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Abstract

Purpose. This study integrates unmanned aerial vehicles (UAVs) and Magnetic and 2D Electrical Resistivity Tomography
(2D ERT) surveys to delineate subsurface laterite ore mineralization zones while reducing exploration costs. UAV imagery
enabled the reconstruction of high-resolution digital elevation models and orthomosaics, providing detailed topographic infor-
mation for survey planning.

Methods. Magnetic survey integrated with 2D electrical resistivity tomography (ERT) profiles were applied to characterize
subsurface lithology and identify layers such as topsoil, shale, and laterite.

Findings. The ERT survey reveals that the topsoil is 3 meters thick and has a resistivity range of 10-50 Q.m. The resistivity
of shale varied between 50 and 150 Q.m, with a thickness of two meters. The laterite ore was identified with resistivity values
between 150 and 1200 Q-m and a thickness of 5 m. Magnetic surveys identified magnetic anomalies of 200-600 nT, estimated
at a depth of 3-5 m using forward modeling. Regional-scale interpretations from total magnetic intensity (TMI), reduced-to-
pole (RTP), and continuation maps highlighted the detailed distribution of the magnetic anomalies throughout the study area,
lithological variations, fault systems, and deep-seated magnetized bodies.

Originality. This study demonstrates an integrated, low-cost workflow for lateritic mineralization that uses detailed geo-
physical data, including magnetic methods, 2D ERT, and UAV photogrammetry. Conventional techniques are quite expensive
relative to the value of the ore.

Practical implications. The results demonstrate that the integration of aerial photogrammetry, magnetic surveys, and 2D
electrical resistivity tomography provides an efficient and cost-effective approach for delineating laterite ore mineralization
zones and can serve as a viable alternative to conventional exploration methods.
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1. Introduction advanced significantly over the last few years [7], [8]. Clas-
Laterites form as residual products of rock weathe- sic exploration for laterite and iron ore deposits has tradition-
ring [1]. Laterite ore deposits represent a significant geologi- ally been based on extensive geological mapping, geochemi-

cal resource with diverse industrial applications [2]. These ¢l sampling, apq firilling campaigns .th2.1t are accurate but
deposits primarily consist of iron, bauxite, and other valuable ~ often COSt‘prOh_‘bltW? and spat'lally hml_ted [9], [10]. New
metals, making them crucial as key ingredients in cement  avenues for quick, hlgh.-r.e.solutlon mapping Of. both upder-
production [3], [4]. Rapid industrialization and population grqund and sur.face fagllmes are available owing to light-
growth accelerated the development of new infrastructure, ~ Weight geophysical equipment and UAVs [11].

including megastructures and housing societies. Consequent- Electrical Resistivity Tomography has proven particular-
ly, the demand for cement has surged, leading to a corre- ly effective in lateritic environments, as it is sensitive not
sponding increase in the demand for laterite [5], [6]. only to variations in lithology but also to moisture content,

Mineral exploration and resource characterization using ~ allowing the delineation of weathering profiles and distin-
integrated geophysical and remote-sensing methods have guishing conductive, clay-rich overburden from more resis-
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tive lateritic duricrust and bedrock[12]. Several studies in
analogous tropical and subtropical terrains, such as in Brazil
and West Africa, have successfully used 2D ERT to map the
thickness of laterite caps and infer the geometry of the
weathering front, providing critical data for reserve estima-
tion. Magnetic surveys are a cornerstone of iron ore explora-
tion, given the high magnetic susceptibility of magnetite and
maghemite, which are commonly associated with these de-
posits. Aeromagnetic and ground magnetic data are usually
employed to identify structural controls, map lithological
contacts, and estimate the depth to magnetic sources, ena-
bling regional to local targeting.

The emergence of Unmanned Aerial Vehicles has revolu-
tionized the initial phases of site characterization. UAV-
based photogrammetry provides centimeter-resolution digital
elevation models and orthomosaics at a fraction of the cost
and time of traditional topographic surveys or manned air-
borne LiDAR. High-resolution topographic data is not only
crucial for the accurate design of geophysical surveys and
topographic correction but also for geomorphological analy-
sis, which can indicate near-surface geological structure [13].
The integration of complex data is a major strength of newer
exploration techniques. However, data integration is where
the true power of modern exploration lies. Synthesizing
topographic, resistivity, and magnetic datasets within a GIS
framework enables synergistic interpretation that reduces the
ambiguity inherent in any single method. For example, a
magnetic anomaly may be corroborated by a corresponding
resistivity contrast and placed within an accurate topographic
context to yield more robust geological modelling [14].
However, a significant research gap exists regarding the
systematic application of this integrated UAV-geophysical
methodology to the specific context of Pakistani laterite
deposits, particularly those in Khyber Pakhtunkhwa. While
regional geological studies have cataloged these resour-
ces [15], there is a paucity of published work employing
modern multi-parameter geophysical techniques for their
detailed, deposit-scale characterization. The present study
focuses on bridging this gap. It aims to develop a tailored,
cost-efficient exploration framework that combines UAV
photogrammetry, 2D ERT, and ground magnetic surveys to
model a laterite deposit at Nizampur with accuracy, thereby
providing a useful case study for the evolving literature on
technology-driven mineral exploration.

In the same scenario, Pakistan also experiences a surge in
demand for laterite ore. Currently, 24 cement plants operate
in Pakistan, with an average production of 5000 tons/day
[16]. Based on the requirement for approximately 2% laterite
in the cement raw mix, this corresponds to an estimated daily
consumption of about 2400 tons. With the recent issuance of
licenses for cement plants, demand for laterite ore is
expected to grow in Pakistan in the coming years.

Laterite ore is widely distributed across Pakistan, espe-
cially in Baluchistan, Sindh, Punjab, and Khyber Pakh-
tunkhwa. In Khyber Pakhtunkhwa, laterite ore deposits are
found in different districts, including D.I. Khan, Chitral,
North Waziristan, Malakand, and Nowshera [15], [17]. No-
tably, the Nizampur iron deposits at the base of the Datta
formation are estimated at 100 million tonnes of sedimentary
hematite (25-35% Fe).

Given the economic significance of laterite ores, the utili-
zation of efficient exploration techniques is crucial for dis-
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covering viable deposits [9]. Traditional methods often entail
costly, time-consuming processes, resulting in inefficient
resource utilization [10], [18], [19]. However, advancements
in multi-source data integration offer innovative solutions for
rapid, cost-effective exploration [20]. The estimated iron ore
resources in Khyber Pakhtunkhwa are estimated to exceed
200 million tonnes with an average of 30% Fe (in-situ
grade), primarily in sedimentary blocks in the southern parts
of the province. Major laterite deposits are found in areas
such as Pezu (District Lakki Marwat), Smana (District
Hangu), Nizampur (District Nowshera), and lower Hazara
(District Haripur & Abbottabad) [21]. These deposits justify
systematic development targeting the cement industries.

This research aims to explore laterite ore deposits using a
multi-source data approach, integrating data from Unmanned
Aerial Vehicle (UAV), 2D Electrical Resistivity Tomogra-
phy (2D ERT), field measurements, and magnetic surveys.
The primary objective of the study was to determine the
thicknesses of the overburden and iron ore with precision and
to identify the distribution of magnetic anomalies throughout
the study area. For this purpose, a UAV survey was conduc-
ted to obtain precise topographic information for planning
ERT and magnetic profiles. The 2D ERT, combined with a
field survey, accurately determines the thicknesses of the
overburden and iron ore. At the same time, the magnetic
survey enables us to identify magnetic anomalies in the study
area and estimate their depths using forward modelling. The
interpretation of magnetic data in the form of Total Magnetic
Intensity (TMI), Reduced to Pole (RTP), and a continuation
map comprehensively determines the distribution of magne-
tic anomalies in the study area.

2. Study area

2.1. Geotectonic setting

Iron ore is generally metasomatic, magmatic, hydro-
thermal, sedimentary, or residual. The sedimentary iron de-
posit is most important because it provides around 80% of
the world’s iron ore. Pakistan also has many sedimentary
iron ore deposits across various parts of the country, inclu-
ding Kalabagh, Langrial, Dilband, and Nizampur. The study
area is in Nizampur, Nowshera, Pakistan, and lies on the
Mesozoic shelf carbonate sequence shown in Figure 1a.

The above-mentioned sequence belongs to Kala Chitta
Range. The rock belonging to the Kala Chitta Range transi-
tioned between meta-sediments of the Lesser Himalayas to the
north and the foreland basin to the south. The iron ore deposit
of the Nizampur area lies towards the north of the Kala Chitta
Range in the vicinity of the tectonic contact with the Attock
Cherat Range. These ranges are located in the western foothills
of the Great Himalaya. The age of these sedimentary rock
sequences ranges from Permian to Quaternary [22]. The study
area is above 240 m, as depicted in Figure 1b, c.

2.2. Geology

The main rock formation exposed in the form of an
iron-bearing area belongs to the Kingriali Formation
(late Triassic), which is overlain uncomfortably by the Datta
Formation (Early Jurassic) and the Samana Suk Formation
(Middle Jurassic) — consolidated gravel, silt and clays
of quaternary age uncomfortably overlay all the men-
tioned formations.
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Figure 1. Geological map of the Study area: (a) geological map of Nowshera, Pakistan; (b) elevation map of Nowshera; (c) study area [23], [24]

The Kingriali formation is mostly composed of light
greyish brown to yellow, ranging from thin to thick beds, and
massive dolomite and dolomitic limestone — the dolomite
grades upwards into yellowish green shale and marl. The
overall formation thickness in the study area is approximately
90 metres. The lower contact with the Middle Triassic Chak
Jabbi Limestone is conformable and gradational, while its
upper contact is disconformable with the Early Jurassic Datta
formation. The Nizampur iron ore deposits have an average
grade of 29% iron and 100 million tons of reserves.

3. Methodology

In this study, a comprehensive methodology was employed
to investigate the Iron ore mineralization zone in the Nizampur
region, Pakistan. Integrating (UAV), ERT surveys, and mag-
netic survey, and field survey [24] as manifested in Figure 2.

The UAV survey provided surface features of the area,
while the magnetic survey identified the magnetic anomaly in
the study area. The 2D ERT survey provides detailed, contin-
uous information on iron ore mineralization. This integrated
approach aimed to provide a detailed understanding of the
geological features and distribution of laterite deposits, essen-
tial for effective exploration and resource assessment.

3.1. UAV survey data collection and processing

The DJI Phantom 4 Pro drone was used to capture aerial
images of the study area. The UAV system used in this study
is shown in Figure 3a. The UAV system specifications,
including camera sensor, lens, and battery capacity, are
tabulated in Table 1.

The flight path, as shown in Figure 3b, is planned by
specifying parameters such as flight routes, altitudes, and
image capture boundaries to ensure comprehensive coverage
of the area of interest. The UAV was flown at a height of
45 m over the study area, with 80 and 60% frontal and lateral
overlaps, respectively.
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Figure 2. Methodology flow chart

Table 1. Specification of DJI Phantom 4 Pro

UAV model name DJI Phantom 4 Pro
Weight (battery &
propellers included) 1388 ¢
Max flight time Approx. 30 minutes
Camera sensor 1.” CMOS
Effective pixels: 20M
FOV 84° 8.8 mm/24 mm

Camera lens

(35 mm format equivalent)
/2.8 — /11 auto focus at I m — oo

Photo JPEG, DNG (RAW), JPEG + DNG
Micro SD

Supported SD cards Max Capacity: 128GB

Battery 6000 mAh LiPo 2S

Mobile app/ live view DJI GO 4

Remote controller max

L . 4 km
Transmission distance
UAYV model name DJI Phantom 4 Pro
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Figure 3. UAV Survey (a) UAV system used (b) flight path

After data collection, the aerial images were imported
into Agisoft Metashape to produce a 3D point cloud using
the Structure-from-Motion (SfM) algorithm. Once the
3D point cloud was generated, georeferencing was per-
formed using Ground Control Points (GCPs) with known
geographic coordinates.

3.2. 2D electrical resistivity (2D ERT) survey

Eight Electrical Resistivity Tomography (ERT) profiles
parallel to the iron ore mineralization zone were acquired.
The Agi Super Sting R1 IP meter was used for data acquisi-
tion, using the Schlumberger protocol, as it provides good
vertical resolution [25]. The purpose of the ERT survey was
to verify the thickness of the overburden and determine the
depth of the iron ore at the site. Each profile was limited to a
maximum length of 84 meters, with electrodes spaced at 6-
meter intervals. The precise details of each profile, including
electrode arrangement and specific survey conditions, are
comprehensively documented in Table 2.

Table 2. Description of 2D ERT Survey Line Geometry

Electrode Line,

Slllirr;/:y Direction Site eli(t)r'ocilfes spacing, lenrith,
ERT-P1  Northeast

ERT-P2  Southeast

ERT-P3  Northwest

ERT-P4 North south Nizampur

ERT-P5 North South laterite 14 6 84
ERT-P6  Southwest ore

ERT-P7  Southeast  deposit

ERT-P§  East west

ERT-P1  Northeast

ERT-P2  Southeast

The collected ERT data were processed in RES2Dinv to
produce a subsurface ERT tomograph. First, the bad data
points were removed, followed by forward modelling. After
forward modelling, least-squares optimization was performed
to obtain the true subsurface resistivities. Several iterations
were performed to obtain the low rms value.
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3.3. Field survey

The purpose of the field survey was to authenticate the
magnetic and 2D ERT interpretation. The thickness of the
topsoil and laterite ore was measured using a tape measure in
the exposed area. The purpose of the field survey was to
validate the outcome of the 2D ERT and magnetic survey.
The measuring tape was hung from the top of the exposed
face in the area. A person standing opposite the face noted
the thickness of the topsoil and laterite ore through the tape.
The field survey enables ground-truthing of the estimated
depth and thickness of laterite ore obtained from magnetic
and ERT surveys.

3.4. Magnetic survey data collection and processing

The magnetic survey in the study area was conducted in
two phases using a GPM-10 Proton magnetometer. In the first
phase, magnetic data were collected along eight profiles.
These eight magnetic profiles aimed to identify the magnetic
anomaly and its depth. Furthermore, the purpose of acquiring
these eight magnetic profiles was to validate the ERT survey
results. Once the magnetic anomaly was identified, magnetic
data were collected along additional profiles, arranged in a
grid throughout the study area, to estimate the area covered by
iron ore mineralization. The magnetic station locations for the
gridded data were sparsely distributed, as shown in Figure 4.
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Figure 4. Magnetic survey acquisition stations

Each profile was 80 meters long, with magnetic readings
recorded at 6-meter intervals to ensure comprehensive spatial
coverage and resolution. To enhance the accuracy and relia-
bility of magnetic data, a local base station was established.
This station continuously monitored background magnetic
noise and served as a calibration reference, enabling correc-
tion of temporal variations in the Earth’s magnetic field.

Post-survey, the raw data were systematically converted
into CSV format, facilitating easy handling and compatibility
with various data processing software. Initially, the diurnal
correction was applied by adjusting the collected data for
diurnal variations. After the diurnal correction, the data were
imported into Horin geophysical software for further pro-
cessing. The Horin software successfully provided the total
magnetic map and its derivatives for the detailed assessment
of iron ore mineralization.

4. Results

This section presents the findings from the UAV, ERT,
and magnetic survey conducted in the study area. Each method
provided valuable insights into the geological characteristics
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and mineralization of laterite ore. The UAV survey was uti- (a)

lized to generate a high-resolution Digital Elevation Model A Electric Rosistivity &
(DEM), revealing the topographic variations of the study site. W e 3 .\
The ERT survey helped identify subsurface layers, including | S ey B 2 S

the topsoil, transition zone, and laterite ore, based on resistivi- o_i om
ty variations. The magnetic survey detected magnetic anoma-
lies associated with iron-rich laterite deposits, and forward
modeling was used to estimate their depth and extent. The
combination of these geophysical techniques provided a de-
tailed and reliable assessment of laterite mineralization, which

was further validated through field measurements.

4.1. UAV survey

The 3D point cloud of the study area was reconstructed from
558 high-resolution aerial images as provided in Figure 5a. The
3D point cloud was further processed to obtain the Digital
Elevation Model (DEM) depicted in Figure 5b.

Figure 5b shows that the elevation in the study area ranges
from 218 to 342 m. The color gradient, spanning from blue to
red, indicates distinct height tiers, with blue denoting lower
elevations and red higher elevations. The Digital Elevation
Model (DEM), combined with a 3D point cloud, was utilized
to plan the profiles for ERT and magnetic data acquisition.

4.2. Electric resistivity tomography

Figure 6 and 7 show the interpretation of eight ERT pro-
files conducted in the study area. As laterite is a mixture of
iron ore and other minerals, the reddish colour indicates it is
laterite ore. The resistivity of laterite ore ranges between 700

Figure 5. Digital elevation model (DEM) of the study area: (a) 3D

and 1200 ohm.m. The topmost layer up to 3 m, shown in point cloud; (b) DEM
blue, is characterized as topsoil.
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Figure 6. 2D ERT interpretation: (a) profile 1; (b) profile 2; (c) profile 3; (d) profile 4

The resistivity of topsoil ranges from 10 to 50 ohm.m.
The resistivity values between 50 and 600 ohms are identi-
fied as the transition zone between topsoil and laterite ore.
The thickness of this layer was around 3-4 m.

4.3. Field survey

In the exposed area, the thickness of the topsoil and
bedrock was also measured with a tape measure. The field

survey indicates that the overburden thickness in the study
area was 3 m of topsoil, 2 m of shale, and 2 m of laterite ore,
as shown in Figure 8.

The field survey measurements reveal that the laterite ore
is at around 5 m depth in the study area and is well supported
by magnetic and 2D ERT surveys. Hence, the magnetic data
obtained in this study are reliable and can be used to identify
laterite ore mineralization zones.
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Figure 7. 2D ERT Interpretation: (a) profile 5; (b) profile 6; (c) profile 7; (d) profile 8

Figure 8. Thickness of Topsoil, Shale and Iron Ore obtained
through the Feld Survey

4.4. Magnetic survey

The graphical interpretation of magnetic profiles is
shown in Figure 9. The interpretation reveals noticeable
variations in magnetic field intensity, indicating the presence
of magnetic anomalies in the study area.

The magnetic values recorded by eight profiles vary from
350 to 750 nT. A magnetic anomaly of various intensity was
identified in the study area. In magnetic profiles 1-6, a mag-
netic anomaly of approximately 120 nT was identified.
Whereas profiles 7 and 8 show stronger magnetic anomalies
of around 250 and 200 nT, respectively. In contrast, profile 8
reveals a magnetic anomaly of 100 nT. Therefore, to identify
the hypothetical depth of this magnetic anomaly, forward
modelling was performed, as shown in Figure 10.

Figure 10 reveals that the depth of the magnetic anomaly
in profiles 1, 2, 3, 4, 5, and 8 is around 5 m. Whereas the
magnetic anomalies at profiles 6 and 7 have higher magnetic
intensity and are located at about 3 m depth.

Once the reliability of the magnetic survey is confirmed
and validated with 2D ERT and field survey, a total magnetic
intensity maps were established from gridded data. The grid-
ded data from these stations were used to produce a detailed
total magnetic anomaly (TMA) map of the study area using
Horin geophysical software, as depicted in Figure 11a.

85

The TMA map was established by subtracting the inter-
nation geomagnetic reference field (IGRF) from the recorded
data as described in Figure 11a. The noise in the form of a
spark was removed from the data. The TMA map identified a
strong magnetic anomaly towards the north-western part,
while lower towards the south-eastern direction. The strong
magnetic anomaly is represented by the brown and pink
colors, with a total magnetic intensity exceeding 650 nT.
These anomaly patterns suggest lithological variations, with
the highs potentially representing magnetite-rich or intrusive
bodies, whereas the lows indicate demagnetized or weakly
magnetic lithologies.

In the next phase, the north magnetic pole was selected as
the reduction point for the gridded TMA map to establish the
reduced-to-pole RTP map. To compensate for the distortion
caused by the Earth’s magnetic field, 530 inclinations and 30
degrees for declination were used. The RTP map (Fig. 11b)
also confirmed a magnetic anomaly of around 200-300 nT in
the south-west direction.

The upward continuation map at 100 m also clearly re-
veals the regional distribution of magnetic anomalies within
the study area, as depicted in Figure 11c. A broad, strong
magnetic intensity anomaly is observed in the western part
of the study area, indicated by pink to red colors. Its persis-
tence after upward continuation indicates that a deep,
strongly magnetized body is responsible. This feature is
interpreted as a major magnetic high that likely marks a
significant structural block within the basement. In contrast,
towards the central and southeastern portions of the study
area, moderate to low magnetic responses represented by
green to blue were observed.

5. Discussion

The accurate delineation of iron ore mineralization zones
within lateritic deposits is crucial for efficient mine planning
and development. Reliable estimation of the iron ore miner-
alization zone depends on accurate topographic information,
precise estimation of topsoil thickness, and accurate charac-
terization of the ore body.
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For this purpose, an integrated approach is required. Con-
sidering the low commodity price of laterite ore, the adopted
approach should be cost-effective. In this study, an effective
approach was applied by integrating UAV, magnetic and
ERT for detailed characterization of iron ore mineralization.

The UAV survey successfully captured high-resolution
aerial images of the study area, enabling the reconstruction of
high-resolution digital elevation models. This enables the
extraction of detailed topographic information required for
planning ERT and magnetic profiles [26]. The orthomosaic
generated from UAV imagery indicates that the elevation
within the study area ranges from 218 to 342 m.

To obtain the precise depth of topsoil and laterite ore,
ERT is the most reliable method. Falade et al. [27] adopted a
similar methodology. An analysis of the resistivity profiles
reveals stratified deposits within the surveyed area. At the
surface, the top-soil layer exhibits resistivity values ranging
from 10 to 50 ohms.m, indicative of its composition and
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moisture content, as concluded by Koah Na Lebogo,
Zame [28]. Beneath the topsoil lies a shale layer with resis-
tivity ranging from 50 to 150 ohm.m, suggesting a distinct
lithological change. Further down, the resistivity values in-
crease significantly to a range of 150-1200 ohm.m, indicating
the presence of a laterite ore layer. The thickness of these
layers is delineated with precision: the topsoil extends to a
depth of 3 meters, followed by a 2-meter-thick shale layer,
and the laterite ore body begins at a depth of 5 meters below
the ground surface. The field measurements at the exposed
area validated the estimates of the thickness of the topsoil
and the iron ore bedrock.

The magnetic survey successfully identified a magnetic
anomaly of approximately 200 nT in the study area. Forward
modelling was performed to estimate the depth of the mag-
netic anomaly, as indicated by Zhao et al. [29]. Forward
modelling allows for the estimation of the depth of the mag-
netic anomaly at each profile. Based on forward modelling,
the magnetic anomalies along profiles 1, 2, 3, 4, 5, and 8
occur at a depth of around 5 m, while the anomaly along
profiles 6, 7, and 7 occurs at a depth of 3 m. To understand
the detailed pattern of the magnetic anomaly in the study
area, the total magnetic intensity (TMI) map was produced.
The TMI map reveals the lithological variations within the
study area. The high magnetic anomaly of more than 600 nT
potentially represents magnetite-rich or intrusive bodies [30],
whereas the lows indicate demagnetized or weakly magnetic
lithologies. Numerous linear gradients in the TMI map are
aligned NW-SE and NE-SW, which may reflect major struc-
tural discontinuities or faults [31].
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Figure 11. Magnetic maps: (a) total magnetic intensity; (b) reduced to pole; (c) continuation

The removal of dipolar effects by producing the RTP
map enhances the symmetry of anomalies, enabling a more
direct correlation between magnetic highs/lows and their
source lithologies [32]. In addition, the continuation map
suppresses near-surface anomalies and emphasizes longer-
wavelength signals, allowing for clearer recognition of deep-
seated structures. The continuation map shows that the high
magnetic-intensity anomaly occurs in the western part of the
area, where it is associated with a deep, strongly magnetized
body. On the other hand, the central and southeastern por-
tions of the study area exhibit moderate to low magnetic
responses. Furthermore, gradual east-west transitions from
magnetic highs to lows suggest the presence of regional fault
systems or lithological boundaries at depth.

Cross-validation of magnetic survey results with ERT and
field measurements indicates that magnetic surveys can iden-
tify the iron-ore mineralization zone in a lateritic deposit. The
integrated approach adopted in this study enables the success-
ful delineation of the iron ore mineralization zone and pro-
vides precise thicknesses for the topsoil and iron ore body.
Thus, the integrated UAV, ERT and magnetic approach
adopted in this study is thus mooted as rapid, expeditious and
reliable compared to the conventional drilling technique.

6. Conclusions

This research demonstrates the effectiveness of integra-
ting UAV, magnetic, and ERT surveys to delineate laterite
ore deposits in the Nizampur region of Khyber Pakhtunkhwa,
Pakistan. The UAV survey provides a precise topographic
map and an orthomosaic of the study area, which were essen-
tial for planning geophysical profiles and understanding
surface morphology. The elevation difference based on the
UAV survey ranged from 218 to 342 m. The acquired eight
ERT profiles identified three geological layers in the study
area. The reliable depths of the topsoil, shale, and laterite ore
were estimated at 3, 2 and 5 m, respectively. The resistivity
of the topsoil was characterized as 10-50 ohm.m, shale was
identified by 50-700 ohm.m, whereas the laterite ore was
identified by 150 to 1200 ohm.m.

Magnetic survey results, supported by forward mode-
ling, identified shallow magnetic anomalies associated with
iron ore mineralization, with magnetic intensities of around
650 nT. The forward modelling successfully estimated the
depth of the magnetic anomaly. In contrast, the TMI, RTP
and continuation maps reveal the distribution of magnetic
anomaly in the study area. Based on these methods, it is
concluded that the northwestern part of the deposit has a
rich distribution of iron ore. In addition, the RTP and con-
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tinuation maps reveal possible structural discontinuities in
the study area. The findings of this research work are
concluded as follows.

1. UAV surveys provided reliable and high-resolution
DEM and orthomosaics, enabling detailed topographic map-
ping and optimized planning of geophysical profiles.

2. ERT results in reliably characterized subsurface stratig-
raphy, delineating topsoil, shale, and laterite ore layers with
precise depth estimates validated by field measurements.

3. Magnetic surveys successfully identified shallow
anomalies associated with iron ore mineralization and pro-
vided a detailed spreading of the magnetic anomaly in the
study area. In addition, the magnetic data in the form of RTP
and continuation maps comprehensively revealed structural
discontinuities and distinguished between strongly magnet-
ized and weakly magnetic lithologies.

The integration of UAV, ERT, and magnetic methods
proved to be a rapid, reliable, and cost-effective alternative to
conventional drilling for delineating iron ore mineralization
in lateritic deposits.
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Metomuka. V gociipkenHi 3actocoBaHo komiuieke UAV-310MKH, MarHiTHOT 3OMKH, ABOBUMIpPHOT eIeKTPOPO3BiyBaibHOI ToMorpadii
Ta mosboBoi Bepuikaiii. UAV-3iioMKy BuKopucTaHo s (ikcallil MoBepXHEBHX 0COOIMBOCTEH AULTHKY Ta IUIaHyBaHHs npodiniB. MarHi-
THI BUMIpIOBAaHHA 32 NPO(]IIBHOIO 1 CITKOBOIO CXE€MaMH 3 AlypHAIbHOIO KOPEKII€I0 Jall 3MOTY BHUSBUTH aHOMANii Ta OKOHTYPHUTH 30HY
minepanizanii. ERT 3actocoBano s aetanizamii JiTOJOTIYHOT Oy10BH, BUAITICHHS IPYHTOBOTO MOKPUBY, CJIAHIIB 1 JATEPUTOBUX YTBOPEHb,
a TaKO)K YTOYHEHHs TTIMOMHHM ¥ OTY>KHOCTI pyaHOTro mapy. [1o1p0B1 BUMipIOBaHHSI BHKOPHCTAHO VIS NIEPEBIPKH Te0(i3MIHNX pe3yIbTaTiB.

PesyabTaTn. 3a nanumu ERT BcTaHOBIIEHO, IO TOTYXKHICTH BEPXHBOTO IPYHTOBOTO IIApy CTAHOBHUTH 3 M, a HOTO IMUTOMHH €IeKTpHY-
HUI omip 3MiHIOeThes B Mexkax 10-50 Om-m. st mapy ciaHmiB OTpEMaHo 3Ha4eHHS THTOMOTo onopy 50-150 OMM 3a OTY>KHOCTI OJIM3EKO
2 M. InenTudikoBaHo IaTepUTHY pyAy 3a 3HAUEHHSIMH IINTOMOTO €JIeKTPHIHOTO omopy B Aiana3oHi 150-1200 OM-M i noTysxHicTIO 10 5 M. 3a
pe3yabTaTaMu MarHiTHOI 3HOMKH BHABIEHO aHoMatii iHTeHcuBHicTIO 200-600 HTn, rmubuHa 3airaHHs SIKUX 332 JAHUMH MIPSIMOTO MOJEINIO-
BaHHA OLliHEHAa B Mexax 3-5 M. [HTepnpeTariis Ha perioHaJbHOMY PiBHI 32 KapTaMH MOBHOI HanpyXeHocTi MarHitHoro nonsa (TMI), tpanc-
¢dopmauii 3 mpuBenenHsM 10 nomoca (RTP) Ta kapramu IpogOBKEHHS Aana 3MOTY AeTajli3yBaTH MPOCTOPOBHUil PO3MOILT MarHITHUX aHOMa-
T y Mexax IOCHIDKyBaHOI TepUTOPil, BCTAHOBUTHU JITOJIOTIUHI HEOAHOPIAHOCTI, €IEMEHTH PO3PUBHOI TEKTOHIKM Ta TTHOOKO3aAramyi
MAarHiTHO aKTHBHI Tina.

HaykoBa HOBM3HA. 3aIIPOIIOHOBAHO IHTETPOBAHMI MAIOBUTPATHHH IIJXiX IO BUSBICHHS JIATEPUTHOI MiHepaizalii, IKUi MoexHye ae-
TasbHI reodi3ndaHi TocmiukeHHs, 30kpemMa MarHiTHI Metoad, 2D ERT Ta dororpammerpito 3 briJIA. Ha BinmiHy Bix TpaaumifHAX MiTXOMiB,
TakKa cXeMa € eKOHOMIYHO JIOIUIBHINIO 3 OTJISTY Ha BapTiCTh PYAHOTO 00’ €KTA.

[pakTHyHa 3HaYMMicTb. OTpUMaHi pe3yNbTaTH MiATBEPIKYIOTh, 10 MOEAHAHHA aepodoTorpaMmeTpii, MarHiTHOI 3HOMKH Ta JBOBUMI-
PpHOI enekTpopo3BixyBagbHOI TOMOTpadii € ePeKTUBHIM 1 EKOHOMIYHO OOTPYHTOBAHHM ITiAXOJOM J0 OKOHTYPIOBaHHS 30H JIATEPUTHOI 3ali-
30pyAHOI MiHepai3amii Ta MoXe PO3TILIIATHCS SIK Ji€Ba allbTEPHATHBA TPAAUIIIHHAM METOAaM I'€0JI0TOPO3BIIKH.

Kntouoei cnosa: namepumna pyoa; enekmpopo3eioyeanvHa momoepagia; MmacHimua 3UoMKa, Oe3nilomHull 1imaibHuil anapam,
PO36I0KA KOPUCHUX KONANUH
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