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ABSTRACT

The granulite and upper amphibolite grade rocks of the

Kapuskasing structural zone (KSZ) in Ontario represent an

exposure of Archean crust that has been uplifted along a

southeast verging thrust fault system. Regional and high

resolution seismic reflection data recorded across the

structure by LITHOPROBE image at least three low angle

thrust faults that merge into a flat detachment towards the

northwest. Along an east-west transect across the southern

end of the KSZ the seismic geometry resembles a 'ramp and

flat' style of thrusting, resulting in a thin upper plate

above the 15-17 km (about 5.0 s two-way time) detachment.

Other seismic profiles provide regional three dimensional

coverage, allowing construction of time structure maps of

the principal fault surface. These maps show that, on a

regional scale, the time contours generally parallel the

surface expression of the fault(s), the Ivanhoe Lake fault

zone (ILFZ). Large structures imaged beneath the adjacent

Abitibi belt also roughly parallel the ILFZ, suggesting

they may have controlled the emplacement of the KSZ or are

possibly deeper level detachments associated with the

formation of the KSZ. Coupled with the surface geology and

available geobarometry, three conceptual models are

proposed that are consistent with the seismic geometry, but
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differ in respect to which of the faults is the principal

detachment and where potential ramps are placed. From

these models estimates of the minimum amount of horizontal

shortening range between 55 and 85 km in a NW-SE direction.

This large amount of shortening implies that much of the

upper-middle crust of Superior province was detached from

the lower crust during the formation of the KSZ. The

proposed geometric interpretation, which includes ramps,

flats and imbricate thrusts, further implies that rocks

deep within the crust may deform into structures that

strongly resemble those in layered media such as sediments

in Phanerozoic supra-crustal fold and thrust belts.

In addition to characterizing the geometric information

from the reflection data, acquisition of data with both

high resolution and regional parameters along a 17 km

segment of line allowed a comparison of these two modes of

recording. The initial stacked section of the data

recorded with regional parameters indicated that the high

resolution data provided a far superior image to that of

the regional data. However, reprocessing of the regional

data with parameters that are comparable to the high

resolution profile, reveals that significant improvements

can be made on the regional profile image quality. A short

offset range and a correlation statics window that

encompasses early arrivals are the two most important

considerations when imaging dipping shallow structures.
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CHAPTER 1: INTRODUCTION

Broad exposures of high grade granulite facies rocks are

interpreted by some as uplifted portions of the deep crust.

Several well documented regions include the Ivrea zone of

the southern Alps (Fountain and Salisbury, 1981), the

Limpopo belt in southern Africa (Coward and Fairhead,

1980), and the Dharwar craton in southern India (Raase et

al, 1986). In the Canadian shield the granulite and upper

amphibolite grade rocks of the Kapuskasing structural zone

(KSZ) cut obliquely across lower grade belts of the Archean

Superior province (Figure 1.1) and are interpreted to

represent an exposure of middle to lower crust that was

uplifted along a southeast-verging thrust fault of possible

Early Proterozoic age (Percival and Card, 1983, 1985; Cook,

1985; Percival and McGrath, 1986).

The subsurface structural geometry of the fault and

related features have not been well known until now.

However, new LITHOPROBE seismic reflection data provide

evidence for the existence of at least three thrust faults

underlying the KSZ, all of which are low angle and likely

merge into a flat detachment that may ramp deep into the

crust some distance west of the uplifted block (Geis et

al., 1989). The geometry thus resembles a 'ramp and flat'

style of thrust faulting, resulting in a thin upper plate
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above the detachment. This is a surprising and significant

discovery as previous models have suggested that the fault

is high angle and extends to lower crustal depths in excess

of 30 km (Percival and Card, 1983; Cook, 1985; Percival and

McGrath, 1986) .

Why Study the Kapuskasing Structure?

According to some estimates, as much as 70 percent of

the existing continental crust was formed by the end of the

Archean (2.5 Ga; e.g. Kroner, 1981; Brown and Musset,

1984). However, controversy surrounds our understanding of

the processes that controlled early continental growth.

For example, were the tectonic processes operating in the

Archean and Early Proterozoic similar to those in the

Phanerozoic? Much of the debate centers around whether

early continental crust was constructed vertically by

processes of differentiation and associated vertical

uplift, by progressive lateral accretion of magmatic arcs,

or by some process unique to the Archean (see Kroner, 1981;

Brown and Mussett, 1984 and Nisbet, 1987 for a general

discussion on Archean geology and early crustal evolution).

The lower crustal rocks of the KSZ thus provide a rare

window for study of the structure and composition of
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Archean crust to a paleo-depth of 25 km (Percival, 1983).

Many topics of both global and regional importance

concerning early crustal evolution can be addressed by

studying the rocks within the Kapuskasing structure. For

example, seismic reflection imaging is a powerful technique

that allows the structures responsible for the uplift of

rock units observed at the surface to be traced into the

deep crust. Thus, the determination of the depth and

geometry of faults and related structures may have

important implications for Late Archean-Early Proterozoic

tectonic models and crustal rheology.

The formation of the KSZ likely played a prominent role

in the evolution of the Superior province, which is the

world's largest Archean craton. In the region under study

here the KSZ divides the Superior province into two similar

granite-greenstone terranes, the Abitibi and Wawa

subprovinces (Figure 1.1). Estimates of the amount of

horizontal shortening along the faults associated with the

KSZ will be useful in constraining the tectonic history of

the region.

The causes of deep crustal reflections is a topic of

wide interest. Most deep seismic profiles contain lower

crustal reflections, but only in a few cases can they be

positively identified. Speculated causes for these

reflections include lithological layering, mylonite zones,

and zones of high pore fluid pressure (e.g. Fountain et al,
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1984; Jones and Nur, 1984; Barazangi and Brown, 1986a,

1986b; Christensen and Szymanski, 1988). In the KSZ, many

reflections can be traced to within 200-300 m of the

surface where correlation with observed geologic layering

allows almost certain identification.

Objectives of This Study

The seismic lines (Figure 1.1) used in this study cross

the southern portion of the KSZ (Chapleau Block; Percival

and McGrath, 1986;) and include both regional and high

resolution data (line 2) . The seismic images provide

strong geometric constraints on the evolution of the KSZ,

and establish a framework for the interpretation of other

geological and geophysical data acquired as part of the

LITHOPROBE Kapuskasing project.

There are two primary objectives in this thesis

research. The first is to interpret and discuss the

implications of the seismic reflection geometry of the

structures beneath the Chapleau block of the KSZ. The

second is to investigate the reasons for an apparent

difference between data sets recorded with high resolution

and regional parameters.

Using the data along the east-west transect (lines 2, 3



5

and 4) the thin thrust sheet formation of the KSZ is

discussed in Chapter 5. This transect best represents the

thin thrust sheet geometry and includes the high resolution

profile, which provides excellent correlation to the

surface geology. The seismic data cross the structure in

several different directions (Figure 1.1). Therefore, by

incorporating the remaining profiles, the 3-D geometry of

the principal faults beneath the structure is presented in

Chapter 6. With the assistance of a Landmark Graphics

Interpretational Workstation, time structure maps of the

Kapuskasing' thrust block have been constructed allowing its

true orientation in the subsurface to be estimated. In

addition a speculative interpretation is made of

reflections observed in the adjacent Abitibi belt. In

Chapter 7 the main features from the seismic geometry

beneath the KSZ are used to produce simple reconstructions

of the thrust sheets. The implications of the

reconstructions are also discussed in this chapter.

The reprocessing of regional line 2 is discussed in

Chapter 4. The stack section produced from the original

processing of regional line 2 is of apparently poorer

quality than high resolution line 2, particularly for

shallow, steeply dipping reflections. Although it was

suspected that this difference was partly due to a prestack

summation of adjacent shot gathers prior to the initial

processing, careful reprocessing shows that the prestack



summation only has a minor effect. Enhancement of shallow

data using a variety of carefully chosen parameters shows

that the regional data can produce stack sections that are

nearly identical to the high resolution data for similar

frequency bands.



Figure 1.1: (next page) Generalized geologic map of the
southern portion of the Chapleau block of the KSZ (after
Percival and Card, 1983). Shown are the six seismic lines
recorded as part of the LITHOPROBE project. Inset is a
generalized map of the Archean Superior Province in the
central Canadian Shield. The NNE trending KSZ cross-cuts
the east-west trending subprovinces of the Superior
province.
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CHAPTER 2: BACKGROUND AND PREVIOUS WORK

Regional Setting

The east-west structural trends of metavolcanic and

metasedimentary belts of the Archean Superior province

(Figure 1.1) are cross-cut by the NNE trending KSZ. Along

the southern end (Figure 1.1) of the structure, metamorphic

grade increases easterly from greenschist facies rocks in

Michipicoten belt, to amphibolite facies in the Wawa gneiss

terrane and finally into granulite facies within the

Kapuskasing zone (Percival and Card, 1983) . High grade

rocks of the KSZ are separated from the low grade Abitibi

subprovince to the east by the Ivanhoe Lake fault zone

(ILFZ; Figure 1.1), which contains fault-related rocks

including cataclasite, pseudotachylite, mylonite and

blastomylonite (Percival and Card, 1983, 1985; Bursnall,

1989) . The ILFZ has been traditionally referred to as the

Ivanhoe Lake cataclastic zone (ILCZ); however with the

recent discovery of significant amounts of rocks deformed

under ductile conditions (mylonite), the more generic name,

ILFZ has been adopted (Bursnall, 1989) . Associated with

the exposures of high grade rocks are prominent gravity and

magnetic anomalies that extend from Lake Superior in the
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south to James Bay in the north (Garland, 1950; Innes et

al, 1967).

Evolution of Thought in the Interpretation of the KSZ

For several decades the KSZ has been known to be a

prominent and somewhat enigmatic structure within the

Superior province. Early interpretations included a

thinning of the granitic crustal layer (Garland, 1950), a

graben associated with mid-Proterozoic rifting (Innes et

al, 1967), a Proterozoic suture zone (Wilson, 1968), a

horst structure (McGlynn, 1970) , and a failed arm of the

Keweenawan rift system (Burke and Dewey, 1973). A later

interpretation suggested a zone of large sinistral

transcurrent shear (Watson, 1980). However, the current

accepted interpretation is that of Percival and Card

(1983) , in which uplift due to an east-verging crustal

scale thrust fault exposed an oblique cross section of the

lower crust (Figure 2.1). This model is supported by:

1) The west to east increase in metamorphic grade to

granulite facies within the KSZ, then an abrupt return to

low grade in the Abitibi belt across the ILFZ.

Geobarometric measurements indicate pressures from 2-3 kbar
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(200-300 MPa) in the greenschist rocks of the Michipicoten

belt, through 4-5 kbar (400-500 MPa) amphibolite facies

tonalite gneiss in the Wawa belt, to 6-9 kbar (600-900 MPa)

granulites of the Kapuskasing zone (Percival and McGrath,

1986) .

2) The east to west increase in the Bouguer gravity between

the generally lower density Abitibi rocks and higher

density KSZ rock across the ILFZ, in which modeling is

consistent with a west dipping crustal slab (Figure 2.1;

Percival and Card, 1983).

3) The presence of west dipping reflections projecting to

the surface in the vicinity of the ILFZ (Cook, 1985; Geis

et al., 1988), suggesting that reverse faults juxtapose the

high grade KSZ rocks over lower grade Abitibi belt rocks.

Tectonic Framework of the KSZ

The NNE trending KSZ consists of three tectonic blocks

of distinct geological and geophysical character (Percival

and McGrath, 1986). From south to north, these include the

Chapleau, Groundhog River and the Fraserdale-Moosonee

blocks (Figure 2.2).
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Figure 2.1: Generalized cross section of Percival and Card
(1985 p. 186), showing the single high angle crustal scale
thrust fault thought by them to have been responsible for
the emplacement of the middle to lower crustal rocks.


