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DIRECTORS FOREWORD 
REPORT BY PERCIVAL ET AL.

This report describes work by a group of university and 
governmental geologists involved in detailed geological 
investigations to select a site for scientific drilling 
within the Kapuskasing Structural Zone by the Canadian 
Continental Drilling Program (CCDP). The CCDP is seeking 
funds from the Natural Science and Engineering Research 
Council to support drilling of selected targets throughout 
Canada. Drilling within the Kapuskasing Structural Zone was 
selected as a pilot or demonstration phase of the project 
because of the combination of scientific and economic 
interest in the structure. As the project is at an early 
stage, funds were sought from the OGS to support a site 
investigation for a future drill hole. The OGS supported 
this endeavour with a grant to Dr. D. M. Shaw of McMaster 
University, Hamilton, Ont. to support the site selection 
study reported here.

The Kapuskasing Structural Zone is an east-verging intra 
continental thrust which has brought mid-crustal level rocks 
to the surface. Given the connection between Archean lode 
gold deposits and mid-crustal rocks, knowledge of the mid 
crust is of economic and scientific interest. In this 
context, the OGS supported the site selection investigations 
described here. They consisted of two phases of 
investigation: 1) detailed seismic investigation and 2) 
outcrop enhancement and detailed geological mapping. Both 
phases of the project were designed to trace seismic 
reflectors identified in regional surveys close enough to 
surface to enable outcrop and drill investigation.

This report describes the second phase of the 
investigation. The first phase will be reported on in an 
Open File Report to be released by the Geological survey of 
Canada and the Ontario Geological Survey in the near future.

V.G. Milne
Director
Ontario Geological Survey
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FIGURES

Fig. 1: Geology of the Kapuskasing uplift of the central Superior Province (after 
Percival, 1990). Section line A-B-C-D is shown in Fig. 2. 22

Fig. 2: Cross section A-B-C-D (Fig. 1) through the Kapuskasing uplift showing 
structural position of granulite-facies rocks beneath the Michipicoten belt. 
Seismic boundaries after Boland et al (1988) and Percival et ai (1989). 23 
Lithological symbols as in Fig. 1.

Fig. 3: Geology of the southern Kapuskasing uplift with location of
LJTHOPROBE lines crossing the structure (after Percival et al, 1989). 24

Fig. 4: Summary of seismic data tracking 20-km crustal levels to the surface in the 
Kapuskasing uplift. From regional to detailed profiles, a) W-E refraction profile 
(after Boland and Ellis, 1989), showing 150 westerly dip of 6.6 km/s layer (dashed 
pattern); b) line drawing of W-E UTHOPROBE reflection profile 2-3-4 showing 
interpreted westerly continuation of the reflective zone down to 3.3 s (10 km); c) 
W-E UTHOPROBE high-resolution line 2, highlighting the 1.5-km-thick reflective 
zone; d) NW-SE high-resolution OGS/CCDP line l, with outline of reflective 
zone and location of proposed hole (solid to 1.5 km; dashedito 2 km). 2j

Fig. 5: Location map showing position of trenches cleared in the 1989 site survey. 2^

Fig. 6: Geology of the region covered by UTHOPROBE line 2 and OGS/CCDP 
lines l and 2. Circled star indicates location of the proposed CCDP pilot project 
hole. Cross section A-A' is shown in Fig. 9. Detailed geology within the box is 
shown in Fig. 7.

Fig. 7: Detailed geology in the vicinity of seismic lines and trenches (see Fig. 6 for
location). Circled star indicates location of proposed CCDP hole. Detailed
geology of the trench area (in box) is shown in Fig. 8. 28

Fig. 8: Detailed map showing geology exposed in trenches along OGS/CCDP line
2, along with NW-SE cross section A-B. 29

Fig. 9: Cross section A-A', corresponding to OGS/CCDP line l, showing a) line 
drawing of unmigrated OGS/CCDP line l (see Fig. 11 for original data); b) 
location of proposed CCDP drill hole; c) surface geology, along with two possible 
interpretations: d) the synform is bounded by NW-dipping shear zones (sheared 
fold limbs), or e) the reflectors arise from high-strain zones defining extensional 
lozenge structures (Moser, 1988); the reflectors do not necessarily continue to the 
surface.
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Fig. 10: Geological map of the Ivanhoe Lake fault zone in the Aube road area 
(after Bursnall, 1989), showing locations of trenches Aube A (Figs. A9, A10) and 
Aub6 B (Fig. All).

Fig. 11: Stacked seismic section of OGS/CCDP line l (for location see Figs. 6 and 
7). Vertical scale in seconds of two-way travel time. Vertical bar locates 
proposed CCDP drill hole to sample prominent seismic reflections.

APPENDIX A

This set of diagrams summarizes the detailed mapping in the newly 
exposed outcrops. The data are compiled and integrated into the regional 
geological framework in Figs. 6-8.

Fig. Al: Legend and map symbols for Figs. A2-A11.

Fig. A2: Detailed map of Shawmere B1-B3.

Fig. A3: Detailed map of Shawmere A-l.

Fig. A4: Detailed map of Shawmere A-2.

Fig. A5: Detailed map of Shawmere A-5.

Fig. A6: Detailed map of Shawmere A-6.

Fig. A7: Detailed map of Shawmere A-7, A-8.

Fig. A8: Detailed map of Warren-Carty trench.

Fig. A9: Detailed map of Aube A trench, NW section.

Fig. A10: Detailed map of Aube A trench, SE section.

Fig. All: Detailed map of Aube B trench.

Fig. A12: Outcrop photograph showing rare mylonitic fault rocks exposed in the 
northwestern part of the Aube A trench. Dark streaks are pseudotachylite or 
ultracataclasite, involved in the mylonitic fabric. 33
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BACKGROUND

Results of recent geological and geophysical studies of the Precambrian shield 
demonstrate that the crust has a layered structure with the lower crust markedly unlike 
the well-known greenstone-granite terranes of the upper crust. However, structures in 
the deeply buried lower crust are intimately linked to those at higher levels and have 
been inferred to be channelways for mineralizing fluids that formed upper crustal 
mineral deposits. Through a set of unique tectonic conditions, the deep crust of the 
Superior Province, normally located at 25-30 km depth, is exposed in the Kapuskasing 
uplift of Ontario. LITHOPROBE seismic profiles across this structure show shallow 
features that can be traced geophysically into the deep parts of greenstone belts. 
However, even conventional high-resolution seismic images do not adequately resolve the 
structure of the uppermost few kilometres of the crust. To permit the final geophysical 
linking of deep structures to surface exposures, a program of detailed site surveys 
followed by diamond drilling of short holes is underway. This report summarizes the 
results of a 1989 site-survey program preceding drilling. The drilling phase is to be 
supported as a pilot project of the Canadian Continental Drilling Program.

The site survey work, comprising very high-resolution seismic lines and study of 
enhanced exposures, is an essential part of the process of verification of the notion that a 
surface exposure of the lower crust occurs in the Kapuskasing uplift. The work provides 
improved geologic and seismic images of deep crustal structures.

RATIONALE

Several deep-crustal features which appear to be almost universal based on 
seismic soundings throughout the world have tentatively been identified in high-grade 
metamorphic rocks of the Kapuskasing uplift (e.g. Percival and Card, 1985; Percival, 
1986; 1988; Percival and Fountain, 1989) and traced seismically to their normal position 
in the crust in the LITHOPROBE program (e.g. Cook, 1985; Boland et ai, 1988; 
Percival et al, 1989; Green et cd., 1990). These include a mid-crustal (Conrad) velocity 
discontinuity and deeper, lamellar reflective horizons. A proposed scientific drilling 
program in the Kapuskasing uplift aims to acquire representative sections through 
ordinarily inaccessible (18-30 km depth) features, for the purpose of integrated 
geological and geophysical study, using a technologically feasible, 1.8 km hole.

In addition to the deep crustal targets, the poorly-exposed Ivanhoe Lake fault that 
carried Kapuskasing granulites to surface from 20 km depths is under investigation.

Results on the seismic character of geological structures in crystalline crust in 
general and the Abitibi belt in particular are necessary to make meaningful 
interpretations of seismic data collected during the 1988 and planned 1990 Abitibi 
LITHOPROBE surveys. This study contributes to this objective through linkages of 
geophysical and geological data, with particular relevance to greenstone belt terranes. A 
companion report (Milkereit et al., 1990) presents the detailed results of high-resolution



seismic reflection survey carried out as part of the site survey.

GEOLOGICAL SETTING

Geophysical anomalies associated with the northeast-striking Kapuskasing uplift 
transect the easterly subprovince structure of the Superior Province (e.g., Card and 
Ciesielski, 1986) over a distance of almost 500 km (Fig. 1). Interpretations of the origin 
of the structure have evolved from Garland's (1950) initial model of thinning of the 
granitic upper crustal layer, to ideas of a Proterozoic rift-related structure (Innes et al , 
1967; Bennett et aL, 1967; Burke and Dewey, 1973), to a transcurrent fault zone of early 
Proterozoic age (Watson, 1980). More recently, an intracratonic, basement-uplift style 
thrust has been proposed to explain the oblique crustal cross section (e.g. Fountain and 
Salisbury, 1981) exposed in part of the area (Percival and Card, 1983; 1985; Percival and 
McGrath, 1986). This latter interpretation has significant implications for the properties 
and origin of the contemporary lower crust beneath the Superior Province and was tested 
within the context of the LITHOPROBE program.

High-grade rocks of the Kapuskasing uplift comprise three geologically and 
geophysically distinct segments, from south to north, the Chapleau, Groundhog River and 
Fraserdale-Moosonee blocks (Percival and McGrath, 1986). In the south, a continuous 
transition is exposed from the greenschist facies (2-3 kb; Studemeister, 1983) 
Michipicoten greenstone belt of the Wawa subprovince, through amphibolite facies (5-6 
kb) tonalitic orthogneiss of the Wawa gneiss terrane, to a heterogeneous gneiss sequence 
in the upper amphibolite and granulite facies (7-9 kb; Percival, 1983) of the Chapleau 
block of the Kapuskasing uplift. A moderately-dipping sequence of tonalitic, dioritic and 
mafic rocks, paragneiss and anorthosite, interlayered on a kilometre scale, makes up the 
Chapleau block (Thurston et al., 1971; Percival and Card, 1985). It is separated from 
low-grade rocks of the Abitibi belt to the east by a NNE-striking zone of ductile and 
brittle shear, the Ivanhoe Lake fault (Percival and Card, 1983; Bursnall, 1989a), imaged 
as a zone of northwest-dipping reflections on LITHOPROBE seismic profiles (Cook, 
1985; Geis et aL, 1990). Over part of its length, the western boundary is a complex 
lithological, structural and metamorphic transition that may represent an exposed 
example of the Conrad mid-crustal seismic discontinuity (Percival, 1986), based on 
density and seismic velocity contrasts (Percival and Fountain, 1989). Tonalites of the 
Wawa gneiss terrane have isotropic P-wave velocities averaging 6.55 km/s whereas 
layered granulites of the Kapuskasing zone have lithologically-dependent velocities 
ranging from 6.55 to 7.4 km/s, with variable anisotropy and an average of 6.9 km/s 
(Fountain et al, 1990).

In a zone several tens of kilometres west of and structurally above this boundary, 
Moser (1988) reported subhorizontal extensional lozenge structures, developed in 
tonalitic gneiss and of broadly syn-magmatic age; recent work indicates similar structural 
style within the high-grade Kapuskasing zone (Bursnall, 1989a; Moser, 1989). Although



interpretation of the exact timing and regional significance of these structures depends 
upon geochronology in progress, their form resembles the subhorizontal, discontinuous 
reflectors present at mid to deep crustal levels on many seismic reflection profiles (e.g., 
Oliver et aL, 1983; Barazangi and Brown, 1986a;b; Reston, 1988; Percival et aL, 1989).

On the basis of published geochronology (e.g., Percival and Krogh, 1983), the 
crustal history was initiated with development of the Kapuskasing supracrustal sequence 
and Shawmere anorthosite. The Wawa-Abitibi volcanic sequences were deposited on 
this substrate and late syn-volcanic tonalites intruded as thick sheets approximately 
between the two supracrustal packages. Regional shortening and crustal thickening was 
followed by injection of late granite-granodiorite plutons (Percival and Card, 1985).

The present > 53 km-thick crust beneath parts of the Chapleau block is thicker by 
10-15 km than that of the adjacent regions (Fig. 2; Boland et aL, 1988). Velocity 
contours are subhorizontal below -20 km depth, but the 6.6 km/s contour dips ~200W 
to extend from near the surface beneath the Kapuskasing zone, to typical regional depths 
of about 20 km. The Moho downwarp may have developed by ductile flow of the lower 
crust below a 20-km decollement horizon in response to the shortening that caused 
brittle uplift of the high-velocity Kapuskasing granulites to higher levels in the crust 
(Percival and Green, 1988). Beneath 20 km, velocities in the range 6.8-7.6 km/s (Boland 
and Ellis, 1989) can be modeled using homogeneous, dominantly garnet-rich, possibly 
geochemically depleted mafic compositions (Fountain et at., 1990), based on 
extrapolation of compositional trends observed at surface and the featureless character 
of reflection profiles in this depth range. Additional evidence supporting the concept of 
deep crust at surface includes low heat flow and heat generation (Cermak and Jessop. 
1971; Ashwal et aL, 1987). However the region has a typical electrical conductivity 
structure, including a resistive upper crust and moderately conductive deep crust (Woods 
and Allard, 1986; Kurtz et aL, 1989; Bailey et aL, 1989). The conductivity structure is 
consistent with the observation of graphite grain-boundary films in Kapuskasing rocks 
(M. Mareschal and W.S. Fyfe, personal communication, 1990) which could account for 
enhanced conductivity at depth, where the films are connected but not near surface, 
where the films are cracked (Frost et aL, 1989). Rocks from the Chapleau block have 
average magnetic susceptibility (Shive and Fountain, 1988), whereas those from the 
Groundhog River block have considerably higher values (P.N. Shive, personal 
communication, 1989).

In comparison with published estimates of the composition of the lower 
continental crust, the Chapleau block is relatively mafic (-56 wt*?fc SiO2 ; Truscott and 
Shaw, 1990), with similar levels of lithophile elements (Shaw et aL, 1988). Tonalites of 
the Wawa gneiss terrane resemble typical Archean tonalites (Rudnick and Taylor, 1986).

LJTHOPROBE seismic reflection profiles of the Kapuskasing-Wawa area (Fig. 3) 
vary in character on the local and regional scales (e.g., Percival et aL, 1989). Reflective 
sequences can be traced from at least 12 km depth to within 900 m of the surface in



several locations (Fig. 4). A prominent lamellar zone about 1.5 km thick within the 
Kapuskasing zone appears to correspond to layered mafic, tonalitic and anorthosite 
rocks near the base of the Shawmere anorthosite complex (Green et oL, 1990). This 
zone is the main subject of the detailed site surveys. Thinner, weaker reflective zones 
from the Wawa gneiss terrane could arise from ductile, high-strain zones in tonalite 
(Moser, 1989). A zone of branching, gently west-dipping reflections can be traced 
upward to surface in the Ivanhoe Lake fault zone through a zone of high-angle 
truncations of short reflection packages, suggestive of listric fault geometry.

Despite intense geochronological investigation, the exact age of major uplift of the 
deep-crustal Kapuskasing rocks is still uncertain. The event is bracketed between -2.49 
Ga, the youngest U-Pb age of sphene from the Kapuskasing zone, and 1.885 Ga, the U- 
Pb age of the Cargill complex that seals a Kapuskasing-related fault (Lepage fault 
(Percival and McGrath, 1986)). Geochronological data, principally biotite Rb-Sr ages, 
were used to estimate the timing of uplift at -1.95 Ga (Percival et al, 1988). 
Paleomagnetic data on dyke swarms in the region supports this conclusion (Halls and 
Palmer, 1990; Bates and Halls, 1990). Evidence supporting earlier uplift includes 
interpretation of patterns of the 2.46-Ga Matachewan dyke swarm based on 
aeromagnetic observations (West, 1989) and wAif39Ai biotite ages as high as 2.42 Ga 
(Queen et ai, 1989)

The metamorphic environment of the basal granulites of the section (25-30 km; 
700-8000C (Percival, 1983); carbonic fluid inclusions (Rudnick et al., 1984)) could have 
been produced at depth within a magmatic arc, as indicated by the high proportion of 
igneous rocks throughout the section and the evidence for prolonged residence in the 
lower crust. The thermal effects of the long magmatic history may be reflected in the 
growth of metamorphic zircon for about 100 Ma after major magmatism (Krogh et a/., 
1988), in the manner modeled by Wells (1981). Percival and Card (1985) proposed a 
tectonic model in which supracrustal rocks of the Kapuskasing zone were progressively 
buried to lower crustal depths by volcanic accumulations and subsequent intraplated 
tonalitic intrusions.

In summary, the intracratonic Kapuskasing uplift exposes a 20-km-thick section 
through a typical greenstone-granite terrane of the Superior Province. This geological 
context provides an opportunity to study in detail the nature of deep-crustal structures 
and processes.

THE TARGETS

The zone of lamellar reflections at 0.3-1 s on LITHOPROBE high-resolution line 
2 extends to within -900 m of the surface as a group of disrupted reflection packages 
(Fig. 4). In general the zone projects toward the contact region between the transparent 
Shawmere anorthosite complex and structurally underlying mixed tonalitic and mafic



gneisses. Two lithological sequences in the contact zone appear to have characteristics 
appropriate to generate significant reflections: 1) a layered igneous sequence at the base 
of the Shawmere complex, comprising anorthosite, gabbro and ultramafic rocks at a scale 
of 1-20 m; and 2) the interlayered mafic and tonalitic country rocks. In order to 
distinguish these alternatives, seismic work with improved resolution was carried out, 
accompanied by trenching to improve exposure.

The site survey involved two components: A) an overburden-stripping program, 
aimed at improving exposure in critical areas; and B) a very high resolution seismic 
reflection survey, designed to extend known reflectors as close to the surface as possible. 
Although the seismic work was limited to the contact zone, trenches were made both in 
the contact zone and in three areas adjacent to the Ivanhoe Lake fault. As a result of 
the latter activity, one of the objectives of the initial Kapuskasing Pilot Project Proposal, 
to obtain a complete section through the fault, was achieved without drilling (Bursnall 
and Moser, 1989). Results of the outcrop clearing in both the contact zone and fault 
trenches are outlined below.

Trenches are labelled as follows (see Appendix):
Shawmere Anorthosite Complex Contact Zone 

Shawmere Complex Sites (SB 1-3) 
Country Rock Sites (SA 1,2,5,6,7,8) 

Ivanhoe Lake Fault Zone Sites 
Warren Carty Site (WC) 
Aube Sites (AA, AB) 

TV^nc/i loco i/onj at r^ sAot^n ovn rv^-5
SHAWMERE ANORTHOSITE COMPLEX CONTACT ZONE

Initial plans to obtain -l km of continuous exposure across the anorthosite 
contact zone proved to be technically infeasible due to overburden thicknesses of up to 
50 m and the high groundwater table. As an alternate strategy, existing outcrops on both 
sides of the contact were improved to provide semi-continuous exposure. A gap of 
approximately 400 m, over thick overburden, separates the two sets of trenches (Fig. Z, 7).

n SHAWMERE ANORTHOSITE COMPLEX SITES (SB 1-3)

An area of ~ 1400 m2 of anorthosite rock is exposed in two trenches (Figs. 5, 7, 
A2 (Appendix)). The cleared areas, oriented approximately N-S, locally attain a width of 
22m.

The trenches cross mainly coarse-grained gabbroic anorthosite and anorthosite. A 
gross lithological layering on a 30 m scale is evident. From north to south, the sequence 
comprises 32 m of dominantly gabbroic anorthosite, structurally underlain by 28 m of 
homogeneous anorthosite and a 30 m thick, heterogeneous sequence of anorthosite



gabbroic anorthosite and gabbro, with minor ultramafic pods and layers. The 
heterogeneous zone consists of 1-5 m bodies of homogeneous rock, separated by units of 
gabbroic anorthosite of variable thickness containing abundant metre-scale pods of 
anorthositic gabbro. Both anorthosite and gabbroic anorthosite in the heterogeneous 
zone contain thin (10-50 cm) lenses and layers of hornblende-clinopyroxene-rich 
ultramafic rocks and rare pods of hornblende garnetite.

Foliation and mafic mineral-rich laminae strike generally 030-070, with dips in the 
range SO-TO^W. Rare open folds have moderate northeasterly plunges.

Igneous textures, including relict plagioclase (An^^), pyroxene and amphibole, as 
well as layering of possible cumulate origin, occur throughout the section. Hornblende 
rims on pyroxenes and garnet appear to be secondary. Mafic minerals are commonly 
slightly altered to chlorite; plagioclase is partly recrystallized to sausserite or white mica.

Small-scale ductile shear zones, with offsets of a few centimetres, are sporadically 
developed at the southern end of the trenches. The steep, NE-striking zones are 
distinguished from later fractures by their ductile character and offsets of layering.

Alteration zones up to l cm thick occur adjacent to steep, NE-striking fractures. 
Spacing is irregular, ranging from 10 cm to 10 m. The yellowish-white alteration zones 
consist of minerals after plagioclase including zoisite, calcite, scapolite, margarite and 
chlorite (Morrison and Valley, 1988).

On a suite of anorthosite samples from the general area of the trenches, Fountain 
et cd. (1990) measured seismic velocities at 6 kb confining pressure. Values range from 
6.8 km/s for anorthosite and gabbroic anorthosite, to 7.2 krn/s for gabbroic rocks from 
the complex. A comparison between the lab-measured velocities and in situ velocities 
from the 1989 refraction tomographic experiment (Milkereit et cd., 1990) is presented 
below in the discussion.

2) COUNTRY ROCK SITES (SA 1. 2. 5. 6. 7. 8^

Several major rock types are interlayered in different proportions and scales in 
the high-grade gneissic sequence between the main Shawmere anorthosite complex and 
the Ivanhoe Lake fault zone (Figs. 6-8). The main units are mafic gneiss and tonalitic 
gneiss with minor paragneiss.

MAFIC ROCKS

At least three distinct types of mafic rock are recognized, two of which form 
mappable units.



1) Mafic gneiss has cm-dm scale layers consisting of variable proportions of 
garnet, clinopyroxene, hornblende, plagioclase and quartz. Typically, these medium- to 
coarse-grained rocks consist of alternating 5-10 cm layers of garnet - clinopyroxene - 
plagioclase   hornblende and hornblende - plagioclase ± garnet rock. Medium-grained 
tonalitic leucosome forms concordant layers or irregular vein networks in proportions up 
to 2096. Homogeneous foliated mafic rocks associated with mafic gneiss have similar 
texture and mineralogy; they may represent thick units equivalent to the cm-scale layers.

2) 'Carty Lake Gabbro* represents a marginal phase of the Shawmere anorthosite 
complex according to Riccio (1981). It is a homogeneous, medium-grained mafic rock 
consisting of assemblages of garnet, clinopyroxene, hornblende, plagioclase and quartz 
with characteristic, spidery, cm-scale patches and veins of tonalitic leucosome. It occurs 
in the northernmost trench (Fig. 7; SA-9), as well as in isolated natural outcrops further 
southwest, where it is not obviously associated with anorthosite.

3) Hornblendite and garnet hornblendite occur as m-scale bodies within mafic and 
tonalitic gneiss. They are generally coarse-grained rocks, associated with abundant 
coarse-grained pegmatitic segregations and leucosome. The unit occurs as tabular strings 
of boudins up to 1.5 m thick, concordant to slightly discordant to layering and foliation in 
the enclosing gneiss. The bodies may represent migmatitic, deformed dykes.

TONALITIC ROCKS

At least four types of tonalitic rocks occur in the trenches. The first two 
described below are mappable units.

1) Tonalitic gneiss occurs as m-scale sheets in mafic gneiss and as larger, discrete 
units (Figs. 6-8, A3-A7). These rocks generally consist of a medium-grained tonalitic 
melanosome of hornblende - biotite - plagioclase - quartz, containing lQ-20% combined 
mafic minerals, and a medium-grained, concordant leucotonalitic leucosome (lQ-20%) on 
a 5-10 mm scale. Tonalitic gneiss contains mafic and less common hornblendite layers 
and xenoliths in proportions up to ~ ISVo. Large bodies of tonalitic gneiss occur along 
strike to the southwest of the trenches.

2) Mafic tonalite occurs as a discrete unit in the southern trenches (SA-7,8; Figs. 
8, A7). It resembles tonalitic gneiss, but generally contains up to 30*^ combined 
hornblende and biotite and has less leucosome and inclusions.

3) Garnetiferous tonalite occurs as concordant to slightly discordant sheets less 
than 25 cm thick within mafic gneiss. It is a medium-grained, homogeneous, massive to 
weakly foliated rock consisting of assemblages of garnet - hornblende - biotite - 
plagioclase - quartz, with up to 209& combined mafic constituents. Individual layers can 
be traced for several metres. The thin bodies resemble large units of garnetiferous



tonalite to the south (Percival, 1981) and within the Shawmere anorthosite, the 
Wakagami Lake tonalite (Riccio, 1981).

4) Leucotonalitic pegmatite forms irregular, cm-scale dykes with little lateral 
extent that cut gneissic layering and the stretching lineation. Minor amounts of biotite 
and rare hornblende give the rock a colour index of <5. Leucotonalite is particularly 
common in association with hornblendite.

PARAGNEISS

Biotite-, garnet-bearing rocks of presumed sedimentary origin occur as m-scale 
layers in mafic and tonalitic gneisses in natural outcrops at the south end of OGS/CCDP 
line 1. A km-thick unit of graphitic, orthopyroxene-bearing paragneiss occurs adjacent to 
the Ivanhoe lake fault zone at the eastern end of LITHOPROBE line 2.

MAFIC DYKES

Three sets of mafic dykes are recognized regionally and in the trenches. A 10-cm, 
NE-trending dyke, presumably of the Abitibi swarm, occurs in trench SA-5 and a 30-cm, 
ENE-trending dyke, probably of the Kapuskasing swarm, cuts tonalite in trench SA-8 
(Fig. A7). Thin lamprophyre dykes occur locally. A NNW-striking, 1-3 m thick dyke 
cutting tonalitic gneiss ~ l km west of the trench area has similar orientation to the 
Matachewan^Hearst swarm, virtually absent from the Kapuskasing zone (Thurston et al., 
1977; Percival, 1981). The dyke is cut by cm-scale pseudotachylite veins.

STRUCTURE

The Shawmere A trench area is dominated by NE-striking, NW-dipping structures 
comprising lithological and gneissic layering and mineral-orientation foliation. Dips vary 
from -10 to 600, with an average of ~250. Small, tight intrafolial folds, associated with 
a SW-plunging lineation may belong to a set of regional D2 folds recognized by Bursnall 
(1989a;b; 1990a). More prominent is a gently SW-plunging rodding and fold axis 
lineation, associated with open, upright folds, probably of Bursnall's D3 set. The 
lineation is particularly well developed in fold hinges.

An open, upright, regional-scale synform southeast of the trenches (Fig. 6) may 
also belong to the D3 set, based on its style and orientation. The northern limb of this 
structure dips southeast, in contrast to the regional homoclinal northwest dips. In the 
hinge zone, paragneiss appears to have flowed ~ l m into a narrow (< 20 cm) brittle 
fracture within interlayered mafic gneiss. A new, localized strong grain fabric and abrupt
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deflection of a pre-existing foliation within paragneiss into the fracture emphasize the 
high ductility contrast indicated by this structure; a late-metamorphic age for the 
deformation is implied by these relationships. The synform has special significance with 
respect to the target reflector, which appears to project into it. However, the synform 
projects down plunge to the southwest, rather than toward the reflector. A reconciliation 
of the geological structure with the seismic structure is possible if the limbs of the 
synform are sheared and consequently reflective (Fig. 9).

Minor zones of discordant, steeply-dipping pseudotachylite breccia occur 
sporadically within the trenches. They may relate to the Ivanhoe Lake cataclastic zone 
or to other, local faults, perhaps hidden in covered valleys.

METAMORPHISM

Mafic rocks contain assemblages diagnostic of the amphibolite facies 
(hornblende - plagioclase) and granulite facies (garnet - clinopyroxene - plagioclase), 
commonly in adjacent layers. Because pressure-temperature conditions were similar in 
the adjacent layers, the mineralogical variation may have been controlled by variable 
bulk composition or, alternatively, to small-scale variations in fluid activity, perhaps 
related to crystallizing leucosome. Metamorphic conditions in this region were estimated 
at a minimum of 7500C, 8 kb, with water activity of -0.3 (Percival, 1983). Rudnick et ai 
(1984) reported CO2-rich fluid inclusions from an amphibolitic rock in this region.

Tonalitic rocks throughout the Kapuskasing zone contain hornblende and biotite, 
with garnet in some compositions. The assemblages are diagnostic of amphibolite facies 
.and textural evidence suggests that most tonalites intruded during or slightly after the 
metamorphic peak. The hydrous nature of the tonalites may be related to relatively 
water-rich magmas.

Paragneiss generally contains biotite and garnet, with orthopyroxene in some 
areas. Assemblages of garnet - orthopyroxene - plagioclase - quartz indicate pressures as 
high as 11 kb (Percival, 1983).

RELATIVE CHRONOLOGY

Based on crosscutting relationships observed in the trench area, the local 
chronology resembles that established by Bursnall (1989a) to the south. The oldest units 
appear to be mafic gneiss and paragneiss. These were intruded by tonalite and 
deformed (Dt) to produce gneissic layering. Tight D2 folds affect gneissosity and are cut 
by subconcordant tonalitic sheets, hornblendite bodies, and associated leucosome. These 
fabric elements were subsequently reoriented into open, upright D3 folds, as leucosome 
was rodded into an associated lineation. Minor tonalitic pegmatite cuts D3 structures.



The Kapuskasing and Abitibi dykes cleanly cut all previous structures; pseudotachylite 
affects a NNW dyke in one location.

IVANHOE LAKE FAULT ZONE SITES

The Ivanhoe Lake fault zone, defined by a laterally persistent array of northeast 
to northerly faults, occupies an integral and central position within the broader Ivanhoe 
Lake cataclastic zone (ILCZ; Percival, 1983), a wide zone of locally pervasive, interlaced, 
narrow, discontinuous mylonitic and cataclastic seams with rare pseudotachylite 
(Bursnall, 1990b). ILCZ structures are best developed within a few hundred metres of 
the Ivanhoe Lake fault zone, where they are folded and pre-date minor normal and 
strike-slip brittle shear zones. In an attempt to obtain a complete section across the 
poorly exposed fault zone, three sites were cleared and are described below.

1) WARREN-CARTY SITE (WC)

This narrow, dog-legged trench adjacent to the main Warren-Carty road (Figs. 5, 
A8), consists of an easterly-striking eastern segment and a NW-striking western segment. 
It crosses from east to west from strongly foliated hornblende metagabbro, through a 
zone of complex deformation ~3m wide, into foliated hornblende tonalite. The trench 
was cleared on the basis of a small outcrop of intensely-sheared rock located in the 
vicinity of an aeromagnetically-defined strand of the Ivanhoe Lake fault zone.

Metagabbro in the east is a medium-grained hornblende-plagioclase rock with 
variable foliation intensity, generally increasing toward the central sheared zone. The 
foliation is carried by aligned amphibole, epidote and chlorite in micro-shear zones 
surrounding coarser augen of hornblende, opaque oxides and plagioclase as well as 
patches of fine-grained albite, epidote, chlorite and carbonate. Complex anastomosing 
networks of micro-shear zones, defined by epidote, chlorite and local stilpnomelane, 
appear to have crystallized in the greenschist facies. Some faults transect matrix 
minerals characteristic of the greenschist facies. The metagabbro is not part of a unit 
recognized at the regional scale.

The zone of intense deformation separating metagabbro from tonalite to the west 
appears to be developed mainly from tonalitic protoliths, although metagabbro adjacent 
to the zone is strongly foliated, with reduced grain size. The shear zone is developed in 
strongly foliated tonalite; the foliation is folded into tight, small-scale folds that generally 
plunge moderately to the west. Lenses of smoky quartz up to 3 cm wide, oriented 
westerly, are offset along discrete, steep, NE-striking surfaces. Lenticles of dark green 
pseudotachylite up to 2 cm wide are cut by later, brittle faults. To the west, the quartz 
veins, pseudotachylite and folds decrease in abundance toward less deformed tonalite.

Tonalite is a homogeneous, medium-grained, equigranular hornblende - quartz -

10



plagioclase rock with variable amounts of epidote, chlorite, white mica, sphene and 
zircon. Local hornblende concentrations on the millimetre scale define a sporadic 
gneissosity. Irregular concordant pegmatite lenses on a 10-30 cm scale make up -SVo of 
the unit.

Small-scale (1-5 mm), NNE-striking shear zones are developed in tonalite 
throughout the trench. These are generally discrete zones defined by epidote   chlorite 
and granular quartz and plagioclase. Porphyroclasts of hornblende and plagioclase are 
evident in the wider zones. In the matrix surrounding the shears, quartz grains are 
transected by thin, variably-oriented zones of subgrain development. Plagioclase crystals 
are variably broken along brittle microfaults. Hornblende has suffered variable 
retrogression to actinolite, epidote and chlorite. Plagioclase is fresh to variably sericitic 
or sausseritic. Hornblende tonalite is not part of a unit recognized at the regional scale.

Neither the metagabbro nor tonalite constitute parts of map units recognized in 
the Abitibi belt or Kapuskasing zone. They may form part of the anomalous lithological 
package that occurs in a fault-bound block (FBB) between strands of the Ivanhoe Lake 
fault zone in this region (Fig. 6). This implies that the shear zone separating 
metagabbro and tonalite is within the FBB, rather than at one of its margins. Major 
faults must be present to the west (KSZ-FBB) and east (FBB-Abitibi). The nearest 
outcrop to the west, ~200m from the trench, is orthoproxene-bearing paragneiss of the 
Kapuskasing zone.

2) AUBfi SITES (AA, AB)

Two southeast-trending trenches, close to Mile 6 on the main haulage road for 
Aube Logging and McChesney Lumber (Figs. 5, 10) expose high-grade tonalitic gneiss 
and fault-related rocks of the Ivanhoe Lake fault zone. The southernmost of these, 
"Aube A" (Figs. 10, A9, A10), is approximately 200 m long, trends SSE, and exposes the 
contact zone with the lower-grade Abitibi metavolcanic belt to the southeast; the shorter 
(80 m) "Aube B" trench, 3 km to the north (Fig. All), cuts granitic pegmatite thought to 
be related to the contact but does not penetrate it. Previous detailed mapping showed 
that two prominent fault sets occur in this area and affect the exposed sections (Bursnall. 
1989a;b): a NNE-trending set into which the dominant gneissic foliation of the 
Kapuskasing structural zone is deflected with apparent left lateral offset, and younger 
NNE-trending faults. The latter are best developed at the Aube A site and exhibit 
apparent right-lateral offset (Figs. 10, A10).

a) Aube A f AA)

The site is located approximately 3 km south of a gate on a road 300 m east of 
the main haulage road. (Figs. 5, 10). [The key to the lock may be obtained from the 
regional MNR office in Chapleau]. The trench does not provide complete exposure
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resulting from a 40 m gap mid-way through the section; however nearby outcrops along- 
strike of the gap provide partial coverage. Mapping to the northeast indicates that a belt 
of mafic volcanic rocks extends to within approximately 150 m of the southeastern end of 
the trench (not represented on Fig. A10).

Limited detailed mapping within the trench (Bursnall and Moser, 1989) has 
revealed a section of tonalitic plagioclase-phyric gneiss which contains narrow zones of 
mafic gneiss inclusions with pre-existing fabrics and folds related to high-grade 
metamorphism. Post- high-grade metamorphic mylonitic shear zones and cataclasite 
veins occur throughout the section; they are cut by lamprophyre dykes which are 
themselves affected by brittle shears. Pseudotachylite (or ultracataclasite) occurs locally 
and at two localities is involved in ductile shears, including mylonites in one zone (Figs. 
A9, A12). Deformation intensity within the tonalites, defined by grain size and fabric 
development, seems in general to increase southeastwards toward the contact with 
coarse- to medium-grained quartz monzonite at the southeastern end of the trench. In 
detail, however, strain intensity varies considerably across the section; a number of very 
fine-grained zones, approximately l m thick, that seem to be derived from the adjacent 
coarse- to medium-grained tonalitic gneiss, may represent local higher strain levels. In 
places they exhibit a strong planar fabric, however more typically they are homogeneous 
and seemingly structureless internally. They may contain rounded to angular plagioclase 
and quartz-plagioclase aggregates, apparent relics of the adjacent tonalitic gneiss. In thin 
section they exhibit a fine-grained quartzofeldspathic mosaic of highly-strained grains 
that are partly replaced by abundant carbonate. These presumed cataclastic zones are 
spaced at 15 to 30 m intervals throughout the section and close to the southeastern end 
of the trench, a strong planar fabric within one of them is overgrown by amphibole 
porphyroblasts. Subsequent strain is indicated by the presence of minor quartz-filled 
strain shadows. Clarification of the status of these relationships and particularly those in 
the presumed contact zone will require further microstructural work and probably, 
geochemical analyses.

Greenschist-facies alteration appears to increase in intensity toward the southeast. 
High-grade metamorphic plagioclase and mafic minerals are recrystallized to successively 
coarser-grained assemblages of epidote, chlorite and carbonate. Assemblages of albite - 
epidote - carbonate replace altered plagioclase and needles of new amphibole 
(actinolite?) overgrow planar fabrics. Recrystallization to low-grade assemblages within 
the fault zone implies either thermal or hydrothermal activity associated with faulting.

The youngest structures are generally steep brittle shear zones that contain 
lineations with steep to shallow plunges; subhorizontal slickenlines, exhibiting dextral 
displacement, may be related to ENE-trending faults in this area (Bursnall, 1989a;b).

b) Aube B
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The second trench in this area (Fig. All), 80 m in length, provides almost 
continuous exposure of rocks that are unaffected by the latest period of faulting (ENE 
set described above). Fine-scale cataclasites and other microshears are also much less 
prominent The trench exposes mylonitic tonalite gneiss that may predate the mylonites 
described in the preceding section, based on detailed mapping in the area between the 
two sites (Bursnall, work in progress). These are cut by epidote-rich cataclasite veins 
and other fractures, and intruded by pseudotachylite (or ultracataclasite) veins. 
Relationships observed in adjacent areas immediately to the west of this trench indicate 
that the prominent E-W foliation and compositional layering to the west of the site has 
been deflected into subparallelism with the extrapolated NNE trace of the Ivanhoe Lake 
fault zone (here a topographic depression) that suggests a sinistral offset along the fault. 
This is accompanied by a significant decrease in dip angle, from ~450N to ~200NW; 
however no slip-line indicators have been observed. Although fractured granitic 
pegmatite present at the southeastern end of the trench is similar to pegmatite found 
along other faults in the Ivanhoe Lake fault system, no evidence of the proximity of the 
contact with the adjacent Abitibi belt has been recognized in this section.

DISCUSSION

A) SEISMIC EXPRESSION OF STRUCTURES IN GNEISSIC ROCK

The laminated reflections, observed at similar depths on LITHOPROBE 
(Vibroseis source) line 2 and OGS/CCDP (dynamite source) line l, are coherent to 
within 800 m of the surface. A reprocessed section of the latter profile (Fig. 11) also 
contains weak but coherent reflections at 0.1-0.17 s (300-510 m), which would project to 
urface south of the line into interlayered tonalitic and mafic gneisses. Between 0.3 and 

1.0 s (900-3000 m) is a zone of laminated, high-amplitude, subparallel reflections. The 
- jflective zone is part of a package that can be traced down to normal (i.e., 15-20 km)

ipths to the west by seismic reflection and refraction studies; the critical data 
supporting this interpretation are summarized in Fig. 4. The 1500-m-thick package is 
r iarly defined down to 1.3 s (3.9 km) on LITHOPROBE high-resolution line 2 (Fig. 4c). 
f^ rther west, on LITHOPROBE regional lines 3 and 4 (Fig. 4b), the reflectors are less 
well resolved, but appear to define an arch beneath the Robson Lake "dome" (Geis et 
al 1990; Moser, 1989) and to continue at ~150W dip, down to about 3.3 s (10 km). To 
th^ west, the high-velocity zone containing the reflective sequence, mapped by the 
LITHOPROBE refraction experiment (Boland and Ellis, 1989; Fig. 4a), continues to dip 
~ l DW to 20 km depth. The near-surface orientation of the target reflections, calculated 
rotxi the three-dimensional seismic control, is 22207150NW. Although the strike of the 
jisrnic layers is similar to the attitude of lithological layers at surface, the geological 
fps. /ary from 10-600NW, with an average of ~250. Lineation plunges are in the same 
ngc as the reflectors (5-200), with an average of ~ 150. Based on the reflector 
ometry and the regional and local surface geological observations, several causes are 
UL ble for the reflective zone:



1) the reflections arise from interlayered mafic and tonalitic gneisses, like those 
observed at surface, which have pronounced velocity contrasts (Fountain et aL, 
1990). Closer to the surface, a similar lithological sequence could have subdued 
or absent reflections as a result of disruption of seismic energy by groundwater- 
filled fractures; this possibility is to be investigated in the course of a planned 
high-resolution UTEM (controlled source EM) survey (see below);

2) the reflections from the tonalite-mafic gneiss sequence are more pronounced in 
high-strain zones developed on the limbs of a D3 fold, or in an extensional 
lozenge structure, similar to those documented further west (Moser, 1988)(see 
alternative structural models in Fig. 9); in both models, reflectivity could be 
enhanced by several structural effects, including attenuation and straightening of 
layering, mylonite zones, and strain-induced seismic anisotropy (Fountain et al., 
1990);

3) the reflective zone is not exposed at the surface; it is faulted or folded to 
greater depth southeast of the seismic line; in this hypothesis, the reflectors could 
correspond to a gently NW-dipping zone of fault rocks. However, interpretations 
of UTHOPROBE lines 2-3-4 (Geis et aL, 1990; Fig. 4) place the shallowest fault 
of the Ivanhoe Lake fault zone at about 0.7 s (2100 m), deeper than the target 
reflector.

B) SEISMIC EXPRESSION OF FAULT ZONE ROCKS

Based on the image of the Ivanhoe Lake fault zone on LITHOPROBE line 
2, the structure appears as a zone of gently west-dipping, braided reflections beneath ~ 2 
s (6 km). Dips steepen toward the surface and in the upper 3 km, the fault is expressed 
in migrated seismic sections as steep truncations of short reflection packages. Detailed 
geological work on the fault zone in the vicinity of the Aube road (Bursnall, 1989a and 
this report) shows a complex network of faults of several ages. Significant differences in 
rock properties can be anticipated between background gneissic rock types and 
retrogressed, cataclastic equivalents. Such contrasts in structure and mineralogy could 
give rise to velocity variations appropriate to generate significant reflections. The steep 
seismic truncations may relate either to steep, narrow faults within the Ivanhoe Lake 
fault zone, such as observed in the Warren-Carty trench, or to later discrete faults that 
offset earlier, wider zones such as those exposed in the Aube A trench.

C) COMPARISON OF in situ REFRACTION VELOCITIES AND LAB-MEASURED 
VELOCITIES

A refraction tomography experiment, carried out in conjunction with the high- 
resolution reflection survey (Milkereit et al, 1990), defined in situ seismic velocities in
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the uppermost 100-200 m. The results indicate relatively high (> 6.4 km/s) and variable 
velocities at these shallow depths, with a good correspondance with bedrock geology. 
Velocities are higher at the north end of line l, over anorthosite rocks, than at the south 
end, over tonalitic rocks. The in situ velocities correspond as well with those measured 
on similar rock types in a high-pressure apparatus (Fountain et oL, 1990). At low 
confining pressure (0.2 kb s 600 m depth), velocities for anorthosite, mafic gneiss and 
tonalitic gneiss are respectively 6.3, 6.5 and 6.1 km/s, giving an aggregate velocity 
equivalent to the in situ measurements.

The same suite of rocks has higher velocities at 6 kb (20 km), owing to the lack of 
fractures and groundwater at these levels, with an aggregate velocity of 6.8 km/s 
(Fountain et cd., 1990). The surface effect is also evident on the regional refraction 
survey (Fig. 4a; Boland and Ellis, 1989), which shows material with Vp > 6.6 km/s 
approaching to within ~ l km of the surface in the Kapuskasing zone. The refraction 
tomography experiment confirms the presence of high-velocity material near the surface.

FUTURE WORK

A high-resolution UTEM survey is planned for the summer of 1990. The profile 
will coincide with OGS/CCDP seismic line l, but continue to the south to attempt to 
trace the reflections observed on the seismic line to shallower depths. Personnel include 
R.C. Bailey (Geophysics, Toronto), A.G. Jones (GSC, Ottawa) and M. Mareschal 
(Geophysics, Ecole Polytechnique). The project will be jointly funded by the remainder 
of the present OGS grant, by GSC operating funds, and by an E.M.R. research 
agreement. Results will follow as an addendum to this report.

Detailed mapping of the trenches will continue during the summer of 1990. 
Probable participants include J.T. Bursnall (Ivanhoe Lake fault zone sites) and T. Hartl 
(U. of Calgary; Shawmere A sites). Bursnall plans to study rnicrostructures developed 
during faulting to better define the sense, timing and conditions of fault movements. 
Hartl intends to study mafic-tonalitic gneiss relationships from the perspective of 
metamorphism, melting and magma generation.

Measurement of physical properties, specifically seismic velocities, is underway by 
M.H Salisbury (GSC, Halifax). This work will better define possible causes of seismic 
reflectivity.

Based partly on the results reported in this document, a proposal has been 
submitted, under the auspices of the Canadian Continental Drilling Program, to drill a 
1.8 km hole through the shallow reflective sequence. A team of over 40 workers from 
universities, government and industry, are prepared to committ time and resources to the 
project. If funded, the hole will provide the critical link between geology and geophysics, 
enabling more detailed study of the nature of seismic reflections from crystalline crust
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than has previously been possible.
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Fig. 1: Geology of the Kapuskasing uplift of the central Superior Province (after 

Percival. 1990). Section line A-B-C-D is shown in Fig. 2.
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Fig. 2: Cross section A-B-C-D (Fig. 1) through the Kapuskasing uplift showing 

structural position of granulite-facies rocks beneath the Michipicoten belt. 

Seismic boundaries after Boland et aL (1988) and Percival et aL (1989). 

Lithological symbols as in Fig. 1.
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Fig, 4: Summary of seismic data tracking 20-km crustal levels to the surface in the 
Kapuskasing uplift. From regional to detailed profiles, a) W-E refraction profile 
(after Boland and Ellis, 1989), showing 150 westerly dip of 6.6 km/s layer (dashed 
pattern); b) line drawing of W-E LITHOPROBE reflection profile 2-3-4 showing 
interpreted westerly continuation of the reflective zone down to 3.3 s (10 km); c) 
W-E LITHOPROBE high-resolution line 2, highlighting the 1.5-km-thick reflective 
zone; d) NW-SE high-resolution OGS/CCDP line l, with outline of reflective 
zone and location of proposed hole (solid to 1.5 km; dashed to 2 km).
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lines l and 2. Circled star indicates location of the proposed CCDP pilot project 
hole. Cross section A-A' is shown in Fig. 9. Detailed geology within the box is 
shown in Fig. 7.
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Fig. 7: Detailed geology in the vicinity of seismic lines and trenches (see Fig. 6 for 
location). Circled star indicates location of proposed CCDP hole. Detailed 
geology of the trench area (in box) is shown in Fig. 8.
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Fig. 9: Cross section A-A', corresponding to OGS/CCDP line l, showing a) line 
drawing of immigrated OGS/CCDP line l (see Fig. 11 for original data); b) 
location of proposed CCDP drill hole; c) surface geology, along with two possible 
interpretations: d) the synform is bounded by NW-dipping shear zones (sheared 
fold limbs), or e) the reflectors arise from high-strain zones defining extensional 
lozenge structures (Moser, 1988); the reflectors do not necessarily continue to the 
surface.
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Fig. 10: Geological map of the Ivanhoe Lake fault zone in the Aube road area 
(after Bursnall, 1989), showing locations of trenches Aube A (Figs. A9, A10) and 
Aube B (Fig. All).
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APPENDIX A

Fig. A12: Outcrop photograph showing rare mylonitic fault rocks exposed in the 
northwestern part of the Aube" A trench. Dark streaks are pseudotachylite or 
ultracataclasite, involved in the mylonitic fabric.
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL 
SURVEY PUBLICATIONS

Conversion from SI to Imperial

SI Unit Multiplied by Gives

Conversion from Imperial to SI

Imperial Unit Multiplied by Gives

lcm3
1m3
Ira3

LENGTH
1 mm
1 cm
1m
1m
1km

0.039 37
0393 70
328084
0.049 709 7
0.621 371

inches
inches
feet
chains
miles (statute)

1 inch
1 inch
1 foot
1 chain
1 mile (statute)

25.4
2.54
03048

20.116 8
1.609 344

l cm2 0.155 O
l m* 10.763 9
l km2 0.386 10
l ha 2.471 054

0.061 02
35314 7

1.3080

AREA
square inches l square inch 
square feet l square foot 
square miles l square mile 
acres l acre

VOLUME
cubic inches l cubic inch 
cubic feet l cubic foot 
cubic yards l cubic yard

CAPACITY
1L
1L
1L

1.759 755
0.879877
0.219 969

pints
quarts
gallons

1 pint
1 quart
1 gallon

MASS
lg
lg
1 kg
1kg
It
1kg
It

0.035 273 96
0.032 150 75
2.20462
0.001 102 3
1.102311
0.000 984 21
0.984 206 5

ounces (avdp)
ounces (troy)
pounds (avdp)
tons (short)
tons (short)
tons (long)
tons (long)

1 ounce (avdp)
1 ounce (troy)
1 pound (avdp)
1 ton (short)
1 ton (short)
1 ton (long)
1 ton (long)

6.451 6
0.092 903 04
2.589 988
0.404 685 6

16387 064
0.028 316 85
0.764 555

0.568261
1.136 522
4.546 090

28.349 523
31.103 476 8

0.453 592 37
907.184 74

0.907 184 74
1016.046 908 8

1.016 046 908

CONCENTRATION
Ig/t 
Ig/t

0.029 166 6 

0.583 333 33

ounce (troy)/ 
ton (short) 
pennyweights/ 
ton (short)

1 ounce (troy)/ 
ton (short) 
1 pennyweight/ 
ton (short)

34.285 714 2 

1.714 285 7

OTHER USEFUL CONVERSION FACTORS

l ounce (troy) per ton (short) 
l pennyweight per ton (short)

Multiplied by 
20.0 
0.05

mm
cm

m
m

km

cm2 
m2

km2 
ha

cm3 
m3
m3

g 
g

kg
kg

i
kg

i

u/i

pennyweights per ton (shorl) 
ounces (troy) per ton (short)

Note: Conversion factors which are m bold type are exact. The conversion factors have been taken from or have 

been derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Indus- 

tnes, published by the Mining Association of Canada m co-operation with tiie Coal Association of Canada.
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