
Jones, A.G. and Garcia, X.
2006:  Electrical resistivity structure of the Yellowknife River Fault zone and surrounding region; Chapter 10 inGold in the Yellowknife Greenstone
Belt, Northwest Territories: Results of the EXTECH III Multidisciplinary Research Project, (ed.) C.D. Anglin, H. Falck, D.F. Wright, and E.J. Ambrose;
Geological Association of Canada, Mineral Deposits Division, Special Publication No. 3, p. 126-141.

126

10.  ELECTRICAL RESISTIVITY STRUCTURE OF THE YELLOWKNIFE
RIVER FAULT ZONE AND SURROUNDING REGION

Alan G. Jones1,2 and Xavier Garcia1,2

1.  Geological Survey of Canada, 615 Booth Street, Ottawa, Ontario, Canada, K1A 0E9
2.  Now at: Dublin Institute for Advanced Studies, 5 Merrion Square, Dublin 2, Ireland

INTRODUCTION
Electromagnetic data, using the natural-source magnetotel-
luric (MT) technique, were acquired in the southwestern part
of the Archean Slave craton, northwestern Canada, as a con-
tribution to two geoscientific programs to determine the
crustal and lithospheric mantle electrical resistivity structure.
As part of LITHOPROBE, Canada’s national geoscience project
(Clowes et al., 1999), during the summer of 1996 MT time
series were recorded at twelve sites on the all-weather road
along an approximately east-west profile, of direct-line
length of 130 km, with the city of Yellowknife in its centre
(Fig. 10-1, sites 003-014). Two additional Lithoprobe sites
(Fig. 10-1, sites 032 and 033) were acquired in March, 1999
east of Yellowknife in lakes just north of the all-weather road
(the Ingraham Trail). Subsequently, as part of EXTECH III
activities, a profile of seven sites was recorded in March,
2000 across the surface trace of the Yellowknife River Fault
Zone (Bleeker and Ketchum, 1998) some 10 km north of the
first profile (Fig. 10-1, sites 101–107), plus an eighth site
(site 045) along the LITHOPROBE profile.

The purpose of the LITHOPROBE surveys was to define the
gross geological architecture of Canada, with its central aim
of gaining a better understanding of how the North American
continent evolved. Thus, the 1996 and 1999 LITHOPROBE
sites recorded broadband MT (BBMT) and long period MT
(LMT) data at frequencies suitable for regional-scale crustal
probing with site spacing on the order of 15 km. In contrast,
EXTECH is a program for detailed high resolution imaging
of specific features related to mineral exploration, and
accordingly high-frequency audio-MT (AMT) data were
acquired at the EXTECH III sites, with approximately 
2.5 km site spacing, for superior resolution of upper crustal
structures, in particular of the Yellowknife River Fault Zone
(YRFZ). The detailed locations of the sites in the vicinity of
the YRFZ are shown in Figure 10-2. The primary objective
of the EXTECH III MT study was to determine the electrical
structure of the fault zone and its wall rocks, and relate it to
crustal and lithospheric scale geometries that might have
influenced the processes of mineralization at the nearby Con
and Giant gold mines. 

The process of faulting rocks invariably leads to changes
in their physical properties and consequently in their electro-
magnetic characteristics. Strike-slip faults can often result in
reduced electrical resistivity, and examples include the
Paleozoic-Mesozoic (Neoproterozoic?) Great Glen Fault in

Scotland (Kirkwood et al., 1981), the Eocene-aged Fraser
Fault in southwestern British Columbia (Jones et al., 1992),
and the uppermost crustal sections of the modern San
Andreas Fault in California (Unsworth et al., 1997, 1999;
Park and Roberts, 2003). The causes for conductivity
enhancement in strike-slip faults range from fluids in gauge
zones to sulphides, iron oxides, and graphite deposited by
fluid precipitation processes. In contrast, other major strike-
slip faults show resistive crust below them, including the
Paleoproterozoic Great Slave Lake Shear Zone (Wu et al.,
2002), the Eocene-aged Tintina Fault in the Yukon Territory
and northern British Columbia (Ledo et al., 2002), and the
middle crustal section of the San Andreas Fault at Carrizo
Plain (Mackie et al., 1997). Clearly, processes during and
subsequent to strike-slip faulting are not uniform and do not
lead to similar conductivity structures within the fault zone. 

This paper will examine the LITHOPROBE and EXTECH
III MT data and present and interpretation of the electro-
magnetic characteristics of the rocks involved in the
Yellowknife River Fault Zone. 

GEOLOGICAL SETTING
The study region lies in the southwestern part of the Archean
Slave craton of northern Canada. The Slave craton is approx-
imately 700 km (north-south) by 500 km (east-west) in
exposed extent and hosts the Acasta gneisses, currently the
oldest dated rocks on Earth (4.027 Ga, Stern and Bleeker,
1998). It is divided into a west-central basement complex,
named the Central Slave Basement Complex by Bleeker et
al. (1999a,b), and an eastern domain, named the Hackett
River Terrane by Kusky (1989) and the eastern Slave
Province by Bleeker et al. (1999a,b). The boundary between
the two is thought to be a ~2.7 Ga suture (e.g. Kusky, 1989;
Davis and Hegner, 1992; Bleeker et al., 1999a,b), and its
location is reasonably well approximated by the Pb isotope
line of Thorpe et al. (1992), and the Nd isotope line of Davis
and Hegner (1992), recently extended to the southeast by
MacLachlan et al. (2001). The pertinent aspects of the geol-
ogy are described below.

The premise for this study stems from questions regard-
ing the relationship between the two major lithological pack-
ages, the Kam Group and the Banting Group rocks, that
comprise the Yellowknife greenstone belt. The interpretation
of the stratigraphy of the belt has evolved considerably
(Helmstaedt, 2006) but the most recent interpretation views
the volcanic belt as representing two cycles of volcanism,



the tholeiitic Kam Group overlain by the calcalkaline
Banting Group. The Banting Group has been divided into the
Ingraham and Prosperous formations separated by the Walsh
Formation, both of which are conformably overlain by the
turbiditic sediments of the Burwash Formation that fill the
Yellowknife Basin east of the volcanic belt. Helmstaedt and
Padgham (1986) interpreted the sequence to be homoclinal
and east facing with two cycles of felsic volcanism separated
by the deposition of the Walsh Formation. The contact rela-
tions between the Kam Group and the Banting Group were
defined differently in different parts of the belt. In the north-
ern portions of the belt, the contact relationship was uncon-
formable, but in the southern reaches of the belt, the rela-
tionship was more gradational and conformable (Helmstaedt
and Padgham, 1986). 

Isotopic analyses by Cousens et al. (2002) demonstrated
that mafic rocks of the Banting and Kam groups are similar
in composition, but felsic rocks are distinctive. The isotope
systematics and incompatible element patterns in Kam
Group rocks are consistent with combined fractional crystal-
lization and crustal contamination of upper mantle-derived
primitive magmas to form the more evolved magmas
(Cousens, 2000). Felsic rocks in the Banting Group do not
consistently have more negative εNd than Banting mafic
rocks, but instead are generally positive, suggesting that
Banting felsic rocks could not have evolved by the same
magma sources that produced the Kam Group. Using this
distinction, Falck et al. (1999) and Cousens et al., (2006)
were able to demonstrate that the rocks previously assigned
to the Banting Group in the southern portions of the belt
actually belonged to the Kam Group, and only rocks inter-
sected by drillholes under the centre of Yellowknife Bay had
Banting Group affinities. 

This interpretation demonstrates that the contact between
the Kam and Banting groups is defined by the Yellowknife
River Fault Zone (Bleeker and Ketchum, 1998) along it
entire length, commonly obscured by an infilling of younger
conglomerates belonging to the Jackson Lake Formation
(Falck et al., 1991), and this raises questions on the true rela-
tionship between the major lithological packages. The pres-
ence of this Archean structure has been previously postulated
(e.g. Pettijohn, 1970; Helmstaedt and Padgham, 1986;
Bailey, 1987; Mueller and Donaldson, 1994; Bleeker and
Ketchum, 1998) and further analyzed by Martel et al. (2006).
The fault zone has been traced from Shot Lake to Quyta
Lake, extending for over 40 km, but can be extended further
north and connecting with the Ormsby Break (Stubley et al.,
1997) and south beneath Yellowknife Bay (H. Falck, pers.
comm., 2001). Where the fault is exposed south of Greyling
Lake, the zone is spatially associated with the Jackson Lake
Formation-Banting Group contact and strikes north-north-
east. North of Greyling Lake, the Jackson Lake Formation
has not been preserved and the fault zone defines the Kam-
Banting contact. 

In addition to the Archean fault zones, the Yellowknife
greenstone belt is transected by a complex system of brittle
faults that transect all of the lithologies, including the
Proterozoic age mafic dykes. These north- to northwest-trend-
ing, subvertical faults are sharp, narrow fractures with minor
wall-rock brecciation and occasionally a clay-like gouge fill
(Henderson and Brown, 1966). The faults offset and overprint
the Archean structures, completing the interpretation of the
older deformation zones. However, the movement of the
younger faults, which include the West Bay, Hay-Duck, and
Akaitcho faults, is mainly transcurrent and sinistral.
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MAGNETOTELLURIC METHOD AND
DATA ACQUIRED
The Magnetotelluric Method
The magnetotelluric method is a natural-source electromag-
netic surveying technique that was proposed independently
on theoretical grounds by Tikhonov (1950, reprinted in
Vozoff, 1986) in Russia and Cagniard (1953, reprinted in
Vozoff, 1986) in France in the early 1950s. Cagniard’s paper,
published in English in the widely read Society of
Exploration Geophysicists’ journal Geophysics, received
some attention, and attempts were made through the 1950s
to use the proposed technique. The results were discouraging
because of their nonrepeatability and large scatter of MT
response estimates yielding poor resolution of structures.
However, significant developments since that time in all
aspects of the method, (those up to the early 1980s are
recorded in the reprints volume of Vozoff, 1986) have
resulted in the method being now repeatable, reliable, and
able to give high resolution models of the subsurface that can
be correlated with other geophysical results (principally

from seismology, both passive and active), geology, and geo-
chemistry. General discussions of the MT method and its
application can be found in Jones (1992, 1993, 1998, 1999).

The sources of natural electromagnetic radiation are dis-
tant lightning storms at high frequencies (>8 Hz), and the
interaction of ejected solar plasma with the Earth’s magne-
tosphere at low frequencies (<10 Hz). The energy from
either source is trapped in the waveguide between the Earth’s
surface and the ionosphere, at a height of ~100 km, and can
travel around the Earth many times before being attenuated
to below sensor noise levels. The magnetic fields from these
sources penetrate into the Earth, and, by Faraday’s Law of
Induction, induce electrical fields. The strength of the elec-
tric currents associated with those fields is directly propor-
tional to the electrical conductivity of the rocks by Ohm’s
Law (see below). So, essentially, in the magnetotelluric
method one observes on the surface of the Earth both the
inducing field and the induced field and thereby can deduce
information about the conductivity structure. The complex
ratio between the electric and magnetic fields is called the
impedance, and the impedance is scaled in terms of its
squared-magnitude and its phase to give the MT apparent
resistivity and phase data from:

and the MT apparent resistivity can be thought of as similar
to the apparent resistivity in DC resistivity methods. For a
uniform half-space, the MT apparent resistivity gives the
true resistivity of the half space.

In addition to the ratio of the magnitudes, MT has the
advantage of measuring the phase difference of the electric
field variations to the magnetic field ones. The phase differ-
ence is 45º for a uniform Earth, and rises above 45º when the
underlying layer is less resistive than the layer above, and
below 45º when the underlying layer is more resistive than
the one above. For one-dimensional and two-dimensional
Earths, phase is bounded between 0º for a perfect insulator at
depth, and 90º for a perfect conductor at depth. 

In essence, the method relies upon two well-known phys-
ical phenomena. One comes from Michael Faraday’s Law of
Induction and is the skin depth effect by which EM fields are
attenuated in a medium of finite electrical conductivity. The
skin depth δ (in kilometres) in a medium of resistivity ρ (in
Ω.m) at a period of f (in Hertz) is given by:

from which one can appreciate that penetration increases
with decreasing frequency. For a medium of constant resis-
tivity, ρ, then as the frequency decreases the penetration
depth, δ, increases. In a one-dimensional (1-D) Earth where
resistivity varies with depth alone, then for a simple two-lay-
ered Earth the high-frequency apparent resistivities give the
upper layer resistivity, and as one determines the results for
the progressively lower frequency, a series of resistivity val-
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ues is calculated that asymptotically approach the true value
of the lower layer resistivity.

The second well-known physical phenomenon is the law
of Georg Simon Ohm, or Ohm’s Law, which is known as 
V = I • R. By this law, the voltage in an electrical circuit is
given by the electrical current times the resistance of the cir-
cuit. In a single medium through which electrical energies
are transferred, the law can be rephrased in terms of vector
current density J, vector electric field E, and (for simplicity)
isotropic uniform electrical resistivity r, and is E = J • ρ, or,
in terms of current density, J = E / ρ. However, as rocks or
other media are rarely uniform, the response of the current to
media of differing resistivities must be determined.
Continuity conditions at the interface between two media of
differing resistivity ρ1 and ρ2 require that the current density
(the number of charges, electrons or ions, flowing through a
one-square-metre loop in one second) normal to the interface
be continuous, thus Jn1 = Jn2. This requires that En1 / ρ1 =
En2 / ρ2 by Ohm’s Law, and as the resistivities are discon-
tinuous, then so must the electric field normal to the inter-
face be discontinuous. This is accomplished by the imping-
ing of charges on the interface, and is well described in
Price’s (1973) excellent review where he calls these charges
“the villains of the piece”. These electric charges on conduc-
tivity discontinuities are sensed by the MT method due to the
discontinuity in the apparent resistivities on either side of the
interface, which gives it high sensitivity to the location of
sub-vertical faults. — an advantage that MT has over seismic
reflection methods.

Application of the MT method involves measuring the
horizontal components of the time-varying electric and mag-
netic fields. These time series are then Fourier transformed
into the frequency domain, and, using robust statistical meth-
ods (see, e.g., Jones et al., 1989), estimates are made of the
impedance tensor elements at each frequency. These esti-
mates are analyzed for distortion and for regional strike
information, and an appropriate two-dimensional interpreta-
tion co-ordinate system is determined. The regional data,
corrected for distortion, are modelled using modern two-
dimensional (2-D) inversion algorithms, and the models are
compared to other information, such as seismology, geology,
petrology, and geochemistry. 

In addition, usually the time-variations of the vertical
magnetic-field component (Hz) are also recorded, and the
relationship between that component and the horizontal
magnetic components is determined from:

and the two complex transfer functions Tzx and Tzy are
termed the Geomagnetic Transfer Functions (GTFs). For a
uniform source field, the GTFs are zero over a 1-D pancake-
like layered Earth. The GTFs are often represented in terms
of induction vectors, and the real vector, when reversed, usu-
ally points towards regions of enhanced conductivity (Jones,
1986). This is highly dependent on the assumption that the
source of the electrical impulses is uniformly distributed and
of constant strength, and fortunately at most locations the
Earth is not nearly as uniform as the sources. At high lati-
tudes, however, care must be taken to avoid non-uniform

source fields causing problems with the data, and Jones and
Spratt (2002) developed a simple method for deriving the
MT and GTF responses as uncontaminated as possible.

For induction in a two-dimensional (2-D) Earth, the gov-
erning Maxwell equations can be written in terms of two sets
of equations. One set of equations describes induction of
currents that flow along, or parallel to, structures, and is
termed the Transverse Electric, or TE, mode of induction.
The other set describes induced currents that flow across, or
perpendicular to, structures, and is termed the Transverse
Magnetic, or TM, mode of induction. These terms come
from electrical engineering, and have become somewhat
reluctantly accepted by the global EM induction community.
Other terms used for these two modes that one sees in the lit-
erature are E-polarization or E-parallel for TE, and B- or H-
polarization or E-perpendicular for TM, respectively.

In a fully three-dimensional (3-D) Earth then, there is no
separation possible into different modes of induction, and a
fully 3-D model needs to be developed to explain the data
(e.g., Jones et al., 2003).

Data Acquired
The MT data that were acquired along the regional and high-
resolution profiles comprised three types and used four dif-
ferent MT recording systems. High-frequency audio-magne-
totelluric (AMT) data acquire MT fields typically in the fre-
quency range of 10,000 to 10 Hz, and thereby “see” the top
part of the crust to about 5 to 10 km. Broadband MT
(BBMT) data typically acquires frequencies in the band
1,000 to 0.001 Hz, and usually images the entire crust, but
with less resolution of the near-surface features than AMT
data. Long period MT (LMT) data are at frequencies of 0.1
to 0.0001 Hz, and probe the deepest crust and lithospheric
mantle, usually to the lithosphere-asthenosphere boundary.

On the LITHOPROBE regional profile AMT, BBMT, and
LMT data were acquired at most sites, but on the high-reso-
lution profile only AMT and BBMT data were acquired. The
AMT and BBMT data were acquired using Phoenix V5
(1996 survey) and V5-2000 (1999 survey) systems, and
Metronix GMS-06 systems (2000 survey), whereas the LMT
data (1996 survey only) were acquired using the GSC-
designed LiMS (long period magnetotelluric system) sys-
tems (Andersen et al., 1988).

Due to the instrumentation available at the time, the data
acquired on lakes (032, 033, 045) did not record the vertical
magnetic field component (Hz), and therefore there are no geo-
magnetic transfer functions (GTFs) for those sites. Also, the
sites on the high-resolution profile, sites 101 to 107, did not
record Hz data. Along the EXTECH III high-resolution profile,
the Yellowknife Fault, as mapped on the surface, passes
between sites 104 and 105 close to site 104 (Fig. 
10-2). At this location the Archean Yellowknife Fault is offset
by the Proterozoic merged Hay-Duck-Yellowknife River Fault.

Data Processing
The data were processed to frequency-dependent MT imped-
ance tensor estimates and geomagnetic transfer function esti-
mates (where Hz was recorded) using robust processing
codes (e.g., Jones et al., 1989) with remote-reference noise
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reduction (Gamble et al., 1979). The BBMT data were
processed by the commercial contractors, Phoenix and
Geosystem, for the V5 and GMS data respectively. Phoenix
uses a cascade decimation code (Wright and Bostick, 1980),
with the addition, implemented by Jones, of the Jones-
Jödicke robust estimation scheme (Jones and Jödicke, 1984;
method 6 in Jones et al., 1989). Geosystem uses Larsen’s
approach (Larsen, 1989; Larsen et al., 1996).

The LMT data were processed by the authors using the
multi-remote reference robust code of Jones, referred to
above. Contamination from possible source field effects on
the LMT response estimates was reduced using the approach
of Jones and Spratt (2002). An example of the source-field
contamination problems is shown in Jones and Spratt for site
007 (named 107 in Jones and Spratt, 2002). The mantle lith-
osphere would be thought to be too conductive without
applying this procedure.

ANALYSES FOR REGIONAL
GEOELECTRIC STRIKE
Prior to modelling the MT response estimates, it is important
to determine the regional dimensionality of the electrical
structures, i.e., whether they are 1-D, 2-D or 3-D. If the data
are deemed to be interpretable in terms of two-dimensional
(2-D) structures, the characteristic geoelectric strike direc-
tion of the subsurface structures, as defined by the MT data,
must also be derived. This step is crucial, as the surface geo-
logical strike may not be appropriate for the whole crust, as
shown in Marquis et al. (1995) and Wu et al. (2002). In the
former, the general N25ºW strike of the morphogeological
belts in the southern part of the Canadian Cordillera was
shown to be appropriate only for the top 7 to 10 km of the
crust, below which the geoelectric strike becomes N20ºE,
consistent with North American affinity rocks (Marquis et
al., 1995). In Wu et al. (2002), the geoelectric strike for sta-
tions around the Great Slave Lake shear zone was shown to
be ~N30ºE in the crust, and ~N60ºE in the mantle.

Before the mid-1980s strike was determined using meth-
ods largely based on the amplitudes of the impedance tensor.
However, problems with amplitude distortions of primarily
the electric field, caused by local, near-surface inhomo-
geneities, resulted in inconsistent strike determinations on a
site-by-site basis for many surveys, thus leading to inappro-
priate strike directions being adopted.

Once the nature of the distortions was better understood,
methods for strike determination were developed that used
the phase information within the MT impedance tensor,
rather than the strike information. Bahr (1984) was the first
to recognize the symmetry in phase required by a 2-D Earth
subsurface, based on the 2-D electric field distortion exten-
sion of Richards et al. (1982) of the 1-D approach of Larsen
(1977). A number of approaches have been proposed for
analysis of the MT impedance tensor to derive the strike
direction, regional impedances, and distortion parameters
(Bahr 1988, 1991; Bailey and Groom, 1987; Zhang et al.,
1987; Groom and Bailey, 1989, 1991; Chakridi et al., 1992;
Smith, 1995, 1997). Of these, the approach of Groom and
Bailey (Bailey and Groom, 1987; Groom and Bailey, 1989,
1991), offers advantages over the others – it uses a physical
model for distortion in terms of determinable and indeter-

minable parameters, derives the best-fitting model of distor-
tion fitting the data, and provides a firm statistical basis for
accepting whether the distortion model is appropriate.
Groom et al. (1993) and Jones and Dumas (1993) describe a
step-by-step methodology for applying the Groom and
Bailey approach. Recently, McNeice and Jones (2001) pre-
sented a multi-site, multi-frequency approach for applying
Groom and Bailey distortion decomposition to a set of sites,
and we apply McNeice and Jones distortion decomposition
herein. The determinable distortion parameters in Groom
and Bailey analysis are termed twist and shear. These two
describe the distortion of the electric field through rotation
and anisotropic amplitude effects and are estimated from the
effects on the phase data. Shear is limited to a range of ±45°,
at which the impedance tensor becomes singular. Twist
varies between of ±60°. The indeterminable ones relate to
pure amplitude scaling, and only affect the apparent resistiv-
ity data not the phase data. These are also called static shifts
(Jones, 1988), as the effect is to shift the apparent resistivity
curves vertically on a logarithmic ordinate scale by a static
amount, which does not change the shape of the curves.
Static shifts are one of the banes of the MT method, and a
number of solutions have been proposed for addressing the
problem.

McNeice and Jones distortion decomposition has been
applied to the data from both the regional and high-resolu-
tion profiles. The decompositions have been determined in
both multifrequency and multisite modes. The geoelectric
strike directions in decade-wide frequency bins, on an indi-
vidual site basis, are shown in Figure 10-3. The strike direc-
tions represent the best-fitting strike direction at each site
over all data within the frequency bin indicated. The length
of the arrow denotes the averaged phase difference over the
frequency bin between the phases in the strike direction and
the phases in the direction perpendicular to it. Long arrows
indicate significant departure from one–dimensionality 
(1-D), whereas short arrows indicate that the Earth below is
relatively uniform laterally within the sensing region of the
site at those periods. An absence of an arrow, for instance
east of Yellowknife at frequencies of 1 to 0.1 Hz (Fig. 10-
3d), indicates that the phase difference is statistical insignif-
icant, and infers a 1-D subsurface at the depths being sensed
by that frequency bin. 

At high frequencies (above 1 Hz, Fig. 10-3a,b,c), where
penetration into the subsurface is in the order of a few kilo-
metres, there is significant site-to-site variability. This is an
expression of the 3-D nature of the near-surface geology.
Note that the longest arrows, which represent the largest
phase difference and therefore are indicative of the greatest
lateral variability, occur in the vicinity of the Yellowknife
River Fault Zone, especially at frequencies of 10 to 0.1 Hz,
and are parallel to the brittle West Bay Fault System. At fre-
quencies below 0.1 Hz (Fig. 10-3e,f), at which the EM
waves are penetrating some 20 km into the crust, the geo-
electric strike direction is uniform across the region with a
best-fit direction of ~025º.

Figure 10-4 shows the best strike directions fitting all
sites simultaneously with sliding frequency windows of
varying widths, 1/6, 1/3, 1/2 of a decade, and 1, 2, and 3
decades wide. The overall best-fitting geoelectric strike
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direction displays a frequency dependence, with high fre-
quencies exhibiting a preference for ~000º (north-south), and
low frequencies exhibiting a preference for ~025º. The
change occurs at frequencies of around 10 to 1 Hz, at which
the EM waves are penetrating on average some 2 to 6 km. 

Given that the focus of this study is the upper and middle
crust, the appropriate interpretation coordinate reference
frame to choose is the one that is consistent with the high-
frequency data that penetrate from the surface to about 
20 km depth. For these data, those depths correspond to fre-
quencies in the range of 1,000 to 0.1 Hz. The higher fre-
quency data are excluded as they are not as good quality and

do not exist for all sites. The best-fitting overall strike direc-
tion from all 22 sites in the frequency range of 1,000 to 
0.1 Hz is ~001.5º, or north-south. The eight sites along the
high-resolution profile indicate a preference for a strike of
~012º, but a north-south strike yields only a 14% worse mis-
fit with most of the misfit at the lower frequencies (1–
0.1 Hz). Accordingly, the regional interpretation coordinate
reference frame was taken to be north-south and east-west.
In this reference frame, the currents flowing north-south rep-
resent the TE-mode of induction, and those flowing east-
west represent the TM-mode.
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Usually, one fits the observations to a model including
distortion to extract the best estimates of the regional MT
impedances in the regional interpretation coordinate refer-
ence frame (see, e.g., Groom et al., 1993; Jones and Dumas,
1993). Rotation of the data into strike direction is less pre-
ferred as it usually results in poorer estimates of the regional
responses (see, e.g., Jones and Groom, 1993; McNeice and
Jones, 2001). However, the data collected on this survey dis-
play unusually low galvanic-distortion effects. For these
data, twist and shear values are below 15º for most sites, or
low distortion effects, indicative of little near-surface con-
ductive heterogeneity. This is to be compared with high-dis-
tortion effects, with values close to the physical limits of 60º
and 45º respectively, more typically seen in Archean ter-
ranes. Accordingly, for these data simple rotation into the
interpretation coordinate system suffices.

Prior to plotting and modelling, the data were visually
inspected and obvious outliers and problem data were elim-
inated. The usable frequency range for modelling at each site
is listed in Table 10-1.

DATA PLOTS
Magnetotelluric Pseudosections
Plots of the regional MT data are shown in Figure 10-C5 as
contoured pseudosections. The hotter colours (yellows and
reds) in the sections indicate low resistivities (in the appar-
ent resistivity sections) and high phases (in the phase sec-
tions), both indicative of the presence of conductivity anom-
alies. The data have been edited to remove obvious outliers
and distortions, and the data from site 105 are excluded due
to their anomalous behaviour (see below). Where acceptable
data exist, they are shown by dots on the sections. Areas
where data do not exist are contouring interpolations and
should not be considered for interpretation.

The apparent resistivity sections (Fig. 10-C5a,c) show
low resistivities in the region around Yellowknife and sites to
the east, which are an indication of conducting structures
below those locations. The low apparent resistivities persist
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Figure 10-4. Geoelectric strikes for all 22 sites simultaneously for frequency bands of widths varying from 1/6th of a decade (a) to 3 decades (f).

Station Year Latitude Longitude Equipment Freq. Range (Hz) Vertical 
magnetic 

Regional Profile 

003 1996 62°45'55 115°51'14 V5 + LiMS 768 – 0.000147 Y 

004 1996 62°43'51 115°39'50 V5 + LiMS 768 – 0.000147 Y 

006 1996 62°41'17 115°25'58 V5 + LiMS 768 – 0.000147 Y 

007 1996 62°38'26 115°14'20 V5 + LiMS 768 – 0.000147 Y 

008 1996 62°33'30 115°05'16 V5 + LiMS 768 – 0.000147 Y 

009 1996 62°30'50 114°51'10 V5 + LiMS 768 – 0.000293 Y 

005 1996 62°28'13 114°36'22 V5 10,000 – 0.00110 Y 

010 1996 62°32'15 114°21'03 V5 + LiMS 768 – 0.000293 Y 

045 2000 62°33'17 114°17'13 GMS-06 193 – 0.000336 N 

033 1999 62°32'43 114°10'47 V5-2000 288 – 0.000550 N 

011 1996 62°32'30 114°04'48 V5 + LiMS 768 – 0.000293 Y 

012 1996 62°31'18 113°47'45 V5 + LiMS 10,000 – 0.000293 Y 

013 1996 62°29'44 113°34'51 V5 + LiMS 768 – 0.000147 Y 

014 1996 62°30'57 113°23'12 V5 10,000 – 0.00110 Y 

High resolution profile 

101 2000 62°35'36.3 114°26'44.2 GMS-06 209 – 0.000641 N 

102 2000 62°35'23.2 114°22'25.8 GMS-06 193 – 0.000336 N 

103 2000 62°35'23.2 114°20'54.7 GMS-06 193 – 0.000336 N 

104 2000 62°35'55.7 114°18'07.2 GMS-06 193 – 0.000336 N 

105 2000 62°36'49.2 114°15'34.7 GMS-06 193 – 0.000336 N 

106 2000 62°36'23.9 114°10'55.9 GMS-06 150 – 0.000641 N 

107 2000 62°36'06.1 114°04'29.5 GMS-06 193 – 0.000336 N 

032 1999 62°34'37 113°57'36 V5-2000 288 – 0.00110 N 

Table 10-1.  MT stations along the regional and high-resolu-
tion profiles.



to the lowest frequencies, suggestive of structures with
whole crustal extent and possibly penetrating into the upper-
most mantle.

Site 105 Response
Site 105 exhibits the strongest and most anomalous MT
response of the whole data set, and the data were excluded
from Figure 10-C5 so as not to bias the plots. Figure 10-6
shows the apparent resistivity curves from site 105 (Fig. 
10-6b), plus those from the neighbouring sites 104 (Fig. 
10-6a) and 106 (Fig. 10-6c). The data are plotted in terms of
log frequency along the abscissa, with frequency decreasing

to the right, and decreasing frequency is a proxy for increas-
ing depth. Note that the log apparent resistivity scale (along
the ordinate) for site 105 is different from that of the other
two sites. 

Site 104 shows strong two-dimensionality, with the TE-
mode data higher in amplitude than the TM-mode data. This
is indicative of a site on the conductive side of a fault. The
data at site 106 are more one-dimensional and remain mod-
erately resistive until 0.01 Hz or so. In sharp contrast the
apparent resistivity data at site 105 drop sharply and contin-
uously with decreasing frequency. The two curves are almost
together, indicating a 1-D Earth below as far as the MT data
are probing; modelling of these data is discussed below.

Given that the high-frequency apparent resistivity data at
sites 104 and 106 asymptote to a few hundred ohm.metres
(150 and 270 Ω.m respectively), and for site 105 is 60 Ω.m,
then there is a possible static shift in the data from site 105
of 3 to 5. This translates to a possible multiplicative error in
depth of 1.7 to 2.4 (square root of apparent resistivity shift,
see Jones, 1988), i.e., the depths to interfaces must be multi-
plied by 1.7 to 2.4.

Induction Vectors and Geomagnetic Transfer
Functions
Real induction vectors for the four sites on either side of the
Yellowknife River Fault Zone are shown at 10 Hz, the fre-
quency of greatest response at site 010, in Figure 10-7a. The
figure shows the classic induction vector reversal (e.g., Jones
et al., 1992); vectors at sites 005 and 010 point eastwards,
whereas the vectors at sites 011 and 012 point westwards.
When resolved along an east-west section, the real and imag-
inary GTFs at 10 Hz for those four sites are as shown in
Figure 10-7b. Both real and imaginary vectors exhibit the
strong reversal, and the crossovers (from east pointing for
the western sites to west pointing for the eastern sites) are
well defined in the vicinity of site 105. This site is situated
virtually on top of the Walsh Lake Formation (Fig. 10-2).
These vectors and GTFs are indicative of current flow in a
relatively linear (i.e., 2-D) upper crustal conductor between
sites 010 and 011. 

MODELLING AND INVERSION
One-Dimensional Modelling of Site 105
Response
The MT data from site 105 (Fig. 10-6b) are highly unusual
in that even the lowest frequencies do not penetrate through
the shallow, subsurface conductor, and that the conductor is
increasing in electrical conductivity with depth. The data can
be modelled using one-dimensional (1-D) approaches given
that both modes (TE and TM) show almost identical appar-
ent resistivity curves. The data modelled were the so-called
Berdichevsky averaged data (Berdichevsky and Dmitriev,
1976), which are the rotationally invariant arithmetic means
of the TE and TM impedances, and error floors of one degree
in phase and 3.5% in apparent resistivity were set. Analysis
with Parker’s D+ (Parker, 1980; Parker and Whaler, 1981),
and using Schmucker’s C-function (Schmucker, 1970),
which gives the depth to maximum eddy current flow
(Weidelt, 1972), shows that the maximum depth of penetra-
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tion is to about 2,500 m, even at 0.001 Hz frequency (1,000
s period). This is to be compared to neighbouring sites 104
and 106, where the EM fields at 0.001 Hz frequency are
flowing at depths of around 50 km. At site 105 the EM fields
are arrested in the very high conductivity anomaly and can-
not penetrate through it. The two highest frequency and three
lowest frequency data are omitted from the inversion
because of their large error estimates and inconsistency with
the other data.

Modelling was accomplished using two different inver-
sion strategies that result in models with least structure,
where least-structure is defined either by the minimum num-
ber of layers or the minimum change between layer resistiv-
ities. The model with the minimum number of horizontal
layers that fits the data was determined by increasing the
number of layers until the data fit with a normalized root
mean square (RMS) misfit of 1.0, i.e., the difference between
the observed data and the modelled data is, on average, one
standard error. An RMS of 1.0 is the goal of any model fit-
ting. A smaller value infers that the data are being over fit,
and a larger value, that the data are not being sufficiently fit.
This was achieved with 6 layers using the codes of Fischer
et al. (1981) and Fischer and Le Quang (1981). Best-fitting
models with four or five layers gave an RMS of 2.5 or
greater, whereas models with six or more layers could be
found with an RMS of 1.0 or less. The parameters of the

best-fitting six-layer model are given in Table 10-2, and the
model and fit are shown in Figure 10-8. 

Having found an acceptable model, the next step is to
appraise it for resolution of the model parameters. Model
resolution was investigated using a linearized approach (sin-
gular value decomposition, SVD, Wiggins, 1972; Edwards et
al., 1981; Jones, 1982), and standard errors on the model
parameters are also listed in Table 10-2. The SVD analysis
shows that of the eleven model parameters, eight are well
determined, two are marginally determined (ρ6, resistivity of
lowermost layer, and h1, thickness of top layer), and one is
undetermined (ρ2, resistivity of second layer). The latter is a
well-known problem in MT, whereby the resistivity of a
resistive layer sandwiched between two conductive ones is
virtually impossible to determine, even with precise data
(e.g., Jones, 1999, for a discussion of this). At best, one can
determine the minimum value for the resistive layer.

The second approach was to determine the smoothest
model, defined as the one with the least total resistivity gra-
dient, or change between layers. Using the Occam algorithm
of Constable et al. (1987), a model of 350 layers fitting the
data to an RMS of 1.0, which simultaneously had a mini-
mum in roughness (sum of resistivity gradients), was deter-
mined and it is shown in Figure 10-8 together with the fit to
the data.

Both the minimum-layers model and the smoothest
model show essentially the same subsurface structure to a
few kilometres. The layers in the layered model are well rep-
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Layer Resistivity 
(ΩΩ.m) 

Range 
(ΩΩ.m) 

Depth to base 
(m) 

Thickness 
(m) 

Range 
(m) 

1 45 18 - 120 86.6 86.6 16.9 - 445 

2 690 69 - 6900 233 147 60.1 - 352 

3 2.7 2.3 – 3.1 467 234 210 - 259 

4 0.62 0.48 – 0.79 1030 561 457 - 688 

5 0.05 0.027 – 0.10 1800 775 415 - 1450 

6 0.005 0.00065 – 0.040    

 

Table 10-2.  Parameters of the best-fitting six-layer model to
site 105 averaged MT data.
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resented by maxima and minima in the smooth model. The
top 100 m is moderately resistive, below which is a resistive
zone to some 250 m or so. Beneath that is a conducting
region with decreasing resistivity with depth to extraordi-
nary low values at depths of 1 km and deeper.

The MT data do not penetrate through this conducting
region. The phases at the lowest frequencies (0.001 Hz) are
still high (75º) and are not dropping back down to 45º, which
would indicate penetration through the body. Similarly, the
apparent resistivity curves are not beginning to trend
upwards at the lowest frequency.

Note that because of the possibility of the apparent resis-
tivity curves being static shifted downwards, the depths in
the 1-D models may be systematically underestimated by a
multiplicative factor of possibly 1.7 to 2.4 (see above), and
resistivities can be greater by a factor of 3 to 5. Thus, the top
of the conducting layer could be as deep as 560 m, rather
than 233 m. Further AMT data need to be acquired, with
some control over static shift, in order to obtain a more accu-
rate estimate. This anomalous highly conducting body below
site 105 is the likely explanation for the 10 Hz induction vec-
tors, shown in Figure 10-7. 

Two-Dimensional Modelling
The MT and GTF data in the regional coordinate reference
frame were modelled to obtain the subsurface 2-D electrical
resistivity structure using the objective inversion procedure
of Rodi and Mackie (2001), as implemented within
Geosystem’s WinGLink© software package. The inversion
scheme tries to fit the data as well as possible, whilst simul-
taneously finding the smoothest model at the prescribed
level of misfit. Smoothness is defined by the sum of the hor-
izontal and vertical gradients in resistivity, so the smoothest
model possible is a uniform Earth.

Models were derived using 17 of the 22 sites, illuminat-
ing both the regional crustal and lithospheric mantle struc-
tures, and local structures within and around the Yellowknife
River Fault Zone. The responses from site 105 were
excluded as they only penetrate to a few kilometres and
would require excessive gridding in the vicinity of the site to
ensure accurate modelling. Additionally, the data from sites
010, 045, 033, and 011 were excluded as they duplicate data
from sites on the high-resolution profile.

To account for the anisotropic part of “static shifts”
(Jones, 1988), which are multiplicative shifts of the apparent
resistivity curves caused by local, near-surface inhomo-
geneities, the apparent resistivity curves were coalesced at
their high-frequency asymptotes. The split between the two
curves were, in most cases, minor and less than half a
decade. To account for the final local site gains, the apparent
resistivities were set with an error “floor” of 7% (equivalent
to 2° in phase) whereas the phase data were set with an error
floor of 1° (equivalent to 3.5% in apparent resistivity). The
error floor for the GTFs was set at 0.05 absolute. Error floors
perform the task of specifying the minimum error for each
data point. If the errors are smaller than the respective floors,
then they are set to the floor value. If they are larger, then the
true error is taken. Surprisingly, as discussed above, these
data were little perturbed by local distortions, so we could

set a low error floor for the apparent resistivities. Typically,
error floors are set at far larger values.

The MT data from all 22 sites, and GTF data from 12 sites
(see Table 10-1), in the frequency range 1000 to 0.001 Hz 
(6 decades of frequency), were available for inversion for
regional structure. Two models were derived, one from the
MT data alone, fitting both the TE and TM modes simulta-
neously, and one from the MT data and GTF data together.
These two models are shown in Figure 10-C9, and in Figure
10-C10 the data and the model responses for the TE+TM
model are compared. In both cases, the start model was a
uniform half-space with a resistivity of 1,000 Ω.m, and
many hundreds of iterations were performed. Both models
fit the data well at crustal and upper mantle probing fre-
quencies. The misfit is predominantly at the lowest frequen-
cies (see Fig. 10-C10), but penetration at these frequencies is
over 100 km, which is beyond the scope of this paper. The
models were derived without any a priori constraints being
applied, such as horizontal or vertical discontinuities or
boundaries. The two models show virtually identical crustal
and upper mantle resistivity structures for the YRFZ and the
region as a whole. Differences between the two models are
suspect and are not discussed. Below the TE+TM model is
compared with other data preferentially over the
TE+TM+GTF model due to its superior fit.

DISCUSSION
Crustal Resistivity
The crust in the southwestern part of the Slave craton, apart
from the top kilometre or so and the region of the
Yellowknife River Fault Zone, is highly resistive with values
well in excess of 10,000 Ω.m. Such high resistivities are con-
sistent with those obtained from laboratory studies of dry
crustal rocks (Olhoeft, 1981; Laštovicková, 1991) for the
expected pressure-temperature conditions. However,
beneath most other parts of continental crust the lower crust
is typically orders of magnitude less resistive, leading to
speculations for the enhanced conductivity ranging from
saline fluids to carbon on grain boundaries (see review by
Jones, 1992). When this lack of a regional lower crustal con-
ductor was first reported (Jones and Ferguson, 2001) it was
the only occurrence known, although local anomalously
resistive zones had been previously reported (e.g., Park and
Mackie, 2000). Since then, other regions have shown such
high resistivities throughout the crust, notably east of the
Great Slave Lake shear zone at the southern boundary of the
Slave craton (Wu et al., 2002), and the Archean Rae craton
at the Rae-Hearne boundary near Baker Lake (Jones et al.,
2002).

Whereas the existence of a lower crustal conducting layer
is powerful information, though it is plagued by questions
about the cause of the enhanced conductivity (Jones, 1992;
Yardley and Valley, 1997; Wannamaker, 1997), the lack of
any conductor is just as powerful in that any conducting
mechanism, such as deep crustal conducting metasediments,
must be excluded from the tectonic scenario model. Note
that the locations of resistive crust are all Archean in age, and
likely Mesoarchean or earlier (see cross-section in Bleeker,
2002). Given that continental crust of ages younger than
Mesoarchean predominantly displays a conducting lower
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crust, with a possible age relationship (e.g., Jones, 1981,
1992; Hyndman and Shearer, 1989), the obvious implication
is that processes that resulted in subducted sediments were
not as efficient in the Mesoarchean and earlier. This in turn
suggests that modern-day plate tectonics, sensu stricto, was
not the dominant tectonic process when the Central Slave
Basement Complex was formed. 

Yellowknife River Fault Zone
The class of models shown in Figure 10-C9 are minimum
structure, which means that the Yellowknife River Fault
Zone can be narrower and more conducting, but not wider
and more resistive. Within the Yellowknife River Fault Zone,
resistivities are reduced to low values (1000 Ω.m or less) to
depths of at least 20 km, and possibly through the whole
crust (Fig. 10-C9). There is also reduced resistivity in the
upper mantle beneath the fault and to the east (Fig. 10-C9).
The clear implication from the MT data is that the
Yellowknife River Fault Zone, and/or coincident Proterozoic
brittle faults of the West Bay-Indin Lake Fault System (e.g.,
Bleeker, 2002), extend through the whole crust. This con-
trasts with the Rocky Mountain Trench-Tintina Fault (Ledo
et al., 2002), the Great Slave Lake shear zone (Wu et al.,
2002), and the San Andreas Fault (Mackie et al., 1997),
which all exhibit higher resistivities in the fault. In contrast,
the Fraser Fault (Jones et al., 1992) and the Great Glen Fault
(Kirkwood et al., 1981) exhibit reduced resistivity in the
fault zone. What causes these differences is an open ques-
tion, and likely related to fluid and rheological processes.

Yellowknife Basin
The depth extent and geometry of the Yellowknife basin is
contentious, with Cook et al. (1999) and van der Velden and
Cook (2002) arguing that it is about 7 km in the east (near
Tibbit Lake), shallowing to the west towards the Yellowknife
Fault (Fig. 10-C11). In contrast, Bleeker (2002) and Snyder
et al. (2006) argue that the basin is defined by a prominent
reflector (Y2, see Fig. 10-C11) marking a regionally-signifi-
cant unconformity between the Central Slave Basement
Complex felsic rocks and granitoids, and the overlying
quartzite, banded iron formation, and mafic/ultramafic rocks
of the Central Slave Cover Group (Bleeker et al., 1999a) that
lies unconformably on the Central Slave Basement Complex
(Bleeker et al., 1999a,b).

The moderately resistive region to the east of Yellowknife
in the two models is likely due to the metasedimentary rocks
of the Yellowknife Supergroup. There are two conductive
candidates, the banded iron formation that lies at the top of
the Central Slave Cover Group and black (graphitic) argillite
of the Walsh Lake Formation, stratigraphically immediately
below the Burwash Formation. The implication from the MT
models is that the Yellowknife Basin does have a significant
depth extent close to Yellowknife, and thus supports the
interpretation of Bleeker (2002) and Snyder et al. (2006).
More discussion of this is given below.

Correlation with Other Geophysics
Both seismic reflection and seismic refraction profiles were
undertaken along the all-weather road from Rae to Tibbit
Lake as part of LITHOPROBE SNORCLE transect studies. The

road follows the locations of MT sites 003 – 004 – 006 – 007
– 008 – 009 – 005 – 010 – 011 – 012 – 013 – 014. The seis-
mic reflection interpretation is presented in Cook et al.
(1999), and re-interpretations by van der Velden and Cook
(2002) and Snyder et al. (2006). The migrated seismic data,
together with the interpretation of van der Velden and Cook
(2002), are shown in Figure 10-C11 and are compared to the
TE+TM resistivity model of Figure 10-C9a (note that the
resistivity model has been differentially stretched to com-
pensate for the trajectory of the roads on which the reflection
data were acquired). 

Note the general observation of higher reflectivity in
resistive regions, an observation that is common within
LITHOPROBE data sets (e.g., Clowes et al., 1999). The lower
resistivities within the fault zone generally correlate with an
absence of reflectivity, and in detail with the westernmost
extent of reflector Y2, interpreted as a fault by van der
Velden and Cook (2002) and as the Central Slave Cover
Group by Bleeker (2002) and Snyder et al. (2006). Although
we subscribe to the view of Snyder et al. (2006) that reflec-
tor Y2 is likely truncated by the Yellowknife River Fault
Zone rather than correlative with reflector A3 to the west of
Yellowknife, as proposed by van der Velden and Cook
(2002), given the ubiquitous presence of the banded iron for-
mation in the Central Slave Cover Group, which should pro-
vide an excellent conductive target, we do not support the
notion that Y2 represents the Central Slave Cover Group.
Rather, we submit that the geometry of the basin is well
described by the resistivity model with a maximum thickness
of about 10 km beneath site 032 some 20 km to the east of
Yellowknife, and shallowing to between 2 and 3 km further
east and west. 

The SNORCLE seismic refraction experiment is
described, and the data interpreted, in a recent paper by
Fernández Viejo and Clowes (2003). Their compressional
wave velocity model for the Rae to Tibbit Lake profile is
shown in Figure 10-C12a. Shot point 1102 was at the
Yellowknife Con mine. The solid lines on Figures 10-C12a
and 10-C12b are interfaces from which wide-angle reflec-
tions were observed, and the dashed lines denote the pro-
gressively linearly increasing velocity at 0.2 km/s intervals.
In contrast to the teleseismic observations, which suggested
a Moho at a depth of some 39 km beneath the Yellowknife
seismic array (Bank et al., 2000), seismic refraction Moho is
observed at 33 km beneath the southwestern part of the cra-
ton. The dominant feature of the refraction model is the lower
velocities observed to the east of Yellowknife compared to
the west. The lower crustal velocity to the east ranges from
6.5 to 6.7 km/s, whereas to the west it is 6.6 to 6.9 km/s.

A comparison of the reflection model and wide-angle
reflectors with the resistivity model is given in Figure 10-
C12b. The lower velocities in the lower crust to the east of
Yellowknife compared to the west correlate with the lower
resistivities observed for that region, although this is a
weakly resolved feature of the resistivity model.

Causes of Conductivity Enhancement
Outside the Yellowknife River Fault Zone itself, formations
that are probable candidates for enhancing electrical conduc-
tivity are the banded iron formation, which lies at the top of
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the Central Slave Cover Group, and the black (graphitic/sul-
phitic) argillite of the Walsh Lake Formation (see above).
Thus we can conclude that within the Yellowknife Basin the
likely cause of conductivity enhancement is due to iron
oxides (sulphides) or graphite.

Within the fault zone itself, laboratory physical property
studies have been undertaken by Scromeda et al. (2000),
Connell et al. (2001), Connell and Scromeda-Perez (2002),
and Katsube et al. (2006) of rocks from the Giant and Con
mines. They demonstrate that the rocks at the surface display
strong electrical anisotropy, with layers of relatively high
concentrated sulphide (>10%) in one gold-bearing sample
showing a resistivity of 10 to 100 Ω.m parallel to foliation
and more than an order of magnitude higher perpendicular to
foliation. The relatively high values of 10 to 100 Ω.m for sul-
phide ore are explained by Connell et al. (2001) as due to the
lack of grain-to-grain connectivity. By induction, we con-
clude that the broad moderately conducting fault zone to
middle and lower crustal depths is caused by sulphide min-
eralization. Laboratory measurements show that pyrite sul-
phides can have a range in resistivity from 10-7 to 1 Ω.m,
with an average of 10-2 Ω.m (Beblo, 1982), and therefore a
well connected sulphide body should exhibit resistivities
orders of magnitude below those observed. An alternative
explanation would be in terms of fluids within the brittle
faults. However, we exclude this using the same arguments
as Gough (1986), who explained the often observed seismi-
cally transparent and resistive upper crust, when compared
with the reflective and conductive lower crust, in terms of
rheological state.

The astounding anomaly beneath site 105 is likely to be
the graphitic argillites of the Walsh Lake Formation, or con-
versely may be interconnected sulphides. 

CONCLUSIONS
A magnetotelluric study was performed along a short profile
crossing the Yellowknife River Fault Zone as a contribution
to EXTECH III activities. The data from this study, taken
together with regional MT data acquired by LITHOPROBE for
SNORCLE transect investigations of the Slave craton, yield
information about the subsurface geometries of resistivity
structures. Strike analysis demonstrated that much of the
data can be regarded as one-dimensional, and that two-
dimensional structures generally strike north-south, and such
a coordinate reference frame was adopted for interpretation.

The MT data from site 105 are virtually one-dimensional,
and are indicative of a highly conducting body at a depth of
some 250 m, with increasing conductivity (decreasing resis-
tivity) with depth. One caution is that this is a single station
anomaly, and it requires verification through a more detailed
survey with MT stations “nose-to-nose”, i.e., continuous MT
sites with site spacing the same as the electrode line length
(50–100 m), such as was undertaken by Poll et al. (1987)
over the Leitrim Fault near Ottawa and Unsworth et al.
(1997, 1999) over the San Andreas Fault in California. Site
105 is some 2750 m northeast from site 104, and some 4000
m west-northwest from site 106, and modelling studies sug-
gest that the anomalous body at 250 m and below must be of
limited spatial extent (likely <500 m) otherwise it would
have a measurable effect on the MT data from sites 104 and

106. A grid of MT sites, with some sort of static shift control,
would be able to ascertain the lateral boundaries of the body. 

Two-dimensional objective inversion modelling of 17
sites, from the 22 available sites, resulted in models that
showed regional-scale features correlative with geology and
seismology. The MT models do not support the Yellowknife
Basin interpretation of van der Velden and Cook (2002), but
neither do they support the interpretation of Bleeker (2002),
and repeated in Snyder et al. (2006). The MT models suggest
a basin geometry that is shallow in the eastern half of the
Ingraham Trail and deepening to 10 km in the western half.

Electrically, the Yellowknife River Fault Zone penetrates
the whole crust, and there is reduced resistivity in the lithos-
pheric mantle beneath it. Given the high resistivities
observed throughout the whole crust on either side of the
fault zone, the implication is that mantle fluids, which pro-
vided the source of the gold mineralization, came directly
along a vertical path. The importance of such a structure is
readily apparent when the distribution of gold showings in
the southern Slave Province is displayed on a map. The dens-
est concentration of showings and the most economically
significant ones are focused along the western margin of the
Yellowknife Basin in an arc from Yellowknife to Nicholas
Lake in a fashion reminiscent of other well known struc-
tures, such as the Cadillac-Larder Lake Break in the Abitibi
Province of the Canadian Shield.
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Figure 9-C5. Details of SNORCLE line 1 east of Yellowknife and the
Yellowknife River (Fig. 9-1). Red boxes indicate the same areas in
the subfigures. a) Reprocessed reflection section using limited offset
range to enhance near-surface reflections. Prominent deep reflec-
tions can be traced to within 100 ms (300 m) of the surface. The pur-
ple bar represents the Duck Lake Intrusive Sheet gabbro; the blue-
green lines show the orientation of foliation planes mapped within
the Burwash metaturbidites (Henderson, 1985) as projected onto
this section. b) P-wave velocity model from tomographic inversion of
first breaks on shot gathers. Red are higher velocities 
(>6.2 km s-1); some coincide with the mapped location of the Duck
Lake Intrusive Sheet. c) Interval velocities used to reprocess the
section shown in (a); again higher velocities correlate with the Duck
Lake Intrusive Sheet, its depth projection (reflector Y1) and a deep-
er reflection (Y2 of Cook et al., 1999).
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Figure 10-C5.  Pseudosections of the apparent resistivity and
phase data in the two modes, TE and TM.
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