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Part 1.

Field Guide to the Kapuskasing Uplift,
Chapleau-Foleyet Transect:
a window on the deep crust

John Percival

Geological Survey of Canada
601 Booth St., Ottawa, ON KI1A OES

Introduction

The Kapuskasing uplift, a major geophysical and geological anomaly of the central Canadian
Shield (Fig. 1), was chosen as one of the first LITHOPROBE transects when it was recognized to
be one of a few exposed cross-sections of the continental crust (c¢f. Fountain and Salisbury,
1981; Percival et al., 1992) and thus presented an opportunity to explore the composition,
structure and evolution of the continent at depth. LITHOPROBE studies (1984-1994) included
geophysical (seismic reflection and refraction, electromagnetic, gravity, paleomagnetic, heat
flow, modeling), geological (mapping, structural analysis, thermobarometry, petrology, fluid
inclusions), geochronological (U-Pb zircon, titanite, monazite, 4°Ar-39Ar, Rb-Sr) and
geochemical (major, minor, trace elements; Nd-Sm, Pb, O isotopes) work that culminated in a
Special Issue of the Canadian Journal of Earth Sciences (Percival, 1994; Percival and West,
1994). During this trip we will be visiting exposures relevant to several themes of current
interest:

(1) Nature of lower crustal reflectors

Considerable ambiguity exists in the interpretation of seismic reflection profiles owing to
uncertainty about the cause of deep reflectivity. Each profile requires interpretation in light of
all available constraints, but a limited number of possibilities have been suggested for the
subhorizontal, discontinuous reflectivity observed at the base of many continental sections.
They include ductile thrust faults analogous to shallow thin-skinned structures, extensional
detachments, mafic sills, igneous layering, intrusive complexes, and overpressured fluid zones.
During the trip we will examine the transition between relatively homogeneous granitic and
tonalitic rocks at mid-crustal levels, to a reflective package of layered mafic granulite and
tonalite in the deep crustal part of the section (Stops 1-1, 1-2, 1-5, 1-6, 1-9).

(2) Upper Crust — Lower Crust transition: steep to flat structures

An enigmatic feature of many regions is the predominance of steep structures in surface
exposures and underlying subhorizontally reflective crust. Possibilities for the transition
include listric structures, allochthonous superstructure, unseen sills or intrusions, and structural
overprinting. In the Chapleau area we will demonstrate that the onset of reflectivity coincides
with the development of subhorizontal, extensional high-strain zones that overprint an earlier
generation of steep structures (Stops 1-1, 1-2).
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Figure 1. Tectonic map of the Superior Province, central Canadian Shield,
showing distribution of cratonic fragments and greenstone belts.

(3) Vertical evolution of the crust

A key discovery related to (2) is that the deep crust remained hot, ductile and structurally
mobile long after the upper crust had frozen into its present configuration. In this region the
major orogenic event recorded at high structural levels (Abitibi, Wawa greenstone belts)
peaked at about 2690 Ma. In the Chapleau area the ductile extensional strain has been dated at
about 2650 Ma (Stops 1-1, 1-2) and in the deepest part of the section, the peak of granulite-
facies metamorphism occurred between about 2640 and 2620 Ma (Stops 1-7, 1-9), as much as
70 m.y. after stabilization of the upper crust. The cause of this phenomenon, which is also
apparent from xenolith studies in other cratons, remains poorly understood.

(4) Moho topography

One of the geophysical anomalies that characterizes the Kapuskasing structure is a ca. 8 km
bulge in the Moho, to 53 km from background levels of 40-45 km. The Moho topography
likely formed in response to regional shortening at ca. 1900 Ma, which brought the deep crustal
levels of the Kapuskasing uplift to the surface along a northwest-dipping thrust fault (Stop 1-8).
This brittle translation and uplift was balanced by ductile flow of material into a crustal root.
The root exhibits refraction velocities in the 7.5 km/s range, much higher than those of
surrounding lowermost crust (6.8-7.0 km/s). Coupled with the observation of a positive gravity
anomaly over the zone of thick crust, these constraints suggest that eclogite was produced
when the root formed (Fig. 2).
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Figure 2. Generalized west-east cross section illustrating the layered nature of southern
Superior Province crust, and the structure of the Kapuskasing uplift. I-Greenstones comprise
a layer up to 10 km thick of greenschist-facies, dominantly mafic rocks with upright
structures. Structurally below is: II- Tonalitic gneisses up to 10 km thick, metamorphosed to
amphibolite-facies and characterized by increasingly pervasive low-dipping extensional shear
zones at depth. This layer grades with increasing depth to: 11I- Layered gneiss (0.1 - 10 km
scale), metamorphosed to amphibolite and granulite facies, with low dips and high Vp (> 6.8
knvs).

Geological overview

The Superior Province (Fig. 1), Earth’s largest exposed Archean craton, records a dramatic
series of continent-building events about 2.7 billion years ago (2.7 Ga). It contains rocks
ranging in age from ~3.8 to 2.6 Ga that were stabilized by about 2.5 Ga. Proterozoic tectonism
at the margins and intrusion of mafic dyke swarms have only slightly modified its cratonic
nature. Debate continues as to the nature of tectonic processes during the Archean (cf.
Hamilton 1998; 2003; de Wit 1998), although accretion of diverse oceanic and
microcontinental terranes in a modern plate-tectonic framework appears to best suit
observations from most of the Superior Province (e.g. Card 1990; Williams et al. 1992; Calvert
et al., 1995; Stott, 1997; Percival et al. 2001; White et al., 2003). The rich mineral wealth of
the Superior Province has inspired intense geological investigation over the past twenty years,
including three Lithoprobe transects (Percival and West 1994, Ludden and Hynes 2000; White
et al. 2003), the western Superior NATMARP project (e.g. Percival et al. 2000), Operation
Treasure Hunt, major mapping projects in northern Quebec (e.g. Leclair ef al. 1998), studies of
the geodynamic setting of greenstone belts (e.g. Kerrich ef al. 1999), and many private
exploration initiatives aimed at base, precious metal and diamond targets (e.g. Discover
Abitibi).

Significant advances in understanding the geology of the southern Superior Province have
been facilitated through the integration of bedrock mapping with Lithoprobe seismic lines and












Field guide 7

Boland and Ellis (1989; 1991) concluded that the mantle velocity is 8.1 km/s at the Moho,
and that the crust is thicker by ~8 km beneath the southern Kapuskasing structure than
background levels of 40-45 km (Fig. 4), although resolution is less than optimal (White and
Boland, 1992). The structure is internally consistent between profiles and can be reconciled
with the Bouguer gravity field (Boland and Ellis, 1991). Wu and Mereu (1990; 1992) inferred a
simpler structure for the upper crust and projected the high velocity zone and region of thick
crust further northeast.
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Figure 4. Compilation of seismic refraction results, showing shotpoinis,
receiver lines, and contours of depth to the Moho (afler Boland and Eliis,
1989).

A variety of electromagnetic studies have been carried out in the Kapuskasing region. A
reconnaissance investigation showed that there is no significant regional-scale anomaly
associated with the Kapuskasing zone, although a modest increase occurs at mid-crustal
depths, as in many other parts of the Shield (Bailey et al., 1989; Kurtz et al., 1989; Jones et al.,
1994). Based on observations of graphite grain-boundary films in Kapuskasing rocks,
Mareschal et al. (1992) related the conductivity structure to the presence of graphite, the
conductive effects of which were presumably destroyed when the films cracked during
exhumation.

Lithoprobe acquired 358 line km of reflection data in 1987-88, largely in the southern part
of the Kapuskasing zone (Fig. 5). All of the data exhibit strong reflectivity in the upper crust.
At greater depth, the strength and continuity of reflectors generally fades. No events associated
with the Moho are recognized. A striking characteristic of the data is the variability of
reflectivity on N-S vs E-W profiles (e.g. continuous reflectivity on E-W line 2-3-4 vs short
discontinuous events on north-south line 1). The asymmetric pattern suggests that most
reflections arise from anticlinal tops of moderately corrugated surfaces striking roughly east-
west.
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Figure 5. Seismic reflection profiles of the southern Kapuskasing uplift: a) map showing location
of profiles; b) Line 4-3-2 (east-wesi); ¢) Line 2 high resolution; d) Line 1 (north-south), ¢) Line 6
(northwest-southeast).

A special effort was made to image the Ivanhoe lake fault zone, through high-resolution
profiling (Line 2HR)(Fig. 5c). The general pattern of shallowly dipping reflectivity seen on the
regional line steepens markedly (west apparent dip) near the fault zone, and a weak but
continuous event dipping about 45°W may correspond to the easternmost fault surface itself
(Geis et al., 1990). Alternatively, it is possible that the Ivanhoe Lake fault zone is itself a
steeply dipping feature that has no direct seismic expression, and the west-dipping reflections
represent folds of earlier surfaces in and against the fault zone.

Line 2HR contains a prominent, shallowly west-dipping laminar band of reflections at very
shallow depth. Traceable to within 1 km of the surface (Percival et al., 1989; 1991; Milkereit et
al., 1991), the reflectors have a true dip of 17°W (Kim et al., 1992) and project to surface
outcrops of interlayered tonalitic and mafic gneiss that have appropriate scale and velocity
contrast to produce the observed reflection response (White et al., 1992)(See Stop 1-9).
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Figure 5 (continued)

Geological and geophysical elements of the crustal structure are portrayed in an east-west
cross section in figure 2. Salient points include: 1) a ca. 8 km thick bulge in the Moho; 2)
anomalous (>7.0 km/s) refraction velocities within the crustal root; 3) disrupted lower crustal
reflectivity within the root; and 4) a positive Bouguer gravity anomaly associated with the
Kapuskasing uplift. The combined reflection and refraction data, along with surface
geobarometric constraints, support a deformation model involving 27 km of horizontal (NW-
SE) shortening, accommodated by brittle thrusting in the upper 20 km of the crust and by
ductile flow at depth into the crustal root. Root formation, inferred to have occurred at about
600°C (ca. 10*'Pa's “dry” granulite rheology), destroyed typical ambient reflectivity observed
on adjacent profiles and left a 70-km-wide, 15 km-thick zone with high Vp (7.0-7.8 km/s). The
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presence of this dense material in the root accounts for the absence of a long-wavelength
negative gravity anomaly which should normally accompany thick crust, and may contribute to
the 30-60 mGal positive anomaly which defines the Kapuskasing “high” over 500 km of strike
length, independent of the presence of high-grade rocks at the surface (¢f. Percival and
McGrath, 1986). Although imbrication of lower crust and lithospheric mantle could yield
velocities in this range, there is no evidence on reflection profiles of such geometry.
Alternatively, eclogite is stable at lower crustal conditions (600°C, 15-20 kb) and mixed mafic
and felsic lithologies in the eclogite facies would have appropriate bulk velocities. In general,
the conversion of garnet granulite to eclogite is kinetically prohibited in the absence of fluids
or strain. In the Kapuskasing root zone, the high-velocity material could be eclogitic
assemblages which formed through ductile strain during the crustal thickening event.
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Figure 6. Location of field trip stops in the southern Kapuskasing uplift
SLF: Saganash Lake fault; ILFZ: Ivanhoe Lake fault zone.

Field Trip Stops (Fig. 6):

The first two stops will be in a large “sea’ of tonalitic gneisses that crystallized and were
deformed at mid-crustal (15-20 km- 5-7 kbar) levels. Here we will examine the origin of
seismically reflective subhorizontal structures. The remaining stops along highway 101W
traverse the Kapuskasing uplift from west to east, providing views of successively deeper
structural levels (to 30-35 km- 10-11 kbar).
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Stop 1-3 illustrates the nature and age of sedimentary rocks buried to mid-crustal depths
and provokes questions as to their pathway from the surface. At stop 1-4 we will examine the
amphibolite facies to high-pressure granulite facies transition in mafic and tonalitic rocks,
taken to coincide with a mid-crustal (Conrad) refraction velocity discontinuity. Stop 1-5
demonstrates the nature of deep-crustal, ductile, high-strain zones. At stop 1-6, typical high-
pressure granulite-facies gneisses illustrate processes of melt extraction from mafic rocks, as
well as their complex structural history. Stop 1-7 is the outcrop made famous in Krogh’s 1993
study of the timing of deep-crustal metamorphism. At the Ivanhoe Lake fault zone (Stop 1-8)
we will see evidence for ca. 1.9 Ga brittle deformation related to about 17 km of thrust uplift of
the Kapuskasing zone rocks. We will then back-track on the Warren-Carty forest access road to
examine exposures at stop 1-9 coinciding with a zone of bright reflectivity traced to within 300
m of the surface. These outcrops were stripped and mapped carefully in the early 1990s as part
of a planned, but not implemented, continental drilling initiative. Finally, at stop 1-10 we will
visit the Shawmere anorthosite complex: a large, partly layered intrusion with preserved
primary features.

Stop 1-1:
Tonalite gneiss with post-2660 Ma extensional overprint
(321987; 5293386) (NADS3)

The vertical face of this roadcut presents one of the clearest examples of cross-cutting
relationships between early, upright foliations and spaced, gently dipping high-strain zones
(Fig. 7). The outcrop consists of foliated to gneissic tonalite, foliated xenoliths of amphibolite,
as well as cross-cutting tonalitic veins and granitic pegmatite dykes. All of these units are
deformed within high-strain zones at the top and bottom of the outcrop. Mafic xenoliths in the
central, steeply dipping part of the outcrop contain weak foliations and are generally irregular
in shape, whereas in the high-strain zones the xenoliths are flattened and elongated parallel to a
strong east-west trending lineation (visible at the lower southern end of the outcrop). The
tonalite gneiss has a crystallization age of 2675+2 Ma whereas the tonalite veinlets crystallized
at 2661x1 Ma (Moser et al. 1996). Thus the gently dipping shear zones in this outcrop formed
some time after 2661+1 Ma.

Mafic
xenoliths
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Figure 7. Skeich of road-cut at Stop 1-1 as viewed looking westwards. Sketches of different
zircon types at different locations are shown. Note that the early, steep foliation in the
tonalite gneiss, the xenoliths and the tonalitic leucosomes are deformed within the gently
dipping shear zones at the top and bottom of the outcrop (after Moser, 1994).
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Stop 1-2:
Tonalite gneiss with extensional lozenges
(313050; 5294592)

This outcrop area illustrates variable extents of extensional overprinting related to bulk rock
composition. The tonalite gneiss at the western end of the outcrop area has a strong
subhorizontal fabric and associated east-west lineation. The gneissosity here is folded by late,
open, north-trending folds (Moser, 1994).

To the east, large roadcuts through amphibolitic gneisses expose a complex network of
anastomosing high-strain zones. Between these extensional deformation zones is preserved an
earlier steeply-dipping fabric. The age of the anastomosing fabrics in the amphibolite is
constrained by the U-Pb zircon age (2660+2 Ma) of a west-dipping sill of tonalite gneiss
exposed in the southern roadcut. The cross-cutting sill carries the extension-related fabrics and
therefore provides a maximum age for the deformation.

Interpretation: :

These outcrops likely represent the transition zone between non-reflective shallow crustal
levels, characterized by homogeneous rock types and steeply dipping structures, and
subhorizontally reflective, deep crustal levels with pervasive flat structures. Seismic images of
this area (Lithoprobe line 6) exhibit subhorizontal reflectivity at shallow levels (Fig. 8). Key
information acquired from these rocks includes:

(1) the subhorizontal structures are an overprint, formed late (post-2660 Ma; Moser et al.,
1996) in the regional tectonic history, rather than being related to accretionary processes (i.e.
thrust faults); and

(2) the structures can be attributed to the effects of regional extension acting on the ductile
deep crust. This process may be related to tectonic escape (orogen-parallel flow) or crustal
collapse (cf. Sandiford, 1989).
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Figure 8. Interpretative section showing the correlation between the low-
dipping shear zones and seismic reflectivity observed on Line 6.
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Set odometer to zero at Hwy 129-101 junction

12.0 km
Stop 1-3:

Borden Lake conglomerate
(330337; 5304922)

The Borden Lake conglomerate is part of a belt of supracrustal rocks (pillow basalt, rhyolite,
sandstone, conglomerate) exposed in the 3 km-wide Borden Lake synform. At this location the
30 m-thick unit consists of cobbles of quartz porphyry, granodiorite, plagioclase-porphyritic
andesite and amphibolite. With the exception of the more competent granitoid cobbles the
clasts are elongated parallel to minor fold axes and flattened parallel to the gently north-
dipping foliation. Matrix garnet and hornblende indicate amphibolite-facies metamorphic
conditions.

U-Pb dates of individual cobbles provide a range of ages between 269042 and 2667+2 Ma
(Krogh, 1993). The youngest clast places a maximum age on deposition, making this
supracrustal unit the youngest known in the Superior Province, post-dating Timiskaming
sequences by about 10 m.y. Based on these data, the conglomerate must have been transported
to mid-crustal depths after stabilization of overlying greenstone-belt crust. The age of strain in
this area is constrained by zircon (2603+2 Ma) in pegmatite filling a strain shadow (Krogh,
1993).

Interpretations:

Percival and West (1994) hypothesized that the Borden Lake belt is akin to Timiskaming
sequences, and was deposited and buried within a transcurrent fault zone. Moser et al. (1996)
proposed that the Borden Lake belt rocks were underthrust during an episode of structural
underplating (2669-2660 Ma).

25.3 km

Stop 1-4:
Mafic gneiss with 2660 Ma metamorphic zircons
(340718; 5310290)

Major lithological units within the high-grade metamorphic Kapuskasing zone include mafic
gneiss and paragneiss, thought to represent a mafic volcanic — greywacke supracrustal package,
and intrusive tonalite, diorite and anorthosite. Regionally, mafic gneiss and paragneiss yiald Nd
model ages in the range 2.75-2.70 Ga (Shaw et al., 1994), similar to those of supracrustal rocks
of the Abitibi belt. Depositional and intrusive ages are poorly known for supracrustal and
intrusive units, although metamorphic zircons are abundant. Outcrops in this area provide
insight into processes at the amphibolite-granulite-facies boundary.

This outcrop illustrates relationships between mafic gneiss enclaves and tonalitic host rocks
observed throughout the Kapuskasing zone. Within enclaves, mafic gneiss consists of
hornblende — plagioclase + garnet + clinopyroxene yielding P-T estimates of ~7 kbar, 700°C.
Zircons within cores of enclaves, inferred to be of metamorphic origin, are 2660 Ma (Krogh,
1993), and thought to have formed as a byproduct of the reaction (Percival, 1983):

Hornblende + plagioclase = garnet + clinopyroxene + tonalitic melt
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The margins of the enclaves consist of hornblende-plagioclase assemblages, inferred to have
developed by ingress of water from crystallizing magmas:

Garnet + clinopyroxene + water = hornblende + plagioclase

Zircon from these reaction zones is high in uranium and yields ages of 2642 Ma, similar to
ages obtained from dykes (2640 Ma; Krogh, 1993).

Outcrops with similar relationships between metamorphic assemblages and plutonic phases
occur to the east, at deeper structural level. Krogh (1993) observed similar zircon morphologies
and relative ages, but with younger absolute ages (2640, 2630 Ma) (See Stop 1-7).

Interpretation:

Several changes occur within the transition zone from mid- to deep crustal levels:

(1) structural attitudes change from steep to flat through an extensional overprinting event;

(2) metamorphic grade changes from amphibolite to granulite facies, with complexity
introduced by production and migration of partial melts and water;

(3) the lithologic assemblage changes from tonalitic with mafic enclaves at mid-crustal
levels to the west, to a higher proportion and larger bodies of mafic material, and a large
anorthosite complex, at deep crustal levels.

Each of these factors contributes to predicted higher seismic reflectivity at deeper levels, 1)
by providing favourable (subhorizontal) orientations of layering; 2) by increasing the density
contrast between mafic (garnet-clinopyroxene vs hornblende-plagioclase) and felsic rock types;
and 3) by introducing >100m-scale, semi-continuous compositional layers. There is probably
also a bulk density increase through this zone based on the lithological change, raising the
possibility of an exposed mid-crustal (Conrad) seismic velocity discontinuity (e.g. Percival,
1986).

36.1 km
Stop 1-5:

Tonalitic straight gneiss with ~1144 Ma diatreme breccia
(350486; 5313936)

This outcrop represents a high-strain zone derived from sparsely xenolithic garnet-hornblende-
biotite tonalite. Highly attenuated, moderately dipping dark layers, traceable for several metres,
may be stretched mafic xenoliths. Small rootless folds and a weak subhorizontal lineation are
evident locally. Garnet up to a few mm across appears to have overgrown the foliation in the
otherwise fine- to medium-grained gneiss. Kinematic indicators have not been observed here or
elsewhere along the high-strain zone.

The western end of the outcrop contains a 20-cm-wide diatreme breccia dyke with
lamprophyric matrix. Similar lamprophyres to the east have yielded Ar-Ar ages of 1144 Ma
(Hanes et al., 1994). Xenoliths include spinel lherzolite of presumed mantle origin and massive
granite thought to derive from the Swayze belt located at a depth of approximately 10 km
beneath the gently northwest-dipping Ivanhoe Lake fault zone.

Interpretation:

Leclair et al. (1993) suggested that major high-level structures such as the Kirkland Lake —
Larder Lake break penetrate to the mid — to lower crust and may be exposed in the
Kapuskasing uplift. High-strain zones such as this were inferred to be the expression of such
ductile fault zones.
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Stop 1-6:
Structural style of Kapuskasing mafic and felsic gneiss
(364229; 5319432)

This outcrop illustrates the moderately northwest dipping, gently rolling geometry of foliation
and layering typical of the Kapuskasing zone. Mafic gneiss in this exposure exhibits modal
layering on the 2-5 cm scale: alternating garnet-, clinopyroxene-rich and hornblende-rich
compositions that may be an inherited primary compositional feature. It is possible that the
compositional domains reflect variable degrees of seawater alteration of mafic volcanic rocks,
although the mantle-like oxygen isotopic signatures of Kapuskasing mafic gneisses preclude
much seawater interaction (Li et al., 1991; Puris and Wickham, 1994). Metamorphic
conditions in this area reached 10 kbar (30 km depth), 800°C (Mader et al., 1994). Numerous
examples illustrate leucosome coalescing from concordant, mm-scale seams into wider,
discordant veins.

The mafic bodies are enclosed in hornblende-biotite tonalite gneiss, forming lozenge-like
structures attributed by Bursnall ez al. (1994) to D3 deformation. In this part of the
Kapuskasing zone D1 forms gneissic layering in mafic rocks; D2 structures are intrafolial,
reclined folds, and D3 represents the predominant outcrop-scale fabric (Bursnall ef al., 1994).
The D3 structures resemble the structural style of the gneisses at stops 1-1 and 1-2 (Moser,
1994) except that the foliation in mafic gneisses is concordant to that in enclosing tonalite
gneiss, suggesting that the higher deformation temperatures increased ductility of both mafic
and tonalitic rocks.

54.9 km

Stop 1-7:
Kapuskasing mafic gneiss with 2640 Ma metamorphic zircon; 2630 Ma

retrogression
(367690; 5319344)

At this outcrop mafic and ultramafic (garnet-hornblende-clinopyroxene-orthopyroxene) rocks
are cut by tonalitic dykes with hydration selvedges. U-Pb dates on low-U zircons in mafic
granulites indicate metamorphism at 2640 Ma, whereas high-U zircons in hydration selvedges
have ages in the 2630 Ma range (Krogh, 1993). A cross-cutting pegmatite yielded an age of
2584 Ma (Krogh, 1993), the youngest date yet reported from the southern Kapuskasing zone.

Age relationships between prograde and retrograde metamorphism are clearly illustrated in
this outcrop and the relative order of events is faithfully reflected in absolute zircon ages.
Similar relationships observed at Stop 1-3 have correspond ages older by 20 and 10 m.y. At
face value, this pattern suggests that similar processes occurred at progressively deeper levels
with time. Two explanations have been offered to account for the observation of apparent
downward younging (Fig. 9): '

(1) Krogh (1993) proposed that mafic rocks were successively underplated after 2660 Ma
and the prograde zircon growth records the emplacement and heating of these rocks in the
lower crust. By implication, much of the lower crust has been subcreted following stabilization
of high crust-level greenstone terranes.
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Figure 9. Summary diagram showing the distribution of U-Pb zircon ages with
apparent depth in the Kapuskasing uplift and their relationship to the age of high-
level gold deposits and the Borden lake conglomerate (after Krogh, 1993).

(2) Percival and West (1994) interpreted the apparent younging with depth as due to a
downward-migrating ductility front over the interval 2690-2500 Ma. The crust cooled slowly
following major accretion, magmatic and metamorphic events at 2700-2660 Ma. While
shallow levels were stabilized rapidly, progressively deeper levels remained ductile longer and
were subject to continuous recrystallization during late tectonic adjustments.
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67.4 km
Stop 1-8:

Cataclasite and pseudotachylite of Ivanhoe Lake fault zone
(375846; 5328323)

In this area the Ivanhoe Lake fault zone has two strands; here the exposed western strand
consists of cataclasite, pseudotachylite and many small brittle faults developed in mafic and
tonalitic gneiss. Lenticles of dark green pseudotachylite up to 2 cm wide are cut by later, brittle
faults. Fault-related features decrease toward the western end of the outcrop.

Uplift of the Kapuskasing zone probably occurred in several steps (Percival and West,
1994), with the latest, ~17 km at ~1.9 Ga. Evidence for the timing of uplift is indirect, based on
the distribution of cooling ages (Percival and Peterman, 1994; Percival and West, 1994), and
rotation and uplift of both 2.45 Ga Matachewan (cf. Halls et al., 1994) and 2.04 Ga
Kapuskasing (Lee et al., 1990) dyke swarms (Percival et al., 1994). Direct Ar dating of whole-
rock pseudotachylite produced an average age of about 1750 Ma, which is probably too young
as a result of devitrification (Fig. 10), although the highest-temperature step is closer to 1950
Ma. Crustal temperatures at 17 km and above at ca. 1.9 Ga would have been below ~300°C,
accounting for the predominantly brittle nature of fault rocks in the Ivanhoe Lake fault zone.
Evidence for earlier, ductile fault movement is observed on the eastern strand of the Ivanhoe
Lake fault zone.

Devitrified pseudotachylyte
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Figure 10. *°Ar/*°Ar spectrum for pseudotachylite from the Ivanhoe Lake cataclastic zone. The
disturbed spectrum indicates a Paleoproterozoic age, possibly around 1950 Ma, with younger
resetting.
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70.6 km: turn left on Warren-Carty Road (main hauling road)
78.9 km: turn right on narrow forest access road

79.5 km:

Stop 1-9:

Deep-crustal reflectors; trenched mafic-felsic gneiss sequence

(371105; 5332796)

This outcrop area was trenched to improve exposure following acquisition of Lithoprobe
seismic reflection data (Percival et al., 1989; Geis et al., 1990), which showed typical deep-
crustal reflections extending to within a few hundred metres of the surface (Fig. 5c¢). Natural
exposure in this area is a few percent, so outcrop enhancement was performed, and additional
high-resolution seismic studies were undertaken (Milkereit et al., 1991; Fig. 11). The
prominent reflections appear to correspond in general to interlayered mafic and tonalitic
gneisses exposed over this large outcrop area. Laboratory-measured seismic velocities
(Fountain et al., 1990; White et al., 1992) of 10-30-m-thick mafic and felsic units yield
substantial reflection coefficients at an appropriate scale to generate the observed reflections.

Figure 11. Fence diagram showing intersecting dynamite and Vibroseis
high-resolution reflection profiles in the vicinity of Stop 1-9 (after Milkereit
etal, 1991).

The outcrops consist of enclaves and layers of mafic gneiss of variable composition in
hornblende-biotite + garnet tonalitic gneiss (Fig. 12). One of the commonly inferred causes of
deep-crustal reflectivity is mafic sills in felsic host rocks. This outcrop displays similar
lithological diversity, but with clearly reversed age relationships (older mafic rocks in younger
tonalite). Before drawing firm conclusions about the cause of deep-crustal reflectivity it is
worth noting that the exact correlation between reflectors and surface geology remains
somewhat enigmatic. Dips of layering at the surface are highly variable between 12 and 45°
north, being folded about gently southwest-plunging, open folds associated with a prominent
rodding lineation. In contrast, the reflections are very planar with a dip (17°; Kim et al., 1992)
closer to the attitude of the linear structures (7-20°) observed at the surface. A further unknown
is the nature of structures in the exposure gaps, which are deep valleys filled with up to 100 m
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of overburden (Milkereit ez al., 1991). If these valleys coincide with faults or shear zones, these
structures could also be a cause of the observed reflectivity.

Mafic rocks in this area provide P-T estimates in the 10 kbar, 750°C range (Mader et al.,
1994). Assemblages in Dy ductile shears give pressures lower by ~ 0.5 kbar (Hartel and
Pattison, 1996), suggesting that 1-2 km of uplift may have accompanied this deformation.
Some of the youngest zircon (2615 Ma) and titanite (2493 Ma) ages are derived from mafic
gneisses in this area (Krogh and Moser, 1994; Percival and West, 1994). The region is both at
the deepest part of the structural section and closest to the Ivanhoe Lake fault zone, giving rise
to alternate interpretations of the young ages as either related to fluid movements along the
Ivanhoe lake fault zone (Krogh and Moser, 1994), or continued recording of late tectonic
adjustments at depth (Percival and West, 1994),

Harold Lake

» seismic shol point
> trench
- fahation, gneissosity
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anorthosilic rocks
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1] 500
m

Figure 12. Detailed outcrop map of the region corresponding to the surface projection of
prominent seismic reflections (afier Percival et al., 1990).

Return to Warren-Carty Road; continue west for 4.6 km

Stop 1-10:
Shawmere anorthosite complex
(366937; 5332566)

The Shawmere anorthosite complex consists of a marginal layered phase and large
homogeneous central phase, of which the present outcrop is representative. It consists mainly
of calcic plagioclase (Angg) and minor hornblende. Other parts of the complex preserve
igneous textures, including football-sized plagioclase megacrysts and large orthopyroxene and
clinopyroxene crystals. Deformation is heterogeneous and local high-strain zones are abundant.
Late alteration veins (narrow, chalky white zones) resemble brittle fractures and may relate to
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the Ivanhoe Lake fault zone. From mineral assemblages and fluid inclusion barometry, the
veins appear to have formed at depth during isobaric cooling (Lamb and Morrison, 1997).

The age of the Shawmere complex is not well constrained. Percival and Krogh (1983)
obtained a minimum U-Pb zircon age of 2765 Ma on a garnetiferous tonalite enclosed by the
Shawmere complex. Zircon from a quartz-bearing phase of anorthosite yielded an age of 2650
Ma, close to metamorphic ages of mafic gneiss from the same region.
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Part 2.

Timmins area

Timmins, Porcupine Mining Camp, and the Southern Volcanic Zone
of the Abitibi Greenstone Belt

Wouter Bleeker

Geological Survey of Canada, Ottawa
wbleeker@nrcan.gc.ca

The Porcupine Camp: oblique view from helicopter towards northeast, approximately along
the trace of the Destor-Porcupine Fault Zone. Dome Mine in foreground, while the village of
South Porcupine and Porcupine Lake are visible in the background. Photo shows beginning of
the Dome “superpit” development; the old Dome Mine headframe (center) no longer exists.

In 1909, the history of the Porcupine Mining Camp began with the discovery of visible gold on
a “dome-shaped” outcrop of quartz in the right foreground of the photo.





