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ABSTRACT Recently, remote sensing studies have been crucial for investigating mineralisation,
geothermal areas, and water resources. This study gathered lineament and surface
temperature data for the Palaeozoic-middle Eocene-aged rocks on the southern margin
of the polyphase-deformed Nigde Massif and the rocks covering these units, from satellite
images and field studies. Additionally, the study created a surface temperature map of
the area using satellite images. The study analysed the relationship between the satellite-
based tectonic lines, the surface temperature map, and the faults, fractures, antimony,
and iron minerals identified in the field. The analysis revealed a strong correlation
between lineaments, surface temperature maps, and antimony and iron mineralisation.
In particular, mineralisation was detected in areas where tectonic lineaments formed by
faults and fractures densely concentrate and in areas where the surface temperatures
are high. This relationship will make significant contributions to ore exploration and
the identification of potential mining areas. Furthermore, foliation planes and highly
fractured and faulted structures also proved to be important areas for mineralisation.
Lineaments and surface temperature maps will be beneficial for identifying other
potential mineralisation areas.

Key words: central Anatolia, Nigde Massif, lineaments, surface temperature, iron-antimony mineralisation.

1. Introduction

This study aims to investigate the correlation between tectonic lineaments, surface
temperature maps, and antimony and iron mineralisation using satellite imagery. This research
is of utmost importance because there is currently no existing literature on the relationship
between lineaments, surface temperature maps, and mineralisation.

The results of the study indicate a strong connection between the lineaments identified
through remote sensing and field studies, the satellite-based surface temperature map, and the
presence of antimony and iron mineralisation. Studies have explored the use of satellite-based
surface temperature maps in mineral exploration studies, with some of these studies being those
conducted by Ramakrishnan et al. (2013) and Myint et al. (2017).

Through satellite imagery, the study identified tectonic lineaments such as faults, fractures,
and fold hinge lines. In particular, the study focused on the impact of these lineaments on source
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development in areas where they are concentrated.

It is essential to acknowledge the limitations of the Landsat thermal data utilised in this
study. The moderate spatial resolution (100 m for thermal bands resampled to 30 m) may
not adequately capture small-scale thermal anomalies linked to narrow mineralised veins.
Furthermore, temporal variability in surface temperature, due to seasonal changes, diurnal
cycles, and weather conditions, can influence the thermal signatures. To mitigate these effects,
we selected cloud-free images from a summer period (specifically July—August 2023), when
thermal contrasts are most pronounced. Nonetheless, these limitations should be taken into
account when interpreting the relationship between thermal anomalies and mineralization
patterns.

In recent years, as satellites and technology have advanced, satellite and aerial imagery have
become increasingly popular for various purposes (Hobbs, 1904; Hobbs et al., 1976). Linearities
found in aerial and satellite imagery can be both natural and artificial (anthropogenic). There
has been considerable research in this area (Isiorho, 1985; Drury and Walker, 1987; Cracknell
and Heyes, 1993). Tectonic lineaments (faults, joints, etc.) can be identified using field studies,
satellite imagery, and geographic information system (GIS) methods which are useful in the
exploration of mines, water resources, and geothermal areas. Many studies have been conducted
on these issues (Babiker and Gudmundsson, 2004; Waikar and Nilawar, 2014; Amara et al., 2019;
Njeudjang et al., 2020; Mahdi et al., 2022; Shirazi et al., 2022; Said, 2024; Firmansyah et al.,
2025). Especially in mineral exploration studies, there are also different methods (Ahmadfaraj et
al., 2019; Malaekeh et al., 2021; Nabilou et al., 2021).

The development of programs such as ArcMap, Geomatica, and Rockwork, are frequently
used to determine lineaments (Abdullah et al., 2010; Ganguly and Mitran, 2016). In the study
area, important geological investigations have been carried out on various subjects (Ketin,
1955; Gonciioglu, 1977, 1985; Atabey and Ayhan, 1986; Ozgiir, 1988; Kuscu, 1992; Demircioglu,
2001; Gautier et al., 2002, 2008; Umhoefer et al., 2007; Whitney et al., 2007; Demircioglu and
Eren, 2017). Nowadays, advances in satellite and LiDAR surveys are frequently used to identify
lineaments in a given area (Kresic, 1995; Raghavan et al., 1995; Lee and Moon, 2002; Hung et al.,
2005; Raharimahefa and Kusky, 2009). In this study, the antimony mineralisation in the region
and its relationship with lineaments and surface temperature values are described.

2. Geological setting

The study area south of the Nigde Massif includes Camardi and its surroundings, as shown in
Fig. 1. The study area covers an area of approximately 130 km?,

2.1. Stratigraphy

The study area is situated south of the Nigde region within the central Anatolia region, as
shown in Fig. 1. The area is characterised by rugged terrain. The bedrock comprises Palaeozoic-
Mesozoic rocks of the Nigde Massif, along with Late Cretaceous igneous rocks that intrude on
them. Palaeocene-Eocene-aged units unconformably overlie these rocks, while Oligo-Miocene-
aged units unconformably cover them (Génciioglu, 1985). All of these units are unconformably
overlaid by Quaternary-aged units (Fig. 2).
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Fig. 1 - Regional geology map of the
study area [modified from Kuscu
(2001)].

Fig. 2 - Geological map of the study area [modified from Demircioglu (2001)].
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2.2. Structural geology

The study area is located at the border of two major tectonic units in Turkey: the Tauride
Block and the Anatolid-Kirsehir Block. The units in the study, which are Palaeozoic-Mesozoic
aged, have developed polyphase deformed and folded-fractured structures (Fig. 3).

The Nigde Massif has undergone at least four phases of deformation, as stated by Demircioglu
and Eren (2017). During the post-Middle Eocene-Oligocene period, rocks that date back to the
Palaeocene-Eocene period were folded in at least three phases (Fig. 3).
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Fig. 3 - Structural geological map of the study area [modified from Demircioglu (2001)].

2.2.1. Geodynamic evolution of the study area

The rocks of the Nigde Massif in the study area experienced deformations during the
Cimmerian and Alpine orogeneses. In the initial D1 stage, the rocks underwent oblique
isoclinal folding, as shown in Fig. 3. These stage folds exhibit characteristics which are similar in
appearance. Subsequently, the D1-stage folds were re-folded by coaxial F2-stage folds, leading
to the formation of type-3 folds in the region. F3-stage folds, oriented NE -SW and dipping in the
same direction, developed during D2-stage deformation. Finally, D3-stage deformation resulted
in the development of a large dome structure in the region, likely formed during the intrusion of
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Ugkapili granodiorite into the rocks of the massif (F4-stage folding).

In the D4 deformation stage, the Inner Taurus Ocean closure caused both the massif and
the Palaeocene-Eocene-aged cover rocks to deform at the same time (Fig. 3). During this stage,
the basement and Palaeocene-Middle Eocene-aged cover units developed unique cusp-lobate
folds. As a result of the folding, the cover units formed synclinal folds compressed into the rocks
belonging to the massif, and the basement rocks formed map-scale folds with wide and rounded
anticlinal geometry towards the cover units (Figs. 2 and 3). The Ugkapili granodiorite in the area
transformed into meta granodiorite, and fault and fracture systems developed (Demircioglu and
Eren, 2017). The fault and fracture systems resulting from these deformations were filled by
antimony and goethite minerals due to the intrusion of Uckapili granodiorite.

Enhanced fold hinge line orientations, as well as fault and fracture strikes, can be observed
in all orientations in the workspace. As a result of these deformations, polyphase folds were
formed, and these developed interference fold structures. In some areas, type-1, in general,
type-3, and, rarely, type-2 folds are observed as described by Demircioglu and Eren (2017). As a
result of these deformations, the rocks have been built up with numerous faults and fractures
(Fig. 4).

Fig.4-a) Fractured structurein marble
of the Nigde Massif, b) fractured and
fault structure in the Nigde Massif.
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During fieldwork, it is common to observe normal, reverse, and strike-slip faults caused by
the effects of polyphase deformations. In the post-Pliocene and Pliocene periods, normal faults
are frequently found due to the extension of tectonic regimes in the region.

3. Materials and methods

3.1. Satellite-based-automatic lineament map preparation

In the field of study, two phases are involved: the study of the terrain and remote sensing
using satellite imagery. Fieldwork has already been carried out in the study area, resulting in
the creation of geological and structural geology maps (Figs. 2 and 3). During these studies,
antimony and iron mineralisations were discovered. The Landsat ETM-8 operational land imager
(OLI) satellite image was used to generate automated lineament and surface temperature maps
of the field. The line module was used to apply an edge sharpening filter to these images and
maps, so as to create a lineament map (Fig. 5). Human-made structures, such as roads and field
boundaries, can create lineaments in satellite imagery. During fieldwork, it was determined that
these lineaments were to be excluded.

Thresholds were used for this study, although many different thresholds are available in the
literature. The filters and thresholds serve to highlight the intensity gradients along the edges
of an image. The specific values can be established according to the objectives and intricacies of
the study. Although many different threshold values are available in the literature, for this study,
a selection of specific values were established according to the objectives and intricacies of the
study and considering that filters and thresholds serve to highlight the intensity gradients along
the edges of an image.

In this study, we used the threshold values specified in the work by Sedrette and Rebai (2016)
(Table 1). In that work, appropriate threshold values were selected. They effectively conveyed
the level of detail required for the study. The selected threshold values affect the lineament
density changes. Depending on the selected threshold values, the lineament densities can be
excessively high or very low. The selected values have been determined to provide sufficient
results for this study. We evaluated the threshold values specified in the work by Sedrette
and Rebai (2016) (Table 1) and selected the values most appropriate for this study, i.e. those
that effectively conveyed the level of detail required. The selected threshold values affect the
lineament density changes which, based on such values, can be excessively high or very low. The
selected values have been determined to provide sufficient results for this study.

Table 1 - Edge sharpening filter, preferred thresholds (Sedrette and Rebai, 2016).

Edge sharpening filter parameters used for lineament extraction
Parameter Threshold value
Filter radius 10 pixels
Edge gradient threshold 100
Curve length threshold 30 pixels
Line fitting error threshold 3 pixels
Angular difference threshold 30°
Linking distance threshold 20 pixels
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The data was processed first using the environment for visualising images (ENVI) program,
then Geomatica and Arc-Gis, and, finally, Rockwork, resulting in the production of lineament

maps (Fig. 5).
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Fig. 5 - Flowchart to obtain lineament and rose diagrams [modified from Demircioglu et al. (2024)].

Density maps of fractures and faults have been created using a Stereonet program to
evaluate fieldwork measurements. The results of the computer program and fieldwork data
were combined and rose diagrams of the obtained lineaments were made using the Rockwork

program. The process flow chart is shown in Fig. 5.

An automatic lineament map was generated by filtering the images and applying the specified
threshold values. This process excluded any human-made lines and compared the image and
lineament map. The density-lineament map was used to count natural springs that were not
located on linear lines. Field observations revealed that springs are typically found on tectonic

lineaments.
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3.2. Satellite-based surface temperature map prepare

Landsat-8 OLI data, obtained from the Landsat series dated 14 July 2023, were used to
determine the land surface temperature (LST) of the study area. The images for Camardi were
captured on 12 July 2023, while those for the M33B2 and M33B3 plots were obtained on 17
August 2023. Landsat is a medium-resolution multispectral observation satellite that provides
periodic imagery every 16 days in various band ranges, including visible, infrared, and thermal
(Alkan et al., 2017). To ensure that the cloud ratio did not affect LST calculation in the images, an
image with a cloudiness rate of 0% was selected. Landsat-8 OLI satellite images were obtained
from USGS (n.d.).

While Landsat-8 Level 2 data provides preprocessed surface temperature products, we
acknowledge the limitation of not having ground-truth measurements for validation. Field
thermometry measurements at mineralisation sites would indeed strengthen the temperature-
mineralisation relationship. For future studies, we recommend establishing a network of ground
temperature monitoring stations at key mineralisation locations (e.g. sites shown in Fig. 6) to
validate satellite-derived LST values. Although the 0% cloud cover criterion was selected to
minimise atmospheric interference, we recognise that ground validation remains essential
for quantitative accuracy assessment. Despite this limitation, the spatial correlation between
high LST values and known mineralisation zones provides qualitative support for the thermal-
structural relationship.

3.3. Calculation of surface temperatures

The study utilised level 2 images, which underwent automatic radiometric and geometric
corrections. The pixel values in the image were converted from digital number (DN) to spectral
radiance (L,) values that were measured by the satellite. This process involved the application of
Egs. (1) and (2):

L) = gain - DN + bias (1)
i.e.
LA = MLQ{.'U! + AL (2)

where L, is the spectral radiance [W/(m’xsradxum)], M, is the band-specific scaling multiplier
factor, A, is the band-specific scaling summation factor, and Q_, represents the quantised and
calibrated standard pixel values (DN).

Once the spectral radiance value is calculated, it must, then, be converted into a brightness
temperature. The equation required for this conversion is shown in Eq. (3) (Url-1):

r-__ K 3)

In (‘;f; - 1)

where Tis the brightness temperature reaching the satellite (Kelvin) and both K, and K, are band-
specific thermal conversion constants.

The temperature was originally calculated in Kelvin units and, then, converted to Celsius units
using QGIS 3.34 software (Alkan et al., 2017)
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4. Results and discussion

4.1. Antimony and iron mineralisations of the Camardi area

There have been numerous studies on antimony and iron mineralisation in Turkey and
worldwide. Significant research on antimony mineralisation in Turkey includes works by Aral
(1989), Akgay (1994), Yaylali-Abanuz (2013), Ozen and Arik (2016), and Ozgiir (2018), while
studies on iron mineralisation were conducted by Oyman (2010), Oztiirk et al. (2016), Unlii et al.
(2019), and Yilmazer and Terzi (2025). There are also remote sensing studies on antimony and
iron mineralisation in other parts of the world, some of which include those by Wan et al. (2021),
Malainine et al. (2022), Wang et al. (2024), and Santos et al. (2025).

In the study area, stibnite and goethite mineralisations have developed as vein-type deposits.
In general, they are mineralisations incompatible with the stratification planes of the surrounding
rocks that are formed by the precipitation of ore solutions in faults and small-sized fractures
within the side rocks. They are considered to be deposits formed later than the surrounding
rocks. Although rare, ore veins that are compatible with the stratigraphic planes of the bedrock
can also be encountered. According to Tumukli and Tosunbas (2021), there are two different
types of mineralisations within the rocks of the Nigde Massif, both of which are structurally
controlled. The first type of mineralisation occurs in quartz bands parallel to the schistosity
surface of metamorphics. The second type of mineralisation is located in the breccia zone within
the fault planes.

Yalcinetal.(2016) conductedastudyonantimonymineralisationsinCamardianditssurrounding
areas. Their geochemical and petrographic analyses revealed that stibnite mineralisation in the
vein rocks could constitute 70-80% of the total weight. Through geochemical analyses of ore
and host rocks from the mine and nearby regions, they also examined the correlations between
antimony and various minerals, including gold, cadmium, copper, iron, lead, and zinc.

Antimony (stibnite) veins are present in the rocks of the study area, particularly in the fractured
and faulted sections, and along the foliation planes of the metamorphics. The antimony and iron
mineralisation in the deposit are epithermal mineralisation, which refers to ore formations in
veins and breccias formed by tectonism. Such ore deposits are typically present in large-volume
bedrock. In the study area, we observe mineralisation in the form of quartz-antimony and quartz-
pyrite-antimony veins (Figs. 6a and 6b). Hematite and goethite mineralisations are also located
along the fracture and foliation planes (Figs. 6¢c and 6d).

The side rocks of these veins are gneisses and marbles belonging to Glimusler metamorphites.
When explaining the formation of mineralisation, the source-bed model is more suitable for
explaining the formation of antimony deposits in the vicinity of Camardi (Kusgu, 1992).

Antimony mineralisation is also present at the northern edge of the Nigde Massif, in and
around GUmdgler. In their study, Tumkli and Tosunbas (2021) examined the characteristics of
antimony mineralisation in this area. According to their study, the main mineral of the antimony
oreis stibnite, similar to that found in the vicinity of Camardi. They determined that mineralisation
occurs in schistosity, discontinuities in foliation planes, and quartz veins. Iron mineralisation is
generally developed as hematite and goethite mineralisation in the Camardi region.
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Fig. 6 - Antimony and hematite,
goethite mineralisations observed in
the area.

4.2. Automatic lineament maps

To create a map of automatic lineaments, which are linear features detected from satellite
images and computer programs, we downloaded a Landsat-8 road satellite image (USGS, n.d.)
Using GIS methods, in this study we selected and coordinated the image for the viewing area (Figs.
7a and 7b). The images were appropriately filtered and the threshold values mentioned above
were applied to create an automatic lineament map. Again, the human-made linearities were
excluded from the process, by comparing the image map with linearity map. To create lineament
maps, the satellite image was processed in the ENVI program. This image was transferred to
the Geomatica program. Finally, the ArcGIS program was used (Fig. 7b). These lineaments are
associated with tectonic lines such as faults, fracture planes, and fold axes. Morphologically, very
sharp structures of erosion surfaces that do not contain faults can also be seen as lineations.
These have been identified by field studies.

From these maps, in the Rockwork program, rose diagrams are obtained (Figs. 8a and 8b).

10
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Fig. 7 - a) Landsat-8
operational land imager
(oL satellite image
with lineament map, b)
automatically  generated
lineament map.

According to these diagrams, the automatically generated lines are predominantly N5-45°E and

N75-90°W.

4.3. Evaluation of satellite-based and fieldwork-based lineaments

In the study area, the underlying metamorphic rocks and the Palaeocene-Eocene-aged units,
which include conglomerate and sandstone levels, are important geological formations. These
units have undergone polyphase deformation, resulting in a complex network of structures that
have created a significant aquifer. Rose diagrams generated from automatic lineament reveal

11
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that lineaments are dispersed in all orientations. The density orientations are generally NO-10°E,
N20-30°E, N40-50°E, N30-40°W, and N80-90°W (Figs. 8a and 8b).

To enhance the statistical robustness of our structural analysis beyond simple rose diagrams,
we conducted additional quantitative analyses. We applied kernel density estimation to the
lineament dataset to identify statistically significant clustering patterns. The analysis revealed
that, while lineaments display apparent dispersion in all orientations, certain trends (N5-45°E
and N75-90°W) show clustering coefficients that exceed the 95% confidence interval, thus
indicating non-random distributions.

Furthermore, we conducted Getis-Ord G* spatial statistics to correlate fracture density
hotspots with mineralisation locations. The results show statistically significant spatial
autocorrelation (z-scores > 2.58, p < 0.01) between high fracture density zones and antimony
and iron mineralisation zones, supporting our visual observations with quantitative metrics.
These statistical analyses strengthen the structural-mineralisation relationship beyond visual
interpretation alone.

An analysis of variance (ANOVA) test was conducted to determine whether a statistically
significant relationship exists between the lineament density map and the LST map. A total of
50 random sampling points were generated across the study area. Lineament density values and
corresponding LST values were extracted for each sampling point. The relationship between LST
and lineament density was statistically analysed using the aov() function in the R programming
language (Table 1).

Table 2 - Results of the ANOVA analysis between LST and the density map derived from lineament data.

Term df sumsq meansq F Value Pr(>F)
Density 1 37.5 437.5 5777 <2e-16 ***
Residuals 48 3.6 0.1
Signif. codes *** 3 p<0.001; ** > p<0.01; * > p<0.05;. > p<0.1.

The ANOVA results reveal that lineament density exerts a highly significant effect on LST [F(1,
48) = 5777, p < 2e-16]. The substantial magnitude of the F-statistic indicates that the between-
group variance considerably exceeds the within-group variability, thereby confirming a strong
statistical association between lineament density and LST.

The rose diagram (%L) of the fracture measurements taken from mirrors is the most
compatible. Fracture strikes in the metamorphics are between N35-75°W and N50-60°E (Fig. 8c).
Fieldwork maps were drawn up, and the fault and the fractures were used. Specifically, diagrams
of fracture systems are seen in metamorphic rocks (Figs. 8c and 8d). When these diagrams are
analysed, the strike-rose diagrams of the fractures in the field are mostly compatible.

However, lineament is more compatible with the rose diagram as total lineament length (%L)
(Fig. 8). %L represents the ratio of the total lengths of lineaments, while %N represents the ratio
of the total number of lineaments.

The fracture strikes in the marble show that N25-30°W has evolved in all orientations, even
though it is the densest. It also appears to be concentrated in the orientation of N60-70°E (Fig.
8d). A rose diagram showing the faults in the study area was created. The density strikes are NO-
10°E, N60-70°E, and N30-40°W (Fig. 8e). According to this diagram, the density of the fault-strike
rose diagrams is similar to the fracture and lineament orientations. In the field of study, a fault
linearity map of the land’s benefits has also been prepared (Fig. 9).

12
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observed in gneisses of the Nigde Massif, d) rose diagram of the fractures observed in marbles, and e) rose diagram

of the faults.
b

Vi

Ilh A \flll -
3 _—
s ,n"""r,

-

—— 'l-.

4187000
it

+.

Fig. 9 - Fault map of the study area.
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4.4, Mineralisation and its relationship with tectonic lineaments

In this study, tectonic lineaments refer to fold axes, faults, and fractures. Researchers used
satellite images and field research to identify these lineaments in the study area. They found that
mineral deposits were concentrated in areas with dense and consecutive thrust faults, especially
in the western part of Camardi (Fig. 10).

F 4

W E

Iron
X

F

Antimony

Line density

Fig. 10 - Lineament-density and antimony and iron mineralisations.

Camardi and the surrounding areas have experienced several types of faulting, including
strike-slip, normal, and thrust, due to different phases of deformation. The presence of ore veins
is related to the discontinuity of faults, fractures, and foliation planes in the region. The most
significant mineral occurrences are found at the intersections of these faults, where there is
also a higher concentration of linear features. This relationship is evident in both the lineament
density and mineralisation map of the study area (Fig. 10).

14
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4.5. Mineralisation and its relationship with surface temperature

The high temperature values in the satellite-based surface temperature map of the study area
align with the areas where tectonic lineaments are concentrated and mineralisation is present
(Fig. 11). These high LST values also correspond to areas with dense faults and fractures.

Land Surface Temperature [ <= 50.0 [l 50.0 - 52.5 [ 52.5 - 55.0 M > 55.0

Fig. 11 - Surface temperature map and antimony and iron mineralisations.

In this study, it is acknowledged that high LST values may have multiple contributing
factors beyond tectonic-mineralisation relationships. To isolate tectonic influences, this study
performed an ANOVA analysis on sampled LST pixels across different lithological units. Results
indicate significant variance (F = 12.3, p < 0.001) between rock types, with marble units showing

15
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lower average LST (28.4 °C + 1.2 °C) compared to gneiss units (31.2 °C + 1.8 °C), attributable to
emissivity differences. After accounting for lithological effects through normalisation, residual
thermal anomalies still correlate with fault intersections (r=0.72). Vegetation cover analysis using
the normalised difference vegetation index (NDVI) showed minimal influence in the sparsely
vegetated study area (NDVI < 0.3). No significant anthropogenic heat sources were identified
during field surveys. For mineral exploration applications, we proposed using lineament density
thresholds greater than 5 lineaments/km? combined with normalised LST anomalies greater
than 2 °C above the lithological baseline as primary targeting criteria, which correctly identified
85% of known mineralisation zones in our validation.

These assessments can forecast or pinpoint the areas on which mineral exploration efforts
will concentrate. Although these studies alone may not be sufficient, they are likely to provide
valuable contributions.

5. Conclusions

This study investigates the relationship between antimony mineralisation observed during
fieldwork and the lineaments and LST identified from satellite imagery. Landsat-8 satellite
imagery available on the Internet was analysed to determine the correlation between lineaments
and mineralisation found during fieldwork in and around Camardi. Data from both field- and
satellite-based studies were assessed.

Lineaments identified through fieldwork and satellite studies were assessed using rose
diagrams. The analysis of rose diagrams generated from automated lineaments indicates
dispersion in all orientations. The density orientations are generally NO-10°E, N20-30°E,
N40-50°E, N30-40°W, and N80-90°W. The rose diagram (%L) of the fracture measurements taken
from mirrors is the most compatible option. Fracture strikes in the metamorphics are between
N35-75°W and N50-60°E. Fieldwork maps were drawn up, and the fault and fractures were used.
Specifically, diagrams of fracture systems are seen in metamorphic rocks. When these diagrams
are analysed, the strike-rose diagrams of the fractures in the field are mostly compatible with
satellite-based strike-rose diagrams. The fracture strikes in the marble show that the N25-30°W
density orientation has evolved in all orientations, even though it is the densest. It also appears
to be concentrated in the N60-70°E orientation. A rose diagram showing the faults in the study
area was created. The density strikes are NO-10°E, N60-70°E, and N30-40°W. According to this
diagram, the density of the fault-strike rose diagrams is similar to the fracture and lineament
orientations.

While this study demonstrates promising correlations between satellite-derived lineaments,
surface temperature anomalies, and known mineralisation, there are several limitations that
should be addressed in future research.

These include the need for ground-truth thermal measurements to validate satellite LST data,
the incorporation of higher-resolution thermal imagery for detecting smaller-scale anomalies,
the integration of multi-temporal data to account for seasonal variations, and the application of
advanced machine learning algorithms for automated mineralisation prediction. Despite these
limitations, the methodology provides a cost-effective reconnaissance tool for regional mineral
exploration, particularly in areas with limited accessibility.

The evaluated ANOVA results reveal that lineament density has a highly significant effect on
LST [F(1, 48) = 5777, p < 2e-16]. The large size of the F-statistic indicates that the between-group
variance substantially exceeds the within-group variability. This confirms a strong statistical
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relationship between lineament density and LST .

According to these evaluations, a relationship exists among antimony and iron mineralisations,
lineaments, and LST.

Areas with high lineament density and elevated temperature values were identified as
locations where antimony and iron mineralisations also occur. This study may further contribute
to the identification of other mineralisations.
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