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There are significant and effective roles of geological
structures such as lineaments in mineral zone identifi-
cation and interpretation, exploration and mapping of
rock units, litho-boundaries, local tectonic zones and
fractures, and hydrothermal alteration facies. The aim
of this study was to extract lineaments of Jahajpur re-
gion of Bhilwara district, Rajashtan automatically and
digitally using Sentinel 2A optical data. The automatic
lineament extraction by ‘LINE’ algorithms tool with
involvement of several processing steps and parame-
ters of PCI Geomatica evaluated digitally extracted
lineaments, geospatial analyses such as length of linea-
ments, lineament density and lineament orientation.
The obtained results were validated through assessment
of geomorphic and structural features interpretation
by numerical, analogical, and geospatial analysis and
field survey for a better understanding and correlation.
The vicinity of extracted lineament and lineament
densities show the various alteration minerals such as
clay, talc, mica, dolomite and goethite. Thus, we can
conclude that lineaments have excellent inter-relation-
ship with hydrothermal alteration and weathering
zones in the western Jahajpur belt, Rajasthan.

Keywords: Geospatial analysis, hydrothermal altera-
tion, lineaments, optical data, weathering zones.

THERE are several studies on lineaments for geological,
hydrological, geotechnical and environmental research'.
Geology is the key component factor to map the linea-
ments or other related geomorphic features’. In the
beginning, geologists studied the linear features which
are penetrative and pervasive within the earth’s surface.
According to Hung ef al®, alignment of lineaments is
straight or curvilinear and that lineament can be the line
of faults, fractures and weakness of ridge line. Ridges,
cliffs, terraces and aligned segments of valleys are impli-
cations of geomorphological features of lineaments®. The
linear pattern of vegetation and vegetation differences,
moisture content, tonal and contrast variation in soils and
rocks define the signature of lineaments for interpreta-
tion*®. According to Neawsuparp and Charusiri’, there
are several applications of lineament extractions, such as
in geological structures, tectonics, hydrothermal altera-
tion minerals, lithological boundaries and groundwater
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potential zone mapping'®''. Lineament analysis is the

measurement of the zone of ore mineralization, and per-
meability of rocks can be identified through orientation of
strike length of lineaments, length of lineaments and linea-
ment density'".

The importance of higher spectral and spatial resolu-
tion of remote sensing data has been proven in various
geological applications such as lineament extraction, geo-
logical exploitation and mineral mapping®. There is sig-
nificant application of higher spatial and narrow spectral
resolution such as optical infrared for lineament extrac-
tion>. The shortwave infrared bands (1.0-2.5 um) are
more valuable for lineament extraction”. The Sentinel 2A
optical infrared data have significant capabilities inspectral/
spatial (optical infrared band 2 — 0.458-0.523 um/10 m, band
3 -0.543-0.578 um/10 m and band 4 — 0.650—0.680 um/
10 m) resolution. The extraction of lineaments can be
done using remote sensing techniques such as analogical
and geospatial analyses. In analogical analysis, the remote
sensing data can acquire information on a regional basis
and is therefore a better tool to delineate lineaments
through image and geotechnical elements. These elements
are important in the identification and interpretation of
geological features because understanding two-dimen-
sional images is difficult. The image elements such as
tone, texture, shape, size, shadow pattern and association
help in the visualization of targets. The geotechnical ele-
ments such as ridge, valley, drainage pattern, beddings,
slops (flat iron), litho boundaries, folds, faults, fractures
and joints have inter-relationship with geologic features
such as ridge and valley river channel, drainage pattern,
etc.

Delineation of lineaments is better using satellite images
compared to aerial photographs'?. According to Kruse'
‘the use of enhanced images, hybrid classifiers, integra-
tion of GIS and remote sensing data, and use of narrower
spectral band width data has aided geological mapping,
an application where the mineralogy, weathering charac-
teristics and geochemical signatures are useful in deter-
mining the nature of rock units’">.

Researchers have used satellite data to provide infor-
mation on various parameters such as resolution, bands,
colour combination, digital image processing techniques
such as LINE algorithms tool of PCI Geomatica, spatial
filtering, normalize vegetation index (NDVI), band ratio,
false colour composite (FCC), principal component analysis
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Figure 1.

(PCA) and minimum noise fraction (MNF) for the extrac-
tion of geomorphic/geologic features'*>*'*"'7 Each band
has specific characteristics to highlight and enhance the
information.

The present study aims to establish the inter-relation of
hydrothermal alteration zone in the vicinity of lineaments.
Several researchers have identified, hydrothermal alteration
mineral zones in the western Jahajpur belt region of Bhil-
wara, Rajasthan, India'®*?'. The hydrothermal alteration
mineral mapping helped identify clay group of minerals such
as montmorillonite, kaosmec, dolomite, talc and goethitels.
According to Robb®, silica precipitants belonging to
quartz veins are formed in the presence of hot aqueous
solution percolating through fractures. An increment of
pressure and temperature converts water into a powerful
solvent which dissolves significant amounts of rock-
forming minerals other than silica, such as alkali metals®.

The objective of this study is to delineate or extract
lineaments and establish correlations among the various
hydrothermal mineral alteration zones. It also focuses on
the identification of alteration and weathered zone in the
study area.

Geological setting

The present study was performed in Jahajpur (25.62°N,
75.28°E) at an average elevation of 334 m (1095 ft)
(Figure 1).
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Geological map of the study area
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The geological settings of Jahajpur region belong to
Precambrian rock sequences, Mangalwar complex, Hindoli
group, Jahajpur group and Vindhyan supergroup'®!%#32*,
The folded occurrence of quartzite, dolomite and banded
iron formation (BIF) of Jahajpur sequence on conformity
over Hindoli groups®?®. There exist crenulations, cleavage
and regional schistosity and folds of four generations. Also,
there are two parallel ridges of dolomitic limestone and
quartzite striking in the northeast direction along and
across River Banas®’' %,

Data and methodology

The European Space Agency (ESA) launched the Sentinel-
2 mission under the Copernicus programme for observa-
tion of the Earth to monitor and map forests, land-cover
change detection and management of natural disasters. It
has two satellites, viz. Sentinel-2A and Sentinel-2B. The
multi-spectral instrument (MSI) sensors provide geomet-
rically and radiometrically corrected Sentinel 2A images
with high spatial resolution (10, 20 and 60 m) with 13
bands in the optical NIR (near-infrared) and SWIR
(shortwave infrared) of the EMR (electromagnetic region)
and with wide coverage of about 290 km (ref. 33). Three
optical infrared bands 2, 3 and 4 are used in this study for
automatic lineament extraction.

In the adopted methodology, initially image processing
involves radiometric correction operations to reduce the

CURRENT SCIENCE, VOL. 121, NO. 6, 25 SEPTEMBER 2021



RESEARCH ARTICLES

Calibration of
satellite data

l»._ g ATe ” < ‘\
re<-image |»| ocessing
(Haze & Noise

removal)

Rectification

J/

/

GIS layer
creation of
lineaments

-

Lineament Extraction
through Analogical

&

Numerical Analysis

(NCC/FCC/PCA/MNF)

"

7

Automatic lineamen

Image

enhancement

[ = b extraction through By
Generation of o . = through digital
; Geomatica “line T -
Rose Diagram g image
" ) algorithm tool and o
parameters” e
(PCA)

e N

Validation
\ 3

Figure 2. Flow diagram of the methodology.
Table 1. Specification of sentinel 2A sensors
Spectral Spatial

Sensor Band range (Um) resolution (m)

Coastal aerosol 1 0.443 60

Blue 2 0.490 10

Green 3 0.560

Red 4 0.665

Vegetation red edge 5 0.705 20

Vegetation red edge 6 0.740

Vegetation red edge 7 0.783

Near-infrared (NIR) 8 0.842 10

Vegetation red edge 8A 0.865 20

Water vapour 9 0.945 60

Shortwave infrared (SWIR)-cirrus 10 1.375

SWIR 11 1.610 20

SWIR 12 2.190

errors caused by atmospheric disturbances. In the next
steps, several image-enhancement techniques (noise, haze
correction) are applied to increase the visibility of the
image element. To increase the visibility and disturbance
of geotechnical features, various enhancement techniques
(PCA, band combination and MNF) were evaluated for
better observation (Figure 2)'.

For lineament enhancement and extraction, PCA was
performed on optical infrared bands of Sentinel data in
PCI Geomatica software (Table 1). In the next step, im-
age-processing methods to edge enhancement, detection
and direction of lineaments were implemented. The third
step involves line module parameters for lineament
extraction. The fourth step includes calculation of length,
density and direction of lineaments™>*'"3*33,
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Procedure for automatic lineament extraction

Analogical analyses were done for edge detection and
image enhancement, while PCA, FCC and MNF were
used for visual interpretation. The length and number of
lineaments in the study area depend upon the adopted
parameters of LINE algorithm module of PCI Geomatica.
The values of input parameters of LINE algorithm of PCI
Geomatica define the length and number of extracted
lineaments. The values of input parameters are optional
(which can be used according to environmental condi-
tions such as arid climate, humid). The LINE algorithm
involves three stages of lineament extraction: (i) edge de-
tection, (ii) thresholding and (iii) curve extension. Using
the optional six parameters which are mentioned below

791



RESEARCH ARTICLES

Table 2.

Optional input parameters in PCI-Geomatica LINE tool

Parameters (pixel)

RADI-filter radius

GTHR-edge gradient threshold
LTHR-curve length threshold
FTHR-line fitting error threshold

ATHR-angular difference threshold (degree) 30

DTHR-linking distance threshold

Values Ranging values
10 0-100
100 0-255
30 0-100
3 1-100
0-90
20 0-100

the LINE algorithm, we can convert the extracted linear
feature into vector form®. These applied parameters are
RADI (filter radius), GTHR (gradient threshold), LTHR
(length threshold), FTHR (line fitting error threshold),
ATHR (angular difference threshold) and DTHR (linking
distance threshold). RADI parameters and/or used to spe-
cify the edge detection filter radius (pixel). GTHR para-
meter specifies minimum gradient threshold to obtain a
binary image through an edge pixel. LTHR defines the
minimum length of a curve (in pixels) for consideration
of lineament. FTHR is applied for fitting of pixel curve
through a polyline. ATHR parameter have specification
to generate the maximum angle (degree) between polyline.
DTHR parameters are applied to generate the minimum
distance (in pixels) between end points of two vectors
where two vectors are linking to each other. The extracted
lineaments are saved as shape file in Arc GIS software
for further geospatial analysis and data processing®®*.
Table 2 shows the applied threshold values of LINE tool
parameters.

Results and discussion

Various researchers applied automatic lineament extrac-
tion for observation of lineaments and associated geolo-
gical structures and litho-boundaries identification®~>.
According to different environmental and climatic condi-
tions, the parameters of the optional threshold values are
applied for automatic lineament extraction in PCI Geo-
matica. The automatic lineament extraction increases the
quality and quantity of lineaments in wide range or zonal
basis measurement compared to conventional geological
lineament extraction methods. In this scenario, spatial capa-
bility of satellite image resolution plays an important role
for extraction of lineaments. Researchers have used differ-
ent optional values for parameters for automatic linea-
ment extraction®>> ",

Extraction of lineaments

For manual interpretation, remote sensing data and tech-
niques play a significant role in the enhancement of geo-
morphic and anthropogenic features because manual
interpretation involves ‘to scan large area quickly and
recognize discontinuous linear pattern such as truncations
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and offsets’'®. Interpretation of geomorphic features such
as enhancement or manual extraction of lineaments re-
quires band combination, FCC, MNF, etc.

Analogical analysis

True colour composite: The analogical analysis method
applied for extraction, assessment, detection and enhance-
ment of lineaments which can be observed through image
elements and photo elements such as shape, size, colour,
tone, texture, contrast, pattern and association of linea-
ments or geological structures. The natural colour com-
posite image shows variation in tonal contrast to interpret
the ridge and valley structures (Figures 3 and 4).

False colour composite: FCC enhances variation in the
visibility of geomorphic features for interpretation with
mutual application of image and geotechnical elements.
The quality of geomorphic features depends on the reso-
lution of remote sensing data. Researchers have used
FCC band combinations®'"'*** This geomorphic feature
can be extracted using remote sensing and GIS software'.
The FCC image only highlights major ridges in the study
area along the river channel, which can be differentiated
by variation in tonal contrast.

Principal component analysis: PCA technique is used to
reduce the redundancy and dimensionality of remote
sensing data. It has the capability to enhance contrast and
reduce data without loss of information. Several res-
earchers have used the PCA technique to enhance images
for geomorphic feature interpretation™''>'7?"#2 The PCA
techniques help enhance major geomorphic structures
such as ridge, truncation in river channel, fault and U-
shaped structures near Jahajpur to Ampura, Jamoli, Am-
pura, Meera Nagar, Kanti and Itwa in the study area. The
ridge structure and U-shaped features show maximum
contrast as brownish-red colour and the width of ridge is
narrowing at the adjacent places with respect to the sur-
roundings. The river channel is also interpreted as dull
violet colour. At Chohli, the river is directed from west to
east and there is variation in direction of river flow channel
within few kilometers such as north to south and south to
north. Some linear alignments are indicating the litho-
boundaries in study area which are represented as magenta
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site map, (c) principal component analysis (PCA) map and (d) minimum noise fraction image of

Sentinel 2A image.

colour. Some place linear alignment as magenta colour
which is an indication of litho-boundaries in the study
area. The mining area is highlighted in cyan in the region.

The minor fractures and drainages are prominent as
yellowish-green in colour. The U-shaped features are high-
lighted in brownish-red and mining zones of Chainpura,
Ampura and Madhopura in pink colour with linear align-
ment.

Minimum noise fraction: The MNF has shown capabili-
ty to interpret the litho-boundaries at several places along
the major ridge with slight variation in light blue and
cyan colour. The other litho-boundaries are also inter-
preted as a variation in maximum tonal contrast as pink
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colour. The mining areas are interpreted as brownish-red.
The river channel is highlighted in violet colour.

Geospatial analysis

Length of lineaments: The total number of extracted linea-
ments in the study area divided by the total study area is
denoted as the length of the lineaments. The length of a
lineament is a significant characteristic of lineament in-
terpretation. The lengths of lineaments in particular bands
are different (Figures 5 and 6). A maximum length of
8347.94 m and 335 lineaments were observed in Sentinel
2A band 2.
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Figure 4. Overlapping of automatic extracted lineaments, highlighted lineament structures and features by analogical and numeri-
cal analysis of Sentinel 2A images.

Lineament density analysis: Lineament density is the quency of per unit area defined by lineament density. The
most accepted parameter for measurement and distribu-  highest lineament density is observed in images where
tion of lineaments per unit area®****. The lineament fre-  some geomorphic features are present (Figure 7).
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Figure 7. Lineament density map of Sentinel 2A: (a) band 2, (b) band 3 and (c) band 4.

Orientation analysis of lineament extraction: The fre-
quency and orientation of strike length of the lineaments
were observed using rose diagram. Most of the lineaments
are trending in the NE-SW direction. The azimuthal trend
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of lineaments in each band of Sentinel 2A is mostly the
same. Majority of the lineaments are striking in the NE—
SW direction and density is also maximum where length
of lineaments and frequency are higher (Figure 8).
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Figure 8. Orientation of strike length of Sentinel 2A bands 2, 3 and 4.

Validation

The various geomorphic features such as ridges are iden-
tified and validated, which are interpreted and digitally
extracted using remote sensing data and techniques.

Genesis and formation of mineral alteration through
hydrothermal process

The identification of minerals is based on the characteris-
tics of mineral deposits, formation processes and forma-
tion environments such as hydrothermal systems. On the
basis of characteristics of mineral zones, there are some
mineral deposit models such as hydrothermal system
(alteration zone), copper veins, replacement deposits and
magmatic deposits. Each model is related to a specific
zone of formation and process which helps in the predic-
tion of significant ore distribution on the scale of depo-
sits*. The hydrothermal alteration processes and minerals
occur mostly in the vicinity of linear features such as
lineaments, thrusts, faults and shear zones which are also
called wall-rock alteration. The process of wall-rock alte-
ration occurs through circulation of hot aqueous fluids
which have significance in removal, addition and redi-
stribution of components in rock alteration due to varia-
tion and change in chemistry, mineralogy and texture™.
The variation changes (multiple changes with respect to
time) in physics and chemistry of rocks or minerals indi-
cate the occurrences of specific deposits (hydrothermally
altered and weathered minerals) over a period of time.
The hydrothermal fluids play a significant role in mineral
stability through pressure, temperature and chemistry
which affect the disintegration of rocks on or beneath the
earth’s surface, such as chemical weathering®. According
to Rakovan®, the hydrothermal process (metasomatism)
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occurs due to increments in temperature, pressure in pres-
ence of water causes the changes in chemistry of surface or
subsurface surrounding rocks by lineaments, fractures
and structural deformation. There are some case studies
on lineaments related to hydrothermal alterations such as
skarn deposits, lead and zinc deposits, and clay depo-
sits'®!%2431 " Qeveral studies have identified alteration
minerals (kaolinite—smectite, montmorillonite, talc) and
alteration facies (advanced argillic, propylitic by geochemi-
cal analysis (X-diffraction (XRD), X-ray flouroscane (XRF)
and induced couple plasma mass spectroscopy). The advan-
ced airborne visible infrared spectroscopy-new generation
(AVIRIS-NG) hyper spectral image applied for regolith
and hydrothermally altered, weathered and clay mineral
mapping and identification with analysis of geochemistry
of western Jahajpur belt of Bhilwara, Rajashtan'®'*>46",

Hydrothermal alteration zones

There is a broader significance of lineament or geomor-
phic and geological structural features in the study of
hydrothermal alteration zones. The occurrence and forma-
tion of hydrothermal alteration zones is associated with
linear features. Some researchers identified and mapped
hydrothermal alteration zones and alteration minerals
such as kaosmec, montmorillonite, dolomite, talc and
goethite with validation and verification of field photo-
graphs and by conventional techniques such as XRF, XRD,
spectroscopy and ICPMS analysis'®'***274! The loca-
tion of these identified hydrothermal alteration minerals
was plotted with extracted lineaments in the GIS platform
using Sentinel 2A images. All hydrothermal alteration
mineral locations in the study area are situated at or in the
vicinity of lineaments (Figure 9 and Table 3). The extracted
zone of lineaments is associated with clay minerals of

CURRENT SCIENCE, VOL. 121, NO. 6, 25 SEPTEMBER 2021
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Figure 9. Mineral sample locations in the vicinity of lineament features of the study area, western Jahajpur belt.

Table 3. Sample location of alteration minerals
Location Mineral Location Mineral
Chhabadiya Talc Jamoli Feldspar
Chhabadiya Talc Meera Nagar Hematite
Chhabadiya Clay Meera Nagar Goethite
Chhabadiya Clay Kanti Dolomite
Chhabadiya Clay Kanti Goethite
Pachanpura Talc Ampura Clay
Pachanpura Talc Cohli Talc
Pachanpura Talc Ummedpura Clay
Gheoriya Talc Omkarpura Goethite
Gheoriya Talc Itwa Goethite
Omkarpura Clay Jamoli Quartz
Omkarpura Clay Bonai Kheda Goethite
Omkarpura Clay Omkarpura Goethite
Omkarpura Goethite Itwa Goethite
Omkarpura Clay Itwa Clay
Omkarpura Clay Itwa Goethite
Omkarpura Clay Kakrpoliya Ghati  Clay
Rampura Clay Chainpura Talc
Itwa Clay Jamoli Mica

Ampura, Ummedpura, Chhabadiya, Rampura, Itwa and
Omkarpura; talc minerals of Chhabadiya, Pachanpura,
Chainpura, Ummedpura, Chohli and Gheoriya; goethite
minerals in Kanti, Meera Nagar, Bonai Kheda, Omkarpura
and Itwa, and Dolomite minerals in Kanti region (Figure
10). Studies have discriminated the alteration and wea-
thered zones near Omkarpura, Itwa and Kanti by geo-
chemical interpretation using ICPMS, XRF and XRD
analysis'®*.

Conclusion

Geospatial analyses, automatic linecament extraction
method and analogical analysis play a significant role in
remote sensing technology. To extract lineaments at un-
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reachable and lunar surfaces, lineaments and structures
can be identified and interpreted using remote sensing
images. Remote sensing images also have better capabili-
ty to extract information on the basis of specification and
sensitivity of particular bands of the EM spectrum ac-
cording to spatial and spectral resolution. The minute and
unpredictable or subtle features cannot be identified
through the original remote sensing image. It requires
digital image processing to remove redundancy and en-
hancement of image for further applications. In the process
of automatic lineament extraction, PCA plays an impor-
tant role to remove redundancy of data and edge enhance-
ment and detection in the image, which shows better
response in the results. MNF, FCC and RGB colour com-
bination have also shown better results to identify the
linear features and litho-boundaries using Sentinel 2A data.
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@ ® (Chhejolan ka Khera) (C)

(Near Jahajpur Deoli Road)

Figure 10.
(f) Jahajpur town, (g) Kakroliya Ghati and (/) Jahajpur.

The strike length of the lineaments and flow of the river
at some places are parallel in the study area. This shows a
linear combination of geomorphic features. So, this result
proves that a higher-resolution image can play an impor-
tant role to identify and extract subsurface lineaments
which are in beneath the earth’s surface. Sentinel 2A data
have shown better results in automatic lineament extraction
in optical NIR bands 2, 3 and 4. The extracted lineaments
have shown potential in validation and hydrothermal alte-
ration zone formation inter-relation in lineament vicinity
among availability of suitable optical infrared bands and
their selection. The hydrothermal alteration minerals zone
and weathered minerals zone of the study area have
shown significant correlation with extracted lineaments
vicinity and density. The higher-resolution remote sens-
ing data in combination with the narrow optical infrared
and SWIR region of the EM spectrum have the potential
to extract the subsurface and buried linear or curvilinear
features such lineaments, litho-boundaries, ridges, etc.
The density of the lineament has the potential to deter-
mine the alteration zone, groundwater potential zone and
weathering zone of economically profitable minerals.
Mutual studies of lineaments and lithology using remote
sensing data have the ability to solve more critical prob-
lems in geology.
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