on Patterson Island (Figure 3.3) and is an ovoid intrusion apparently
lacking any foliation, suggesting that it may be one of the youngest phases of the Wathaman
Batholith.

3.5.1.4 Minor Intrusive phases

Although the batholith is dominated by K-feldspar megacrystic to coarse grained
granodiorite and monzogranite plutons, minor amounts of gabbro, tonalite and aplite are also
present, and are locally important phases of the batholith (Fumerton et al., 1984). These rocks
have not been sampled for detailed petrographic or geochemical analysis. Their characteristics and
field relationships to the main phases of the batholith are discussed below.

The aplitic rocks are one of the latest intrusive phases of the batholith and crosscut all other
rock types and the main foliation in the batholith. They are themselves seldom foliated. These
rocks are most abundant at the northern and southern margins of the batholith, as previously noted
by Fumerton et al. (1984). In the NEZ, medium-grained pink aplite to aplite-pegmatite generally
containing less than 5 % biotite is locally abundant. The aplite characteristically contains abundant
magnetite, titanite, epidote and allanite. The aplite is most abundant northeast of Cummines Island
and forms a locally important component of the outcrops in that area.

A moderately sized equigranular homblende-biotite tonalite-granodiorite pluton was mapped
in the NEZ, and is well exposed on the northeastern side of Cummines Island where it forms a
large ovoid north-trending pluton. Tonalite can be found at several outcrops in the general area of
Cummines Island. A notable feature of this rock type is the ubiquitous amount of titanite and
epidote, clearly visible in hand specimen. The tonalite is younger than both the KMMS and the MS

of the NEZ and contains xenoliths and large rafts of both. The tonalite does, however, seem to be
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more closely related to the MS rocks, and the two are commonly found together. The tonalite
almost always contains distinctive xenocrysts of homblende when in contact with the
monzodioritic rocks, and they are likely derived from it.

3.5.1.5 Xenoliths

Xenoliths are exclusively restricted to the northem and southern margins of the batholith
respectively, and are not generally found within the batholith at greater distances than ~10 km from
its margins. In the SCZ, xenoliths are varied and both igneous and sedimentary xenoliths can be
found. The southeastern portion of the batholith contains a rather large (continuous over 10 km)
screen of metasedimentary matefial that contains large sillimanite blades, as well as numerous calc-
silicate pods. This xenolith is similar compositionally to arkosic rocks of the PLA, which have
been mapped up to the margin of the batholith less than five kilometres south of the xenolith.

Numerous xenoliths of gabbro and diorite are also found near the southern margin of the
batholith. Some xenoliths are compositionally banded and gneissic, similar to orthogneisses of the
CIC. The origin of these dioritic and gabbroic xenoliths is unclear, they may represent early mafic
phases of the batholith incorporated and entrained by later pulses, or entirely unrelated exotic
material, possibly related to similar mafic rocks found in the LRD. Resolving relationships
between xenoliths and the host rocks of the batholith is also complicated by the locally intense
deformation at its southern margin related to movement along the RLSZ.

Along the northern margin of the batholith large gabbroic and dioritic xenoliths and pods are
quite common (Figure 3.3) as well as less frequent gneissic granitoid inclusions. The gabbro and
diorite pods and xenoliths are for the most part indistinguishable from gabbroic material found
within the adjacent PLD and may be derived from the Swan River Complex. The migmatitic and

gneissic granitoid xenoliths in the northern zone are also most likely derived from the PLD.
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3.5.1.6 Structure and Deformation

The Wathaman Batholith contains at least two tectonic fabrics: (1) an earlier fabric marked
by a strong- to moderately-developed mineral foliation observed in the Wathaman Batholith and is
part of the regional fabric; and (2) a younger mylonitic foliation, locally well developed, associated
with strike-slip shearing along the PL and RLSZ (Corrigan et al., 1999). The first fabric consists
of a weak to moderately developed biotite and horblende foliation and a down-dip mineral and
extension lineation defined by elongate strain shadows surrounding K-feldspar megacrysts. The
primary magmatic foliation is parallel to this tectonic foliation, indicating that emplacement of the
batholith was coincident with regional deformation (Lewry et al., 1981). Since this mineral
foliation mostly overprints the magmatic foliation, this suggests that deformation and cooling also
continued after the emplacement of the batholith (Corrigan et al., 1999).

The latest deformation event included strike-slip shearing along the PLSZ (Lafrance and
Varga, 1996). It is interpreted as a northeasterly splay of the Needle Falls Shear Zone, a major
transcurrent structure that separates the Wollaston Domain of the Hearne Province from the
Wathaman Batholith (Lewry and Sibbald, 1980; Stauffer and Lewry, 1993; Lafrance and Varga,
1996). To the southwest of Reindeer Lake, the Parker Lake Shear Zone separates the PLD from
the Wathaman Batholith. Investigations on Reindeer Lake by Lafrance and Varga (1996) along the
Parker Lake Shear Zone concluded that it was dominated by dextral strike-slip movement, but with
evidence for sinistral movement as well. They also concluded that on Reindeer Lake the shear
zone does not separate the PLD from the Wathaman Batholith but instead cuts into the batholith.
Investigations during this study, which extended beyond the area investigated by Lafrance and
Varga (1996), found no evidence that the shear zone extends much further into the batholith.

3.5.2 The La Ronge Domain Plutons
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The LRD plutons underlie the area between the DLSZ in the south, and the RLSZ to the
north (Figure 3.5). The major plutons of this domain have been divided into three broad
compositional groups based on field identification. These include: (1) medium- to coarse-grained
hbl-bio-bearing dioritic, quartz dioritic and tonalitic plutons; (2) medium- to coarse-grained bio-

. hbl-bearing tonalitic and granodioritic plutons; and (3) medium- to coarse-grained magnetite-
bearing leuco-tonalites and big-musc-bearing granodiorites and monzogranites (Figure 3.5). The
latter group of intrusions, certainly the magnetite-bearing leuco-tonalites, are probably of similar
age to the 1773 £ 3 Ma Reynolds Island pluton (Corrigan et al., 1988b). It is unclear, however, if
the bio-musc-bearing plutons found throughout the southern and central portions of the domain are
related to the younger leuco-tonalites or the older quartz diorites, tonalites and granodiorites. Some
of the older plutons display close spatial relationships to some of these more felsic bodies,
including the southwestern lobe of the McMillian Lake pluton, and the core of an ovoid quartz
dioritic pluton approximately five kilometres north of the Milton Island pluton (Figure 3.5). All
the samples collected during this study are from the larger quartz dioritic, tonalitic and
granodioritic plutons; these more felsic bodies were not sampled.

3.5.2.1 U-Pb Geochronology of La Ronge Domain Plutons

To date, only the Butler Island pluton (97-A001) has been dated in the LRD from Reindeer
Lake. The pluton is composed of hbl-bio-bearing dioritic, quartz dioritic and tonalitic phases. The
pluton intrudes the CMB in the southernmost LRD and yielded an age of ca. 1858 +3/-2 Ma
(Corrigan et al., 1998b).

A U-Pb monazite age of 1773 £ 2 Ma has been obtained from a magnetite-bearing leuco-
tonalite from the southemn lobe of the Reynolds Island pluton (97-D223), and is interpreted as an

igneous crystallization age (Corrigan et al., 1998b). The pluton intrudes but is not deformed by the
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DLSZ, but has been affected by the D; deformation in the area. Only a small percentage of the
plutons exposed in the Reindeer Lake area posses similar compositions, and field relationships to
the Reynolds Island pluton. The overwhelming majority of plutons are similar in structural style
and composition to the Butler Island pluton. They are hornblende-bearing, possess penetrative to
moderately developed foliations and lineations (both focussed at pluton margins), and the pluton
shapes and outcrop patterns are controlled largely by the interference of the D, and D; folds.
Based on these broad compositional similarities, and similar structural features, the overwhelming
majority of the major plutons of the LRD investigated and sampled during this study are believed
to be of similar age to the Butler Island pluton.

Two of the larger plutons from the LRD are currently being processed for U-Pb zircon
analysis. A bio-hbl-bearing tonalite from the McMillian Lake pluton (98-D093) located in the
central portion of the domain, and a well foliated bio-hbl-bearing granodiorite from a foliated
diorite-granodiorite pluton (98-D108b) located in the northeastern portion of the domain.
3.5.2.2 Quartz diorites, tonalites and granodiorites

The largest plutons found in the LRD are comprised of bio-hbl-bearing tonalites and
granodiorites, typically containing between 5 and 20 % combined biotite and homblende (Plate
3.4a,b). These large bodies are found mainly on the eastern shoreline and islands of Reindeer
Lake, with smaller plutons found in the central portion of the domain (Figure 3.5). These large
bodies include the McMillian Lake Pluton, the Jack Pine Bay pluton and an unnamed foliated
diorite-granodiorite pluton. On a QAP mesonorm diagram the samples collected from these
plutons range from tonalite to granodiorite in composition (Figure 3.6). These plutons are
remarkably homogeneous in composition. The foliated diorite-granodiorite pluton does, however,

have abundant dioritic phases associated with it, unlike the more homogeneous tonalitic-
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granodioritic composition of the McMillian Lake pluton. The accessory minerals, magnetite,
apatite, titanite, epidote, allanite and zircon are commonly found in these plutons.

Several moderately sized bodies of hbl-bio-bearing diorite, quartz diorite and tonalite are
found. These plutons include the Butler Island pluton and Milton Island plutons in the southern
portion of the domain and the Cowie Bay pluton at the extreme northwestern portion of the domain
(Figure 3.5). Several smaller bodies are also found scattered throughout the central portion of the
domain. These plutons generally contain between 10 and 25 % combined hornblende and biotite
and range from hbl > bio (Plate 3.4a) to bio-hbl-bearing plutons (Plate 3.4b). On QAP mesonorm
diagrams the samples collected from these plutons plot almost exclusively in the tonalite field,
however, many cluster about the quartz diorite-tonalite join (Figure 3.6). The accessory minerals
magnetite, apatite, titanite, epidote, allanite and zircon are common as in the larger tonalite-
granodiorite plutons.

All the LRD plutons exposed on Reindeer Lake have a moderate to strongly developed
mineral foliation defined by the planar alignment of hornbleade and/or biotite. This foliation is
also developed in host rocks, and formed as a result of the regionally pervasive D; deformational
event, coincident with south verging reclined to recumbent fold development and the initiation of
south-directed ductile thrust zones.

3.6 DETAILS OF THE PETROGRAPHY AND OCCURRENCE OF THE WATHAMAN
BATHOLITH SERIES
3.6.1 The SCZ-KMGS

3.6.1.1 Quanz diorites and quartz monzodiorites

Quartz diorites (Plate 3.5a) and quartz monzodiorites (Plate 3.5b), without K-feldspar

megacrysts are the most mafic compositions identified within the SCZ-KMGS. Based on field
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relationships and the smooth variation of modal compositions between these various rock types,
they are interpreted to be genetically related to the more voluminous K-feldspar megacrystic quartz
monzodiorites (Plate 3.5¢) and granodiorites (Plate 3.5d,e and f) and lesser amounts of
monzogranite (Plate 3.5g). This is supported by geochemical and isotopic data (Chapter 4).

These quartz diorites and quartz monzodiorites (with or without K-feldspar megacrysts
and/or xenocrysts) are coarse grained and dominantly composed of plagioclase (50-60 %),
hornblende and biotite (20-40 %), with lesser quartz (5-15 %), and K-feldspar (5-15 %).
Commonly, some of the more mafic rocks contain between 30 to 40 % combined hornblende and
biotite. Homblende is usually the dominant mafic mineral in quartz diorites and quartz
monzodiorites. Homblende forms subhedral grains commonly several millimetres in length,
sometimes containing numerous blebby inclusions of apatite and quartz, as well as biotite. Biotite
commonly forms irregular clots composed of several subhedral grains of variable size, ragged
edges are associated with epidote and titanite. Plagioclase usually forms tabular, subhedral to
euhedral grains between 2 and 5 mm, although larger grains, and plagioclase megacrysts have been
found. Plagioclase crystals are for the most part not visibly zoned. Quartz is always interstitial and
anhedral, as is K-feldspar, within the quartz diorites. Within the quartz monzodiorites, however, as
indicated above, K-feldspar megacrysts may be present, even in some of the most mafic
compositions. Where observed the megacrysts are commonly twinned, and may display faint
growth zoning.

The accessory minerals apatite, epidote, titanite, zircon, allanite, minor magnetite and late
interstitial calcite have been identified. Titanite, epidote and apatite are particularly abundant in
these rocks. Titanite commonly forms small subhedral grains associated with hornblende and

biotite, but also forms independent subhedral grains that can reach large sizes of 1 to 2 mm.
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Epidote forms both euhedral and subhedral grains as well as anhedral, and interstitial grains
associated with the minor amounts of calcite.

Field relationships between the quartz diorites and quartz monzodiorites suggest they were
intruded contemporaneously with K-feldspar megacrystic granodiorites and monzogranites. This is
supported by the absence of any sharp contacts between these rock types, mingling relationships
observed between mafic and felsic magmas and the close spatial association between the rock
types. Contacts between quartz dioritic-quartz monzodioritic and K-feldspar megacrystic
granitoids are largely gradational, and inter-layering of megacrystic granodiorites and
monzogranites with the quartz diorites and monzodiorites (with or without megacrysts) is quite
common. In some cases quartz diorites and quartz monzodiorites have been observed to grade
progressively (sometimes unnoticeably) into hbl-bio-bearing K-feldspar megacrystic granodiorites.
The quartz diorites and quartz monzodiorites are often spectacularly layered (Plate 3.6a), and may
contain numerous fine-grained microdiorite enclaves. The enclaves where observed are of highly
variable sizes, from metre-sized blobs to small < 10 cm sized fragments. In several cases enclave-
rich layers have been traced back to larger bodies/pods and dykes of fine grained diorite near the
bases of some of the larger, well exposed sections. Immediately before these dioritic units are
found, the abundance of microdiorite enclaves increases, suggesting that the dioritic bodies are the
source for the enclaves. It is also common for scattered K-feldspar megacrysts or xenocrysts to be
found within these larger bodies of quartz diorite and quartz monzodiorite (Plate 3.6a and b),
within the microdiorite enclaves themselves (Plate 3.6¢c), and across boundaries between the
enclaves and host. This relationship suggests that the microdiorite enclaves were introduced as
dioritic magma injections (see Vernon, 1983). The disruption of these mafic magmas formed the

enclaves and the mingling of the magma with a partially crystallized host facilitated the
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incorporation of xenocrysts (K-feldspar megacrysts) into the mafic enclaves. The K-feldspar
megacrysts in homblende-rich rock types were previously interpreted as porphyroblasts, and these
rock types were thus interpreted as metasomatized xenoliths of uncertain origin (Fumerton et al.,
1984).

The fact that quartz dioritic and quartz monzodioritic bodies are gradational with K-feldspar
megacrystic granodiorites, that granodiorites in some cases clearly overlie some of these larger
mafic bodies (Plate 3.6d) suggests a co-magmatic relationship. Some larger mafic bodies and more
extensive outcrops of quartz dioritic and quartz monzodioritic bodies, as well as hbl-bearing
granodiorites are found on South Porcupine Point, Bradley and Beaver Islands, and along the
southern haif of Hourston Island (Figure 3.3). Smaller mafic bodies are commonly found at many
outcrops dominated by megacrystic granodiorite, as are the microdiorite enclaves. It is difficult to
place an exact estimate on the actual abundance of these rock types, although it is clear that they
are subordinate to the larger volumes of granodiorite. Earlier estimates of the abundance of mafic
rock types, not only within the the SCZ but within the entire batholith, have clearly been low.

A somewhat later set of quartz dioritic and tonalitic pods and dykes with no obvious
association to the K-feldspar megacrystic granitoids were also sampled from the SCZ. They are a
volumetrically minor component of this zone and differ from the larger quartz diorite bodies of the
SCZ in their medium-grained size, and absence of any association with K-feldspar megacrystic
rocks. They contain both hornblende and biotite as ferromagnesian phases and the accessory
minerals titanite, apatite, allanite and zircon. Geochemical similarities between these quartz
diorites and tonalites and many of the tonalite plutons of the LRD suggests they are related, and

their origin will be discussed in Chapter 4.

3.6.1.2 K-feldspar megacrystic granodiorites and monzogranites
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K-feldspar megacrystic hbl-bio- to bio-hbl-bearing granodiorite (Plate 3.5d,e and f) is the
most abundant rock type, not only within the SCZ-KMGS, but also within the entire Wathaman
Batholith. These granodiorites are gradational into the lesser amounts of more felsic big-hbl- to
bio-bearing granodiorites and monzogranites (Plate 3.5g and h) within the series.

These granitoids are light grey to pink in colour, and contain K-feldspar megacrysts, set in a
medium- to coarse-grained matrix of plagioclase, hornblende, biotite and quartz. The samples
collected during this study have modal compositions of 10-30 % K-feldspar, 35-50 % plagioclase,
20-30 % quartz and 5-20 % combined homblende and biotite. Although the amount of mafic
minerals is highly variable (5-20 %), they decrease steadily toward the more felsic compositions.
Within the more differentiated granodiorites and monzogranites biotite begins to replace
hornblende as the dominant mafic mineral.

The K-feldspar megacrysts, where little deformed are tabular, euhedral to subhedral, and
average in size from smaller, 1 cm x 2 c¢m grains to larger 2 cm x 6 cm grains. They are commonly
twinned and may display faint growth zoning. Some K-feldspar megacrysts can reach sizes up to
10 cm in the long dimension. Although most of the megacrysts are within the size ranges
mentioned above, the size distribution can vary widely, as does their abundance. This point is
particularly important to note while sampling for geochemistry. K-feldspar megacryst
accumulations have occurred in several areas throughout this zone. In some cases they can make
up > 50 % of the rock and have also been observed to concentrate in pods and layers parallel to the
main foliation. Within these layers and pods there may be > 90 % K-feldspar megacrysts. Clearly
these, and other samples where the modal content of K-feldspar appeared anomalously large were
avoided in order to not bias the geochemistry toward the composition of the megacrysts. Textures

developed in the feldspars include both perthitic intergrowths of albite in K-feldspar and

Chapter 3 - page 23



myrmekitic intergrowths of quartz and plagioclase around the edges of K-feldspar grains (Plate
3.8a).

Accessory minerals are ubiquitous within the K-feldspar megacrystic granodiorites, and
common in the monzogranites of the SCZ. Titanite, epidote, magnetite, apatite, allanite, zircon,
and minor carbonate have been identified. Titanite, epidote and magnetite are the most abundant
accessory minerals, and are clearly visible in hand specimen (Plate 3.7). Titanite, as found in the
quartz diorites and quartz monzodiorites displays two forms: subhedral to rare euhedral
(macroscopically) grains that can be larger than a few millimetres in size (Plate 3.8b); to small
blades and wedges associated with biotite. A similar relationship between titanite and homblende
is also observed in some samples. Epidote is a very common accessory mineral, particularly within
the granodiorites often forming subhedral to euhedral grains, and in some cases epidote-rich clots
associated with mafic minerals and other accessories (Plate 3.8¢c). Allanite is also a common
accessory mineral, and although almost always metamict, some grains have preserved zoning and
can reach large sizes of several millimetres. A unique feature of allanite is that it is almost always
rimmed or overgrown by epidote (Plate 3.8d) and in some instances preserves optical continuity in
twins (Plate 3.8¢). These relationships with allanite, and the presence of euhedral to subhedral
independent crystals of epidote, suggest that they may potentially be magmatic in origin. In
general the abundance of accessory minerals decreases within the more felsic compositions, and
the abundance of epidote apatite and titanite are noticeably decreased.

As with the more mafic quartz diorites and quartz monzodiorites, microdiorite enclaves are
found throughout the SCZ, and within both granodiorites and monzogranites. The presence- and
abundance of these enclaves is extremely variable and at the scale of mapping no systematic

distribution could be observed. They are not found at every outcrop, but when observed can make
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up a substantial portion of the rock. The presence of these microdiorite enclaves is interpreted to
represent the input of mafic magma into a partially crystallized magma chamber.
3.6.2 The SCZ monzogranite series

Several large- to moderately-sized bodies of medium- to coarse-grained equigranular bio-
bearing granodiorite and monzogranite occur within the SCZ (Figure 3.3). These granitoids are
almost exclusively bio-bearing, and only rarely are K-feldspar megacrysts found (Plate 3.9). The
granodiorites and monzogranites are dominantly composed of quartz (2540 %), K-feldspar (15-25

%), and plagioclase (3045 %), and contain ~5 % biotite. On a QAP mesonorm diagram these
granitoids are restricted to monzogranitic and felsic granodioritic compositions (Figure 3.4). The
accessory minerals titanite, allanite and zircon have been identified in the rocks but are quite low in
abundance. Apatite and magnetite were observed in only a few samples and epidote was not
observed.

These largely non-megacrystic felsic granitoids are similar in composition to the matrix
assemblage of some of the more felsic K-feldspar megacrystic monzogranites of the SCZ-KMGS.
Locally these granitoids are inter-layered with K-feldspar megacrystic granodiorites and
monzogranites on the metre to kilometre scale. These relationships are best preserved on Kellough
and Gibson Islands (Figure 3.3). Unfortunately later deformation in these areas has made original
contact relationships difficult to determine. However, where later deformation is less localized non-
megacrystic granitoids were observed cutting foliated K-feldspar megacrystic granodiorites,
indicating they may be slightly younger. The observed relationships do no preclude or necessitate
a genetic relationship between these more felsic non-megacrystic granitoids.

3.6.3 The NEZ K-feldspar megacrystic monzogranite series

3.6.3.1 K-feldspar megacrystic granodiorite and monzogranites
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K-feldspar megacrystic granitoids in the NEZ are dominated by bio-hbl- to bio-bearing K-
feldspar megacrystic monzogranites (Plate 3.10d, e, f and g). As in the SCZ, hbl-bio-bearing
quartz monzodiorites (Plate 3.10a), and granodiorites (Plate 3.10b) are found, but are clearly less
abundant (Figure 3.3; Figure 3.4b). The granodiorites and monzogranites of this zone are
dominantly composed of quartz (20-35 %), K-feldspar (20-35 %), plagioclase (3045 %), and 5-10
% combined biotite and hornblende. In thin section and hand specimen the major minerals display
textures indistinguishable from those observed in the SCZ-KMGS. Perhaps the only noticeable
difference between the two (besides the variation in modal abundances) is that the K-feldspar
megacrysts are on average smaller, generally not larger than two centimetres in the NEZ, although
some quite large megacrysts are found (Plate 3.11a). Coarse-grained monzogranites are common
and interpreted to be related to the megacrystic granitoids.

A major difference between the two series is found in the accessory minerals. Similar to the
megacrystic granitoids of the SCZ, the accessory minerals magnetite, titanite, apatite, allanite and
zircon are found. Differences in abundance include low contents of apatite and allanite. Epidote is
absent and allanite grains are much smaller. Major differences are also observed in the titanites. It
is the most abundant accessory mineral, and is commonly zoned and contains highly birefringent
cores, dark in plane polarized light. These dark cores are often rimmed by one or more clear
titanite overgrowths. The Fe-Ti-oxides are also very abundant. The oxides are always rimmed by
highly birefringent titanite. This magnetite-titanite association is characteristic of all the NEZ K-
feldspar megacrystic monzogranite series and was not observed in the SCZ-KMGS. The observed
differences in the abundance and texture of the accessory minerals are not due to differences in
bulk compositions, since they were also observed in the few samples of quartz monzodiorite and

granodiorite sampled in this zone. This suggests a dramatic change in magmatic processes and or
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sources for the NEZ granitoids versus the SCZ.
3.6.3.2 Syn-plutonic diorite dykes and microdiorite enclaves

The NEZ K-feldspar megacrystic granodiorites and monzogranites are also closely
associated with locally abundant syn-plutonic diorite dykes. The diorites are generally medium- to
coarse-grained, plagioclase-phyric and homblende-rich (plate 3.11b). The mafic mineral coatents
are often very high and some samples contain up to S0 % combined hornblende and biotite. The
hornblende within these diorites is generally subhedral to euhedral and some are zoned. Accessory
titanite occurs as small blades and wedges associated with biotite and hornblende. Minor allanite
and zircon can also be found in these dykes.

Associated with these diorites are numerous microdiorite enclaves, ranging in size from
centimetres to several metres. These enclaves are generally fine-grained, and may contain fine-
grained mafic rims and K-feldspar megacrysts (Plate 3.11c). Many outcrops where the dioritic
rocks are abundant preserve evidence of magma mingling relationships between the dioritic and K-
feldspar megacrystic granodioritic and monzogranitic rocks (Plate 3.11d). These relationships are
similar to those observed in the SCZ-KMGS. However, the syn-plutonic features are better
preserved in the NEZ and the sizes of the dioritic dykes were large with some greater than 10
metres in width. For this reason, samples were collected from these dykes for geochemical and Nd
isotopic analysis to better constrain their origin and relationship to the felsic plutonism. This does
not suggest that microdiorite enclaves are any more abundant in the NEZ than they are in the SCZ.
3.6.4 The NEZ Monzonitic series

Large areas of this zone are underlain by a very distinctive series of hbl-rich monzodiorites
(Plate 3.12a and b), hbl-bio-bearing K-feldspar megacrystic quartz monzodiorites (Plate 3.12c and

d). and hbl-cpx-bio-bearing K-feldspar megacrystic monzonites (Plate 3.12e). These monzonitic
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series rocks are found exclusively within the NEZ and were, along with the differences noted in the
more typical calc-alkaline K-feldspar megacrystic granitoids, important in defining the zone.

The monzodiorites contain 40-50 % plagioclase, 5-10 % K-feldspar, < 5§ % quartz, and 30-40
% combined hornblende and biotite (Plate 3.12a and b). The K-feldspar megacrystic quartz
monzodiorites contain 50-60 % plagioclase, 10-20 % K-feldspar, 5-10 % quartz, and 10-20 %
combined hornblende and biotite (Plate 3.12c and d). The monzonites contain 30-45 %
plagioclase, 20-35 % K-feldspar, <5 % quartz, and between 15 and 40 % homblende<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>