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1. Introduction

Clay is recognized as a crucial soil
characteristic [1, 2]. Under conditions of moderate
temperature and high  humidity, chemical
weathering of carbonate rocks gives rise to the
formation of red clay, a residual clay varying in
color from brownish yellow to red [3, 4]. The unique
physical and chemical properties of clays have
found diverse applications in ceramics, construction
materials, health, agriculture, civil engineering, the
environment, and the chemical industry, dating back
to ancient times [5-7]. Traditional soil survey
methods are expensive and challenging to
implement in remote regions [8-10]. An enormous
amount of data on Earth's surface are available via
remote sensing images from a broad range of space
and airborne sensors, allowing for global and
comprehensive  evaluation,  detection, and
monitoring of changes [11-13].Satellite imagery has
proven instrumental in soil mapping, as it provides
continuous and quantitative measurements of
surface reflectance, which are linked to specific soil
parameters [2, 8, 9, 14, 15]. Remote sensing offers a
broad view of extensive areas, and with the
availability of multispectral high-resolution data and
advanced digital image processing techniques, it
enhances the capability to delineate lithology and
geological structures with increased accuracy,
offering an integrated and spatial perspective of
various land characteristics [16-19]. Considering the
importance of investigating soil's physical and
chemical properties and predicting these attributes,
researchers have employed various techniques [20,
21]. For instance, [17] generated a false-color
composite image using band ratios to identify
spectral reflectance of mineral deposits. The
chemical composition of soil was investigated using
gamma and neutron radiation, as well as inductively
coupled plasma-mass spectrometry [22]. Remote
sensing data has been associated with a wide range
of soil characteristics, including particle size
distribution and organic substances, using regression
analysis models [16, 23-26]. In the study, remote
sensing and GIS techniques were employed to
identify heavy, light, and clay minerals in Hindiya,
Iraq, and the findings demonstrated the usefulness of
Landsat images in determining mineral distribution
[27]. The Injana and Fatha Formations in Kirkuk
cover a substantial area and serve as raw material
sources for various industries, including brick
production. Conducting research across all
formations would be time-consuming and resource-
intensive. Therefore, the development of a model for
predicting the physical and chemical characteristics
of clay and minerals using remote sensing becomes
imperative. This research aims to generate maps of
clay and clay mineral deposits in the Kirkuk, Bor,
and Jambor structures by utilizing band ratio and
band composite techniques.
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2. Material and Methods
2.1 Location of the study area

The research site is located in the northern region
of Iraq, situated between the longitudes 44° 10" and
44° 40' east, and the latitudes 35° 10" and 35° 30'
north. The study area covered a land area exceeding
268.12 km?, encompassing both the Fatha and
Injana Formations. The climate of the region is
characterized as semiarid and Mediterranean, with
hot and dusty summers, and cold winters [28]. The
primary period of precipitation occurs between
December and March. Please refer to Figure 1 for
further details

Fig. 1. Location of the study area.

2.2 Soil analysis and data preparation

The methodology employed in this study

encompasses field measurements, satellite data, and
the application of GIS techniques. Specifically, band
ratio and band composite were utilized to investigate
the red clay content in the study area. A total of 52
soil sampling sites were selected within the Bor,
Jambor, and Kirkuk structures, which are part of the
Fatha and Injana Formations. The precise
coordinates of these sites were determined using a
portable GPS device with an accuracy of +3.6.
After removing the topsoil layer, soil samples were
taken from each site at a depth of 30 centimeters to
calculate the red clay content and compare it with
the GIS methods. After being exposed to air for
drying, these samples were sent to a lab for
additional analysis.
In the laboratory, the soil samples underwent tests to
determine their particle size using hydrometers.
Once the laboratory results were acquired and the
satellite image was downloaded, the data were
imported into the ArcMap program for further
analysis and visualization.



Veyan Farhad Salahalden /NTU Journal of Engineering and Technology (2025) 4 (2) : 17-23

2.3 Preprocessing for satellite images

The quality of aerial and spacecraft views of
Earth's surface is significantly impacted by
atmospheric conditions, as stated by [29]. The
presence of the Earth's atmosphere introduces
atmospheric errors, particularly in the delay of GPS
signals. To mitigate the effects of scattering and
absorption caused by the environment, atmospheric
correction is employed to derive surface reflectance
characterization ~ (surface  properties) [29,
30]. Acquiring precise visuals necessitates a process
known as radiometric calibration. Radiometric
calibration (radiometric correction) normalizes
sensor-collected digital picture data to a reference
physical scale using measured reflectance from
objects on the ground. [31, 32].

Top-of-atmosphere (TOA) reflectance values are
calculated using Landsat 7 multispectral image data,
which is represented as quantified and calibrated
scaled digital numbers (DN), a model based on
USGS-published algorithms is utilized.
Equation 1 is employed to calculate the ToA as per
this model

R=QM+ A (1)

where
R= TOA reflectance
Q= Pixel value (digital number)
M= Band- specific multiplicative rescaling factor
from the metadata.
A= Band- specific additive rescaling factor from the
metadata.
TOA reflectance corrected for the sun angle by using
equation 2:

TOA reflectance corrected for the sun angle
= TOAreflectance
/ sin (sun angle) 2

Following the initial steps, the next phase involves
generating a mosaic in ArcMap to cover the entire
research area. A region of interest (ROI) is
employed to subset a satellite image, and
radiometric enhancement techniques are utilized to
mitigate the impact of haze.

The regression model is employed to establish
strong correlations and calculate the Pearson
correlation coefficient (R). To conduct these
statistical analyses, the SPSS software version 28 is
utilized.

2.4 Band composite

This technology relies on capturing three
multi-spectral bands and presenting them within the
visible wavelength range, enabling human visual
perception. The selection of specific bands is
determined by the reflectivity intensity of the target
material in each band According to spectral
fingerprints for clay derived from the spectral library
of the United States Geological Survey (USGS),
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bands 3, 4, and 5 have a high reflectance. For that,
the GIS was used to obtain the composite image by
using bands 3, 4, and 5 of the Landsat image. Figure
2, as provided by [33], illustrates the reflectivity
curve of the kaolinite mineral according to data
published by the US Geological Survey.

ETM3 1rv

ETM2 ETMS

ETM

Fig. 2. The reflectivity curve of the mineral kaolinite
[33].

2.5 Band ratio

Digital numbers (DNs) from one spectral band
are divided by the DNs from another band to
produce a ratio image.. These images, known as
ratio images, offer enhancements that highlight
spectral or color properties of image components,
regardless of variations in scene lighting conditions.
This feature is a key advantage of ratio images, as it
enables the expression of subtle spectral changes
that may be concealed by variations in brightness
within individual spectral band images or standard
color composites. The utilization of ratio images
proves particularly useful in distinguishing fine
spectral variations within a scene that may otherwise
be overshadowed by brightness discrepancies in
individual bands or standard color representations
[35].

The spectral fingerprints for clay were derived from
the spectral library of the United States Geological
Survey (USGS). Analysis of Landsat-ETM+
resampled spectra indicates that band 7 has a lower
reflectance compared to band 5. Consequently, the
use of a shortwave infrared (SWIR) band ratio,
specifically the ratio between bands B5 and B7, may
be employed as a means to identify and characterize

clay minerals.
Band ratio obtained by using equation 3
DN, = 2 ©)
DNy

In the ratio image, where DN, represents the numeric
value of the image, DNx and DNy denote the
numeric values of the numerator and denominator
respectively, at the same cell location [33, 35].

The underlying concept of this technique involves
dividing bands with high reflectivity by those with
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low reflectivity in order to differentiate mineral
deposits [33].

In numerous studies, the division of Band 5 by Band
7 has been commonly employed to investigate clay
compositions [33, 36-38]. GIS was used to obtain
ratio image.

2.6 Validation

The validation approach is used to assess the
degree of correlation between the observed and
predicted clay content. One particular data point is
temporarily excluded from the collection, and the
value at that position is then computed based on the
remaining data points. The projected value is
compared to the actual sample value, which was
previously excluded, and can be computed as
follows in equation 4:

RMSE = /% n (Z;—Z)? (4)

where Z is the predicted value and Z; is the observed

value at the sampling point.

3. Results and Discussion
3.1 Soil analysis

The particular size analysis of fifty-two soil
samples revealed that gravel comprised the lowest
percentage in the majority of samples, ranging from
0to 4. The results for sediment varied between 0 and
30%. Silt dominated the majority of samples, with
concentrations ranging from 28.42% to 93.83%. The
clay content ranges from 1.53 to 38.97%.

3.2 Band composites

Utilizing the reflectivity curve provided by the US
Geological Survey, the combination of Landsat 7
bands 3, 4, and 5 was employed to visualize the clay
content, as clay minerals tend to exhibit high
reflectivity in this specific band composite. The
regions within the study area that are rich in kaolinite
are depicted as purple. The result showed that the
clay content was high in the Bor structure compared
with the Kirkuk and Jambor structures. And these
results agree with the laboratory results, which
showed that the percentage of clay in the Bor
structure is higher than in the Kirkuk and Jambur
structures. Figures 3, 4, and 5 present the outcomes
of the band composites for the three respective
sections of the study.

3.3 Band ratio

The band ratio technique is based on dividing
bands with high reflectivity by those with low
reflectivity to accurately detect mineral deposits.
Specifically, in the case of identifying kaolinite
minerals, bands 5 and 7 were utilized. Band 5
demonstrated a high reflectivity characteristic,
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whereas band 7 exhibited low reflectivity for
kaolinite. The result shown that the upper part of the
Bor structure has the highest percentage of red clay,
and these results agree with the laboratory results,
which showed that the percentage of clay in the
upper part of the Bor structure is the highest with
38%. The band ratio results for the three sections are
illustrated in Figures 6, 7, and 8. The regions
displaying the highest concentration of kaolinite are
represented by the color green.

3.4 Validation

A total of fifty-two sites were employed to assess
the accuracy of the map, revealing a correlation
coefficient of 0.74 between the observed and
estimated clay content. In the lab, clay contents
ranged from 1.53 to 38.97%, while estimates based
on Landsat images ranged between 1% and
30%.This correlation is illustrated in Figure 9.
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4. Conclusion

The application of Landsat 7 band composites and
band ratio techniques demonstrated their
effectiveness in the identification and mapping of
regions rich in kaolinite within the study area. The
visualization of clay content through purple color
representations facilitated clear and straightforward
identification, enabling convenient analysis. These
techniques exhibit promising potential for future
research, as they can be utilized to identify various
other mineral deposits and contribute to effective
resource management strategies.
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Fig. 9. Correlation between the observed and estimated
clay.

Clay content was estimated to be between 1 to 30
using the Landsat image, with a correlation of
0.74%. Samples could not be collected from all of
the study regions, which was a major limitation of
the research. To obtaining more precise
results, would require doing fieldwork at remote
sites. Also, use a variety of satellite images to get
even more accurate and comprehensive information.
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