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Abstract

This study evaluates the application of GIS and remote sensing in lineament extraction using total
magnetic intensity (TMI) and shuttle radar topographic emission (SRTM) data. The method involves
extraction, comparison and combination of lineaments within the study area. Extracting lineaments
using SRTM and TMI data analysis involves processing the data to enhance linear features, then
applying algorithms to identify and digitize these features as "lineaments" within ArcGIS 10.8.2
software, essentially highlighting potential fault zones or structural trends based on variations in the
magnetic field caused by underlying geological structures. Digital extraction and lineament analysis
from the data obtained were processed to evaluate the performance of the datasets for the extraction.
Results of the lineaments extracted were identified and compared, lineaments extracted from TMI data
are longer and few (54) in number compared with SRTM which are many (109) and shorter in density
and distribution. Combined density map highlight areas of structural complexity. The complex areas
from the SRTM image corresponds to quartzite ridges that reflect faults, while a complex area in the
north identified from the TMI lineaments could reflect faults in the subsurface that might be of
exploration interest.
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INTRODUCTION

Remote sensing and GIS (Geographic information system) is utilized to its full potential when
an integrated approach is adopted. Remote sensing data provide accurate spatial information
whereas in “GIS spatial data management and analysis tools are used to aid users in
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organizing, storing, editing and displaying attribute information (Solomon, 2003). “DEM
(Digital elevation models) used in this study to extract lineament were derived from SRTM
(Shuttle Radar Topographic Mission) and high resolution TMI (total magnetic intensity) data
covering Malumfashi sheet 79 acquired by NGSA (2010) 100m x 100m grid with interval of
0.1s and mean terrain clearance of 80m was also used for the lineament extraction for this
study.

Digital enhancement of TMI and SRTM “data results in extraction of maximum information
and an increased interpretability. GIS techniques facilitate integration and analysis of large
volumes of data. Whereas ground truthing help to validate results further and offer a better
understanding of features in hard rock (Solomon, 2003).” Conventional detection of geological
lineaments on the field is costly and time-consuming, and sometimes, it is even impossible
due to physical and geographical challenges.

Image processing and analysis implemented to extract lineaments “using manual lineament
extraction technique, manual extraction criteria were based on photographic characteristics,
such as (shape, size, pattern, tone, and texture), geomorphologic features (fault-scarp, straight
valley and drainage patterns) (Saadi, 2008).”

“In remote sensing images, geological lineaments show up as lines or linear structures that
are significantly brighter or darker than the background pixels (Kaminski, 2020).” Such
lineaments include: faults and fractures that have obvious displacement, ruptures that have
no significant fracture displacement (e.g., joint zones, cleavage belts, structural fissures, and
tectonic crush zones), large crustal fractures, deep faults, buried faults, linear micro-
geomorphological features, and linear traces can manifest abnormal hues” (Ahmadi, 2020).
During the last decade, lineament detection via remote sensing has been widespread, leading
to effective results for many application” (Ahmadi, 2020). “The routine procedure for
lineament extraction from digital remote sensing data usually involves initial digital image
enhancement followed by manual interpretation (Solomon, 2003).” There have been
significant approaches for the evaluation and automatic detection of lineaments and
curvilinear features from satellite images (Karnieli et al, 1996), but the human expert is still an
asset for lineament detection and interpretation with its subjective perception (Suzen and
Toprak, 1998).

In this paper GIS and remote sensing approach was used in the derivation of lineaments,
information from SRTM (Shuttle Radar Topographic Mission) and TMI (total magnetic
intensity) datasets was used as a tool to extract lineaments, comparing the lineaments and
producing Density map which further highlight areas of structural complexity within the
study.

Study Area

The study area lies within latitude 11° 30" 00”N and 11° 37" 30” N and Longitude 07° 45" 00”
E and 7° 52" 30” E which are parts of Kano and Katsina States Nigeria (Figure 1). A major
road from (Rogo to Karaye) and “minor roads with footpaths, stream channels, dry rivers are
used in accessing” (Sarki et al, 2020), farmlands, small towns and villages.
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Figure 1. Aerial extent of study within the red box covering parts of Kano and Katsina States Nigeria.

“Geologically, it is situated on the Precambrian to Lower Paleozoic crystalline basement
complex of northern Nigeria comprising mainly of granitic gneisses, quartzite/schistose rock,
medium to coarse grained biotite granite and porphyritic biotite granite”(Dada et al, 2006).
The granitic gneisses are grouped under the Precambrian migmatite-gneiss complex rocks;
quartzite/schistose rocks are Precambrian metasedimentary rocks, whereas the medium to
coarse grained biotite granite and porphyritic biotite granite belong to the Lower Palaeozoic
and are referred to as the Older Granites or Pan-African granitiods.

Methodology

SRTM and TMI data set were used to produce shaded relief maps at intervals of sun angle in
ArcGIS environment using “Hillshade tool”. After generation of the shaded relief maps,
lineaments were manually digitized on map. SRTM and TMI were compared and non-
geological features were eliminated from the lineament output to produce Lineament density
map using “Line density” tool in ArcGIS (Figure 4). The extracted lineaments and lineament
density data were then compared before computing statistical analysis. Map overlay of SRTM
and TMI data done and the final output result is combined lineament extracted and density
map. Rockworks software incorporated to create Rose Diagram
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Figure 2. Flow chart used to identify, analyze lineaments in ArcGIS Environment to create lineament maps

Lineament extraction is performed digitally by visual interpretation suited well for assessing
spatial features, lineament identification is facilitated by directional filtering and or band ratio.
Once appropriate features are interpreted they are manually to demarcate the geological
features.

This 100 m spaced grid is lower resolution than the SRTM data, but has the advantage of
showing subsurface geological features with a magnetic susceptibility contrast that may have
no topographic manifestation. Key steps in lineament extraction from TMI data, involves
ensuring that the lineaments occur in the correct location. “Characteristics points on a
magnetic anomaly (peaks and locations of greatest slope) can shift magnetic inclination at
equator and magnetic pole, the locations of maximum gradient correspond most closely to
changes in magnetic susceptibility, so the most accurate location of lineaments requires the
data be transformed mathematically. Close to the equator, the pole transformation is unstable,
so these data are usually transformed or reduced to the equator (RTE) This transformation
assumes that there is no remanent magnetization, and if some is present then there can still
be a shift in the characteristic points and an error in the location of the lineaments” (Dentith
and Mudge, 2014). Filtering of TMI by applying spatial filters like high-pass filters can
accentuate linear features and remove unwanted signal or noise. The first vertical derivative

A. A. Sarki et al, DUJOPAS 11 (2b): 199-207, 2025 202



Lineament Extraction And Structural Analysis Using Total Magnetic Intensity (TMI) And Shuttle Radar
Topographic Mission (SRTM) Data In Rogo Northwestern Nigeria

(FVD) of the data is an example of a high-pass filter commonly used to highlight sharp
magnetic gradients associated with faults.

Lineaments are identified on these maps through digitization within a GIS platform.
Automatic lineament extraction uses specialized software algorithms like "LINE" in GIS to
automatically identify and extract linear features based on predefined parameters like edge
detection, thresholding, and curve fitting.

Lineament Analysis and Interpretation

The spatial character of might be lineaments that are subtly evident “in the image are first
enhanced by applying non-directional edge filtering technique. Directional filters were
applied to the image for detail identification of linear features” (Beiranvand, 2015) in specific
direction. “But the direction must be chosen carefully, as features oriented perpendicular to
the specific orientation are not enhanced” (Haralick et al, 1987), an example of “a directional
filter is a first derivative edge enhancement filter that selectively enhances image features
having specific direction components (gradients)” (Farabakhsh, 2018). The east direction that
can be used to highlight faults and lineaments oriented approximately north-south.
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Figure 3. TMI Image of the study area

Visually improved false colour composite images were created with directional filters in
enhancing linear trends in the image (Figure 3). The detected lineaments were later analyze
to calculate concentration in specific areas to identify zones of structural complexity. (Figure
4) SRTM images were used to extract the lineaments at sun angle of 180° and other sun angles
in this study.
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Figure 4. Shuttle Radar Topography Mission (SRTM) data showing the hill shade sun angle at 180° with lineament

lines.

Discussion

In (Table 1) lineament extracted from SRTM and TMI were calculated and the mean length
was determined. Lineaments from TMI were less with 54 only compared to SRTM with 109
while the mean average distance of the data, seem on (Figure 5a and 5b) is 3.49 km for TMI

and 2.05 km for SRTM.

Table 1. Statistics of extracted lineament from SRTM and TMI

Data Number of lineaments Total Distance (KM) length Mean (Length)
T™MI 54 188.28 3.49
SRTM 109 223.16 2.05
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Figure 5. Lineament extracted from a) TMI and b) SRTM Image
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Figure 6. Lineament density map from a) TMI and b) SRTM image derived from a sun angle of 180°

The lower southern part of the map in (Figure 6b) has a higher density of lineaments
indicating an area that is structurally controlled and this corresponds to an area in the field
where there are quartzite ridges which are good markers of regional faulting. The area with
the higher lineament density for the TMI (Figure 6a) is observed to be at the upper left side
and lower right section with the longest lineament trending NW-SE at the lower left side
(Figure 8). This lineament result is related to dextral wrench fault system with displacements
which appear in the order of the tens of kilometers. The lineaments are also, associated with
locally developed conjugate sinistral faults (Figure 7a and b).
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Figure 7. a) Combined lineament extraction and b) density map for TMI and SRTM circled areas reflecting high
structural complexity.
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Rose Diagram

Figure 8. Rose diagram: Plotting the azimuths of extracted lineaments to identify dominant structural trends in the
study area.

Conclusion

Images of total magnetic intensity (TMI) and Shuttle Radar Topographic Mission (SRTM) data
to identify what could be lineaments. The SRTM data are images of the topographic surface
and field studies confirm that there are quartzite ridges in the ore complex areas. These
quartzite ridges may reflect faults, which are often associated with mineral deposits,
particularly gold. The areas of high structural complexity in the magnetic data are reflecting
complexity in the subsurface geology and these could be prospective for mineral deposits as
well. These structurally complex areas are worthy of further ground truthing at surface,
further geophysics and if these are encouraging, further investigations at depth, such as
trenching or drilling. The results also show that, lineaments extracted from TMI data are
longer and few (54) in number compared with SRTM which are many (109) and shorter
density and distribution of the lineaments.
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