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INTRODUCTION

As discussed by Jones and Craven (this volume), deep-
probing electromagnetic studies, using the natural-
source magnetotelluric (MT) technique, may offer a
rapid, inexpensive method of area selection for dia-
mondiferous provinces. Towards that goal, we present
continental scale electrical parameter maps for Canada
at various lithospheric depths; herein for 70 km and 120
km depths. There are currently insufficient measure-
ments across the Archean craton regions of Canada for
these maps to be used as a useful guide for regions that
are ferra incognita, but this paper serves as an indica-
tion of what is achievable with more data.

MT DATABASE

Over the last two decades deep-probing electromagnetic
data, using the natural-source magnetotelluric (MT)
technique, have been acquired at over 1500 locations
under the auspices of LITHOPROBE (Clowes et al., 1992,
1998, 1999). Taken together with other MT data ac-
quired by the Geological Survey of Canada, there exists
MT data at approx. 2,000 sites across Canada. Most
come from LITHOPROBE’s series of ten transects,
each of which is focused on representative geological
features of Canada that represent globally significant
tectonic processes. These transects span the country
from Vancouver Island to Newfoundland and from the
U.S. border to the Yukon and Northwest territories; and
geological time from 4 Ga to the present. However, the
majority are in southern Canada. The GSC studies in-
clude MT data from remote northern locations, such as
across the Rae-Hearne boundary in the western Chur-
chill province and on central Baffin island.

APPLICATION

From these data it is possible to construct regional-scale
maps of various electrical parameters for various depths
within Canada’s sub-continental lithospheric mantle.
We present maps of averaged electrical resistivity and
of electrical anisotropy, identifying regions of high re-
sistivity and of high anisotropy. Correlating this infor-
mation with the known locations of Archean cratons,

we can peculate where there may be prospective areas
for diamond exploration.

MAP CONSTRUCTION

The various parameter maps were constructed as fol-
lows:

RESISTIVITY MAPS

1. At each site, the rotationally invariant averaged
MT apparent resistivity and phase response func-
tions, as a function of frequency, were transformed
to approximate resistivity-depth profiles using the
Niblett-Bostick transform (Niblett and Sayn-
Wittgenstein, 1960; Bostick, 1977; Jones, 1983).
This transformation is very approximate, and is not
to be confused with formal one-dimensional inver-
sion of the MT responses that result in a true resis-
tivity-depth profile.

2. The resistivities at particular depths were spatially
smoothed, with a nearest neighbour algorithm, us-
ing routines in GMT.

3. Maps were constructed of the smoothed contoured
resistivities, again using GMT, and we present here
maps at 70 km and 120 km (Figure 1).

ANISOTROPY MAPS

1. At each site, the maximum difference of the Bos-
tick transforms calculated between two orthogonal
directions was derived. This gives a qualitative
idea of regions with important electrical conductiv-
ity lateral changes. For a one-dimensional (1-D)
Earth, this value must be zero. We calculated the
average difference between orthogonal Bostick
transforms for six different angles between 0° - 90°.

2. The resistivity differences at particular depths were
spatially smoothed.

3. Maps were constructed at various depths of the
resistivity differences, and of the differences scales
by the average resistivity. We present maps at 70
km and 120 km (Figure 2).
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Figure 1: Averaged resistivity maps at 70 km and 120 km
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Figure 2: Percentage maximum resistivity anisotropy maps at 70 km and 120 km
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These maps represent a first attempt to display the
available Canadian MT data in a form amenable to in-
terpretation on a continental scale. LITHOPROBE data
acquisition was predominantly across orogens, and in
the more accessible parts of Canada along road net-
works, rather than to provide systematic coverage of the
Canadian Shield. The Slave component of the SNOR-
CLE transect, and the Western Superior transect, pro-
vide most of the data on the Archean. Apart from those,
recent GSC studies across the Snowbird Tectonic Zone
(Jones et al., 2002a) and in the central part of Baffin
Island (Jones et al., 2002b; Evans et al., 2003a, 2003b)
are the only modern MT data to be acquired in cratonic
regions of Canada. Clearly, far more MT data need to
be acquired and added to the Canadian database.

These maps must be interpreted with caution. Their
construction was performed using an approximate 1-D
transformation from MT responses as a function of fre-
quency to resistivity-depth profiles. This transformation
is known to be poor, and formal 1-D inversions will be
undertaken in the future. Also, where the Earth is not 1-
D, then misleading results can occur, much like diffrac-
tion problems in seismic reflection data. However, the
scale of the maps and the smoothing applied should
make such issues less severe.

We can draw some conclusions from the maps. The
Central Slave Mantle Conductor (CSMC) of Jones et al.
(2001) is visible in the 120 km resistivity map (Figure
1). The North Caribou Terrane (NCT) conductor of
Craven et al. (2001), in the western Superior province,
does not appear in the 120 km map, but is interpreted to
lie somewhat deeper than the CSMC. Both of these
regions are diamond prospective.

The mantle west of Hudson Bay is highly resistive, as
discussed by Jones et al. (2002). If the arguments of
Jones and Craven (this issue) regarding the necessity of
high carbon content are valid, then this region is poor as
a likely diamondiferous province.

The mantle beneath Alberta represents the most highly
anisotropic in Canada, which may reflect lithospheric
shearing resulting in high anisotropy. However, the
central Superior province displays weak anisotropy in
the maps, contrary to observations summarized in
Mareschal et al. (1995), suggesting some further work
is necessary.
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