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Abstract: Supervised classification and lineaments extraction techniques were applied to the SPOT-5 data for the
geological mapping of Kutaina—Al hajar area of the Asir terrane in the southern part of the Arabian Shield, Saudi
Arabia. The area under study has mainly N-S trending metamorphic and Metasediments belts. These rocks are
hosted economic mineralization such as gold and copper, located at Kutaina mine in the north and Al Hajar mine in
the south. The metamorphic rocks are emplaced by different plutonic intrusions of primarily diorite, syenite and
porphyry granite bodies. This study aims to using the image processing techniques for the geological mapping and
determine the factors controlled the mineralized alteration zones of the investigated area. SPOT-5 Multispectral data
and the interpretation of the constructed color composite SPOT image and the field verification produced a detailed
geological map, of Kutaina—Al Hajar area in scale 1:20,000.
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1. Introduction Bishta, 2008; Amer at al., 2009; Bishta, 2010; Sabins,
Kutaina-Al Hajar area is located in the 1999; El Janati et al.,, 2013; Guha et al.,, 2014.
northwestern portion of the Asir terrane, Arabian Antonielli et al., (2009) used remote sensing optical
Shield, approximately 80 km southeast of Al-Aqiq images that were integrated with ancillary data and
City. It is located between latitudes 19° 56' to 20° 10' ground truth information for the detailed mapping of
N and longitudes 41° 55' to 42° 07" E (Fig. 1). This the volcano-sedimentary succession of the Lower
arca is composed essentially of metasediments, Dogali Formation in NE Aritrea. Haselwimmer et al.
metavolcanics and some intrusive igneous bodies of (2010) classified granitoid intrusive rocks and altered
Precambrian age. The Arabian Shield comprises five rhyolitic volcanic rocks of eastern Adellaide Island
major tectonic terranes: Asir, Al Hijaz, Madyan, Afif, using the spectral properties of the ASTER data. This
and Ar Rayn. The first three terranes are formed of an work aimed mainly to applay supervised classification
intraoceanic island arc, and they are located at the of the digital SPOT-5 data for the geological mapping
western part of the Shield. The other two are of of the investigated area. This study also extend to
continental origin and are located on the eastern part determine the factors controlled the alteration zones
of the Shield. These tectonic terranes are separated by bearing mineralizations (Blenkinsop, 2014, Doyle et
four suture zones that are decorated by ophiolite belts. al., 2013).
The sutures include Bir Umq, Yanbu, Nabitah, and 35° 40° 45° 50° 55° 60°

Al-Amar (Al-Shanti, 2009). Bamousa (2013) studied
the late Proterozoic rocks of the Mount Ablah mining
prospect to the west of the study area.

Kutaina-Al Hajar area has not been previously
subjected  to  detailed  geological studies.
Reconnaissance geological mapping of the study area
was conducted within the regional map of the Al Aqiq
Quadrangle on the scale of 1:100,000 by Greenwood
in 1975. Many authors applied the image prossing
techniques for the geological mqapping such as:
Abrams, et al., 1983; Davis and Berlin, 1989; Sultan )
et al., 1986; Sultan et al., 1987; Gibson and Power, o___ 4
2000; Madany and Bishta, 2002; Gupta, 2003; Bishta,
2004; Jutz, and Chorowicz, 1993; Lillesand et al.,
2004; Wielen et al., 2004; Kavak and Cetin, 2007;
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Figure 1. Location map of the study area
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2. Methodology

The unsupervised and supervised classification
methods are used in this work to discriminate the
different lithologic units and trace the major structural
lineaments of the study area.

Two main types of digital satellite imageries are
used: Landsate-7 Enhanced Thematic Mapper plus
(ETM+) data, and SPOT-5 data. The remotely sensed
raw data of the study area are included in the Landsat-
7 data with a scene number of path/raw = 175/40, and
in the SPOT-5 data, the scene number is path/raw =
139/310. The visible, near-infrared and short wave
infrared bands of the Enhanced Thematic Mapper
ETM+ data are also processed.

The Landsat ETM+ data consist of 7 bands. The
infrared ETM+ bands were characterized by the
wavelength intervals of 760 to 900 nm (band 4), 1500
to 1750 nm (band 5) and 2080 to 2350 nm (band 7).
The visible ETM+ bands, 1, 2 and 3, were
characterized by wavelength intervals of 450 to 520

690 nm for band 3. The Landsat ETM+ imagery data
were characterized by a spatial resolution of 30 m
(multispectral bands 1, 2, 3,4, 5 & 7), 60 m (thermal
band 6) and 15 m (panchromatic band 8).

The supplementary data that covers the study
area includes geological maps of the previous work
and the topographic maps on a scale of 1:50,000. The
topographic maps were used in the processing of the
geometric corrections of the Landsat ETM+ and
SPOT-5 data.

The SPOT-5 data comprises 5 bands; the visible
bands are characterized by wavelength intervals of
500 to 590 nm (band 1) and 610 to 680 nm (band 2)
and near infrared bands from 780 to 890 nm (band 3).
The short wave infrared band has wavelength intervals
of 1580 to 1750 (band 4). The panchromatic band was
characterized by wavelength intervals of 480 to 710
nm (band 5). The satellite imagery of the SPOT-5 data
is characterized by a spatial resolution of 10 m
(multispectral bands 1, 2, 3), 20 m (SWIR band 4) and
2.5 m (panchromatic band 5).

nm for band 1, 520 to 600 nm for band 2 and 630 to

. ¢ e f

%
A
.

41°4800'E 42°0000"E

0 3

“3*&"# Doy A

6

20°1200'N

20°08'00'N

- ot : (\" a

¢ ~ g -
< %& A 2aovoroon

“;,_ : \‘-‘»‘f.! 4

19°56'00'N

42°0800"E. 42°1200°E 42°1600'E

™

9 12 Km

Figure 2. False color composite Landsat image, ETM+ bands 7, 4, 2 in RGB, showing the Kutaina—Al Hajar area in

the yellow square (Original scale 1:100,000)
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Figure 3. False color composite SPOT image of Kutaina—Al Hajar area, bands 4, 3, 1 in RGB (Original scale
1:20,000)
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Figure 4. Drainage patterns map interpreted from the false color composite SPOT image of the study area (Original

scale 1:20,000)

The main steps of image processing and
interpretation for both the Landsat ETM+ and SPOT-5
data of the study area were conducted using the
following methods:

1- Rectification and image enhancement of
Landsat ETM+ and SPOT-5 data,

2- Unsupervised and supervised classification
using SPOT-5 data,

3- Structural lineaments Extraction from SPOT-5
data, and
4- Detailed geological mapping of Kutaina-Al Hajar
area.
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3. Rectification and Image Enhancement of
Landsat ETM+ and SPOT-5 Data

Raw digital satellite data wusually includes
geometric distortions due to the sensor geometry, the
scanner, platform instabilities, the earth rotation, the
earth curvature, etc., and it is necessary to correct for
and adapt these distortions (Mather, 1987; Lillesand et
al., 2004; Richards, 1995). The geometric correction is
conducted for the digital data of the ETM+ bands of
the study area using two main steps for image
rectifications: rectification of a panchromatic ETM+
band 8 and rectification of the multispectral ETM+
bands (1 to 7). The correction in the first step occurred
by collecting 185 well-distributed ground control
points that were selected from the topographic sheets
(scale 1:50,000) for the investigated area using the
image to map method. The overall accuracy of the
transformation is indicated by averaging the errors in
the reference points and the root mean square error
(RMS = 0.63, Bernstein, 1978). The cubic
interpolation method is used in the resampling
processing. The rectified panchromatic ETM+ band is
then used as a geo-referenced base for the correction
of the 6-multispectral ETM+ bands (1 to 7). In the
second step, we used the image-to-image method. The
geometric corrections of the SPOT-5 data were
performed using the same methods.

The image enhancement procedure includes the
production of a raw image that is more interpretable
for a particular application (PCI Geomatica, 2003).
The histogram equalization enhancement technique
was applied to the ETM+ data from the study area to
increase the contrast of the images (Schowengerdt
1983; Mather 1987; Lechi 1988). The enhanced false
color composite Landsat ETM+ image (Fig. 2) for the
study area was constructed from bands 7, 4 and 2,
shown in red, green and blue, respectively, on a scale
of 1:100,000. This image is used as a base map to
construct the regional geological map of the
investigated areas. The study area (Kutaina—Al Hajar)
is delineated in Figure (2) by a yellow square.

The SPOT-5 digital data are used to construct
large scale 1:20,000 images for the study area. The
enhanced

false color composite SPOT image for Kutaina—
Al Hajar area (Fig. 3) is a result of bands 4, 3 and 1,
shown in red, green and blue, respectively, with an
original scale of 1:20,000. This SPOT image is used
as the base maps for tracing and constructing the
detailed geological maps of the study area.

Figure (4) is a drainage pattern map of Kutaina—
Al Hajar area, interpreted from the false color
composite SPOT-5 image in Figure (3). This map
shows the locations of both Kutaina mine and Al
Hajar mine in the northern and southern parts
respectively of the mapped area.
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4. Unsupervised and Supervised Classification

Unsupervised classification is the procedures
which carried out automatically by the computer, but
the user inters the number of clusters and the distances
between them. Figure 5 shows the results of the
unsupervised classification of the digital SPOT-5 data
which contains 8 classes expressing on 8 rock units of
the study area. These classes are used as a base for
helping in the training stage of supervised
classification procedures.

Supervised classification is the procedures most
often used for quantitative analysis of remote sensing
image data. It rests upon using suitable algorithms to
label the pixels in an image as representing particular
ground cover types, or classes. A variety of algorithms
is available for this, ranging from those based up on
probability distribution models for the classes of
interest to those in which the multispectral space is
portioned into class-specific regions using optimally
located surfaces, (Richards 1995).

Multispectral SPOT-5 digital data are used to
perform the supervised classification and, indeed, the
spectral pattern present within the data for each pixel
is used as the numerical basis for categorization. That
is, different features types manifest different
combinations of DNs based on their inherent spectral
reflectance and emittance properties. In the supervised
classification the image analyst (supervises) the pixel
categorization process by specifying, to the computer
algorithm, numerical descriptors of the various land
cover types present in a scene. Representative sample
sites of known cover type, called training areas, are
used to compile a numerical "interpretation key" that
describes the spectral attributes for each feature type
of interest. Each pixel in the data set is then compared
numerically to each category in the interpretation key
and labeled with the name of the category it "looks
most like", (Lillesand et al. 2004).

The supervised classification is applied generally
for the purpose of lithological discrimination, (Bischof
et al. 1992 and Kanellopoulos et al. 1993). This study
applied the supervised classification method using
SPOT-5 data in the lithologic mapping of the Kutaina-
Al Hajar area. The procedures of supervised
classification method applied in this work including
three main stages; Training stage, Classification Stage
and Evaluation Stage.

4.1. Training stage

This is the first step of supervised classification
method which needs a prior knowledge of the
investigated area known as ground-truths. The
computer should be feed by this information of ground
truths in this stage. The information of ground truths
are obtained and collected in this work from the Field
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work and previous published geological maps of the
investigated area.

The training data sets must be both
representative and collected from all parts of the
lithologic classes of the investigated area. This means
that the image analyst must develop training statistics
for all spectral classes constituting each information
class to be discriminated by the classifier (Lillesand et
al. 2004).

4.2. Classification stage

The classification stage is performed using
software packages of remote sensing such as: Erdas
Imagine, Geomatica PCI & Envi. They are usually
containing some models of these classification
methods such as Maximum Likelihood, Mahalanobis
Distance and Minimum Distance. After performing
the training stage in this work, the author chose the
maximum Likelihood classifier method to apply on
the SPOT-5 data of the study area using Erdas
Imagine package. The maximum Likelihood classifier
is one of the most known supervised classification
method used in the geological mapping. This method
depends on the probability of every pixel to be
belongs to a specific class. The probability density
functions are used to classify an unidentified pixel by
computing the probability of the pixel value belonging
to each category. Post classification smoothing
method was applied in this work using the majority
filter on the produced classified image to smooth it
and gave a better classified map. Maximum
Likelihood classifier method was applied and
produced the supervised classified map of the study
area (Fig. 6).

4.3. Evaluation stage

The evaluation of this supervised classification
was carried out by comparing the supervised classified
result map with ground truths reference data that are
assumed to be true, in order to define the accuracy
assessment of the classification and determine the

degree of acceptance. The overall accuracy is
computed from the error matrix (Table-1) of
classification (confusion matrix) by dividing the total
number of correctly classified pixels (i.e., the sum of
the elements along the major diagonal) on the total
number of reference pixels. This analysis shows that
the overall classification accuracy is good with 75 %.
The Kappa coefficient is 0.75, so it could be accepted
classification. Table (2) shows the Producers accuracy
and users accuracy of this supervised classification.
The highest value for both the Producers and users
accuracy was 99 % for Wadi deposits. The lowest
value for the Producers accuracy was 56 % for the
altered metavolcanics, but its users accuracy was 78
%. The processed supervised classified thematic map
was also correlated and checked in the field with the
previous published geological maps.

Seven categories of the main lithologic units of
the study area could be distinguished from the
supervised classification map (Fig. 6). The altered
metasediments bearing gold mineralizations in the
study area are well recognized and delineated in this
map and checked in the field (Fig. 7). The classified
units are arranged from younger to older as follow:

1- Wadi  Deposites:  which are easily
discriminated and delineated by the classified image
map.

2- Granites: which are found mainly in the north
western corner of the mapped area.

3- Altered Metavolcanics (MV): which are
distributed mainly in the central and south eastern part
of the mapped area.

4- Metavolcanics: which are found mainly in
the eastern part of the mapped area (Fig. 8).

5- Altered Metasediments (MS): which are
distributed in the central part of the mapped area.

6- Metasediments: which are found mainly in
the western and south western parts of the mapped
area (Figs. 9 & 10).

Table 1. Confusion (Error) matrix of the supervised classification

Class Wadi Dep. Pink Gr. | AltereMetav. Metav. | AltereMetas. Metas. | Total
Wadi Depos. 99.41 00.32 00.00 00.27 00.00 00.00 100
Pink Gran. 0.11 79.42 4.53 2.28 0.22 13.44 100
Altere Metayv. 0.0 2.46 78.07 3.13 10.63 5.71 100
Metav. 0.00 1.76 3.79 88.32 5.30 0.53 100
Altere Metas. 0.30 2.25 42.32 10.67 37.91 6.85 100
Metas. 0.00 19.02 10.75 0.15 4.15 65.93 100
Total 99.82 105.23 139.46 104.82 58.21 92.46 600

Overall accuracy = 449.06 / 600 = 0.7484 =75 %

KAPPA COEFFICIENT = 0.7456 Standard Deviation = 0.00139
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Table 2. Producers accuracy and users accuracy of the supervised classification

Class Producers Accuracy Users Accuracy
Wadi Depos. 99.41/99.82=99 % 99.41/100=99 %
Pink Gran. 79.42/105.23=75% 79.42/100="79 %
Altere Metav. 78.07/139.46 =56 % 78.07 /100= 78 %
Metav. 88.32/104.82 =84 % 88.32/100= 88 %
Altere Metas. 37.91/58.21 = 65 % 37.91 /100= 38 %
Metas. 65.93/92.46=71% 65.93 /100= 66 %
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Figure 5. Unsupervised classification map of Kutaina—Al Hajar area (Original scale 1:20,000)
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Figure 6. Supervised classification map of Kutaina—Al Hajar area (Original scale 1:20,000)

5. Structural Lineaments Extraction

Automatic lineaments extraction process was
carried out using Geomatica PCI package and the
digital remotely sensed data of SPOT-5 visible, NIR
as well as the SWIR bands. The automatically
lineaments extraction algorithm of Geomatica PCI
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software consists of edge detection threshold and
linear extraction steps. The steps of lineaments
extraction have been done under the defined user
parameters. Table 3 shows the difference between
these parameters and the default parameters of the
“Geomatica PCI” package.
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The different multispectral SPOT-5 bands were
tested to select the optimum band for the lineaments
extraction. The relationship between SPOT-5 bands
(wavelengths) and the number of the automatically
extracted lineaments (frequency) for the study area is
shown in Table 4. It has been noticed that the SWIR
bands 3 and 4 exhibit the highest lineament number
compared to the visible and NIR bands. The highest
score of the lineaments number is recorded in band 4
(2310) whereas the lowest score of the lineaments
number is recorded in visible band 2 (1320).
Therefore, the automatically extracted lineaments
using band 4 is used in this work for the structural
lineaments interpretations.

The automatically extracted lineaments are
visually edited to remove all the false lineaments
which are not structurally controlled and adding any
missed structural lineament. The obtained extracted
structural lineaments patterns over SPOT-5 band-4 of
the study area are shown in Figure 11 a. The statistical
analyses of these significant structural lineaments
have predominant trends in the NNW-SSE, NW-SE
and WNW-ESE & NE-SW directions as shown in the
rose diagram (Fig. 11 b). Comparing these structural
trends of the investigated area as interpreted from the
digital SPOT-5 data during this research with the
previous literatures showed that, they are largely
coincide with the main trends of the previous
geological mapping.

6. Detailed geologic map

The detailed geological map of Kutaina-Al Hajar
area is constructed in this work in a large scale
1:20,000, from the interpretation of the SPOT-5
images and the supervised classified image, which
showing in Figure (12). This map shows the main
lithologic units of the investigated area arranged from
youngest to the oldest, Wadi deposits, granitic rocks,
altered metavolcanics, metavolcanics, altered
metasediments and metasediments.

Figure 12, shows a new detailed geological map
of Kutaina-Al Hajar area, scale 1 : 20,000, which was
mainly generated from applying image processing of
SPOT-5 data and the field verifications. The main
seven lithostratigraphic units of the investigated area

is interpreted mainly from the supervised
classification image (Fig. 6). This supervised
classified 1image was greatly improved and

supplemented by the results of the FCC image (Fig.
3). The lithologic interpretations of figures 3 and 6
and the structural interpretations of Figures 11 and in
addition to the drainage base map (Fig. 2) and field
verifications, gave rise to the new detailed geological
map of Kutaina-Al Hajar area in a large scale 1:20,000
(Fig. 12). This geological map showing the main
regional faults which cutting the investigated area in

the predominant NW-SE and NNW-SSE trends, as
well as the interpreted dikes, antiform, synform, joints
and fractures.

Table 3: Default and user parameters used for automatic
extraction of lineaments in PCI Package

PCI Parameters Default Values User Values
Edge filter radius 3 (Pixels) 3 (pixels)
Minimum edge gradieny 15 (Pixels) 15 (Pixels)
Minimum line length 15 (Pixels) 10 (Pixels)
Line fitting tolerance 2 (Pixels) 10 (Pixels)
Maximum angular difference 10 (Degree) 30 (Degree)
Maximum linking difference 30 (Pixels) 60 (Pixels)

Table 4. SPOT-5 multispectral bands versus the extracted
lineaments frequency for Kutaina —Al Hajar area

SPOT-5 bands Lineaments (Frequency)
Band-1 1510
Band-2 1320
Band-3 1950
Band-4 2310

Figure 7. Field photograph showing the altered
metasediments, in the open pit, Al Hajar mine,
looking S

RS
showing  the
in Kuatina-Al

Figuré ‘ 8. Fléld pﬁbtograph
metasediments and metavolcanics,
Hajar area, looking N E.
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Figure 10. Field photograph showing a panoramic view of the altered metasediments, in Kutaina—Al Hajar area,
looking N

Figure 11. (a) Structural lineaments extracted from the false color SPOT image, (b) Rose diagram showing the main
trends of the extracted structural lineaments
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Figure 12. Geological map of Kutaina—Al Hajar area (Original scale 1:20,000)
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7. Conclusions

The lithological units and the structural element
framework of the study area were mapped in detail
during this study on a scale of 1:20,000. A detailed
analysis of the processed Landsat ETM+ and SPOT-5
imagery was performed by mapping the studied areas.

The color signatures of some rock units are
easily recognized and visually interpreted on the color
composite Landsat and SPOT images. The rock units
primarily  include  porphyry  granitic  rocks,
metavolcanics. altered, metavolcanics, metasediments,
and altered metasediments. This study revealed the
following conclusions:

- Kutaina-Al-Hajar area is located in Asir terrane
in the south central part of the Arabian Shield. It is
covered by Precambrian metasediments and
metavolcanics of low-grade green-schist facies rocks.
They are intruded by many igneous plutonic bodies.

-Different image processing techniques, such as
image enhancement, color composite images,
multispectral classification, and structural lineaments
extraction are applied in this work for the lithological
and structural discrimination of the investigated area.

- The processed Landsat color composite and the
SPOT-5 color composite images assisted in providing
more lithological and structural information for the
study area. The new detailed geological map of the
investigated area on a large scale of 1:20,000 was
constructed using the constructed SPOT-5 classified
images. The constructed new geological map of the
study area was verified in the field. It is recommended
to apply the different image processing techniques
with high spectral and spatially resolution satellite
digital data for detailed geological mapping.

- The host rocks of the mineralization are green-
schist facies with metasediments and metavolcanic
rocks of Pre-Cambrian age.

- This study revealed that the alteration zones in
Kutaina - Al Hajar area are mainly associated with the
altered metasediments and altered metavolcanics
rocks. The mineralized zones in the investigated area
are also controlled by the structural trends in the N-S,
NW-SE, WNW-ESE and NE-SW directions, that were
recognized and analyzed during this study.
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