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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




















