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Lithospheric geometry revealed by deep-probing
magnetotelluric surveying, Melville Peninsula,
Nunavut

J. Spratt, A.G. Jones, D. Corrigan, and C. Hogg

Spratt, J., Jones, A.G., Corrigan, D., and Hogg, C., 2013. Lithospheric geometry revealed by deep-
probing magnetotelluric surveying, Melville Peninsula, Nunavut; Geological Survey of Canada, Current
Research 2013-12, 14 p. doi:10.4095/292482

Abstract: As part of a multidisciplinary geoscience project, the conductivity structure of the lithosphere
beneath the Melville Peninsula, Nunavut, has been imaged using lithosphere-probing magnetotelluric
methods. Two-dimensional resistivity models demonstrate a strong correlation between the resistivity
structure and features mapped at the surface. An analysis of distortion effects and structural dimension-
ality show that, toward the north at crustal depths, the geoelectric strike angle is 099° azimuth, consistent
with abundant east-trending faults; however toward the south and at mantle depths the geoelectric strike
direction is 034°, similar to the regional structural trend. The data reveal near-vertical, less resistive fea-
tures that extend through the highly resistive Archean-age Prince Albert crustal block to the base of the
crust and correlate with surface fault traces. Paleoproterozoic metasedimentary rocks of the Penrhyn
Group are characteristic of extremely low resistivities associated with graphite-bearing metapelites. A
near-vertical low resistivity zone is interpreted to represent a shear zone that marks the northern extent of
the Archean Repulse Bay Block. Variations in the resistivity structure of the mantle lithosphere suggest
changes in structure or composition between the Repulse Bay Block to the south and the Prince Albert
Block to the north.

Resumé : Dans le cadre d’un projet géoscientifique multidisciplinaire, une représentation de la structure
de conductivité de la lithosphere sous la presqu’ile Melville (Nunavut) a été obtenue a 1’aide de méthodes
magnétotelluriques (MT) de sondage de la lithosphere. Des modeles bidimensionnels de la résistivité
indiquent une forte corrélation entre la structure de résistivité et les entités cartographiées a la surface.
Une analyse des effets de distorsion et de la dimensionnalité structurale montre que, vers le nord a des
profondeurs crustales, I’azimut de la direction géoélectrique est de 099°, ce qui est cohérent avec I’abon-
dance de failles orientées est-ouest. Cependant, vers le sud et aux profondeurs du manteau, I’azimut de la
direction géoélectrique est de 034°, ce qui est similaire a celui de la direction structurale a 1’échelle régio-
nale. Les données montrent des entités moins résistives, presque verticales, qui traversent le bloc crustal
hautement résistif de Prince Albert de I’ Archéen jusqu’a la base de la crofite et qui peuvent étre mises en
corrélation avec les lignes de faille en surface. Les roches métasédimentaires du Groupe de Penrhyn du
Paléoprotérozoique sont caractéristiques des résistivités extrémement faibles associées a des métapélites
graphiteuses. Selon les interprétations, une zone presque verticale de faible résistivité représenterait une
zone de cisaillement marquant la limite nord du bloc de Repulse Bay de 1’ Archéen. Des variations de la
structure de résistivité de la lithosphere mantellique laissent supposer des changements dans la structure
ou la composition entre le bloc de Repulse Bay au sud et le bloc de Prince Albert au nord.
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INTRODUCTION

Melville Peninsula, mainland Nunavut, is located
within the Rae Craton in the Churchill Province of the
eastern Canadian Shield (Fig. 1), and contains geological
and tectonic elements that are favourable for precious- and
base-metal mineralization and the preservation of diamond-
bearing kimberlite deposits. Limited studies have been
previously undertaken to understand the geology and
develop the exploration potential of the region. As part of
the multidisciplinary Melville Peninsula Project under the
Geo-Mapping for Minerals and Energy (GEM) Program
(D. Corrigan, L. Nadeau, P. Brouillette, N. Wodicka,
M. Houlé, T. Tremblay, G. Machado, and P. Keating, unpub.
report, 2013), crustal-scale and deep penetrating magneto-
telluric (MT) data were collected along a 300 km long,
approximately north-south profile to image the subsurface
conductivity structure of the lithosphere beneath the project
area. The overarching objectives of the study were resolving
the subsurface geometry of major crustal and upper mantle
boundaries, providing insight on the structural evolution
and tectonic processes, and developing an understanding of
the potential for mineral exploitation in the region. The MT

profile extends from the Archean Repulse Bay Block to the
south, across the Paleoproterozoic Penrhyn Group and the
Neoarchean Prince Albert Group into the Northern granulite
block to the north (Fig. 2). Images of the resistivity structure
of the crust and upper mantle beneath this regional profile
derived from the magnetotelluric data reveal key informa-
tion on the thickness, mineral composition, and electrical
properties of the lithosphere.

GEOLOGICAL OVERVIEW

Archean rocks of Melville Peninsula, which forms part
of the Rae Craton, contain variably reworked orthogneiss
units (Frisch, 1980), metamorphosed sedimentary and vol-
canic rocks of the Prince Albert Group, as well as mafic to
felsic plutonic rocks (Fig. 2). Granulite facies orthogneiss
are found on the northern part of Melville Peninsula (Schau
and Heywood, 1984). The northernmost tip of the peninsula
contains Neoproterozoic gabbro, basalt, and clastic sedimen-
tary rocks of the Mesoproterozoic Fury and Heckla Group,
now preserved in south-dipping cuestas (Blackadar, 1958;
Schau and Heywood, 1984). Northern Melville Peninsula

=65°N
[ Paleoproterozoic sedimentary rocks
B Archean sedimentary and volcanic rocks
® BBMT site location -60°N

® [.MT site location

T
80°W T70°W

Figure 1. Regional map of the Churchill Province showing the location of the ‘Melville
Peninsula MT’ survey (MPMT), the ‘Central Baffin Electromagnetic Experiment’ (CBEX),
the ‘Snowbird tectonic zone MT’ (STMT) profile, and the ‘Southampton Island Integrated

Geoscience’ MT project (SIIG).
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Figure 2. Geological map of the Melville Peninsula showing the location of the MT recording sites. The rec-

tangles show the models sections in Figure 7. The circles mark the location of the response curves examples
shown in Figure 4.
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also hosts diamondiferous kimberlite deposits that intrude
as sheet-like bodies concentrated along long-lived, east-west
brittle faults. Paleozoic rocks, primarily limestone, flank the
eastern margin of the peninsula and are locally reactivated
by the east-west brittle faults.

The regional geological structure of Melville Peninsula
has a northeast-trending fabric that is likely related to
Paleoproterozoic deformation, perhaps initially from late-
Archean to earliest Paleoproterozoic events and subsequently
from the 1.88—1.80 Ga Trans-Hudson Orogen (Berman et al.,
2005; Corrigan et al., 2009). Archean structures, more
common in the northern third of the peninsula, seem to
be striking along a more north-northeast trend. A series of
east-trending brittle faults (Fig. 3) are mapped throughout
Melville Peninsula; however, little information is known
as to the depth extent, age, or direction of movement along
these faults. North-trending, east-side-down, normal faults
separating the Paleozoic rocks to the east are interpreted to
be related to the opening of Baffin Bay.

The southern half of Melville Peninsula contains a series
of Paleoproterozoic, metasedimentary, supracrustal rocks of
the Penrhyn Group that occur in wide northeast- trending
belts separated by basement inliers of presumably Archean
gneiss (Fig. 2). The Penrhyn Group consists of interbedded
successions of pelitic and psammitic gneiss, calc-silicate
gneiss, marble, quartzite, and minor amphibolite (Henderson,
1983). Graphite is abundant in the pelitic gneiss and present
in cleavages of the marble units along with some iron sul-
phide minerals. The belt of metasedimentary rocks contains
economic occurrences of base-metal minerals and uranium
(Henderson, 1983). The Penrhyn Group displays multiple
stages of folding, defining the Fox fold belt, and comprises
large basement-cored nappes (Henderson, 1983). These are
intruded by 1.82 Ga monzogranite units that are part of the

Figure 3. Oblique aerial photograph of the western side of
Melville Peninsula over the Prince Albert Hills, looking easterly.
The picture shows one of the prominent set of brittle east-west
oriented faults that transect the area. Photograph by D. Corrigan.
2013-107. Photograph taken on July 1, 2011.
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Hudson Suite (LeCheminant et al., 1987; Erdmann et al.,
2013), all of which are cut by 1.1 Ga Mackenzie gabbro
dykes.

South of the Paleoproterozoic Penrhyn Group is the
Repulse Bay Block that includes Archean orthogneiss
(Laflamme, 2011). At the southernmost extent of the
Melville Peninsula, the gneissic rocks include granulite
facies orthogniess.

BACKGROUND AND PREVIOUS
MAGETOTELLURIC STUDIES

The magetotelluric method (MT) provides information
on the electrical resistivity of the subsurface of the Earth by
measuring natural time-varying horizontal electric (E) and
magnetic (H) fields at its surface (Cagniard, 1953; Wait,
1962; Jones, 1992). Typically plotted as MT response curves,
the period-dependent apparent resistivities and phase lags
are calculated from these measured time-varying fields over
a broad period range. The depth to which the electric and
magnetic fields penetrate (the skin depth effect) is dependent
on their frequency and the conductivity of the layered Earth,
therefore estimates of resistivity with depth can be made
beneath each site recorded (Jones, 1983, 2006).

The MT method is sensitive to contrasts in the resis-
tivity of different materials and can therefore distinguish
between some lithological units and image structural fea-
tures at depth. Typical Archean granulite facies, for example,
commonly have high electrical resistivity values more than
1000 Q-m (e.g. Wu et al., 2002), whereas sedimentary rocks
are less resistive, with values ranging between 10 Q-m and
1000 Q-m. At crustal depths, factors that can considerably
reduce typical resistivity values include changes in miner-
alogy, or the presences of saline fluids (Haak and Hutton,
1986; Jones, 1992).

Although its cause remain uncertain, lower-crustal
reduced resistivity is observed over much of the continen-
tal lower crust (Jones, 1992) preventing the crust-mantle
boundary from being detected by electromagnetic methods
and complicating interpretations of the uppermost mantle
(Jones (1999); Korja (2007) and references therein). The
crust of western Slave Craton is one exception, where resis-
tivity values of about 40 000 Q-m are observed to several
tens of kilometres (Jones et al., 2003), suggesting differ-
ences in the composition or tectonic processes involved in
its formation. In the absence of a lower-crustal conductor,
a decrease in resistivity, to values of about 4000 Q-m, is
observed at depths consistent with interpretations for the
crust-mantle boundary, suggesting that the MT method is
capable of indentifying the thickness of continental crust
(Jones and Ferguson, 2001).

Typical values for the resistivity of mantle lithosphere are
on the order of 5000-10 000 ©-m and higher (Jones et al.,
2009a). Reduced resistivity of several orders of magnitude
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in the lithospheric mantle has been attributed to fluids or
melt (Glover et al., 2000), or the presence of interconnected
carbon, sulphide minerals or hydrous minerals (Duba and
Shankland, 1982; Ducea and Park, 2000; Yoshino et al.,
2009; Poe et al., 2010). A reduction in mantle olivine grain
size has also been postulated to lower the resistivity by up to
two orders of magnitude (ten Grotenhuis et al., 2004), due
to grain-boundary conduction effects, making it possible to
identify zones of mantle shearing using MT methods (e.g.
Spratt et al., 2009). The MT method is useful in determin-
ing the electric lithosphere-asthenosphere boundary as there
is a dramatic decrease in the resistivity value attributed to
an increase in either free water or the onset of partial melt
(Eaton et al., 2009 and references therein).

PREVIOUS MAGNETOTELLURIC
STUDIES OF THE RAE CRATON

Magnetotelluric data have been previously used to image
the lithospheric structure of the Churchill Province (Fig. 1).
A combined MT and teleseismic survey across the Snowbird
tectonic zone (STMT Jones et al., 2002) and MT survey
across central Baffin Island (Central Baffin Electromagnetic
Experiment: CBEX; Evans et al. (2003)) provide insight on
the subsurface structure. These, along with the new Melville
Peninsula profile, allow comparisons to be made on the
regional conductivity structure of the Rae Craton.

In 1998, eight MT and teleseismic stations were collected
across the snowbird tectonic zone, a Paleoproterozoic suture
between the Hearne Domain and Rae Craton (Jones et al.,
2002). Similar to the western Slave Craton, the Rae Craton
was observed to be highly resistive (>10 000 €2-m) through to
the lower crust. It was interpreted that tectonic processes of
lower crustal development in the Rae Craton and southwest-
ern Slave Craton were similar, and different from processes
that introduced low resistivity material into the lower crust
of other Archean regions (Superior craton, Kaapvaal craton,
see Jones, 1992). Due to extensive mantle metasomatism,
low resistivities were expected for the subcontinental litho-
spheric mantle (SCLM) (Boerner et al., 1999); however,
Jones et al. (2002) observed higher resistivities than beneath
other cratons with values more than 60 000 Q-m beneath
the Rae Craton and about 6000 Q-m beneath the Hearne
Domain. A south-dipping boundary between the Rae Craton
and Hearne Domain mantle properties was imaged.

In the early 2000s, a broadband and long period MT sur-
vey was conducted across central Baffin Island (“CBEX”
of Evans et al., 2003). The 500 km long profile crosses
Paleoproterozoic metasedimentary rocks of the Trans-
Hudson Orogen Piling Group to the south onto the Archean
Rae Craton to the north (Evans et al., 2005). A particular
horizon within the Piling Group, the sulphidic-graphitic
Astarte River formation, was found to be highly conduc-
tive due to the interconnected graphite. A strong resistivity
contrast was observed between the Piling Group and the
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Archean granite and gneissic complexes of the Rae Craton
to the north. The upper crustal Rae Craton rocks were found
to be highly resistive (>10 000 €-m), however, contrary
to the result of Jones et al. (2002), they found the lower
crust of the Rae Craton to have moderately low resistivity
values (~100 Q-m). The upper mantle beneath the profile
showed a resistive Archean mantle (>3000 Q-m) beneath the
Rae Craton and a moderately resistive Proterozoic mantle
(~300 €Q-m) beneath the exposed Piling Group, with a south-
dipping interface between the two.

DATA ACQUISITION AND ANALYSIS

During the 2009 summer field season, magnetotellu-
ric (MT) data were collected at 29 site locations along a
300 km long profile extending from north to south across the
Melville Peninsula (Fig. 1). Broadband MT (BBMT) period
data, typically used to image crustal-scale features, were
recorded for 2-3 days at each site at 15 km intervals and at
higher densities across mapped geological boundaries using
Phoenix Geophysics Limited, MTU-5A systems owned by
the Geological Survey of Canada. Long period MT (LMT)
data, used to image the deeper lithospheric structure, were
recorded for three weeks at each site at 60 km intervals, as
well as two selected locations in the south end of the profile,
using Ukrainian built LEMI-417 instruments owned by the
Dublin Institute for Advanced Studies (Ireland). Each MT
site layout was composed of five lead-lead-chloride porous
pot electrodes to measure the electric fields in two perpen-
dicular directions. The broadband sites used two separate
magnetic coils to measure the horizontal magnetic fields
and, at some locations, an air loop to measure the vertical
magnetic field. The long period sites recorded the three
magnetic field components using a single three-component
ring-core fluxgate magnetometer.

PROCESSING

The broadband data were processed from time series
to response functions (apparent resistivity and phase
curves) using robust remote reference techniques (Method
6 in Jones et al. (1989)), as implemented by the Phoenix
Geophysics software package MT2000, and yielded appar-
ent resistivity and phase response curves in the period range
of 0.004— 1000 s for most sites along the profile. The long
period data were processed using the multiremote-reference,
robust, cascade decimation code of Jones (Jones and Jodicke,
1984) and the bounded-influence remote reference code of
Chave (Chave and Thomson, 2004). The results were then
merged with those from the broadband to obtain response
curves that extend to greater periods. In general data qual-
ity is excellent with low error bars and smooth response
curves that span up to eight decades of period, 0.004 to up
to 20 000 s (Fig. 4). Initial observations of the processed
response curves reveal consistently higher resistivities at the

J. Spratt et al.
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Figure 4. Examples of MT response curves for data measured at four sites: a) merged broadband and long
period data at a site located within resistive Archean orthogneiss, b) data at a site located within the conduc-
tive Paleoproterozoic metasedimentary rocks, and ¢), d) examples from sites located on pockets of Archean

basement rocks between belts of Paleoproterozoic units.
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northernmost sites (Fig. 4a) to long periods and therefore
greater depths; however, the response curves for sites in the
vicinity of the Penrhyn Group show enhanced conductivities
to long periods (example Fig. 4b) limiting the depth of pen-
etration. In an attempt to image deep structure beneath the
Penrhyn Group, sites were installed on exposed basement
rocks within the Fox fold belt, sites mel022 and mel023
(Fig. 4c, d). The results indicate steeply dropping appar-
ent resistivities and phases that approach 90°, suggesting
that although the near-surface material consists of resistive
basement gneiss units, these are underlain by very low resis-
tivities similar to those observed throughout the Penrhyn
Group.

Nonuniform source field effects, due to the auroral elec-
trojet, often cause distortion on MT data collected at high
latitudes. Analyses using the method described in Jones and
Spratt (2001) showed that there was little such effect on the
long period data, perhaps due to the low solar activity at the
time of recording.

DECOMPOSITION

In a layered isotropic Earth, i.e. where the Earth is con-
sidered one-dimensional (1-D), the apparent resistivities and
phases at each period are independent of direction. In order to
image resistivity structure that varies laterally along a profile,
that is where the Earth is electrically two-dimensional (2-D),
the apparent resistivity and phase response curves are calcu-
lated parallel to (termed the transverse-electric (TE) mode)
and perpendicular to (transverse-magnetic (TM) mode)
the geoelectric strike direction. At short periods, where the
electromagnetic fields are penetrating the top few kilome-
tres, geoelectric strike usually mimics geological strike. As
period increases, i.e. depth penetration increases, then the
geoelectric strike often rotates to other directions, indica-
tive of the strike of subsurface structures and geometries that
cannot be defined by surface mapping. Such variation can
aid interpretation (see, for example Marquis et al., 1995).

The data were analyzed for the effects of galvanic dis-
tortions, the degree of dimensionality, and to determine the
preferred geo-electric strike direction. Single site and mul-
tisite Groom Bailey decompositions (Groom and Bailey,
1989) were applied to each of the MT sites along the pro-
file using the technique developed by McNeice and Jones
(2001). The strike directions (with a 90° ambiguity) resulting
from single-site, single-decade period-band decompositions
are shown in Figure 5, where the colour scale represents the
maximum phase difference between the TE and TM modes.
Where the phase difference is minimal (<10°) the data can
be considered approximately 1-D, or independent of the
geoelectrical strike angle. Where the difference is greatest,
the data are most dependent on the strike angle. In general,
the sites at the southern end of the profile are predominantly
1-D over most of the period range. Where the phase differ-
ences are higher there is a strike preference of approximately
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35-45°. The northernmost sites show a strong preference for
a geoelectric strike angle of 9—17° at shorter periods (<1 s);
however at longer periods (>1 s) there is a preference for
32-45°.

Estimates for the penetration depths at various periods
were made using the Niblett-Bostick depth approximation
(Niblett and Sayn-Wittgenstein, 1960; Bostick, 1977, Jones,
1983) and suggests that this change in geoelectric strike
direction beneath the northern sites occurs at depths of about
30-40 km. This indicates that there are regional changes in
the electrical structure at or close to the crust-mantle bound-
ary. In the northernmost half of the profile, the regional
geology is cut by a series of east-trending faults, likely influ-
encing the geoelectric strike direction. As such, the TE mode
is then perpendicular to the profile direction at —81°/499°.
These faults are not as predominant in the south where the
shallow geoelectric strike direction (+34°) is parallel to the
regional geological trends. The preferred strike angle of 34°
for the deeper structure along the entire length of the pro-
file is also similar to the regional geology. This indicates a
coupling between the crust and mantle and suggests that the
east-faulting observed to the north do not extend beyond the
base of the crust.

Ideally, in a 2-D Earth, a single strike direction perpen-
dicular to the site profile can be used to accurately model
the responses at all periods for all sites. The data at each site
were recalculated for both directions at all periods with an
error floor of 3.5% (equivalent to 1° in phase, which is twice
the calculated error level), to assess the sensitivity of data
misfit with changes in the strike direction (Fig. 6a, b). At
a strike of 9° higher error values (root mean square>3) are
observed for periods greater than tens, whereas at a strike of
34° higher errors are seen at shorter periods, indicating that
an accurate 2-D representation of the Earth cannot be made
with a single geoelectric strike angle for all sites and all peri-
ods. Distortion-corrected data have been recalculated at both
9° and 34° and modelled separately at the appropriate period
ranges. Three-dimensional inversion should be used to deal
with depth and laterally-varying strike direction, but these
are in their infancy and are not yet sufficiently developed to
be useful as a reliable geological tool for regional studies.

DEPTH PENETRATION

An estimate of the maximum depth penetration beneath
each site was determined using Schmucker’s C-function con-
version (Schmucker, 1970). These estimations infer that, in
the north where the subsurface is resistive, penetration more
than 200 km (Fig. 6¢) is obtained and in some cases over
400 km. These depths are sufficient to model mantle litho-
spheric features. In the south, however, penetration through
the conductive Penrhyn Group is limited to less than 30 km,
but the EM fields at the southernmost sites reach depths of
more than 100 km. As the area over which the apparent resis-
tivity is averaged increases with depth beneath each site, it

J. Spratt et al.
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is possible that some deep structure beneath the Penrhyn
Group may be resolved; however, extensive model testing is
required to determine the reliability of the models.

OCEAN EFFECTS

An attempt to determine the distortion effects resulting
from the presence of conductive sea water around the entire
profile was made using the 3-D module of the WinGLink
interpretation software package. A 3-D mesh was created,
where the land cells had a uniform conductivity value of
500 Q-m and the cells representing the approximate loca-
tion and depth of the sea water surrounding the Melville
Peninsula were added with a conductivity value of 0.1 Q-m.
A forward calculation of the response curves showed that the
sites furthest from the coast were mildly influenced by the
presence of the sea water at periods greater than 1000 s. The
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sites closest to the coast, particularly to the west where the
sea is deeper, showed an effect as early as 300 s. As a uni-
form Earth was used and not the true conductivity structure
of Melville Peninsula, this is an approximation and although
maximum periods were used to generate the 2-D models,
features resulting from periods greater than 1000 s need to
be carefully examined.

PRELIMINARY 2-D MODELS AND
INTERPRETATIONS

Two-dimensional models were generated using the
WinGlink intepretation software package. Inversions were
undertaken using varying starting models, varying model-
ling parameters, and different combinations of data inputs
and over 100 iterations were executed to obtain the final
models. The data at periods that image crustal depths have
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been divided into three (northern, middle, and southern) pro-
files in an attempt to obtain higher resolution of the local
conductivity structure and to account for varying strike
angles (Fig. 7). The crustal-scale models used data from the
TM- and TE-modes as well as where available the vertical
field transfer function in the period range of 0.004-10 s from
the broadband MT sites. Error floors, determined acceptable
from decomposition analysis, were set at 7% for both the
phases and apparent resistivities and the smoothing param-
eter, tau, was set to seven (determined after initial trial runs
with varying tau). In order to assess model feature differ-
ences with varying strike angles, forward inversions for each
profile were undertaken at a geoelectric strike angle of +99°
and +34°, as determined from the decomposition analysis.
Additionally, a model has been generated using the data
from all sites to periods of 10 000 s at a strike angle of 34° to
image the regional lithospheric structure (Fig. 8).

CRUSTAL IMAGES

The northernmost profile, modelled at a geoelectric strike
angle of +99°, obtained a minimum root mean square (RMS)
misfit of 1.8 (Fig. 7a). In general the northern half of the
Melville Peninsula is highly resistive (>10 000 Q-m), consis-
tent with values observed for the Rae Craton along two earlier
MT profiles (Jones et al., 2002; Evans et al., 2005). In con-
trast to typical worldwide observations, the high resistivities
are imaged through to lower crustal depths. These results are
similar to those of Jones et al. (2002) near the Rae Craton—
Hearne Domain boundary, but differ from the Evans et al.
(2005) models generated beneath Baffin Island. A moderate
decrease in resistivity is revealed at depths between 36 km
and 39 km, marked by a dashed yellow line in Figure 7a,
and is interpreted to represent the crust-mantle boundary.
This increase is similar to the resistivity values estimated for
the upper mantle beneath the western Slave Craton, where
resistive lower crustal values are also observed. Throughout
the northern profile, less resistive near-vertical structures

Group

Zone of no
penetration
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Resistivity
(Q'm%(,o 000 Figure 7. Two-dimensional conductivity models
along the Melville Peninsula MT profile, divided
10 000 into three sections: a) north, b) mid, and ¢) south.
- The yellow dashed line illustrates the interpreted
crust mantle boundary. The black dashed lines
100 mark the subsurface trace of faults mapped at the
surface. The black arrow in Figure 7b marks pos-
10 sible folding of the Prince Albert Group. The black
solid line marks the top of the graphite-bearing
1 metasedimentary units of the Penhryn Group.
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Figure 8. Conductivity structure of the upper mantle beneath the Melville Peninsula MT profile. The dashed red line marks
the boundary between the lithosphere and underlying asthenosphere. The black dashed line marks a change in the lateral

conductivity of the upper mantle.

are imaged that spatially correlate with east-trending faults
mapped at the surface. Many of these faults appear to extend
through to the base of the crust. At least one of these faults,
which intersects the surface about 5 km south of site mel003,
may extend into the uppermost mantle. This fault is in the
vicinity of a known diamondiferous kimberlite field and may
provide key information on the tectonic history of the region
and diamond emplacement mechanisms.

The middle subprofile, modelled at a geoelectric strike
of +99°, obtained a minimum root mean square misfit of 1.7
(Fig. 7b). Similar to the northern profile, high resistivities
are seen to depths of 36-39 km, where there is a decrease
from more than 10 000 Q-m to about 4000 Q-m interpreted
as the crust-mantle boundary. In the vicinity of surface
mapped Prince Albert Group there is a shallow, less resistive
region that shows evidence of folding beneath the surface.
The resistivity values are similar to those observed in the
near-vertical faults, but the geometry of the body is different.

The southern profile, modelled at a strike of 34°, reached
a minimum root mean square misfit of 2.3 (Fig. 7c). In con-
trast to the northern profile, the shallow southern section is
marked by exceedingly low resistivity values (<10 €Q-m).
The low resistivities are interpreted to result from the pres-
ence of abundant graphite in the supracrustal pelitic gneiss
units of the Penrhyn Group. This unit is laterally continuous
for about 80 km and appears to form a synclinal structure
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beneath sites mel015, mel024, and mel016, with resistive
material near the surface. The lateral continuity and general
geometry is consistent with the interpretations of Henderson
(1983), where the exposed basement complexes were inter-
preted as structural nappes rather than windows into the
underlying basement. The low resistivities cause attenua-
tion of the amplitudes of the electric and magnetic fields,
preventing penetration deep into the lower crust.

Several sensitivity tests were undertaken to assess the
depths to which the model can be considered reliable. This
was performed by altering the resistivity values of the cells
directly beneath the low resistivity zone, running a forward
inversion, and noting the change in root mean squares misfit
value between the calculated and measured responses. In all
cases, the root mean squares value did not show a significant
increase for changes to the model between 7 km and 70 km,
suggesting that the data are not sensitive to structure at these
depths. The southern edge of the exposed Penrhyn Group is
marked by a near-vertical conductor that extends to at least
50 km in depth. Sensitivity tests similar to those described
above were conducted to determine the reliability of this low
resistivity anomaly. In this case, the root mean square value
increased to 3.2 suggesting that this feature is required by
the data. This structural feature is interpreted to represent
mineralization within a crustal-scale fault.
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MANTLE IMAGES

The conductivity structure of the mantle was modelled
along the whole profile at a strike angle of 34°, and used data
in the period range of 1-10 000 s. The final model obtained
a root mean square misfit value of 3.6 (Fig. 8). The effects
of nearby sea water have not been taken into account; there-
fore, the deep mantle images are preliminary and need to be
verified with 3-D modelling. Large-scale lateral changes of
electrical resistivity within the upper mantle are observed.
Beneath most of the profile, the mantle lithosphere has resis-
tivity values of about 5000 Q-m to depths of about 200 km,
where there is a decrease in resistivity to about 200 Q-m
marked by the dashed red line in Figure 8. This change
is interpreted to represent the lithosphere-asthenosphere
boundary (see Jones, 1999; Eaton et al., 2009). At depths
of 50-200 km, in the region beneath the southern extent of
the Penrhyn Group there is a distinct decrease in the over-
all apparent resistivity (~300 Q-m) of the mantle lithosphere
compared to the neighbouring resistive mantle. Although
there is limited sensitivity in this region, model testing shows
that a change from lower resistivities beneath sites mel019,
and melO18 to high resistivities beneath southernmost extent
of the profile is robust and required by the data. Laboratory
tests have shown that conductivity increases with increasing
water content in olivine (Yoshino et al., 2009). This expla-
nation for reduced resistivities requires a mechanism for
hydrating olivine and sustaining the water content over long
periods of time. This zone of lowered resistivity lies directly
beneath the near-vertical conductive feature in Figure 6c,
suggesting that this fault may be a major shear zone that
extends into the upper mantle separating the Repulse Bay
Block to the south from the northern Rae Craton units. It has
been shown in laboratories that there is an inverse relation-
ship between the electrical resistivity of mantle olivine and
its grain size, where a substantial decrease in grain size can
decrease the resistivity by up to two orders of magnitude
(ten Grotenhuis et al., 2004). The northward lateral extend
of this low-resistivity zone, however, is uncertain due to the
shielding effect on the data recorded in the vicinity of the
Penryhn Group. It is possible that the upper mantle beneath
the exposed Penrhyn Group has lower resistivity values
(~500 Q-m) associated with Paleoproterozoic juvenile man-
tle, as imaged beneath the Baffin Island survey (Evans et al.,
2005).

CONCLUSIONS

Distortion and strike analysis suggest that the northern-
most sites have two distinct anisotropic layers. The data in
the period range that corresponds to crustal depths have a pre-
ferred geoelectric strike direction of +99°, likely an influence
of the abundant east-west faulting. At greater periods (deeper
depths) for the northernmost sites, and all periods for the
southern sites, the geoelectric strike direction is +34°, similar
to that of the regional geology. This suggest coupling between
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the crust and the mantle, where the strike direction in the
northern half of the profile is influenced solely by late-stage
faulting that has limited penetration into the upper mantle.

In general, the variably reworked Archean Rae Craton
to the north is highly resistive (>10 000 2-m), however less
resistive (~5000 Q-m) near vertical structures that extend to
the base of the crust are imaged and interpreted to repre-
sent the subsurface expression of the east-trending faults.
Extremely low resistivities (<10 Q-m) are associated with
the Paleoproterozoic supractrustal metasedimentary rocks
of the Penrhyn Group, limiting the penetration beneath
the geophysically mapped units. A comparison between
apparent resistivity and phase-response curves between
sites recorded on highly resistive Archean crust and less
resistive Paleoproterozoic supracrustal rocks indicate that
the exposed bands of Archean basement material with the
Fox fold belt are underlain by low resistivities typical of
the Penhryn Group metasedimentary units. A decrease in
resistivity of two orders of magnitude is observed between
36-39 km over most of the profile, and is interpreted as the
crust-mantle boundary.

Beneath the Rae Craton, a thickened resistive upper man-
tle is observed to depths of about 200 km where a decrease in
resistivity is interpreted to represent the lithosphere-astheno-
sphere boundary. At depths of 70-200 km toward the south
end of the profile there is a change from moderate resistivi-
ties (~300 ©-m) to high-resistivity values (~3000 Q-m) from
north to south across the mapped surface trace of a shear
zone at the southernmost extent of the Paleoproterozoic
units. This suggests changes in the mantle structure or com-
position between the Repulse Bay Block to the south and the
Rae Craton to the north.

The magnetotelluric method has been demonstrated to
aid significantly in area selection for potential diamondifer-
ous provinces (Jones and Craven, 2004; Jones et al., 2009b).
In terms of diamond potential for the Melville Peninsula,
the results here suggest that the central part of the penin-
sula may be too thin to support diamonds in its roots, much
like the Rehoboth Terrane in Botswana (Muller et al., 2009).
The northern part of the peninsula exhibits a lithosphere of
some 200 km thickness extent, so the lower lithosphere is
well within the diamond stability field. To the south it is not
possible to be definitive, due to the presence of the Penrhyn
Group sedimentary rocks. Very long period MT (VLMT)
measurements need to be acquired in this area in order to
obtain information about the lithospheric mantle.
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