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Electrical characteristics of rock samples from 
the central Baffin region, Baffin Island, Nunavut 

N. Scromeda-Perez and S. Connell-Madore 

Scromeda-Perez, N. and Connell-Madore, S., 2004: Electrical characteristics of rock samples 
from the central Baffin region, Baffin Island, Nunavut; Geological Survey of Canada, Current 
Research 2004-C3, 7 p. 

Abstract: The electrical resistivity characteristics have been determined for five black graphitic shale 
samples collected from the Astarte River formation, Piling Group of the central Baffin region, Baffin Island, 
Nunavut. This work consists of analysis and interpretation of data obtained by 3-D electrical resistivity mea-
surements. The samples were selected to characterize the resistivity of the Astarte River formation, and 
determine the effect of strong foliation with porous layers, and of disseminated sulphide minerals oriented 
parallel to foliation. The purpose of this paper is to document results of the electrical resistivity characteris-
tics for use in interpreting ground electromagnetic surveys which were conducted in the area. The bulk elec-
trical resistivities (ρr) of the five samples investigated in this study are in the range of 8 Ω•m to more than 
40 000 Ω•m with anisotropy values ranging from 5:1 to 275:1. The disseminated sulphide minerals with 
poor connectivity showed the highest ρr values (more than 28 000 Ω•m to more than 40 000 Ω•m). 

Résumé : On a déterminé les caractéristiques de la résistivité électrique dans cinq échantillons de shale 
graphitique noir prélevés dans la formation d’Astarte River du Groupe de Piling, dans la région centrale de 
l’île de Baffin, au Nunavut. Le travail consistait à analyser et à interpréter les données tirées des mesures de 
la résistivité électrique en trois dimensions. Les échantillons ont été choisis afin de pouvoir représenter la 
résistivité de la formation d’Astarte River et déterminer l’effet sur la résistivité d’une foliation marquée avec 
des couches poreuses et de la présence de sulfures disséminés orientés parallèlement à la foliation. Ce docu-
ment présente les caractéristiques de la résistivité électrique obtenues dans le but de les utiliser pour 
l’interprétation des levés électromagnétiques exécutés au sol dans la région. Les cinq échantillons analysés 
dans le cadre de cette étude présentent tous une valeur de la résistivité électrique apparente (ρr) comprise 
entre de 8 Ω•m et plus de 40 000 Ω•m et des valeurs d’anisotropie s’échelonnant entre 5/1 et 275/1. Les 
sulfures disséminés de mauvaise connectivité présentaient les plus hautes valeurs de ρr (de plus de 
28 000 Ω•m à plus de 40 000 Ω•m). 
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INTRODUCTION 

The electrical resistivity characteristics have been investigated 
for five black graphitic shale samples collected from the 
Astarte River formation, Piling Group (Corrigan et al., 2001) 
of the central Baffin region, Baffin Island, Nunavut. This work 
consists of measurement and analysis of data obtained by 3-D 
electrical resistivity measurements and follows similar works 
previously performed on mineralized and nonmineralized seri­
cite schist samples of the Yellowknife mining district (Connell 
et al., 2000; Connell and Scromeda-Perez, 2002). The samples 
were selected to characterize the resistivity of the Astarte River 
formation and determine the effect of strong foliation contain­
ing porous layers and of disseminated sulphide mineralization 
oriented parallel to foliation. The purpose of this paper is to 
document, within the framework of the Central Baffin Project, 

results of the electrical resistivity characteristics for use in 
interpreting ground electromagnetic surveys that have been 
conducted in the area. 

METHOD OF INVESTIGATION 

Sample preparation 
Graphitic shale samples were collected by Alan Jones (GSC) 
from the Astarte River formation in the central Baffin region 
of Baffin Island. Five were selected for electrical resistivity 
measurements in order to understand the electrical resistivity 
anisotropic characteristics of these rock types for application 
to exploration by electromagnetic methods in the central 
Baffin region. Further information on the samples are listed in 
Table 1. 

Table 1. Results of rock descriptions and bulk electrical resistivity measurements for Baffin Island samples. 

Table 2. Dimensions of specimens cut out from the samples for electrical resistivity 
measurements. 
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Each sample was cut into a rectangular specimen with sur­
faces parallel to and perpendicular to foliation in order to 
investigate the inhomogeneities and anisotropy of the rock. 
The geometric characteristics of the specimens used for the 
3-D resistivity measurements are listed in Table 2. In this 
paper results are documented for all three directions for each 
specimen. The α-direction is perpendicular to foliation and 
the β- and γ-directions are parallel to foliation (Connell et al., 
2000, 2001). Detailed visual examinations were performed 
on these specimens and the key structural features recorded as 
shown in the block diagrams of Figures 1–4. 

Bulk electrical resistivity measurements 
The bulk electrical resistivity (ρr) is determined from the 
complex electrical resistivity, ρ*, measurements described in 
recent publications (e.g. Katsube and Salisbury, 1991). The 
complex electrical resistivity (ρ*), consisting of real (ρR) and 
imaginary (ρI) resistivities, is measured over a frequency 
range of 1–106 Hz, with ρr generally representing a bulk elec­
trical 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 effects such as pore surface, dielectric, 

Figure 1. Schematic presentation of two specimens from a graphitic shale sample with 
disseminated sulphide mineralization, represented by block diagrams with sketches of 
the rock texture and 3-D bulk electrical resistivity (ρr) values shown below (argon 
plots are displayed for surfaces perpendicular to the α-, β-, and γ-directions) for a) 
sample BAF-A and b) sample BAF-B. 
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Figure 2. Schematic presentation of a highly anisotropic (275:1) graphitic shale sam-
ple BAF-1, represented by block diagrams with sketches of the rock texture and 3-D 
bulk electrical resistivity (ρr) values shown below. 

Figure 3. Schematic presentation of a graphitic shale sample BAF-2, with porous 
lenses, represented by block diagrams with sketches of the rock texture and 3-D bulk 
electrical resistivity (ρr) values shown below. 
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Figure 4. Schematic presentation of a graphitic shale sample BAF-3, with porous lay-
ers, represented by block diagrams with sketches of the rock texture and 3-D bulk elec-
trical resistivity (ρr) values shown below. 

or electrode polarizations (Katsube, 1975; Katsube and 
Walsh, 1987). Further details of the analytical procedure are 
described in Katsube et al. (1996). Detailed description of the 
laboratory 3-D electrical measurement system and proce­
dures can be found elsewhere (Scromeda et al., 2000). 

EXPERIMENTAL RESULTS 

Results of the visual examinations for the five rectangular 
specimens, representing a section of the Astarte River forma­
tion, are shown as block diagrams in Figures 1–4, with the 
complex resistivity plots shown for each of the directions 
measured. The complex resistivity plots in Figures 2–4 dis­
play the method for determining ρr. The dimensions of the 
specimens cut out from the samples for the electrical resistiv­
ity measurements are listed in Table 2. The bulk electrical 
resistivities (ρr) are in the ranges of 8 Ω•m to more than 
40 000 Ω•m and are listed in Table 1. The electrical aniso­
tropy (λ) values range from 5:1 to 275:1, with the larger of 
each of these values generally representing the direction per­
pendicular to foliation and the smaller values parallel to folia­
tion. The λ is defined elsewhere (Katsube et al., 1997). These 
values are also found in Table 1. The results of the 3-D electri-
cal resistivity measurements at each measured frequency 
(1–106 Hz) are compiled in Table 3 for typical samples repre-
sented by samples BAF-1, BAF-2, and BAF-3. The speci­
mens cut from samples BAF-1, BAF-2, and BAF-3 are 

strongly foliated because they were sampled from an area of 
high deformation. Samples BAF-A and BAF-B both contain 
fine-grained disseminated sulphide mineralization and have 
weak to moderate foliation. 

Each of the samples have somewhat similar descriptions 
and mineralogy, as they were collected from the same forma­
tion. Minerals identified under the SEM include quartz, mus­
covite, phlogopite, graphite, rutile, pyrite, pyrrhotite, 
sulphur, and zircon. Sphene, sphalerite, chalcopyrite, and 
replacement montmorillonite were identified in BAF-A and 
BAF-B only. Common recrystallized patches and replace­
ment lenses consisted of quartz, pyrite, microcline, musco­
vite, pyrrhotite, and chalcopyrite (Connell-Madore et al., 
2004). The sulphide content is 3–5% with poor connectivity 
and weak to moderate foliation. The only variation between 
specimens are the sulphide content and vein or other special 
features which were selected for characterization by the 
measurements. 

DISCUSSION AND CONCLUSIONS 

The bulk electrical resistivities (ρr) of the samples investi­
gated in this study are in the range of 8 Ω•m to more than 
40 000 Ω•m (Table 1). Three of the samples (BAF-1, BAF-2, 
and BAF-3) have ρr values in the direction perpendicular to 
foliation ranging from 390 Ω•m to 3580 Ω•m. The values 
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Table 3. Results of the 3-D (α-, β-, and γ- directions) electrical resistivity measurements (24 hour saturation) for Baffin Island 
rock specimens. Note: the ρr (bulk electrical resistivity) values in bold text are those taken as the representative ρr value. 
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measured parallel to foliation range from 8 Ω•m to 82 Ω•m. 
The anisotropy values for these three samples range from 
44:1 to 275:1. Overall, the ρr range of values for samples 
BAF-1, BAF-2, and BAF-3 are very low, probably due to the 
strong foliation. These low ρr values are typical of graphitic 
shale samples as can be seen in the literature (e.g. Katsube 
et al., 1991). Samples BAF-A and BAF-B display higher ρr 
values ranging from more than 28 000 Ω•m to more than 
40 000 Ω•m in the direction perpendicular to foliation and 
2300 Ω•m to more than 16 000 Ω•m parallel to foliation. 
These higher values can probably be attributed to poor con­
nectivity of disseminated sulphide mineralization and weak 
to moderate foliation. 

The electrical measurements have produced two types of 
argon arc plots. Sample BAF-A produced large partial arcs, 
samples BAF-1, BAF-2, and BAF-3 produced small arcs, and 
sample BAF-B produced both types of arcs depending on the 
direction measured. 
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