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INTRODUCTION

Magnetic susceptibility and conductivity surveys are widely used to identify rock lithological chang-
es, soil quality, and pollution (both atmospheric and human-related) due to their cost-effectiveness,
energy efficiency, and simplicity. This study aims to determine the magnetic properties of igneous
rocks, classified into five groups, on the northern side of Horseshoe Island (Antarctica). Rock sam-
ples were collected from 22 locations, covering five distinct lithologies. Measurements of magnetic
susceptibility and conductivity were conducted at 1 cm vertical intervals, resulting in 828 recorded
values. The data, analyzed at three levels (top, overall, and bottom), were used to differentiate between
surface/atmospheric and mineralogical origins of the rocks. The results indicated that gabbro had the
highest average susceptibility (3.91 x 10-* CGS), while granitic gneiss showed zero susceptibility in all
measurements. Conversely, granitic gneiss exhibited the highest conductivity values (116 S/m), where-
as gabbro displayed the lowest conductivity (18.6 S/m). Spatially, susceptibility variations followed a
northeast-southwest trend, particularly noticeable near the Turkish Scientific Station. High suscepti-
bility was observed near Historical Site No. 63, while low values were concentrated around Gaul Cove.
The findings highlight lithological differences, though snow and glacier cover limited precise boundary
determinations. No significant differences were observed between surface and depth averages, suggest-
ing mineral content influences exceed pollution effects.

Cite this article as: Ozkaptan M, Kaya M. Magnetic susceptibility and conductivity variations of
Horseshoe Island (Antarctica): An indicator of environmental pollution vs lithological change.
Environ Res Tec 2025;8(4) 940-951.

Environmental pollution, driven by multiple factors, per-
vades vast areas and disrupts the natural balance. Anthro-
pogenic activities, such as the industrial revolution, world
wars, and overpopulation, have posed significant threats
to the environment, spreading their effects even to remote
regions and reducing the quality of life [1, 2, 3]. Screening
and detecting pollution have become increasingly import-
ant prerequisites for effective protection and remediation
efforts. Heavy metals, fossil fuels, and chemical and biolog-

*Corresponding author.
*E-mail address: ozkaptan @ktu.edu.tr

ical wastes are among the most concerning pollutants in air,
water, and soil.

Magnetic susceptibility and conductivity measurements
are versatile tools frequently used to detect magnetic min-
eral concentrations and map polluted areas due to the high
magnetic content of urban and industrial wastes containing
heavy metals [4]. Conventional geochemical analyses for as-
sessing heavy metal concentrations are often expensive and
time-consuming, making magnetic measurements a practi-
cal alternative for detecting the composition, state, and grain
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size of iron oxides, the most common ferrimagnetic miner-
als, and mapping their spatial distribution [5]. When iron
oxide particles are discharged as pollutants, heavy metals
may combine into their atomic lattice or adsorb onto their
surfaces, leading to interrelated concentrations [6].

Rocks serve as natural repositories for various types of pol-
lution. Advanced magnetic measurement techniques can
detect the magnetic signals of even small fractions of fer-
romagnetic minerals, typically less than 1% [7]. Magnetic
minerals in rocks can originate from lithogenic sources or
form as secondary ferromagnetic materials due to anthropo-
genic activities [8, 9]. Anthropogenic dust particles, includ-
ing magnetic minerals, accumulate on rocks, contributing to
their magnetic signature. Magnetic methods are frequently
used in shallow and deep crustal modelling studies [10, 11,
12]. Besides, numerous studies have explored rock magnet-
ic mineralization and pollution-induced magnetization in
different polluted environments [13, 14 15, 16, 17]. Anthro-
pogenic pollution often exhibits a characteristic secondary
magnetic signature, allowing magnetic surveys to distin-
guish pollution sources and monitor polluted areas [18].

This research focuses on pollution screening using magnetic
susceptibility and conductivity analyses on Horseshoe Is-
land, mid-latitude Antarctica. Although a limited number
of magnetic and mineralogical studies have been conducted
in the study area, these data were generally collected at very
wide intervals and did not aim to reveal contaminant factors
[19, 20, 21]. The primary aim is to demonstrate the appli-
cability of environmental magnetic methods, especially in
regions with relatively low polluting effects. Additionally, the
study seeks to differentiate results arising from mineralogical
and pollutant effects by comparing magnetic analysis results
with rock lithology. Measurements from three different lev-
els, from the surface to 10-30 cm depth, provide a clearer
understanding of these effects.

MATERIALS AND METHODS

Study Area and Sampling

Horseshoe Island is located within the Marguerite Bay archi-
pelago, along the west coast of the Antarctic Peninsula, West
Antarctica (Figure la). The sampled area in the northwest
of the island lies between latitudes 67.84°-67.78°S and lon-
gitudes 67.35°-67.15°W (Figure 1b). Covering a surface area
of approximately 60 km?, about 66% of the island is blan-
keted by glaciers or semi-permanent ice and snow [22, 23].
The island is divided into northern and southern sides by
the Shoesmith Glacier. The complex and varied bedrock ge-
ology comprises mafic (gabbro and undifferentiated volcanic
rocks) and felsic igneous rocks (brick-red, speckled, coarse
pink, and heterogeneous granites) intruded in different
phases, as well as metamorphic rocks (granitic gneiss) de-
formed under various metamorphic conditions [24], (Figure
2a). According to previous studies, the basement composed
of Palaeozoic crystalline rocks and subduction-related Late
Jurassic to Tertiary age volcanic rocks [25, 26, 27]. These

rocks were deformed by gabbroic and granitic rocks as a re-
sult of Cretaceous to Eocene age magmatic intrusions [28].

Oriented hand samples were collected from 22 locations in
the northern side of Horseshoe Island. The sampling sites in-
cluded six locations for brick-red granite, seven for coarse
pink granite, six for heterogeneous granite, two for gabbro,
and one for granitic gneiss (Figure 2 and Table 1). Care was
taken to distribute sampling sites homogeneously across the
island and among different lithological units (Figure 2a). Di-
rectional samples of a minimum length of 15 cm were taken
from the surface to compare the penetration effects of poten-
tial pollutants. The samples were wrapped in aluminjum foil,
sealed in plastic bags, and transported to the laboratory for
magnetic measurements.

Measurements and Analysing

Field samples were prepared for magnetic analysis, maintain-
ing their original orientation. Measurements were conduct-
ed vertically at 1 cm intervals from the highest to the lowest
level of each sample (Figure 2d). Magnetic susceptibility and
conductivity measurements were conducted at each level us-
ing a Terraplus KT-10 v2 susceptibility/conductivity meter.
Magnetic susceptibility was measured at a single frequency
of 10 kHz, ranging from 0.001 x 10~ to 1999.99 x 10~ SI with
a sensitivity of 1 x 10°¢ SI. Conductivity measurements were
performed simultaneously, ranging from 1-100,000 S/m with
a sensitivity of 1 S/m. These measurements were completed
separately for two different sides of each rock sample (Table
1, Supplementary data).

Each data point was measured twice to ensure reproducibil-
ity and avoid errors. A total of 414 magnetic susceptibility
and 414 conductivity measurements were conducted from
the 22 rock samples. To account for drift, air readings were
taken before and after each sample measurement series.
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Figure 1. Location map of, a) circum-Antarctic Peninsula, and b) Northern side of the Horseshoe Island. ¢) HSM No:63 (Histor-
ical site No:63, British Former Scientific Station), d) TARS (Turkish Scientific Station)
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Figure 2. (a) Simplified geological map of the northern halve of the Horse Island (modified from Matthews 1983). (b) and (c)
Photos showing the taking of oriented hand samples from the field. (d) Laboratory measurements (vertical) of hand samples

from Horseshoe Island

RESULTS

The results of mean magnetic susceptibility and conductivity
measurements are summarized in Table 1, which compares
the values obtained from two sides of each rock sample. The
“top” and “bottom” results represent the averages of the first
and last five measurement values, respectively. The “mean”
shows the average of all measured results in a sample. Ac-
cording to all average susceptibility results, the highest val-
ues were obtained from gabbro. This rock sampled in two

locations shows clearly higher susceptibility values (8.25x10-
38I) compared to all other rock lithology. On the other hand,
the lowest susceptibility averages were computed from brick
red granites and heterogeneous granite (0x10-3SI). When
the conductivity averages were compared according to li-
thology, the highest conductivity values were measured in
granitic gneiss (164.6 S/m) and brick red granites (217 S/m),
while the lowest value (or out of range) was found to be zero
in gabbro (Table 1).
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As a measurement strategy, when the values taken from top
to bottom for all rock samples were compared among them-
selves, no significant difference was obtained for susceptibil-
ity and conductivity results. The differences for the top and
bottom are generally less than 10%. Moreover, there are no
significant variances in comparing the results both suscep-
tibility and conductivity measurements from two different
faces of rock samples (Table 1). Related illustrations of these
analyses are given in the discussions section.

Histograms of magnetic susceptibility and conductivity re-
sults versus lithological variances are illustrated in Figure 3.
In general, the results obtained are far from normal distri-
bution due to the insufficient number of measurements or
the complexity of the mineral composition within the rock.
Only the susceptibility results obtained from coarse pink and
heterogeneous granites show results close to normal distri-
bution. In histograms, values below the average are generally
dense, and values above the average are few and are obtained
discretely (Figure 3). The reason for this may be the inho-
mogeneity of the mineral distribution in the measured rocks
and the insufficient number of measurements.

DISCUSSION

Gridded susceptibility as well as the conductivity values ob-
tained using 22 sites on the northern side of the Horseshoe
Island are illustrated in Figures 4 and 5. The results obtained
are discussed below, respectively, taking into account the
lithological, pollution and vertical variations.

Magnetic Susceptibility and Conductivity Values vs
Lithological Variance

Since approximately 66% of the island is covered with snow
and ice, the boundaries of the geological units that can be
distinguished according to the outcropping rocks are also
given in Figure 2 [24]. A generally similar northeast-south-
west trend is observed both in the unit boundaries on the
geological map and the magnetic susceptibility and con-
ductivity results (Figures 4 and 5). Because rock outcrops
are covered in most places, measurement points are limited,
and measurements are generally made from similar granitic
rock variations (except, gabbro and granitic gneiss), gener-
al transition trends could be determined rather than deter-
mining more precise lithological variances. Limited time on
the island, difficulty in reaching some areas due to ice, and
transportation problems of rock samples posed obstacles to
sampling. Despite the limited number of samplings, distinc-
tive results were obtained for different rock lithology (Table
1). However, increasing the sample locations (aside from the
limitations mentioned above) would naturally make the re-
sults more statistically reliable.
Spatial Distribution of the and
Conductivity Variation

In the gridded images of the results, high and low value zones
are obvious for both measurements. Magnetic susceptibility
results were calculated to be highest in the Sally Cove region
where the HSM No:63 is located and relatively lowest in the

Susceptibility

Gaul Cove region (Figure 1c). The Turkish Scientific Station
(TARS) (Figure 1d) demarcates the northeast-southwest ori-
ented high to low switching zone of magnetic susceptibility
(Figure 4 and 5). It is especially important in terms of pol-
lution that the highest values of magnetic susceptibility are
obtained around the HSM No:63. In the conductivity maps,
data almost opposite to the magnetic susceptibility results
were obtained. While high conductivity values dominates
around the Gaul Cove and north of Lystad Bay, low conduc-
tivity values were acquired around Sally Cove. Once again,
the region where the TARS is located constitutes a turning
point in terms of conductivity changes. Both data sets have
relatively low frequency content. Therefore, in gridded maps,
more general trends are distinct rather than high-frequency
abrupt changes (Figure 4 and 5). Although the results show
significant differences depending on the lithology (Table 1
and Figure 3), the dominance of low frequency is due to lim-
ited sampling.

Correlation Between Vertical Penetration of Possible
Pollution and Rock Mineral Impact

In order to ensure consistency of results and eliminate possi-
ble anisotropic effects, both measurements were performed
from two different sides of a sample. There are large similar-
ities in the images of the results obtained from two different
sides of each sample (Figures 4 and 5). In addition, it was
aimed to reveal possible surface pollutant effects by taking
measurements in a certain order (1 cm) in the vertical direc-
tion. In the maps obtained from the averages of the top and
bottom measurement results, largely similar results were ob-
tained rather than significant differences due to possible pol-
lutants (Figure 6). In addition, since the study area is located
in an area far from anthropological pollutant effects and is
surrounded by the sea, it could be expected that possible pol-
lutant effects would be concentrated in coastal areas, carried
by water rather than from the interior of the island. No such
anomaly is observed along the coast in both susceptibility
and conductivity values. Only at Sally Cove, where the HSM
No:63 is located, is there a significant high susceptibility and
very low conductivity values.

These results are suppressed by the extreme values obtained
from the gabbro samples at locations Hrsh 9 and Hrsh 22.
By taking extra measurements from other lithological rock
(except Gabbro) around the HSM No:63, where the possible
polluting effect can be observed at the highest rate due to
constructions for research purposes (late 1950s) and living
requirements, it can be more clearly demonstrated whether
the values are due to polluting effects or the mineral com-
position within the rock. However, according to the data we
have, pollution-based effects cannot be revealed according
to maps, both vertically and spatially (especially in coastal
areas). Thus, the obtained grid maps probably reveal litholo-
gy-based mineral variations. There is no significant change,
especially in terms of the differences between the data ob-
tained from the highest and lowest levels. Although there are
nearly uniform spatial distributions in the two analyses, the
small differences in coastal areas high probably related to the
remote areas from the sample locations and the spurious ef-
fects of gridding (Figure 6).
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Sample locations are given in Figure 2a
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CONCLUSIONS

Based on the measurement of magnetic susceptibility and
conductivity in basement rocks collected from Horseshoe Is-
land, Antarctica, the spatial distribution of susceptibility and
conductivity, and the correlation between lithological vari-
ances, pollution aspect were discussed. Key findings include:

(1)Magnetic susceptibility and conductivity provided dis-
tinctive values for different rock lithologies.

(2)Geological boundaries were inferred based on suscepti-
bility and conductivity trends but remained imprecise due to
limited sampling.

(3)High and low anomaly zones were identified, with a dis-
tinct anomaly near HSM No:63 potentially linked to con-
struction-related pollution.

(4)No significant differences were observed between surface
and depth measurements, indicating a stronger influence of
mineral content over pollution.

Future studies with more detailed sampling and analysis
could better elucidate the relationship between the observed
anomalies and pollution effects.
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