POLSKA AKADEMIA NAUK

Qs

P§ N JOURNAL OF WATER AND LAND DEVELOPMENT

e-ISSN 2083-4535

Polish Academy of Sciences (PAN) Institute of Technology and Life Sciences — National Research Institute (ITP - PIB)

JOURNAL OF WATER AND LAND DEVELOPMENT
DOIL: 10.24425/jwld.2022.142312
2022, No. 55 (X-XII): 109-114

Discrimination different lithological units
using a remote sensing application:
A case study in the Dokan Area, Kurdistan Region - Iraq

Azhar Kh. S. Bety™

University of Sulaimani, College of Science, Department of Geology, Tasluja Str. 1,
Zone 501 Sulaimania, As Sulaymaniyah, Kurdistan Region, Iraq

RECEIVED 22.10.2021 ACCEPTED 08.03.2022 AVAILABLE ONLINE 19.12.2022

Abstract: This study discriminates different lithological units of the Dokan Area, Kurdistan Region, NE-Iraq, using
rapid-eye satellite data by image enhancement techniques, namely the false colour composite (FCC), optimum index
factor (OIF), minimum noise fraction (MNF), principal component analysis (PCA) and band ratio (BR). Results
of analyses show that the FCC (R: 5; G: 4: B: 1); MNF (R: 2, G: 3, B: 5); PCA (R: 5, G: 2, B: 1), and band ratio (R: 5/4,
G: 2/1, B: 5/3) are the best to different geological formations. The results are confirmed in the field support with the
geological maps available for the area. Geological formations appeared as a result of the collision process between the
Arabian plate and the Iranian plate. In general, the study area is mountainous, which is usually represented by anticline
folds with the main NW - SE trend in the study area, with very a rugged relief mainly due to the continuous collision
between the Arabian plate and Iranian plate. The digital image processing of satellite data has demonstrated the
sensor’s capability and efficiency of the image processing methods in identifying and mapping geological units in the

CITP-PIB

study area.
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INTRODUCTION

Geological mapping is important for any geological work and
provides vital information about the geology of the area. Such
information can be used for several proposes. Mineral exploration
and geological unites identification were considered arduous,
costly, and time-consuming and relied heavily on fieldwork
[RAMAKRISHNAN, BHARTI 2015]. Recently, the geographic informa-
tion system (GIS) and remote sensing technologies play an
important role in updating geological maps and enable to
produce geological maps from satellite images.

Remote sensing provides a continuous source for geological
mapping, concerning some issues that must be taken into account
when mapping the distribution of rock structures, such as the
absence of clouds, vegetation, and atmospheric effects that can
affect the sensor reading of surface reflectivity. Recently, satellite
images have the potential to survey natural resources including
vegetation coverage, rock types, and minerals [RAJENDRAN ef al.

2014; RaENDRAN, Nasik 2015]. In geology, identification of
important structures, mapping of rock units and natural resources
are important applications of remote sensing [OTHMAN, GLOAGUEN
2014]. Recently, many researchers have expressed interest in the
subject of mapping rock units or identifying mineral deposits
through different image processing techniques [Hammi et al. 2020;
Kumarr et al. 2014; OtHMAN, GLOAGUEN 2014]. However, there are
very few studies dealing with the application of the techniques in
the geological mapping of northern Iraq [OTHMAN, GLOAGUEN
2014; 2017]. The Dokan Area has been investigated at a scale of
1:100,000 by Sissaxian [2013], who divided the Dokan Area into
several units. However, the deficiencies of the previous geological
map result from restricted accessibility of the area as a result of its
relief as well as the spread of mined areas (remains from the Iran-
Iraq war) over the study area. Therefore, the unreachable
areas have not been well described.

The objective of the present paper is to discriminate
between rock units (formations) using rapid-eye satellite images
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which have 5 m spatial resolution. This study attempts to map
geological formations of the Dokan Area, Kurdistan Region,
NE-Iraq. The results of the research were confirmed through field
work and available geological maps.

MATERIALS AND METHODS

STUDY AREA

The Dokan Area is located in the Kurdistan Region, northeast-
Iraq, about 80 km Northwest of the Sulaymaniyah City. It lies
between longitudes 44°50' E and 45°00' E and latitudes 35°55'
N and 36°00' N (Fig. 1). It is part of the Zagros Fold — Thrust Belt
of the Outer Platform of the Arabian Plate [AMEEN, GAHRIB 2010;
Fouab, 2015; Kovt et al. 2000]. It includes many mountains that
reflect the influence of the region by the Alpine orogeny, which
was formed by the collision between the Eurasian and the
Arabian plates, and the closure of the Neo-Tethys [ALavar 1994;
Sissakian 2013]. The anticlines within the selected area are mostly
long and narrow with the NW-SE trend. The selected high
mountains area occupies ~96 km®. Its elevation ranges between
360 m and 1174 m a.s.l.

Tectonically, the fundamental framework of the stratigraphy
and structure of the study area is influenced by the positioning of
Iraq within the tectonic units of north Iraq. The Dokan Area is
located within the High Folded Zone (HFZ) of the unstable
Arabian Plate platform [Fouap 2015]. The HFZ includes several
structural features such as folds, faulting (mainly thrust with
some normal faults). The majority of these structural features have
the NW-SE positioning. The area represents part of the Khalikan
anticline. It is mostly made up of high amplitude anticlines, many
of which are asymmetrical, with the southwestern limb being
steeper than the north-eastern one [SissakiaN et al. 2016].

Stratigraphy, the formations (Fn) are ranging from Cretac-
eous to Cenozoic in age and overlain by different types of
Quaternary sediments. It includes the following, well exposed
rock of Cretaceous units, which are Qamchuqa, Kometan,

Shiranish, and Tanjero, and Tertiary unites, which are Kolosh,
Khurmala (which is equivalent to Sinjar formation), Gercus and
Pila Spi formation (Fig. 2, Tab. 1).

SATELLITE IMAGE AND SOFTWARE

In this work, the 2015 rapid-eye data were used to distinguish the
rock units of the study area. Five bands of rapid eye with the
spatial resolution of 5 m were used (Tab. 2).

ENVI, ELWIS, and ArcGIS are the main software apps used
in this study. Beside the atmospheric and radiometric corrections,
the ENVI 5.3 software was used to pre-process the data, such as
layer stack and subset. It was also used to conduct the FCC, MNF,
PCA and BR. ELWIS was used to find the OIF and Arc GIS to
prepare the base and final maps produced from digital processing.

IMAGE PROCESSING

Digital processing is an important aspect of geological studies,
especially those that rely on satellite imagery. Image processing is
one of the methods that aim to improve satellite images through
various processes, which may be MNF, PCA and BR methods
used at the present time for the purpose of obtaining better
contrast to distinguish the image contents and extract useful
information. The digital data processing used in this study
included several operations, which were represented as follows.
« False colour composite (FCC) images

Each band of a multispectral image might well be displayed
as a grey scale image or as a combination of three RGB bands as
a colour composite image. The composite 3, 2, 1 as RGB true
colour, while the false colour composite FCC is an exemplifica-
tion of three or more, the multispectral image produced using
selected bands from ranges of red, green and blue, infrared.
Different FCCs that can be used to highlight different rock units
with other features on the image. The processing was also relied
upon to improve the images resulting from other digital
processing like MNF, PCA, and BR.
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Fig. 1. The location of the study area - satellite image (R: 3, G: 2, B: 1); source: own elaboration based on Google Earth
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Fig. 2. Geological map of the study area; Fn = formation; source: Kariv and Tana [2012],

modified

Table 1. The rock description of the formations within study area

Formation Rock description

Qamchuqa hard and massive dolomite, which is highly jointed
and fractured

Kometan hard, well-bedded, highly jointed and fractured
stylolitic limestone

Shiranish soft marl and argillaceous limestone

Tanjero sandstone and marl beds

Kolosh shales, claystones, sandstones and marly limestone

Khurmala massive and fine crystalline limestone

Gercus typical rocks include claystone, sandstone,
and siltstone

Pila Spi well-bedded dolomite and dolomitic limestone

Source: own elaboration.

Table 2. Rapid-eye’s wavelength of used bands

Band number and name Band wavelength (nm)
1 - blue 440-510
2 - green 520-590
3 - red 630-680
4 - red edge 690-730
5 - NIR 760-850

Explanation: NIR = near infrared.
Source: own elaboration.

« Minimum noise fraction (MNF) images

The MNF is a processing consisting of two methods which
are extracted by rotations of principal components and noise
removal processing [GREEN et al. 1988]. MNF transforms are
rotated to reveal the inherent dimensionality of image data, to

isolate noise in the data, as well as to reduce the computational
demands of subsequent digital processing [BoarpmaN, KRruse
1994]. Noise removal has been studied in many types of research
and several methods have been proposed [QiaN et al. 2008]. The
MNEF is applied to surface reflectance data to assess the spatial
variability of different rock units.

« Principal component analysis (PCA) images

The PCA is similar to the MNF transformation. Previously,
there were a number of algorithms and methods applied to
remove noise [Syarir, Kumara 2018]. The principal component
analysis was used to reduce the amount of redundant information
in bands highly correlated to image bands [Gaswmr et al. 2016]. The
PCA provides more details than other traditional methods
because the output data are uncorrelated [JENsEN 2005].

« Band ratio (BR) images

The BR method enhances the contrast between targets or
features based on dividing the reflectance for the one band pixels
by the same pixels in other bands [AMER et al. 2010; RAJENDRAN,
NasIr 2014]. The BR has been used by researchers in many fields,
most of them related to rock units and hydrothermal alteration
identification [AMER et al. 2010]. Rocks have different reflectivity
due to different mineral components, as well as different
wavelengths, as they can have high reflectivity in a certain part
of the wavelength and low reflectivity in another part. The band
with high reflectivity is divided into the band with low reflectivity
to achieve the best result. This process proved a great potential in
separating geological formations.

o Optimum index factor (OIF)

The OIF is a statistic number that can be used to determine
the best combination of three bands in a satellite image for
creating an RGB colour composite. The OIF is calculated using
the total variance and correlation within and between all of the
dataset’s band combinations. The OIF method was created for
Landsat TM data, but the definition and methodology can be used
for any multilayer dataset [KienasT-BrRowN, BOETTINGER 2010].
This method was adopted to choose the best RGB combination
from the bands resulting from digital processors that were

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)



Discrimination different lithological units using a remote sensing application: A case study in the Dokan Area...

112

applied, but this method did not give the best results compared
with the visual interpretation. Therefore, the resulting RGB image
composition was based on visual interpretation to determine the
best combination of RGB to isolate the rock units within the
study area

FIELD VALIDATION

The results were validated using a geological map and a field
survey. Moreover, GPS ground points were used to match the
formations of contacts between the field work and interpreted
images. The field work showed a limited area of the Qamchuqa
formation and the Khurmala formation within the study area,
while the boundaries of these formations were not determined on
the geological map [Sissakian, Fouap 2014].

RESULTS AND DISCUSSION
FORMATION DETERMINED BY THE FCC

In this study, the false colour composite (R: 5, G: 4, B: 1) using the
spectral bands of rapid eye were developed (Fig. 3). The FCC
clearly shows the contacts between Shiranish and Tangier
formations, the Shiranish formation appears with high reflectivity
white colour, while the Tanjero formation appears with medium
reflectivity and dull colour. Also, Khurmala formation is clear, its
contact with Kolosh formation is so clear. FCC (R: 5, G: , B: 1)
shows Qamchuqa Formation with dark green colour. The near-
infrared and short-wave infrared bands showed good potential in
isolating some rock units through the FCC method.
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Fig. 3. Image of false colour composite with RGB 5 4 1; source: own study

MAPPING OF GEOLOGICAL FORMATIONS
BY IMAGE TRANSFORMATION METHOD

This method is not widely used to discriminate different
geological formations compared to the BR method, but good
results in this study encourage its adoption in isolating rock units
in areas similar to the study area from a topographical and
geological point of view.

Minimum noise fraction (MNF)

The results of the MNF showed geological formations in different
colours. The MNF (R: 2, G: 3, B: 5) image was selected as the best
image to show the distribution of the formations in the selected
area depending on the MNF composites (Fig. 4). Most of the
formations in the study area are clearly shown with the MNF in
the FCC (R: 2, G: 3, B: 5).

Fig. 4. Imagery of the minimum noise fraction (R: 2, G: 3, B: 5); source:
own study

Principal component analysis (PCA)

Five components were extracted from the rapid-eye image.
The first PC contains the largest percentage of information and
the second PC contains the second-largest information set,
and so on; the last PC appears noisy because they contain most of
the little variance. Much of these components are due to noise in
the original spectral data. Since PC1 and PC2 gave more
information and details about the geological formations than the
other, it was possible to distinguish several rock formations
(Fig. 5). Many false colour images were formed from PCA and it
was found that the best band combination is (R: 5, G: 2, B: 1),
where most of the geological formations appeared very clearly
(Fig. 6).

FORMATION DETERMINED BY BAND RATIO (BR)

To examine which combinations are the most suitable and
relevant for the geological settings of the selected area, 20 bands
ratios were formed depending on the input bands of the rapid-
eye satellites. After examining different combinations of band
ratios, the FCC of band ratio (R: 5/4, G: 2/1, B:5/3) was selected
as the best images for the discrimination of the formations
(Fig. 7).

ACCURACY OF THE RESULTS

The field GPS points of the contacts between different geological
units were projected on the produced images to ensure
the accuracy of the results. The results showed a high possibil-
ity of digital manipulation in drawing and separating
boundaries between different formations. The contacts between
the formation and some photos are shown within the 3D image
(Fig. 8).
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Fig. 5. Five principal component bands of the rapid-eye image of the study area; source: own study
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Fig. 6. The colour composites of the principal component analysis (R: 5,
G: 2, B: 1) image; source: own study
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Fig. 7. False colour composite of ratio (R: 5/4, G: 2/1, B: 5/3) image within
the study area; source: own study

CONCLUSIONS

Image processing helps a lot in highlighting boundaries of many
geological units which are difficult to distinguish with individual
bands. The applied digital processing gave good and convergent
results for the process of separating the geological units within
part of the Dokan Area. In general, the optimum index factor
(OIF) and the best combination of RGB did not produce good
results for separating the geological formations from each other,

Dokan Lake

Fig. 8. 3D image with some field photos; source: own study

so the selection of the best combination involved many attempts
to reach satisfactory results. The boundaries separating the
Tanjero and Kolosh formations within the study area are covered
in most parts by recent sediments, so it was difficult to determine
the boundary between them in some parts of the study area.

The study demonstrated the importance of adopting satellite
image digital data in updating geological maps, especially those
that cover large areas. As the Qamchuqa and Khurmala
formations were not indicated in the geological map due to the
topographical nature of the area or too limited spread of these
formations within the study area, it was difficult to draw the
boundaries of these formations on such maps. At the same time,
these two configurations can be distinguished on the visual data
after performing digital processing. In general, the results of
digital processing are close to the satellite images approved in the
study.
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