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Abstract: Electrical resistivities of rock samples (gneiss, greywacke and argillite), obtained from the
western part of the La Ronge Domain, were studied to determine the source of elevated electrical
conductivities observed deep in the subsurface of the region.

Analyses show that the resistivities of these rocks cover a wide range of values (0.3-2x10% Q'm). While
the larger values are typical for these types of rocks, the smaller ones are likely due to layers (thicknesses
of about 1-5 mm) of sulphide concentrations. These layers are also a source of significant electrical
resistivity anisotropy. These rocks are folded, with sulphide layers accumulated near the hinge of the fold
forming a source of high electrical conductivity along its axis. Generally, the resistivities are 3-8 Q-m in
the direction of the fold axis, and 2000-20 000 Q'm for samples from the host gneissic rock, which gives a
bulk anisotropy of 200:1 to 7000:1 for the metasedimentary unit.

Résumé : Larésistivité électrique d’échantillons de roches (gneiss, grauwacke et argilite) provenant de
la partie ouest du Domaine de La Ronge a été mesurée pour déterminer la source des valeurs élevées de
conductivité électrique observées dans les lithologies profondes de la région.

Les analyses indiquent que les valeurs de résistivité de ces lithologies couvrent un large intervalle (de
0,3 x 10* Q'm 2 2,0 x 10* Q'm). Les valeurs les plus élevées sont caractéristiques des types de roches
susmentionnées; quant aux valeurs faibles, elles sont probablement attribuables a des couches sulfurées
(épaisseurs variant entre environ 1 et 5 millimeétres). Ces couches sont en outre l1a source d’une anisotropie
significative de la résistivité électrique. Les roches sont plissées et les couches sulfurées sont concentrées
pres de la charniére du pli, formant une source de conductivité électrique élevée le long de son axe.
Généralement, les valeurs de résistivité atteignent 3-8 Q'm dans la direction de 1’axe du pli et
2 000-20 000 ©-m dans les échantillons provenant de la roche gneissique hdte, ce qui donne une anisotropie
apparente de 200:1 a 7 000:1 dans le cas de 1’unité métasédimentaire.
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INTRODUCTION

Brief history of the discovery and early
investigations of the NACP anomaly

The North American Central Plains (NACP) anomaly in
electrical conductivity was discovered on the edge of an array
of magnetometers by Gough and his colleagues in 1967
(Reitzel et al., 1970), and then located in the Black Hills
region by a second array study in 1969 (Camfield etal., 1970;
Porath et al., 1970, 1971; Gough and Camfield, 1972;
Camfield and Gough, 1975). A subsequent magnetometer
array in the Dakotas and Saskatchewan in 1972 traced the
anomaly through those states and province (Alabi et al.,
1975), and two later profiles of magnetometers tracked it
through northern Saskatchewan and northern Manitoba
(Handa and Camfield, 1984; Gupta et al., 1985; respectively).
This curvi-linear feature, which affects natural electromag-
netic fields from 10 s periodicity to periods of greater than
one cycle per day, is estimated to be of at least 2000 km in
length, and possibly connects to conductivity anomalies in
Scandinavia (Jones, 1993). As such, it is the largest coherent
crustal anomaly of enhanced electrical conductivity yet
discovered.

In a bold and intuitive paper, Camfield and Gough (1977)
suggested that the NACP was a geophysical expression of a
Proterozoic plate boundary buried beneath the Phanerozoic
cover of the mid-North American continent. Geological and
geochronological investigations, using samples from base-
ment-reaching boreholes (Peterman, 1981; Klasner and King,
1986), and interpretations of potential field maps (Green
et al., 1979, 1985; Dutch, 1983; Klasner and King, 1986;
Thomas et al., 1987) confirmed this subsurface extrapolation
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of structures exposed in northern Saskatchewan and
Manitoba identified in the mid-1970s as an orogenic zone,
termed the Trans-Hudson Orogen (THO) by Hoffman (1981),
with a proposed Proterozoic plate boundary in southern

Wyoming by Hills et al. (1975).

PanCanadian Oil Co. Ltd. was interested in basement
control of sedimentary structures, and contracted a magne-
totelluric (MT) survey over the NACP anomaly just north of
the U.S./Canadian border in southern Saskatchewan in 1984,
Due to the large spatial separation of Alabi et al.’s (1975)
magnetometer sites (typically 75 km or greater), the actual
position of the anomaly was mislocated, and a second survey
farther east was undertaken in 1985 (Jones and Savage, 1986).
This showed definitively that the NACP anomaly was located
some 75 km east of the position identified by the array study.
This view was contended by Maidens and Paulson (1988), but
the comment on their paper and interpretation by Jones
(1988), who pointed out their errors and stated that the NACP
anomaly does indeed lie as detailed by Jones and Savage
(1986), went unchallenged. Modeling of the PanCanadian
MT data illustrated that the anomalies in electrical conductiv-
ity causing the anomaly were in the crust, and were arcuate
in form with the centre of the arch being at about 103.25°W
in southern Saskatchewan (Jones and Craven, 1990). A sec-
ond major enhancement was also identified and named the
TOBE anomaly because of the along-strike spatial associa-
tion of aeromagnetic maps with the postulated subsurface
extrapolation of the Thompson Belt (Jones and Craven, 1990;
Rankin and Pascal, 1990). Two further M T profiles across the
anomaly in central Saskatchewan illustrated that it is not a
continuous feature, as implied by the magnetometer array
work, and that it is displaced some 75 km to the west at around
a latitude of 52°N (Jones and Craven, 1990).

Figure 1.

Cartoon map of basement elements showing
the Trans-Hudson Orogen (THO) and the
trace of the North American Central Plains
(NACP). S, M, N. South, Mid and North
Saskatchewan MT profiles of Jones and
Craven(1990);, NOD: North Dakota MT stud-
ies by the University of Washington and the
Geological Survey of Canada (unpubl.),
L: Lithoprobe MT profiles.
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Seismic reflection profiling in northern North Dakota
imaged an arcuate non-reflecting deep crustal body with
reflecting packages that lay on top of it. These reflecting
packages correlated spatially with the locations of the zones
of enhanced conductivity imaged by Jones and Craven (1990)
just to the north (Nelson et al., 1993).

Figure 1 illustrates the trace of the NACP anomaly from
all the above studies together with the generalized basement
map of central North America. Note that the NACP lies
virtually wholly within the Trans-Hudson Orogen, and is, for
the most part, on its western or northern boundary.

Lithoprobe MT studies

Under the auspices of Lithoprobe (Clowes et al., 1993),
magnetotelluric experiments have been undertaken on two
campaigns. One in 1992 of 110 sites, and the other in 1994 of
30 sites. The 1992 experiment was along a single profile from
one bounding craton (Superior to the east) to the other
(Rae/Hearne to the west). The lines in Saskatchewan and the
lithotectonic elements are shown in Figure 2. The MT data
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from the western part of the 1992 transect have been analyzed
and modelled, and show that the NACP anomaly is associated
with the western part of the La Ronge Domain, and that it dips
beneath the Rottenstone Domain and the Wathaman
Batholith, and ends at the Needle Falls Shear Zone (Jones
et al., 1993). The model is illustrated in Figure 3, with the
major seismic interfaces, determined from the reflection sec-
tion, in bold lines.

Cause of enhanced conductivity

The actual cause of the enhanced conductivity in the NACP
anomaly has been the subject of speculation since its discov-
ery. Camfield and Gough (Camfield et al., 1970; Gough and
Camfield, 1972; Camfield and Gough, 1977), considering the
spatial correlation of the southern end of the NACP with
graphitic schistose rocks in a belt mapped by Lidiak (1971),
suggested that the enhanced conductivity is due to graphite
sheets in highly metamorphosed and folded basement rocks.
Green et al. (1985) suggested that it is due to partial serpenti-
nization of oceanic mafic and ultramafic rocks at the ridge
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Figure 2. Lithotectonic elements of the Trans-Hudson Orogran in Saskatchewan. The 1992 and 1994
MT profiles shown as solid lines, with that part of the 1992 profile modelled in Figure 3 in white.
NFSZ: Needle Falls Shear Zone; BRSB: Birch Rapids Straight Belt; GeT: Guncoat Thrust. The star
indicates the location of the rock samples in Figure 4.
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crest of ancient former oceanic crust, and Handa and Camfield
(1984) proposed that it is due to trapped saline water in
fractured rocks.

The conclusive spatial correlation of the NACP anomaly
with the western La Ronge Domain by the 1992 Lithoprobe
MT studies (Jones et al., 1993) gave an opportunity to identify
the actual cause of enhanced conductivity. The anomaly is
bounded by two high strain packages; the Guncoat Thrust and
the Birch Rapids Straight Belt (Fig. 2). Within these packages
are the only significant occurrences of graphite in the region
(J.F. Lewry, pers. comm., 1993), but the data show that these
bounding zones are not conductive compared to the units in
between. The rocks within the western La Ronge Domain are
mainly granodioritic-granitic gneisses interleaved with
minor, discontinuous pelitic to psammitic sedimentary and
plutonic rocks (Lewry and Slimmon, 1985), and associated
mineralization, with economic deposits of gold, nickel, and
copper in disjointed vein and disseminated sulphides, in the
metasedimentary sequences. Conductors mapped by airborne
electromagnetic surveys (compiled by Standing, 1973) are
long, linear features that correlate spatially with surface
exposures of the biotitic metasedimentary rocks. These obser-
vations led Jones et al. (1993) to associate the NACP anomaly
with sulphides in the western La Ronge Belt.

Rock property studies

In order to determine conclusively the source of elevated
electrical conductivities observed deep in the subsurface of
the region, electrical resistivities of rock samples (gneiss,
greywacke, and argillite) obtained from unit Lsn (L=La
Ronge; sn=sedimentary), a biotitic metasedimentary unit in
the western part of the La Ronge Domain of the Trans-Hudson
Orogen, were measured. The electrical resistivity measure-
ments were conducted in all three directions of the samples
to ascertain the extent of electrical anisotropy in the rocks,
and whether it might be related to the source of these subsur-
face anomalies. Hand-sample sized specimens were collected
from seven locations deemed representative of the unit in the
Nemeiben Zone of the western La Ronge Domain (Fig. 4).

METHOD OF INVESTIGATION

Samples and sample preparation

Seven rock samples (gneiss, greywacke, and argillite), each
consisting of several sub-samples, and each weighing about
1-10 kg, were collected from the biotitic metasedimentary
unit (unit Lsn) in the Nemeiben Zone of the western La Ronge
Belt of the Trans-Hudson Orogen, northern Saskatchewan
(Fig. 4). Information on their rock type is provided in
Tables 1a and 1b. Many contained traces of up to 5 per cent
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Figure 3. Resistivity model from the Lithoprobe MT sites just on the Phanerozoic cover from the Glennie
Domain to the Rae/Hearne craton (Fig. 2). Vertical exaggeration 1:1. White denotes resistivities <50 Q'm,

whereas black denotes resistivities >1000 Q-m. The solid lines are from the seismic reflection section
showing (a) the presumed projection of the Needle Falls Shear Zone (NFSZ), (b) the Guncoat Thrust (GCT),
and (c) the top surface of the Archean microblock of unknown affinity, named the Sask craton.
WB=Wathaman Batholith; RD=Rottenstone Domain;, LRB=La Ronge Belt.
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Table 1a. Sample locations.

T.J. Katsube et al.

Table 1b. Sample information (rock type and strike/dip).

Sample Location Description Sample Rock Type Strike/Dip
LP94-001 On the Nemeiben Lake road LP94-001 Quartz-feldspar-biotite gneiss 160/758W
LP94-002 | as LP94-001 | LP94-002 | Quartz-feldspar-biotite gneiss 168/78SW
LP94-003 | as LP94-001 LP94-003 | Quartz-feldspar-biotite gneiss 168/vert
LP94-004 | On the north side of English Bay LP94-004 | Quartz-feldspar-muscovite gnelss with | 20/65SE
LP94-005 | West side of Contact Lake muscovite porphyroblasts
LP94-006 East side of MacKay Lake LP94-005 Biotite porphyroblastic greywaycke -
LP94-007 | On the Stanley Mission road close to Sulphide Lake LP94-006 | Greywaycke 76/82S8

LP94-007 Carbonaceous sulphidic argillite 721708
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Figure 4. Rock sampling locations. Lsn: Biotitic metasedimentary unit in the La Ronge Domain; Lm:
La Ronge amphibolite, hornblende gneiss and schist; Lum: La Ronge ultramafic rocks; Lqd: La Ronge
quartz diorite-granodiorite-quartz monzonite-granite; Lgn: Granodiorite-granite complex; Rng:
Birch Rapids Strait Belt — Migmatitic gneiss of the Rottenstone Domain. The dashed boxes show the
regions where airborne EM observations were flown, and the solid lines indicate the locations of

conductors mapped (Standing, 1973).

163




Current Research/Recherches en cours 1996-E

(estimate) sulphides. These 7 samples are represented by
numbers LP94-001 to LP94-007. One to three sub-samples
were selected as representative of each sample. In the case of
sample LP94-007, the three sub-samples are coded with the
letters A, B and C following the seven digit sample numbers.
A second series of one to three sub-samples, represented by
the letters a, b and ¢ following the 7-8 digit sample or
sub-sample numbers, were cut out from each sample or
sub-sample. This amounts to a total of 15 sub-samples. One
to two specimens were cut out of each sub-sample, one for
bulk density () and electrical resistivity (p,) and one for
effective porosity (¢g) determinations. Those prepared for
bulk density and electrical resistivity measurements were cut
into rectangular shapes so that the latter could be measured in
all three directions, identified by ¢,  and y. Those prepared
for effective porosity measurements were either rectangular
or irregular in shape. The § and p, measurements were

Table 2a. Dimensions of specimens cut out from the
samples for electrical measurements.

performed on all 15 sub-samples, and ¢ on only 12 of these
sub-samples containing no visible sulphides. The geometric
characteristics of the specimens used for p, and & measure-
ments are listed in Tables 2a and 2b. The dimensions are in
the range of 1.3-2.2 cm for the rectangular shaped specimens.

Bulk density and effective porosity measurements

The caliper method (API, 1960) has been used to determine
the bulk density, 8, of the samples, by measuring the dimen-
sions and weight of the rectangular specimens. This measure-
ment constitutes part of the porosity determining procedure.
Effective porosity, ¢, in principle represents the pore volume
of all interconnected pores. In this study, it is determined from
the difference in weight between the oven-dried and water-
saturated rock specimen.

Table 2b. Dimensions of specimens cut out from the
samples for electrical measurements.

LP94-004ax 1.489 [ 2.067 | 1.167 | 9.8381 2.64 274
LP94-004aB 1.167 | 2.067 | 1.489 | 9.8381 1.62 2.74
LP94-004ay 1.167 | 1.489 | 2.067 | 9.8381 0.84 2.74
LP94-004ba 1.589 | 1.657 | 1.705 | 12.2792 | 1.54 2.74
LP94-004bB 1.657 | 1.705 | 1.589 | 12.2792 | 1.78 2.74
LP94-004by 1.589 | 1.705 | 1.657 | 12.2792 | 1.64 2.74

LP94-005a 1.319 | 2211 [ 1.753 | 13.9448 | 1.66 2.73
LP94-005B 1.753 | 2.211 [ 1.319 | 13.9446 | 2.94 2.73
LP94-005y 1.319 | 1.753 | 2.211 | 13.9446 | 1.05 273

LP94-006a 1.612 | 2.251 | 1.522 | 15.6995 | 2.38 2.84
LP94-0063 1,522 | 2.251 | 1.612 | 15.6995 | 2.13 2.84
LP94-006y 1.5622 | 1.612 | 2.2561 | 15.6995 | 1.09 2.84

LP94-007Aax | 1.644 | 2.233 | 1.583 | 16.0573 | 2.32 2.76
LP94-007Aa} | 1.583 | 2.233 | 1.644 | 16.0573 | 2.15 276
LP94-007Aay | 1.583 | 1.644 | 2.233 | 16.0573 | 1.17 276
LP94-007Aba | 1.516 | 2.150 | 1.808 | 16.2846 | 1.80 276
LP94-007AbB | 1.808 | 2.150 | 1.516 | 16.2846 | 2.56 276
LP94-007Aby | 1.516 | 1.808 | 2.150 | 16.2846 | 1.28 2.76
LP94-007Aca | 1.619 | 2.087 | 1.572 | 16.6943 | 2.15 3.14
LP94-007AcB | 1.572 | 2.087 | 1.619 | 16.6943 | 2.03 3.14
LP94-007Acy | 1.572 | 1.619 | 2.087 | 16.6943 | 1.22 3.14

a,, 8, Length of the two sides of the rectangular specimen,
¢:  Thickness of specimen.
W:  Waeight of specimen under room dry conditions.
Kq:  Geometric factor.
5:  Bulk density
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a, a, 4 w Ka o] a, a, [} w Ka [
Sample {cm) {cm) | (cm) (9) (10%m) | (g/mL) Sample (cm) (cm) (cm) (9) (10%m) | (g/mL)
LP94-001ax 1741 | 2219 | 1.405 | 145082 | 275 | 2.69 LP94-007Bac | 1.785 | 2.159 | 1.619 | 17.0605 | 2.38 273
LP94-001B 1405 | 2.219 | 1.741 | 145082 | 1.79 | 2.69 LP94-007Bap | 1.619 | 2.159 | 1.785 | 17.0605 | 1.96 273
LP94-001y 1405 | 1.741 | 2219 | 145082 | 1.10 | 2.60 LP94-007Bay | 1.619 | 1.785 | 2.159 | 17.0605 | 1.34 2.73
LP94-007Bbo | 1.824 | 2.379 | 1.926 | 25.1178 | 2.25 3.01
LP94-002aa | 1.493 | 1.744 | 1.386 | 9.7645 | 1.88 | 2.71 LP94-007BbB | 1.926 | 2.379 | 1.824 | 25.1178 | 2.51 3.01
LP94-002ap | 1.386 | 1.744 | 1.493 | 9.7645 | 1.62 | 2.71 LP94-007Bby | 1.824 | 1.926 | 2.379 | 25.1178 | 1.48 3.01
LP94-002ay | 1.386 | 1.403 | 1.744 | 97645 | 119 | 2.71
LP94-002bac | 1.487 | 1.571 | 1.617 | 10.2456 | 145 | 2.71 LP94-007Cact | 1.878 | 2079 | 2267 | 24.1118 | 1.72 272
LP94-002bB 1.571 1.617 | 1.487 | 10.2456 1.71 2.71 LP94-007Cap 2.079 2.267 1.878 24.1118 2.51 2.72
LP94-002by | 1.487 | 1.617 | 1.571 | 102456 | 153 | 2.71 LP94-007Cay | 1.878 | 2267 | 2.079 | 24.1118 | 2.05 2.72
LP94-007Cba | 1.925 | 2.213 | 1591 | 20.4001 | 2.68 3.01
LFOSONGeL (12208 | 2.540 | 2800 | S | B | B8 LP94-007Cbp | 1591 | 2213 | 1.925 | 20.4091 | 183 | 3.01
LP94-0038 | 2.210 | 2.242 | 2.205 | 29.7555 | 225 | 2.72 LP94-007Cby | 1.591 | 1.925 | 2.213 | 20.4091 | 1.38 3.01
LP94-003y 2.205 | 2.210 | 2.242 | 207555 | 217 | 2.72

a,, a,; Length of the two sides of the rectangular specimen.
¢:  Thickness of specimen.
W:  Weight of specimen under room dry conditions.
Ks:  Geometric factor.
8: Bulk density

Table 3. Results of the effective porosity measurements.

5 Wi Wo Si e

Sample (g/mL) (9) 9@ (%) [ (%)
LP94-001 2.69 7.0147 6.9737 | 224 | 1.58
LP94-002 2.71 10.0792 | 9.9948 | 19.7 [ 2.29
LP94-003 2.72 9.2004 9.1618 | 17.6 | 1.15
LP94-004a | 2.74 6.5180 6.4977 | 24.1 | 0.86
LP94-004b | 2.74 7.5839 7.5644 | 251 | 0.71

LP94-005 273 5.6994 5.6557 11.2 2.1
LP94-006 2.84 10.3938 10.3662 27.9 0.76
LP94-007Aa | 2.76 6.3161 6.1386 21.7 7.98
LP94-007Ab | 2.76 10.2831 10.1036 32.6 4.90
LP94-007Ac | 3.14 7.4826 7.4094 51.5 3.10
LP94-0078 3.01 4.7395 4.6970 38.4 2.72
LP94-007C 3.01 7.9944 7.9380 40.1 2.10

W, = wet weight
8 = bulk density (Equation 2)
S,= Irreducible water saturation

¢ = effective porosity
W, = dry weight




The API Recommended Practice for Core-Analysis
Procedures (API, 1960) has generally been followed in these
measurements. The procedures routinely used in our measure-
ments are described in the literature (Katsube and Scromeda,
1991; Katsube et al., 1992a; Scromeda and Katsube, 1994).

Bulk electrical resistivity measurements

The bulk electrical resistivity, p,, is determined from the
complex electrical resistivity (p*) measurements made by
methods described in recent publications (e.g. Katsube, et al.,
1991; Katsube and Salisbury, 1991; Katsube and Scromeda,

Table 4a. Results of electrical resistivity

measurements.
P
(10° Qm)

Sample Mes. #1 Mes. #2 Mean
LP94-001ax 5.48 9.64 7.56
LP94-001p 2.03 3.57 2.80
LP94-001y 1.85 2.97 241
LP94-002aa 14.37 14.27 14.32%
LP94-002apB 11.49 12.29 11.89*
LP94-002ay 9.51 8.45 8.98*
LP94-002ba 12.41 9.47 10.94*
LP94-002b 14.15 12.28 13.22*
LP94-002by 12.82 11.72 12.27*
LP94-003a 20.48 21.26 20.87*
LP94-003p 16.40 19.51 17.96
LLP94-003y 14.27 18.22 16.25
LP94-004ac 10.50 10.86 10.68
LP94-004ap 5.88 6.91 6.40
LP94-004ay 5.62 6.02 5.82
LP94-004ba 9.41 8.78 9.10
LP94-004bf 12.71 12.56 12.64*
LP94-004by 10.31 10.68 10.50
LP94-005a 13.67 12.83 13.25
LP94-0058 15.06 14.55 14.81
LP94-005y 8.27 8.59 8.43"
LP94-006« 3.56 3.95 3.76
LP94-0068 4.59 5.21 4.90
LP94-006y 7.28 9.16 8.22"
LP94-007Aac 0.020 0.017 0.019
LP94-007Aap 0.29 0.28 0.29
LP94-007Aay 0.033 0.032 0.033
LP94-007Aba 0.023 0.022 0.023
LP94-007Abp 0.39 0.25 0.32
LP94-007Aby 0.050 0.053 0.052
LP94-007Aca 0.0011 0.0009 0.0010
LP94-007Acp 0.0006 0.0004 0.0005
LP94-007Acy 0.0003 0.0002 0.0003

p=  Bulk Electrical Resistivity.

Mes. (#1)=  Measurement after 24 hours of

saturation.

Mes. (#2)=  Measurement after 48 hours of

saturation.

*=  Values determined from slightly
distorted complex resistivity
plots (Katsube et al., 1992).

T.J. Katsube et al.

1994). p* is measured over a frequency range of 1-10° Hz,
with p, representing a bulk electrical resistivity at frequencies
of about 102-103 Hz. It is a function of the pore structure and
pore fluid resistivity, and is understood to exclude any other
effects, such as pore surface, dielectric or any other polariza-
tions (Katsube, 1975; Katsube and Walsh, 1987), including
electrode polarization.

EXPERIMENTAL RESULTS

The results of the bulk density (8) determinations are listed in
Tables 2a and 2b. They are in the range of 2.69-3.14 g/mL.
The smaller values resemble those of a granitic gneiss (Daly
et al., 1966), and the larger ones resemble those of a more
basic rock. The results of the effective porosity (¢g) measure-
ments are listed in Table 3, displaying values in the range of
0.76-8.0%. The smaller values are typical of crystalline rocks
(Katsube and Mareschal, 1993; Katsube and Scromeda, 1995)
and the larger ones resemble those of a relatively competent
sedimentary rock (Daly et al., 1966). In general, these porosi-
ties are relatively high for a crystalline rock.

The results of the electrical resistivity (p,) measurements
are listed in Tables 4a and 4b. Determinations have been made
at 24 and 48 hours after water saturation, to ensure that they
represent p, values stable with time. Some examples of the
complex resistivity plots used to determine the low values of
p, are shown in Figure 5. Details of this determination proce-
dure are described elsewhere (e.g. Katsube and Scromeda,
1994). The p, values are in the range of 0.3-2x10* Q'm for
these samples, the lower values in the range of rocks contain-
ing relatively large amounts of sulphides (Keller, 1982), and
the higher values being typical of crystalline rocks (Katsube
and Hume, 1987, 1989; Katsube and Mareschal, 1993). Some

Table 4b. Results of electrical resistivity

measurements.
Pn
(10* Om)

Sample Mes. #1 Mes. #2 Mean
LP94-007Baa | 0.40 0.25 0.33
LP94-007Bap | 1.35 0.60 0.98
LP94-007Bay | 5.74 1.94 3.84
LP94-007Bba | 0.049 0.046 0.048
LP94-007Bbf | 0.14 0.12 0.13
LP94-007Bby 0.0079 0.0077 0.0078
LP94-007Caa | 0.089 0.076 0.083
LP94-007Cap | 0.89 0.68 0.79
LP94-007Cay 0.53 0.46 0.50
LP94-007Cba | 0.015 0.014 0.015
LP94-007CbB | 0.057 0.051 0.054
LP94-007Cby | 0.0029 0.0032 0.0031

p,=  Bulk Electrical Resistivity.

Mes. (#1)=  Measurement after 24 hours of
saturation.

Mes. (#2)= Measurement after 48 hours of
saturation.
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complex resistivity plots showed slightly distorted arcs
(Fig. 4a and 5a in Katsube et al., 1992b), implying that the p,
values obtained using these plots (denoted by an * in
Table 4a) are likely to be slightly smaller than the true values.

DISCUSSION

The bulk densities observed (8 = 2.69-3.14 g/mL, Tables 2a
and 2b) are not an unexpected range of values for these types
of rocks. While the smaller effective porosity (¢5=0.76-8.0%)
values are typical of these types of crystalline rocks (Katsube
and Mareschal, 1993; Katsube and Scromeda, 1995), the
larger ones are not. Particularly, those displaying values
above 3.0% (e.g. ¢p=4.9-8.0% for samples LP94-007Ab,
LP94-007Aa) are unexpected for these rocks. This is probably

20
LP94-007Aba.
pr
| 5
x X x X
—_ X X X
c o ! [O% XX ) ! !
é} 0 50
o
=20
& LP94-007Aay
>
'_.
<)
2| .
@ |
> X X XX
o 0 | lXX xx%X?O(
= 0 20 40
O
<C
= 300
= LP94-007Abf
200 -
pr
100 |- l _
X X X X x X X X X X x X 4
0 | ! | | ! 1 |
0 500

REAL RESISTIVITY, Py (2-m)

Figure 5. Typical examples of complex resistivity plots used
to determine low bulk electrical resistivity (p,) values. These
are examples for samples/specimens PL94-007Aba.,
PL94-007Aay, and PL94-007Abf. Because of the low
resistivities, strong electrode polarization effects (right-most
arcs) are seen, but outside the range of influence on p,. The
relationship between py and py is described in the literature
(e.g. Katsube and Walsh, 1987, Katsube et al., 1991, 1992b).
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a result of weathering, particularly of some of the sulphides,
that has taken place because of these samples having been at
or near the surface.

The bulk electrical resistivities (p,) of these rocks cover a
wide range of values (p,=0.3-2x10* Q'm). While the larger
values are typical for these types of rocks (Katsube and
Mareschal, 1993; Katsube and Hume, 1987, 1989), the
smaller values reflect effects of strong electrically conductive
paths existing in some or some parts of these rocks. These are
due to the visible layers, thicknesses of about 1-5 mm, which
contain varied degrees of sulphide concentrations. These
layers are a cause of significant electrical resistivity anisot-
ropy, up to about 10:1 to 18:1, as seen in Tables 4a and 4b for
samples/specimens LP94-007Ab, LP94-007Ba, LP%4-
007Bb, and LP94-007Cb.

The low p, values (0.3-1.0 £2'm) and large anisotropies of -
these rocks have significant implications on their bulk elec-
trical characteristics. The slice of rock displayed in Figure 6
describes the distribution of layers of sulphide concentrations
in sub-samples LP94-007B and LP94-007C. They both are
parallel slices cut from sample LP94-007, and represent a
cross-section of a folded rock with layers containing sul-
phides tending to concentrate towards the hinge of the fold.
While the sulphide concentrations are not continuous along
the folded bedding, they are continuous along the axis of the
folding. Three discontinuous layers of sulphide concentra-
tions are seen in this cross-section (Fig. 6), a highly concen-
trated thick layer (upper left), a highly concentrated thin layer
(upper right), and a thick layer (lower section) with a low
concentration of sulphides. A second series of three sub-
samples (LP94-007Cb, LP94-007Bb, LP94-007Ba) repre-
senting these three layers, with very different sulphide con-
centration characteristics, were cut out of these two slices of
rock.

The two second series of sub-samples (LP94-007Cb,
LP94-007Bb), representing the highly concentrated layers,
indicate resistivities of 3-8 Q.m in the direction of the axis,
and 15-130 Q'm in the other two directions. If the resistivity
values of the sections of the rock barren of sulphides (2000-
20 000 'm, Table 4a) are taken into consideration, the
electrical model shown in Figure 7 can be constructed. This
model represents the rock with folded layers containing
highly concentrated sulphides accumulated near the head of
the fold. These layers are discontinuous along the folded
bedding, but continuous along the axis of the fold. When all
the observed resistivity values are taken into consideration,
this model suggests resistivities of 3-8 Q-m in the direction
of the axis, and 2000-20 000 2'm in the other two directions,
an anisofropy of 200:1 to 7000:1. This model suggests an
electrical anisotropy that has hitherto not been reported for
laboratory studies of rock samples.

CONCLUSIONS

From regional-scale GDS array studies a crustal anomaly in
electrical conductivity has been mapped from southern
Wyoming through the Dakotas, Saskatchewan and Manitoba



to Hudson Bay. Tectonic and electrical similarities suggest
that there may even be a counterpart of this anomaly in
Scandinavia (Jones, 1993). As such, this anomaly, termed the
North American Central Plains (NACP) anomaly, is arguably
the largest yet discovered on Earth. Camfield and Gough'’s
(1977) suggestion that the NACP is a geophysical marker for
a Proterozoic continental collision zone has been shown to be
correct, and the NACP can be definitively identified with the
Paleoproterozoic Trans-Hudson Orogen.

Magnetotelluric studies over the NACP anomaly from the
mid-1980s onwards have shown that the anomaly is not a
contiguous or continuous feature, but indeed in section com-
prises discrete bodies of enhanced conductivity, and is broken
along its length.

(LP94-007Cb) 15

(LP94-007Bb)

4000

300&» @
Qm
1000

(LP94-007Ba)

Figure 7.

Electrical model of these rocks, showing folded
layers containing highly concentrated sulphides
accumulated near the hinge of the fold. This
suggests resistivities of 3-8 Qm in the direction
of the axis, and 2000-20 000 Q:m in the other two
directions, for an anisotropy of 200:1 to 7000:1.

CONCENTRATED
SULPHIDES

T.J. Katsube et al.

Lithoprobe studies in 1992 and 1994 have definitively
correlated the anomaly at those latitudes with units in the
western La Ronge Belt, and the only conductive rocks in that
belt belong to the metasedimentary unit Lsn. Within that
metasedimentary unit, conductors mapped by airborne EM
observations are curvi-linear following, in the main, the struc-
tural trend of the region (Standing, 1973). Rock samples from
that unit show that the only conductive sequences are sul-
phides concentrated along the hinges of folds. Accordingly,
conclusively identified for this part of the NACP anomaly is
the conduction mechanism: electronic conduction in concen-
trated sulphides in the hinges of folds aligned predominantly
along the least compressive stress direction.

Figure 6.

Schematic representation of a cross-section of
sample LP94-007, exemplified by sub-samples
LP94-007B and LP94-007C, showing folded
layers of sulphide concentrations, and locations
from which the second series of sub-samples
(LP94-007Cb, LP94-007Bb, LP94-007Ba) were
taken. The 3-direction resistivity values of these
sub-samples are also displayed.

—
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Whether this cause is also operating for the whole length
of the anomaly is an open question. The along-strike continu-
ity of the orogen would argue for this being the case. How-
ever, the southern terminus of the NACP anomaly, from the
Black Hills to southeastern Wyoming (Fig. 1), is likely caused
by a different mechanism. Camfield and Gough (1977) noted
the spatial correlation of the NACP anomaly at that location
with the Hartville Arch, which connects the Black Hills to the
Laramie uplift. Within the Hartville Arch are mapped expo-
sures of graphite (Osterwald et al., 1959) and major shear
zones and fault systems that continue to the Sierra Madre.
Modelling of the GDS responses at the Black Hills shows that
the NACP anomaly at that location is both very shallow and
highly conductive (p < 1Q2'm) (Jones and Craven, 1990). Such
very low resistivities are necessary to explain that the anom-
alous horizontal east-west magnetic field is larger than the
normal horizontal east-west magnetic field. This part of the
conductor also follows the edge of the Wyoming province,
rather than within the Trans-Hudson Orogen internides as in
the rest of the NACP anomaly. It is possible that the foredeep
hypothesis of Boerner et al. (in press) has caused this section
of the anomaly. Accordingly, the apparent continuity of the
NACP anomaly north and south of the Black Hills could be
an artifact of the coarse spatial resolution of the GDS array
studies. Rather, there could be two anomalies caused by
different conducting mechanisms, one due to sulphides for
most of the Trans-Hudson Orogen and one due to graphite at
its southern terminus.
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