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ABSTRACT

To investigate the health of vegetation and soil purity in some areas
south- western Mosul city, multi spectral remote sensing and Analytical
Spectral Device (ASD) field spectrometer were used. Landsat ETM+ image was used
to identify tonal spectral anomaly after correct it spectrally by using
ENVI’s FLAASH method. A combination of False color composite image (FCC)
based on the spectral characteristics of vegetation and soils was selected.
This combination consists of (Band7-Red, Band4-Green, Band1-Blue) and also used
to express the subtle grey tones as color variations and then some of anomalous
reflectivity zones were extracted. Field spectral measurements were applied to
determine the spectral reflectance anomaly of vegetation and soils. The spectral
measurements of the samples were made in spectral analysis laboratory at
(Remote Sensing Center- Mosul University) on a number of samples with a
full-range of ASD spectrometer (i. e. 350nm to 2500mm), both on and off the
anomalous spectral zones in order to compare the spectral changes between them. The
results confirmed to the existing these reflectance zones by determination an increase
in the reflectance at the chlorophyll absorption as well as a shift in the position of the
red edge. The results also have indicated that the anomalous relationship between the
occurrence of hydrocarbon seepages and anomaly reflectance zones. In this context,
the migration of hydrocarbons has a predominantly structural control, related to the
listric fault and accompanying fractures.
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INTRODUCTION

Approximately, 70 percent of the Earth’s land surface is covered with vegetation,
furthermore, vegetation provides a basic foundation for all living beings and it is one
of the most important components of the ecosystem. Knowledge about variations
and alterations in vegetation provide valuable insight into the geologic, climatic,
etc.. of an area (Shafri, et al., 2005).The environmental influences in the soil are
reflected also to the vegetation. These influences show in the satellite images as a
tonal anomalies and subtle changes in spectral content which are used as
important indications in remote sensing for detect the altered areas that are related
to contaminated zones, oil and gas seepage etc. (Almida - Filho et al, 1999);
(Shi, 2010); (Zhang et al., 2010). Geobotany has been defined as the study of
plants as related specifically to their geologic environment as well as it used to
define geologic patterns in the landscape and it defines also as an integration
of the physical and biological processes of interest to earth science
(Rose et al., 1979; Raines and Canney,1980) in (Rencz, 1999). This work tests the
hypothesis that chemical and biological changes in vegetation and soils in some areas
south western Mosul city are related to the hydrocarbon seepage. Corrected Landsat-
7 enhanced thematic mapper plus (ETM+) imagery was used to map anomalous
spectral zones associated with these seepages. Field spectral measurements were
applied to determine the spectral reflectance anomaly of vegetation and soils samples
in both on and off the anomalous spectral zones. The results and the applied technique
of this study are very important in the practical applications related to the field of
primary oil survey as well as for understanding the impact of local tectonic factor on
the geological structures.

STUDY AREA

Two areas were selected in this research (Fig. 1). The first is located in the west
of Mosul city, specifically on the footslope zone of Shaikh- Ibrahim anticline
with geographic position between (Lat. 36°20'30"N and 36°12'30 "N) and
(Long. 42°60'0"E and 42°35'30"E), and it is covered about (232.2857) km2. The
second is located in the south eastern of Mosul city on the footslope zone of Kirkuk
anticline with geographic position between (Lat. 35°50'0"N and 35°42'0 "N) and
(Long. 44°6'30"E and 43°56'0"E), and it is covered about (392.8) km2. The second
area (i.e. Kirkuk) were studied only by false color processing because of the difficulty
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of access to it, as well as it is oil productive areas. Generally, footslope zone of the
both two areas represented a zone of quaternary deposits or pediment surface
surrounds the major exposed folds (i.e. Shaikh- Ibrahim and Kirkuk). Typically, this
surface is gently to rolling topography and composed of unconsolidated Quaternary
sediments. Geological setting of the studied area includes several folds with their
stratigraphic units are exposed on the surface. In the first area, Shaikh- Ibrahim
anticline represent the major, asymmetrical and cylindrical anticline. The fold axis of
this structure trends towards north west — south east. The lithological units are
exposed in these structures include Euphrates, Fatha and Injana formations (Geosurv-
Irag, 1995). In the second area, Kirkuk anticline is the asymmetrical and cylindrical
fold, with fold axis towards north west — south east. The lithological units are exposed
in this structure include Kirkuk groups (Oligocene groups), Euphrates, Fatha, Injana,
Mukdadiyah and Bai- Hassan formations (Geosurv- Irag, 1993). Area under
investigation has a semi-arid climate with average annual rainy under (245mm) and
mean annual temperatures around (24-26C°).
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Fig. 1: Geographic location and Geologic Setting of the Study Area
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Research Methodology

The methodology followed by in this study consist of six steps of procedures:

1- Preparation the images and selected optimum bands after it corrected
(geometrically and spectrally)

2- Determine the anomalous spectral zones in soil and vegetation by composing three
selected bands of Landsat imagery

3- Field work including geologic, soil and planet survey, sample collection and GPS
interpolation to all zones which are revealed spectral anomaly in the images.

4- Spectral curve measurement of planet and soil by laboratory work with ASD field
spectrometer analysis.

5- Validation of previous analysis to estimate planet chlorophyll health and soil
purity.

6- Investigate the potential causal relationship between identified anomalous spectral
zones and the hydrocarbon seepages.

The later sections summarily describe the detail of each steps which is taken to
achieve this objective.

Vegetation and Soil Spectral in Remote Sensing

Generally, vegetation health is affected by some factors like industrial pollution,
salinity, ...etc. Remote sensing techniques be used to determine the changes
in vegetation. Healthy vegetation in the visible zone (i.e. from 0.4-0.7 um)
characterized by absorption features by the plant chlorophyll. Whereas, in the near
infrared and shortwave infrared characterized by four absorption features (Fig. 2).
High reflectance of vegetation in (NIR) is also ranged from (0.8 and 1.1 um)
and depending on the internal structure leaf. In order to determine the
vegetation stress, the researcher must be notice the three spectral criteria
(Noomen, 2007; Yang, et al., 2000, freeman, 2003)
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Fig. 2: A. Typical vegetation reflectance curve with indication of major absorption.
B. Major absorption features in vegetation reflectance. (Noomen, 2007).

1- A decrease in the NIR reflectance due to structural damage.

2- An increase in the reflectance at the chlorophyll absorption maximum due to
decreased leaf chlorophyll.

3- A shift in the position of the red edge towards shorter or longer wavelengths, this
shift occurs when there is hydrocarbon seepage.

Soil is a mixture of inorganic mineral particles and organic matters of varying
size and composition. Remote sensing can provide the identification, inventory, and
mapping of soils, especially when surface soils are not covered with dense vegetation.
Spectrally, the reflectivity of soils increases at increasing wavelengths. The intense
absorption of radiant energy by soil moisture creates a series of minima, centered
approximately at (1.4, 1.9 and 2.7 um), (Fig. 3), (Profeti, 2005).

High metal concentrations in the soil cause the changes of its standard spectral
curve and abnormal size, shape, and spectral reflectance characteristics of vegetation
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(Sabins, 1999). A relationship between spectral reflectance properties of plants and
the content of their soils could form the basis for remote sensing to determine the
important exploration criteria. For example, the presence of hydrocarbons in soils
stimulates the activity of hydrocarbon-oxidizing bacteria, which decreases oxygen
content of the soil whilst increasing its contents of carbon dioxide and organic acids,
then these changes affect pH and Eh of soil, which in turn affect the solubility of
elements that are plant nutrients and consequently their availability to vegetation
(Schumacher, 1996).
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A [um]

Fig. 3: Spectral Reflectivity Curve of Soil (Modified from Profeti, 2005).

Image processing
Image processing of Landsat ETM+ was used to extract the anomaly zones in
soil and vegetation (which are associated with hydrocarbon seepage) as well as to
help understand the tectonic factor on this zones. The steps of this processing are
discussed below:
1- Pre-processing: Landsat image requires preprocessing prior to the analyses.

Geometric corrections are performed to eliminate the systematic and non-
systematic distortions related with the physical and geometric conditions of the
scanning devices. Preprocessing is used also to correct the spectral distortion of the
image by using ENVI’s FLAASH method, or Fast Line-of-Sight Atmospheric
Analysis of Spectral Hypercube, then the data was corrected spectrally.

2- False color composites: A composite is an image which combines different
wavelengths into the same image. Combinations of Landsat ETM™ bands can be
useful to provide overviews of landscape and geological materials due to their
characteristics reflectance and absorption in different wavelengths (Binh, 2003).
However, the spectral information stored in the individual bands can be integrated
by combining them into a color composite. In this context, the spectral
information is combined by displaying each individual band in one of the three
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primary colors ( Red, Green and Blue). Every combination of bands used to create
a color composite image is called a False Color Composite (FCC). In this study,
the red color is assigned to the middle-infrared band (Band 7), the green color
to the near-infrared band (Band 4) and the blue color to the blue visible band
(Band 1). The health vegetation will appear greenish (Fig. 4).
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Fig. 4: False Color Composite Image of (Shaikh - Ibrahim anticline) West of Mosul City
(R: Band-7, ¢: Band-4, B: Band-1).
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As shown in the (Fig. 4), the spectral properties of common surface materials at
the studied area including vegetation, exposed rocks and regolith materials (soils) that
can be resolved in the visible and near infrared zone of the electromagnetic spectrum
scale when using Landsat ETM images. However, The FCC image were interpreted to
identify areas which have subtle changes in spectral. These areas, called anomalous
spectral zones, were plotted on a FCC image. In vegetation and soils, two major types
of these zones are noticed:

1- According to the band settings and RGB color composite in this study, healthy
vegetation appears as green color, but towards the southern part of Shaikh-lbrahim
anticline, the vegetation appears as pale green color (Fig. 4). In this context, the
density of vegetation (i.e., vegetation per unit) is varied between the north eastern
and south western parts of this anticline. The high density of vegetation is located
towards the north eastern part of Shaikh- Ibrahim anticline. Meanwhile, it is clear
that most areas which have low density of vegetation located at the south western
part of this anticline (Fig. 4).

2-In the non-vegetated areas which are covered by soils, two types of local
anomalous spectral zone are noticed. The first, magenta/ and or dark blue color
iIs the most frequent anomalous spectral zones at the south western part of
Shaikh- Ibrahim anticline. The pattern of these zones revealed line feature whose
parts align straight. The second, pale magenta color which is covered some areas at
the south western parts of this anticline with random distribution.

FIELD WORK
Field work took place over the March of 2013, during which the following
objectives were accomplished:

1- Determination the ground truth of anomalous spectral zones (in the field) by GPS
auto- tracking techniques.

2- Collect samples of vegetation and soil from areas showed anomalous spectral
reflectivity and collect the same samples from other regions appeared normal in
reflectivity (i.e., did not show an anomaly in the spectral reflectivity) to monitor the
difference of the spectral changes for both samples. Twenty samples of vegetation
and soils were gathered from the area under investigation. The vegetation was
sampled from selected area as shown on (Fig. 4) with yellow and red circles.
These samples represent (rangeland's grasses ), (Hordeum Vulgare- Barley type
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plant) and (Triticum aeslivum-wheat type plants) (Fig. 5), which are prevalent in
the study area and occupies large areas (especially in areas that did not show
variations in the spectral reflectivity on the Landsat image).The samples were
collected also from the wheat plant in areas showed a variation in reflectivity and
other areas did not show it (Fig.5). The soil was sampled from selected area which
are shown
on (Fig. 4) with white and black circles. Most soil samples are collected at a depth
of 20 centimeters through a metal core (10 cm in diameter), which is lifted parts of
the soil and keep it from collapsing (Fig.5) also, several soil samples have been
sampled from areas characterized by the existence anomaly in the spectral
reflectivity and the other did not show that.

ASD Spectrometer Laboratory Analysis

Using the ASD Spectrometer in spectral analysis laboratory at Remote
Sensing Center- Mosul University. Spectroscopy analysis was performed on a
number of samples with a full-range of AS dspectrometer (i. e., 400nu to 500np).
The objective of this analysis is to determine the subtle and shifting in the
spectral curve of samples by comparison between them, and then determine the
anomalous samples. In order to extract the spectral changes, eight samples were
selected and displayed in the current study. Four of these samples were
collected from anomalous zones like pale green in (Fig. 4), and compared
(spectrally) with the other four samples (with the same classes) which are collected
from un anomalous zones like green vegetation in (Fig. 4). (Fig. 6) display eight
samples of vegetation were analyzed spectrally. Sample (1) represents natural
planet- healthy (rangeland's grasses type) (Fig. 6-A). Sample (2) represents natural
planet- stress (rangeland's grasses type) (Fig. 6-B). Sample (3) includes healthy
planet (barley type) (Fig. 6-C), whereas sample (4) includes natural planet- stress
(barley type) (Fig. 6-D). The samples (5 and 6) have been taken from wheat plant
(both healthy and stress) (Fig. 6 - E and 6 - F). Also (Fig. 7) shows four samples of
soils. Samples (1 and 2) ( clay loam type), are represents soil which has been
collected from agriculture field on the south eastern part of
Shaikh- Ibrahim anticline as white circles on (Fig. 4). Whereas, Samples (3 and 4)
(also clay loam types), were collected from the south western part as black circles
on (Fig. 4).
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As shown in (Fig. 6 and Fig. 7), the components and contents in vegetation and

soils have characteristic and significant spectral responses, so the spectra will change
when there is variation, as the following:

1-

2-

In vegetation, spectral curve of anomalous (or stressed) vegetation takes two forms.
The first, shift position of green peak (at 0.56 nm), and red trough (at 0.67 nm).

This shift be towards shorter wavelength, in this context, the shift of red trough is
larger compared with the green peak. Red and green shift be clear by merging
spectral curve of both healthy and non healthy vegetation as shown in (Fig. 6). The
presence of this spectral curve variations between two samples (i.e., healthy
and non-healthy vegetation) may be attributed to presence of hydrocarbon
seepages. In this context, (Al- Banaa, 2012) was pointed to the existence
of two types of hydrocarbon seepages in Shaikh- Ibrahim anticline (microseepage
and macroseepage). The second, the increasing spectral reflectance. as shown in
(Fig. 6), the spectral curve intensity of non healthy vegetation increasing about
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(30%) compared with the spectral intensity of healthy vegetation. This increase due
to decreased leaf chlorophyll and this was observed in the field.

3- In soil, (Fig. 7) shows the different in two spectral curves by merging two samples
of both on and off the spectral anomaly zones. The following variations has been
noticed:

A: From (Fig. 7), It can be seen that the reflectance of soils in the anomalous
zones is higher (in intensity) than ones outside of the anomalous zones. This
indicates that there exists alteration in soils from these zones. According to the
(Wang and Ding, 2000), the increase of ferrous-iron content and the decrease of
ferric-iron content in the altered soil (due to the presence of hydrocarbon seepages)
may cause the increase of reflectance.

B: Spectral curves of contaminated soils exhibit obvious absorption feature as shown
in (Fig. 7) with black arrows. A very strong absorption feature ranged from
(1850 nu- 2050 np). The occurrence of this absorption location has been linked to
hydrocarbon seepage by many authors (Yang et al., 2000), (Yang et al., 1998;
Cloutis, 1989; Horig et al., 2001; Hunt, 1979; Ellis et al., 2001; McCoy et al.,
2001; Buckingham and Sommer, 1983) in (freeman, 2003). According to that these
seepages are changes the chemical composition of the soil at the studied area, and
then the resultant new mineral has been created.

Relationship Between Local Tectonic Setting and Spectral Variation of both:
Vegetation and Soil

Based on false color Landsat image as well as ASD field spectrometer analysis,
spectral curve variation in vegetation and soils have been detected in the
south western foot slope zone of Shaikh - Ibrahim anticline. Occurrence of this
variation is most likely due to the presence of hydrocarbon seepages. In this context,
(Al- Banaa, 2012) confirmed existence of hydrocarbon seepages evidence through his
study of Shaikh-lbrahim anticline and supported that by geochemical analysis of
selected rocks samples and also by applying some of advance image processing
methods like principal components and spectral ratioing analysis. In this study a
model for hydrocarbon microseepage in Shaikh - Ibrahim anticline was developed
(Fig. 8). This model shows hydrocarbon migration from the subsurface through
networks of fractures and faults, consequently, it is impact on the vegetation and soils.
These fractures and faults were formed due to compressional forces during the Alpine
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orogeny. According to the (Al- Azzawi, 2002) most of the folds of the Foreland Belt
of Iraq are geographically, orientationally and genetically related to the listric faults.
This conclusion can be interpreted of the presence of anomalous spectral zones on the
one side of this fold (i.e. the south western part toward footslope). According to
several studies related to tectonic setting in lrag, all of them indicate that the
compressive forces are recently still active in the foreland zone of Irag, Consequently,
this activation contribute to migrate of hydrocarbons from their respective reservoirs
to the surface. (Al- Banaa, 2012) reported that the hydrocarbon in some parts of the
southern limb of Shaikh- Ibrahim anticline actively seep and natural bitumen deposits
are widespread at these parts. In this context, geomorphological transport processes
might have played a major role by transferring these contaminated material to the
downslopes (i.e., footslope) and then it also influenced on the vegetation and soils.

Structure boundary Major scarp aligned and parallel with the Earth surface North
fold axis ’
l Jr 575 m__

South eastern limb  _j¢ Nort h westen limK

Fig. 8: Generalized Model of Hydrocarbon Seepage in Shaikh - Ibrahim Anticline.
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Test the Efficiency of the False Color Composite Processing in Determining
Vegetation Health

In order to test the efficiency of false color composite processing as well as the
selected spectral bands of Landsat satellite in determining the health of vegetation
and purity of soils, a part of Kirkuk anticline was selected. Many of studies like
(Perry and Kruse, 2010), (Al-Banaa, 2012), were pointed to the existence of
hydrocarbon seepages in this anticline. According to the band settings and RGB color
composite which are used in this study, some of anomalous spectral zones can be
detected which are reflect hydrocarbon seepage impact on the vegetation and soils.
These zones are plotted on the (FCC image) (Fig. 9). However, hydrocarbon
seepages in this fold caused by fault which is extends along Kirkuk anticline
(parallel to its axis), (Fig. 1).

CONCLUSION

This study demonstrates successful application of remote sensing and ASD field
spectrometer to identify the health of vegetation and purity of soil. Remote sensing
methods employed spectrally and geometrically corrected image which are enhanced
by false color composite processing in order to determine the subtle changes in
spectral color (i. e., anomalous spectral zones). Spectral curves have been extracted
based on laboratory spectroscopy taken from samples which are collected within field
work of the studied area. This study suggests that the both adopted image processing
of FLAASH correction and false color composite are applicable for this type of
studies. In this context, comparing spectral response of vegetation and soils with false
color image will confirm the presence of anomalous zones. This study showed the
relationship between the occurrence of hydrocarbon seepages and anomalous zones. It
Is possible to identify that the migration of hydrocarbons has a predominantly
structural control, related to the listric fault and accompanying fractures.
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Fig. 9: False Color Composite (Part of Kirkuk Anticline)
(R: Band-7, G: Band-4, B: Band-1).
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