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ABSTRACT

The Eye-Dashva Lakes pluton is a zoned pluton with a monzodioritic to
granodioritic rim and a granitic core. During late crystallization stages,
the pluton was extensively fractured and altered, developing brittle faults
and greenschist facies minerals dominated by epidote. Subsequent reactiva-
tion of these faults involved permeation of groundwater and formation of
low-temperature minerals.

1. INTRODUCTION

The Eye-Dashwa Lakes pluton is located about 30 km northwest of the town of
Atikokan, northwest Ontario. The Atikokan region is located in the western
part of the Superior Structural Province of the Canadian Shield. This part
of the Shield is subdivided into linear subprovinces (Stockwell, 1964) and
subsequently modified by others (Douglas, 1973; Card and Ciesielski, 1986).
The subprovinces include Uchi, English River, Wabigoon and Quetico (Fig-
ure 1), and they are delineated on the basis of variations in lithology,
structural style and isotopic ages. The Uchi and Wabigoon Subprovinces are
generally referred to as Archean granite-greenstone terrain (Blackburn et
al., 1985). They differ from the Ouetico and English River Subprovinces in
having metavolcanics rather than metasedimentary rocks as the dominant
supracrustal component.

The geology around the Eye-Dashwa Lakes pluton, based on the map of Stone
aud Kamineni (1989), is shown in Figure 2. The map covers an area of about
1100 km2, including parts of the Wabigoon and Quetico Subprovinces.

The Eye-Dashwa Lakes pluton, located centrally in the area, is surrounded
by a variety of tonalitic gneisses followed by lavas and associated meta-
volcanic extrusive rocks. Clastic metasedimentary rocks of the Quetico
Subprovince are predominant at the southern end of the map area. The White
Otter batholith, similar in composition but much larger than the Eye-Dashwa
pluton, occurs in the northern part of the map area.

The crustal segment around Eye-Dashwa Lakes pluton contains fairly lengthy
records of Archean crustal evolution beginning with emplacement of the
Marmion tonalite about 2.995 Ga, followed by sedimentation, volcanism and
deformation culminating in the la*"e synkinematic granitic intrusion at
2.67 Ga (Davis and Jackson, 1988; Davis et al., 1988). Extensive plastic
deformation occurred during the early period of crustal genesis, as indi-
cated by folds and compressed belts of gneisses and supracrustal rocks
between adjacent felsic intrusive rocks. The Archean crust, currently
exposed, was stabilized after emplacement of the late granites, and plastic
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deformation gave way to brittle fracturing. It was pervasively fractured
in the early Proterozoic.
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FIGURE 1: Subprovinces of the Superior Structural Provinces of the
Canadian Shield and the Location of Eye-Dashwa Lakes Pluton
(EDP)

2. THE EYE-DASHWA LAKES PLUTON

The Eye-Dashwa Lakes pluton is approximately elliptical in plan view and is
composed of three dominant phases (Figure 2). A inonzodiorite phase occurs
as a rim around the southern end of the pluton in the Eye Lake area, and as
a small satellite intrusive centre in the Volcano Bay area. The Volcano
Bay centre is generally regarded as part of the pluton because it is
separated from the main body of granite by only a thin strip of inward
gneisses (see Figure 2).

The main body, i.e., the core of the pluton, is composed of granite but
contains several conformable xenoliths of tonalitic country rock and one
large oval mass of tonalité at the north end. The large oval enclave of
gneisses dips inward from all sides, suggesting that it is a basin-shaped
body underlain by granite. There are no indications of rotation of
gneissic inclusions, and hence the enclave may represent the original hood
of the gneissic rocks into which the pluton was emplaced. Thus it may be
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FIGURE 2: Regional Geology Around Eye-Dashwa Lakes Pluton
(after Stone et al. (1985))
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concluded that the present erosional surface may have been close to the
original top of the pluton, which was irregular and contained "trough-like"
and "basin-like" depressions preserved today as gneissic enclaves (Stone
et al., in press).

The Eye-Dasiwa Lakes pluton has a planar fabric of feldspar megacrysts
concordant with the pluton contact and gneissic banding in the country
rocks. These elements, both inside and outside the pluton, have steep
dips.

2.1 PETROGRAPHY

Texturally, the Eye-Dashwa Lakes pluton is sub-porphyritic to porphyritic
with coarse phenocrysts of potassium feldspar (microline), plagioclase
(oligoclase-albite) and quartz, set in a medium- to fine-grained matrix.
Mafic and accessory minerals comprising hornblende, biotite, sphene, magne-
tite, ilmenite, apatite, fluorite, monazite and zircon occur within the
matrix. The accessory minerals are also noted as inclusions in biotite and
hornblende.

The microcline crystals display well-developed, cross-hatched twinning and
are characterized by perthitic texture. The plagioclase grains, especially
the smaller ones, show optical zonation with central portions of the
crystals being preferentially altered to epidote, sericite and kaolinite.
In general, the plagioclase twin lamellae are strain-free, except near
fracture zones, where they generally show offsets. Quartz occurs as anhe-
dral grains and, less commonly, as subhedral phenocrysts. The grains gen-
erally display undulose extinctions and locally contain microfractures
filled with iron oxides. The microfractures are commonly associated with
chloritized biotite and hornblende grains in the rock matrix.

Hornblende occurs as subhedral grains locally rimmed by sphene and epidote.
Biotite is present in well-developed prisms and contains fluorite, zircon
and apatite inclusions. Some flakes show partial alteration to chlorite.
Sphene occurs as lozenge-shaped and irregular crystals associated with
mafic minerals in the rock matrix. Magnetite and ilmenite occur both as
inclusions in mafic minerals and as discrete grains within the rock matrix.

2.2 MODAL AND TEXTURAL VARIATION

Modal analyses of a number of samples collected throughout the pluton were
plotted (Figure 3) on the quartz, potassium feldspar, plagioclase triangu-
lar diagram (Streckeisen, 1975). It is evident from Figure 3 that the core
of the pluton is dominantly granite, whereas the rim is granodioritic to
monzodioritic in composition. The variation in composition is accompanied
by a change in mafic mineralogy of the rock: hornblende is concentrated at
the rim of the pluton, whereas biotite is concentrated towards the centre
of the pluton. The segregation of various phases of the pluton into vari-
ous fields in Figure 3 can be attributed to magmatic differentiation from
the early, plagioclase-rich monzodiorite to quartz monzodiorite rim through
granodiorite to potash-feldspar-rich granite within the youngest phases at
the core. This differentiation trend is similar to that observed in many
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granite bodies, such as the southern Sierra Nevada batholith (Moore, 1963).
Figure 3 shows a line defining the apparent differentiation trend of
intrusive rocks from the southern Sierra Nevada batholith (Moore, 1963). A
fractionation pattern similar to that found in the Sierra Nevada batholith
can be traced in the Eye-Dashwa Lakes pluton. As the pluton becomes more
differentiated from rim to core, its composition moves from plagioclase-
rich quartz monzodiorite to potash-feldspar-rich granite.
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FIGURE 3: Quartz-Alkali Feldspar-Plagioclase Triangular Diagram Showing
Positions of Samples from the Eye-Dashwa Lakes Pluton, Based on
Streikeisen's (1976) Plutonic Rock Classification. Triangles
denote samples from outermost rim, circles from the rim,
squares are from the core, and diamonds are aplite dykes. The
line represents the differentiation trend of the Sierra Nevada
batholith (after Moore (1963)).

2.3 CHEMTCAL COMPOSITION AND VARIATIONS

Twenty-seven relatively unaltered samples, representing various phases of
the pluton, were analyzed for chemical elements. The distinct petrological
characteristics of different zones in the pluton are reflected in chemical
composition. Compared to the rim of the pluton, the centre contains
greater amounts of silica and potassium and smaller amounts of magnesium,
iron and calcium. This can probably be attributed to crystal fractiona-
tion, as indicated on a triangular variation diagram (Figure 4).
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FIGURE 4: MgO, FeO + Fe2O3 and Na2O + K20 Variation Diagram. Symbols
denote sample locations: triangles - outermost rim, circle -
rim, and squares - core.

Chemical characteristics of granitic bodies have conventionally been
regarded as representing the composition of the liquid from which they
crystallized. Consequently, compositional zoning of the type noted in the
Eye-Dashwa pluton is generally attributed to marginal assimilation of
country rock. However, in recent years, many studies have suggested that
the geochemical trends in magmatic granites are the result of crystal frac-
tionation processes that operate in situ. These processes are usually
related either to progressive inward nucleations of crystals (Bateman and
Chappel, 1979) or to subtle gravity- or convection-induced stratification
(Taylor, 1975; Tindle and Pearce, 1981).

2.4 ALTERATION AND ALTERATION EVENTS

The Eye-Dashwa Lakes pluton shows extensive alteration concentrated mainly
in the vicinity of fracture zones. Kamineni and Dugal (1982) investigated
core samples from 5 boreholes (ATK-1, 2, 3, A and 5), ranging in depths
from 200 to 1100 m, and documented a close association between intensity of
fracturing and degree of alteration. In the altered zones, which are gen-
erally associated with epidote-filled fractures, the wall rock attains pink
coloration and displays various shades, with the intensity decreasing away
from the fracture zone. The primary minerals, i.e., plagioclase, horn-
blende and biotite, show extensive alteration developing secondary miner-
als, epidote, chlorite, sericite and carbonate. Epidote is the most abun-
dant among all the secondary minerals. The secondary minerals extend into
fractures as fillings.
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Taking fracture fillings and their chronology deduced from crosscutting
relations, Stone and Kamineni (1982) established distinct groups of
fractures:

1) early granitic dykes,
2) epidote,
3) chlorite, and
4) low-temperature minerals.

The nature of the fillings indicates that fracturing and the associated
alteration must have initiated during the late crystallization stage of the
pluton and extended to low temperatures as the pluton cooled (Kamineni and
Stone, 1983).

The oldest fractures are generally filled with residual magmatic material,
such as aplite and pegmatite. An aureole of alteration varying in width
from few centimetres to a few metres is present around these dykes. The
width of alteration is related to the thickness of the dyke. The altera-
tion aureole is a manifestation of fluid incursion associated with dyke
injection, and is imprinted by the development of sericite, chlorite and
epidote on primary minerals in wall rock.

The epidote group is associated with brittle fracture and fault zones and
they probably represent sutures along which the crustal blocks have adjust-
ed since "Kenoran Orogeny." The epidote-filled fractures represent a major
network in the Eye-Dashwa pluton and they carry signatures of "physiochemi-
cal reactivation," especially in the top 400 m.

In contrast to fractures filled with granitic material, the epidote-filled
fractures are chemically distinct from the host granite and, hence, may be
susceptible to structural (or physical) reactivation during subsequent
changes in stress. This type of reactivation invariably initiates permea-
tion of groundwater, leading to epidote-water interaction (Kamineni et al.,
1983), which can be considered a "chemical reactivation." Thus, it appears
that both "physical and chemical reactivations" go hand in hand. As a
consequence, numerous secondary minerals, including chlorite (low-tempera-
ture type), kaolinite, goethite and carbonate, developed in reactivated
fractures. Gypsum is restricted to epidote-filled fractures, generally
occurring below 500 m. Although Kamineni and Stone (1983) deduced the age
of this alteration to be extending between late Precambrian to recent, the
accurate dating of this alteration event is the most difficult as well as
challenging task. Development of geochronological techniques to address
this problem is of paramount importance.
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