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Abstract 
This paper presents a contemporary methodology for mineral research and exploration, with a particular focus 
on iron ores and geophysical mapping in the Nador region of eastern Morocco. The application of Ground 
Penetrating Radar (GPR) in the exploration of subsurface objects and minerals has demonstrated significant 
success and efficacy. GPR technology has emerged as a powerful, non-destructive tool for the exploration and 
resource assessment of minerals. One of the primary objectives of this study is to utilize geophysical mapping 
to identify the locations and quantities of mineral deposits for future exploitation and exploration. To interpret 
the data and results obtained from GPR, we employed modeling techniques to simulate GPR signals for the 
detection of various minerals using the GprMax2d software. The algorithm underpinning this program has 
been enhanced to improve its effectiveness and accuracy in detecting targets and determining their physical 
properties. This study leveraged the simulation and modeling to interpret data and compare the amplitude of 
reflected signals from the surfaces of different objects and minerals. 
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1    Introduction 
Ground Penetrating Radar (GPR) is a 
non-invasive geophysical technique that 
has gained prominence in mining, min-
eral prospecting, and resource assess-
ment. Its ability to provide high-resolu-
tion subsurface imaging has made it val-
uable in civil engineering, geophysics, 
and archaeology [1,2]. Research by 
Francke (2012) and Cheng (2004) has 
confirmed GPR’s effectiveness in min-
eral detection [3,4]. Within the mining 
industry, it is widely used to delineate 
paleochannels, map iron ore deposits, 
and image kimberlites [5,6]. However, 
challenges such as antenna crosstalk, 
ground reflections, ambient noise, and 
signal attenuation limit data accuracy 
[7,8]. 
    Signal attenuation, particularly in 
highly conductive soils such as clay or 
those with a high mineral content, re-
mains a major constraint. Solutions in-
clude the use of low-frequency antennas 
for deeper penetration [9,10], advanced 
signal processing techniques such as 
wave migration and deconvolution 
[11,12], as well as the integration of 
multi-frequency GPR systems to balance 
resolution and depth [13,14]. Further-
more, deep learning models such as 
DMRF-UNet enhance radar data recon-
struction and interpretation accuracy, 
thereby strengthening GPR's effective-
ness in meeting the demands of the min-
ing industry [15]. 
    Modern Ground Penetrating Radar 
(GPR) systems now achieve penetration 
depths ranging from hundreds to thou-
sands of meters, while maintaining deci-
meter-scale resolution, even within crys-
talline rock formations [16,17]. Geologi-
cal mapping remains a primary applica-
tion, facilitating the assessment of min-
eral resources. This method offers nu-
merous advantages for the exploration of 

iron mineralization, particularly its high 
spatial resolution, enabling the precise 
detection of anomalies near the surface. 
It is highly effective in locating complex 
geological structures and mineralization 
at shallow depths (up to 30-40 meters) 
[18]. Compared to magnetometry, GPR 
provides more accurate localization of 
structures, especially in environments 
where mineralization does not signifi-
cantly affect the magnetic field. Magne-
tometry, however, is more suited for de-
tecting large iron mineralization’s but 
has a lower resolution [19]. Regarding 
resistivity, while GPR provides real-time 
imaging of the geological structure, re-
sistivity can offer superior penetration in 
conductive soils [20]. Therefore, GPR is 
ideal for surface exploration, while resis-
tivity proves more useful for deeper in-
vestigations. A combination of both 
methods may be necessary for a compre-
hensive subsurface analysis [21]. Alt-
hough GPR is more expensive than mag-
netometry and resistivity, it offers supe-
rior precision and resolution, which can 
justify its higher cost in certain situa-
tions. Its primary advantage lies in its 
ability to provide real-time, high-resolu-
tion images of geological structures, en-
abling the precise detection of shallow 
anomalies and mineralization [22]. Un-
like magnetometry, which is better suited 
for detecting large mineral concentra-
tions and has lower resolution [23], or re-
sistivity, which often requires complex 
modeling for data interpretation [24], 
GPR offers greater flexibility and accu-
racy in complex geological environ-
ments. Therefore, when the geological 
context warrants it—particularly for sur-
face exploration or the detection of shal-
low mineralization—the higher cost of 
GPR can be offset by the quality and 
speed of the data obtained, ultimately op-
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timizing long-term exploration opera-
tions. 
    This study presents the results of a 
GPR survey in the Nador region, aiming 
to optimize surface mining operations 
and reduce exploration costs through en-
hanced geological mapping [25]. 
    To improve GPR efficiency in com-
plex geological environments, several 
strategies can be implemented. Low-fre-
quency antennas enhance penetration, 
while increased transmitter power miti-
gates signal attenuation [26]. Advanced 
filtering and inversion algorithms refine 
imaging [27], and multi-offset GPR with 
polarization variability adapts responses 
to subsurface conditions [28]. Technolo-
gies like Frequency-Modulated Continu-
ous-Wave (FMCW) and multi-frequency 
GPR enhance spectral analysis, optimiz-
ing depth-resolution balance [29]. Field 
testing and wave-soil interaction models 
further refine parameter calibration and 
data interpretation [30]. 
    For small-scale mining, automated 
software like Micromine and GPR In-
sights streamlines data processing. Pre-
configured solutions and automated re-
porting facilitate rapid decision-making 
on-site.  
    GPR has proven effective in gold ex-
ploration by detecting sediment and bed-
rock anomalies [31], copper prospecting 
by identifying copper-rich veins [32], 
and geological mapping by delineating 
rock fractures [33].  GPR can be used to 
identify small alluvial iron deposits by 
detecting anomalies in near-surface soil 
layers, particularly in shallow minerali-
zation [34]. However, its ability to detect 
fine-grained ferruginous rocks depends 
on factors such as soil composition and 
moisture content and may be limited in 
highly conductive soils [35]. Case stud-
ies from Australia and Brazil have 
demonstrated that GPR can successfully 

locate shallow alluvial iron deposits, alt-
hough its effectiveness varies depending 
on geological conditions [36,37].It is 
also used in diamond exploration and 
sand dune imaging, with recent instru-
mentation advancements enhancing deep 
data acquisition in diverse environments 
[38,39]. Compared to other methods, 
GPR offers superior resolution, cost effi-
ciency, and non-destructive analysis, 
though specialized expertise and soft-
ware remain necessary for accurate data 
processing [38,40,41]. 
     Optimizing results requires selecting 
suitable antennas, adjusting frequencies, 
and calibrating radar parameters [16,43]. 
Despite challenges from heterogeneous 
soils and iron ore-mud mixtures, this 
study assesses GPR’s effectiveness in 
such conditions, contributing to humani-
tarian efforts. The primary objective is to 
locate buried structures and objects 
within residual deposits and mud in east-
ern Morocco [44]. 
 
2    Location and Description of the 
Study Area  
Nador, located in eastern Morocco at co-
ordinates 35° 10' 12" N, 2° 55' 48" W 
(Figure 1), is near the Beni Bou Ifrour 
massif, which is a basement window 
emerging from Neogene basins in the 
eastern Rif. This massif includes some of 
the most significant iron deposits in east-
ern Morocco, with over 60 Mt exploited 
from 1915 to 1976. 
   The Ouiksane deposit, notable for its 
high iron content (up to 70%), is the most 
significant among the three studied de-
posits. Located in the western sector of 
the North Domain of Beni Bou Ifrour, it 
is enclosed within a monoclinal series of 
east-west oriented shales with a northern 
dip, where the main carbonate bank is in-
terbedded. The deposit is centered 
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around the Central Intrusion, a granodio-
ritic pluton that forms a sub-concordant 
sill within the schist-carbonate bank con-
tact. The intrusion caused contact meta-
morphism, transforming the surrounding 
limestones into marbles and the shales 
into corneans or skarns, depending on 
their initial lithology. Surface mining has 

created an open pit divided into two sec-
tions (open pit E and open pit W) by the 
Ouiksane fault [45]. The northern side of 
the pit exposes the intrusion, while the 
southern side reveals the host rock in 
front of the intrusion (Figures 2a and 2b) 
[46]. 

 

 
 

Figure 1. Location Map of the Study Area. 

 

 
Figure 2. Panorama on the oriental open pit of Ouiksane and (b) some of the blocks of iron ore in this area. 
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The historical exploitation of Ouiksane 
iron has led to extensive mining studies, 
including comprehensive geological 

maps (Figure 1) and detailed cross-sec-
tions of the mine (Figure 2). 

 

 
Figure 3. Historical geological map at the level of the Ouiksane deposit [19]. 

 
 

Figure 4. Historical geological sections explaining the structure of Ouiksane deposit [19]. 
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3    Materials and Methodology 
Ground Penetrating Radar (GPR) con-
sists of a transmitter and receiver an-
tenna, with their separation distance var-
ying based on frequency and GPR type. 
This method transmits high-frequency 
electromagnetic waves (10-2600 MHz) 
into the subsurface and records reflected 
energy from different interfaces [47,48]. 
    The receiver, equipped with an ampli-
fier, enhances the reflected signals' am-
plitude. Antennas are designed to cover 

extensive areas in a single pass, and the 
use of multiple receivers allows for data 
"stacking," which improves the signal-
to-noise ratio. The transmitter sends en-
ergy pulses into the subsurface, while the 
receiver detects reflections from inter-
faces between materials with different 
electrical properties [49,50]. GPR data 
interpretation relies on three key physi-
cal properties of the medium or buried 
targets: permittivity (ε), permeability 
(µ), and conductivity (σ) [51,52]. 

 
Figure 5. Principle and measurement of GPR Profile using constant-offset. 

 
 

 
 

Figure 6. Typical signal, received by the GPR. 
 

    In the second stage of GPR operation, 
the receiving antenna captures the re-
flected waves, which are subsequently 
recorded and displayed as raw data in 
three formats: A-scan, B-scan, and C-
scan, as depicted in Figure 6. 
    This section explores theoretical anal-
yses essential for GPR operation, data in-

terpretation, and detection of buried ob-
jects. Key parameters include the wave 
velocity in a homogeneous medium and 
its speed when interacting with a target. 
Additionally, it involves calculating the 
permittivity of both the medium and bur-
ied objects, as well as studying attenua-
tion and reflection. 

Direct wave 

Target 

a) A-scan b) B-scan c) C-scan 
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One of the key methods in radar explora-
tion and data collection is constant-offset 
prospecting, illustrated in Figure 5. In 
this method, the transmitter and receiver 
antennas move simultaneously on the 
surface, maintaining a fixed distance that 
depends on the frequency used. Often, 
the propagation velocity must be esti-
mated non-invasively from the GPR data 

itself. 
    The most prevalent approach for this 
estimation involves analyzing diffraction 
curves, or diffraction hyperbolas. This 
technique starts with a point-like target, 
i.e., a small buried object relative to the 
wavelength in the soil, as depicted in 
Figure 7. 
 

 
Figure 7. Measure of the permittivity of the soil from a diffraction hyperbola from a point-like target. 

 
   The transmitting antenna illuminates 
the target not only when it passes exactly 
over it, but also from a certain distance 
before it and up to a certain distance be-
yond it. So, the receiving antenna gathers 
an echo from the target not only when it 
crosses over it, but usually within a seg-
ment centered on the target. The length 
of this segment depends on the directiv-
ity of the antennas, the characteristics of 
the soil, and the depth of the target.  If the 
antennas are moved at the air – soil inter-
face, and the offset between them is ne-
glected, then the distance from the posi-
tion of the source-observation point (x,0) 
and the buried target in the position (x0, 
z0) is given by �(𝑥𝑥 − 𝑥𝑥0)2 + 𝑧𝑧02. This 
quantity corresponds to the apparent 
depth at the abscissa x, which in terms of 
propagation velocity is given by z(x) = ct 
/2, where t = t(x) the return time of the 

echo recorded at the position x. In the 
point x = x0 , the apparent depth of the 
target reaches its minimum value z = z0 
= ct0 /2, where t0 is the minimum rec-
orded return time. Putting together these 
equalities, we have 

𝑐𝑐𝑐𝑐
2

= �(𝑥𝑥 − 𝑥𝑥0)2 + �
𝑐𝑐𝑡𝑡0
2 �

2
      

  𝑡𝑡 = 2
𝑐𝑐
�(𝑥𝑥 − 𝑥𝑥0)2 + (𝑐𝑐𝑡𝑡0/2)2  

2( )2 0 1
2 220.250 0

x xt
t c t

−
− =            (1) 

Relationship (1) is the equation of a hy-
perbola (but of course only one of the 
two branches is considered) with the ver-
tex at the target position (x0, t0). Eq (1) is 
parametric with respect to the propaga-
tion velocity c, and so c can be estimated 
from Eq. (1). In principle, this might be 
done even just from two points, but of 
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course, a more extended fitting provides 
a more reliable result. There are com-
mercial codes that allow us to do this fit-
ting in an immediate graphical way 
[53,54] by depicting the model diffrac-
tion hyperbola at variance of a trial c on 
the data. As it is well known, by replac-
ing 1 with 0 in the second term of Eq  (1) 
we achieve the equation of the asymp-
totes of the hyperbola, that is, 
   𝑡𝑡 = ± 2

𝑐𝑐
(𝑥𝑥 − 𝑥𝑥0)                (2) 

 
The strength of GPR reflection in per-
pendicular incident waves depends on 
the contrast in relative dielectric constant 
across the reflecting boundary, while the 
reflection coefficient RC can be ex-
pressed as [55]: 
 
𝑅𝑅𝑅𝑅 = √𝜀𝜀𝑟𝑟1−√𝜀𝜀𝑟𝑟2

√𝜀𝜀𝑟𝑟1+√𝜀𝜀𝑟𝑟2
                  (3) 

Where, 𝜀𝜀𝑟𝑟1and 𝜀𝜀𝑟𝑟2 are the relative per-
mittivity of medium 1 and 2 respectively. 
These values allowed the calculation of 
the dielectric constant 𝜀𝜀𝑟𝑟 according to the 
equation (3), where c is the speed of light 
(0.3 m/ns) and h is the depth : 
 
𝑧𝑧 = 𝑉𝑉𝑉𝑉

2
            (4) 

𝑉𝑉 = 𝑐𝑐

√𝜀𝜀𝑟𝑟
                     (5) 

 
   𝜀𝜀𝑟𝑟 = (𝑐𝑐𝑐𝑐

2ℎ
)2                             (6) 

where C is the propagation speed of EM 
waves through air, which is equivalent to 
the speed of light, or 0.3 m/ns).  As the 
wave propagates through material 2, its 
energy is attenuated as follows: 

8 2 1/2
212.863 10 ( 1 tan 1)fα δε−= × + −      (7) 

where 𝛼𝛼 attenuation, in decibel/meter, f 
wave frequency, in Hz, and  𝛿𝛿= the loss 
tangent (or dissipation factor) is related 
to 𝜎𝜎, the electrical conductivity (in 
mho/meter) of the material by: 

10

2

tan 1.80 10
f
σδ
ε

= ×               (8) 

When the remaining microwave energy 
reaches another interface, a portion will 
be reflected through material 2 as given 
by Equation 3 [56,57]. 
   Effective exploration and evaluation of 
underground minerals with GPR neces-
sitate selecting appropriate instrumenta-
tion and understanding the soil type and 
its physical properties beforehand. This 
ensures the choice of suitable equipment 
and defines the target depth. For this 
study, based on the soil type, a 200 MHz 
antenna and a GPR SIR 3000 radar from 
GSSI were selected (Figure 8). 

 

    
 

Figure 8. Antenna (200MHz) and GPR SIR 3000. 



Exploration and resource evaluations of mineral using modeling and GPR applications …                                        51 

Table 1. Typical (approximated) values of conductivity and real dielectric 
Materiel  𝜺𝜺 𝝈𝝈 𝒗𝒗(cm) λ (cm) 𝜹𝜹 

Cavity (air) 1 0 30 75 0 
Clay (wet) 12 0.1 8.52 21.29 5.35 
Soil dray 2.5 0.00014 18.97 47.43 0.01 

Sand dray 9 0.001 10 25 0.08 
Sand 8 0.003 10.16 26.52 0.2 

Water 81 0.01 3.33 8.33 0.21 
Copper  1 5.6 2.62 6.55 95.52 

Iron  1 1000000 0.01 0.02 39738.35 
 

    The GPR data were processed using 
Radan 7 and Reflexw to enhance the vis-
ualization of buried structures. Radan 7, 
developed by GSSI, offers modular tools 
for specific processing needs, intuitive 
2D/3D visualizations, and includes key 
steps such as filtering and time-depth 
conversion. Reflexw is a versatile soft-
ware used for GPR, seismic, and ultra-
sound data, featuring 2D and CMP ve-
locity analysis modules, as well as a 
wide range of processing options like fil-
ters, gains, interpolation, and advanced 
migration techniques. 
 
4    Results and data analysis 
4.1  Detection targets by GPR  
modelling 

Various commercial programs are em-
ployed to simulate radar signals for de-
tecting buried objects. In this study, we 
utilize the GprMax2d software, devel-
oped by Giannopoulos in 2005, which is 
available online and has been updated 
for scalability and enhanced functional-
ity. This program operates based on the 
Finite-Difference Time-Domain 
(FDTD) method and integrates well with 
specific requirements. We employed this 
algorithm to improve the accuracy of ob-
ject detection and to analyze their physi-
cal properties and geometrical shapes. 
For this modeling exercise, we simulated 
three targets with varying physical prop-
erties (dielectric, perfect dielectric, and 
conductor) and rectangular geometrical 
shapes (50 x 20 cm). 

. 

      
 
Figure 9. The amplitude of the signal reflects from the rectangular targets L=50cm and w=20cm (a) reflect from 
target dielectric, (b) reflect from target perfect dielectric and (c) reflect from target perfect conductor. 
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Figure 10. The amplitude of the signal reflected from the circular targets R=10cm (a) reflected from target dielec-
tric, (b) reflected from target perfect dielectric and (c) reflected from target perfect conductor . 

 
 

    In Figure 9 and 10, we will simulate 
spherical targets with different physics 
properties, dielectric, perfect dielectric, 
and perfect conductor. 
    Modeling simulations using GPRMax 
rely on idealized conditions, which can 
limit the accuracy of results in real geo-
logical environments. These models of-
ten assume a homogeneous and isotropic 
medium, whereas the subsurface exhibits 
natural heterogeneities (such as frac-
tures, permittivity variations, and the 
presence of fluids) that significantly in-
fluence the propagation of electromag-
netic waves. Furthermore, the boundary 
conditions imposed in simulations often 
oversimplify complex phenomena, in-
cluding multiple reflections and signal 
attenuation. As a result, discrepancies 
between theoretical responses and actual 
field measurements can be substantial, 
necessitating rigorous experimental vali-
dation. Therefore, integrating field data 
and refining model parameters are cru-
cial to enhancing the reliability of GPR-
based geophysical interpretations. 
   To improve the penetration depth of 
GPR, several studies suggest the use of 

low-frequency antennas, which offer 
better penetration in resistant soils such 
as clays by reducing attenuation losses 
[58]. In parallel, advanced numerical 
models that account for complex param-
eters such as subsurface heterogeneity 
and anisotropy have improved the accu-
racy of simulations, considering local 
variations in permittivity and conductiv-
ity of materials [59]. Furthermore, field 
tests in various geological contexts, such 
as drilling formations and cavities, are 
crucial for validating models and refin-
ing theoretical simulations by adjusting 
parameters based on real-world condi-
tions [60]. Integrating these approaches 
could greatly enhance the reliability of 
GPR in diverse geological environments. 
   Other simulations were conducted to 
study the variation in the amplitude of 
the reflected signal from the Ground 
Penetrating Radar (GPR) when detecting 
iron deposits, analyzing the impact of 
different frequencies (800 MHz, 400 
MHz, and 200 MHz) on signal reflection 
and the differences in the received sig-
nals. 

0
0

.2
0

.4
0

.6
0

.8
1

1
.2

x 1
0

-8

-1
5

0
0

-1
0

0
0

-5
0

0 0

5
0

0

1
0

0
0

1
5

0
0

2
0

0
0

2
5

0
0

t(s)

Amplitude

0
0.5

1
1.5

2
2.5

3
3.5

4
x 10

-8

-600

-400

-200 0

200

400

600

800

t(s)

mV/m

0
0

.2
0

.4
0

.6
0

.8
1

1
.2

x 1
0

-8

-1
5

0
0

-1
0

0
0

-5
0

0 0

5
0

0

1
0

0
0

1
5

0
0

2
0

0
0

2
5

0
0

t(s)

Amplitude

dielectric dielectric perfect conductor perfect 



Exploration and resource evaluations of mineral using modeling and GPR applications …                                        53 

 
Figure 11. Variation of the reflected signal amplitude over time with an antenna of frequency f = 800 MHz and 

analysis of the received signals. 
 

 
Figure 12. Variation of the reflected signal amplitude over time with an antenna of frequency f = 400 MHz and 

analysis of the received signals. 



54                                                                              Hamdaoui et al.    Iranian Journal of Geophysics, Vol 20 NO 3, 2026 

 
 

Figure 13. Variation of the reflected signal amplitude over time with an antenna of frequency f = 200 MHz and 
analysis of the received signals. 

 
    The variation in the amplitude of the 
reflected signal, measured using anten-
nas with different frequencies (800 
MHz, 400 MHz, and 200 MHz), depends 
on the depth of the iron deposits. At 800 
MHz, the radar provides high resolution 
for detecting shallow deposits but has 
limited penetration (Figure 11). At 400 
MHz, it offers a good compromise be-
tween resolution and depth, making it 
suitable for deposits at moderate depths 
(Figure 12). At 200 MHz, penetration is 
increased, allowing for the detection of 
deeper deposits, but with less precise res-
olution (Figure 13). For our case study, 
the 200 MHz antenna was chosen to 
maximize the detection of deeper depos-
its due to its superior penetration capa-
bility.  
 
4.2 Experimental Results with 200MHz 
To carry out the anomaly survey and site 

investigation, the area was divided into 
four sections, each ranging from 30 to 40 
meters in length, with a 2-meter spacing 
between each profile.  
 
GPR Profiles in zone 1. 
 Key factors in interpreting GPR data in-
clude the hyperbolic shape of signals, at-
tenuation, reflection coefficient, and 
wave velocity. Radargram 1 in Figure 
14, using a 200 MHz antenna, shows 
multiple hyperbolas resulting from re-
flections on the surface of an iron block. 
A target is identified at a depth of 2 me-
ters, with dimensions of 16 meters in 
length and 1.6 meters in thickness. The 
antenna effectively penetrated up to 6 
meters. 
     Significant anomalies are observed 
between 55 and 71 meters, at depths of 2 
to 4 meters, marked by high-amplitude 
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reflections. This contrasts with the atten-
uated signals in other radargrams. A con-
stant wave amplitude from 0.1 to 2 me-
ters suggests a homogeneous medium, 
while variations from 2 to 5 meters indi-
cate a heterogeneous medium, likely 

containing objects or cavities. Repeated 
hyperbolic segments and high signal am-
plitude in Zone 1 suggest the presence of 
iron ore blocks with high conductivity 
and low permittivity. 

 
 

 

 
 

Figure 14. Radargram 1 of profile 1 in zone 1 shows the data obtained during the investigation and search in the 
Nador region using a 200 MHz antenna. 

 
   Radargram 2 (Figure 15) shows similar 
high-amplitude reflections at depths of 2 

to 4.5 meters, consistent with other ra-
dargrams. 

 
Figure 15. Radargram 2 of profile 2 in zone 1 shows the data obtained during the investigation and search in the 
Nador region using a 200 MHz antenna. 

  

Radargram 1 

16m  

amplitude of the signal in 
x=62m 

Direct waves  
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Radargram 2 amplitude of the signal in 
x=220m 
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GPR Profiles in zone 2.  
In Zone 2, the radargram reveals multi-
ple hyperbolas resulting from the reflec-
tion of waves on the surface of an iron 
block (Figure 16). The profile in Figure 
14 shows abnormally high reflections 
between 390 and 427 meters (37 to 40 
meters in length). Depths ranging from 2 

to 6 meters are highlighted in the en-
closed area. 
    The observation of the radargram and 
the repetition of hyperbolas, along with 
the signal amplitude, as illustrated in 
Figure 14, indicate that the detected ob-
jects have very high conductivity and 
very low permittivity, suggesting the 
presence of pure iron. 

 
 

 
 

Figure 16. 0Radargram of profile 1 in zone 2 shows obtained data by investigation and search in Nador region using 
200 MHz antenna, explains the appearance of minerals. 
 
   The same observation was repeated; 
Figure 17 demonstrated an excellent sub-
surface penetration capacity at a depth of 

6 meters. This profile revealed anoma-
lous and very high-amplitude reflections 
between 515 and 560 meters in radar-
grams 1 and 2. 

 

Radargram 1 
37m 

Radargram 1 
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Figure 17. Radargram of Profile 2 in Zone 2 showing the presence of minerals. 
 
 

GPR Profiles in zone 3.  
The profiles in Zone 3 revealed abnor-
mal reflections, clearly identifiable in the 
radargrams (highlighted area), while the 
signal was strongly attenuated in the rest 
of the radargrams. In this region, we ob-
serve the presence of anomalies in the 
Earth's layers, as well as heterogeneity 
indicating a contrast, which explains the 

appearance of minerals and changes in 
the Earth's layers. In Zone 3, we observe 
the recurrence of deformations that ex-
tend in profiles 1 and 3 between 480 and 
510 meters. 
    The radargram of Profile 4 ( Figure 
20) shows repeated distortions and the 
appearance of certain bodies that have 
been confirmed to be minerals. 

 
 

 
 

Figure 18. Radargrams of profile 1 in zone 3 explain the appearance of minerals and changes in the Earth's layers. 
 

 

Radargram 2 

Radargram 1 amplitude of the signal in 
x=510m 
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Figure 19. Radargrams of profile 2 in zone 3 explain the appearance of minerals and changes in the Earth's layers. 

 

 
Figure 20. Radargrams of profile 3 in zone 3 explain the appearance of minerals and changes in the Earth's layers. 

 

 
Figure 21. Radargram of Profile 4 in Zone 3 showing the presence of minerals. 

  

Radargram 1 

Radargram 1 
5m 

Radargram 1 
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GPR Profiles in zone 4.  
Figure 22 illustrates the results of the 
GPR profile in Zone 4. This profile re-
vealed an abnormally clear reflection 
over a length of more than one kilometer 
and at depths ranging from 2 to 6 meters. 

It is important to note the attenuation of 
the signal in the radargrams. We observe 
that hyperbolic GPR signals are nonex-
istent in zone 4, which could indicate 
very wet soil or the presence of water at 
a great depth, as shown in Figure 22. 

 

 
 

 
Figure 22. Radargram of profile 1 in zone 4. 

 
5      Conclusion 
The results of the survey and exploration 
by GPR (GSSI SIR 3000 system) with 
200 Mhz antenna were very successful 
and surprising in identifying and detect-
ing iron ores as well as studying the un-
derground. It was also successful in pen-
etrating lands with difficult and muddy 
conditions. Iron ore deposits often exhib-
ited very low conductivities rendering 

them ideal candidates for GPR resource 
evaluations. Although these deposits are 
often hundreds of meters in depth, GPR 
systems were high-resolution in the first 
7m, variations that are not readily de-
tected by drill grids. Radar GPR is an ef-
fective and successful technology of 
searching as well as easily detecting un-
derground minerals, less expensive and 
without excavation. Also, by radar GPR, 

Radargram 1 

Continuation of the radargram 1 
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we can make geological maps of the 
Earth's layers and sub-surface compo-
nents. In this work, we were successful 
and able to uncover many metal blocks 
of different sizes and different depths 
and several GPR profiles have been car-
ried out along across these zones. 
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