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ABSTRACT 
 
In the last decades Sudan became one of oil production 
countries. Extensive exploration works were conducted 
which depend largely on the acquisition of seismic data 
for detailed information about the subsurface geological 
structures and formations. During the exploration works, 
a considerable number of bad seismic lines were 
recorded, which affect the quality of seismic data used in 
the oil exploration activities. The bad seismic reflection 
may be attributed to many elements' such as the 
existence of volcanic rock within the sedimentary 
formations or due the occurrence of loose sand and 
lateritic soil on the surface of the basin. The objective of 
the present study is to investigate the causing factors of 
the bad seismic reflection through the integrated 
interpretation of remotely-sensed data and geophysical 
data including seismic and magnetic data. This study will 
rely on the utilization of remote sensing techniques such 
as standard colour compositing, PCA and band rationing 
techniques to delineate the surface features of the areas 
show poor seismic reflection phenomena. The outcome 
of the present study was evident that this area is 
dominated by iron deposits that lead to absorption of the 
seismic waves, where the bad reflection seismic data will 
be delineated. The results of these investigations will 
help in the planning of the future oil exploration works. 
Based on the study outcomes, the iron deposits 
dominated areas are note suitable for seismic shooting, 
unless the artificial parameters should be enhanced or 
digging below the iron band to avoid the energy loss.  
 
 
 
1. INTRODUCTION 

The republic of Sudan has become one of the oil 
producing countries in nineties of the last decade. 
Extensive works were conducted aiming at discovering 
new oil and gas fields. These activities mainly depend on 
large acquisition of seismic data, aiming to provide 
information about the subsurface geology. Geophysical 
and geological surveys are using advanced technology to 
map indirect indications of hydrocarbon traps. Remote 
sensing is one of high technology to answer surface 
mapping through acquisition and analysis of air photos, 
satellite imagery, radar…etc. (Gary, 1993). Shelungo area 
is located in the North east of Block-4, at the Northern 
middle of the Muglad Basin in South Kordofan State. It is 
bounded by latitudes 10°30´00” N to 11°00´00” N and; 
longitudes 29°00´00” E to 29°40´00” E. covers an area of 
about 2000 km² (Fig.,1). 
 

 
Figure (1). Location map of the study area. 

South Kordofan had received less attention in terms of 
geological research in the past decades. However, some 
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projects have been carried out, most of which aim at the 
appraisal of surface and groundwater resources for 
agricultural development. The Muglad Basin is the most 
important sedimentary rifting basins in Sudan, extending 
up to 800 km long, 200 km wide (Genik, 1993). In the 
deepest parts of the basin the sediments attaining 
thicknesses up to 15 Km, (Bosworth, 1992) & 
(Matsushima et al., 2011). Conclude that the quality of 
final seismic sections obtained in real fields is often very 
poor for a variety of reasons. Many investigations started 
since 1999, to study the reasons behind the bad siemic 
acquired data in Shelungo area such as (Mishra, 2008; 
Kheiralla et al., 2011). Most of seismic coverage is 
characterized by manifest poor seismic data quality. In 
general, the attenuation of seismic waves takes place as a 
result of either geological or artificial causes. Based on 
previous and current investigations, the issue of seismic 
quality in the study area is attributed probably due to the 
surface and subsurface geology. The remote sensing data 
such as satellite imagery will contribute vastly for the 
delineation of the nature of surface geology and to some 
extend gives clues about the shallow subsurface one. 

This study aims to answer the question about the 
probable relationship between the bad seismic data 
acquisition as current problem and the surface or 
subsurface geology. The detailed objectives are to 
identify the existed geological surface phenomena at the 
acquired bad seismic sections and to comment on the 
future planning in the oil exploration field, aiming to 
increase the accuracy of the acquired seismic lines and to 
reduce the risk of obtaining low quality data.  

2. METHODOLOGY 
 
Digital image processing of Landsat images, Integration of 
various data types in the Geographic Information System 
(GIS), this included framework model building, image 
enhancement and digital elevation model using the 
outcome products of the first route as an input 
assemblage. The database should allow the analysis of 
spatial information associated with DEM, geological 
features, land cover, drainage system, etc. to study the 
relationship between the bad quality seismic data and 
the related elements as a geological noise. The Shuttle 
Radar Topography Mission (SRTM) obtained elevation 
data on a near-global scale to generate the most 
complete high-resolution digital topographic database of 
Earth with spatial resolution 90 meter. The most direct 
way to display DEM data in a raster format is to color 
each pixel according to its elevation, using a standard 
eight-bit (256 values) scale. 
Landsat7 ETM+ is commonly used for mapping surface 
content. Landsat 7 (ETM+) satellite images with 30 meter 
resolution, taken in Nov. 2000, Path 175, Row 52and Path 
175, Row 53 in digital format. The Landsat (ETM+) scenes 

were obtained from the Earth Explorer of the U.S. 
Geological Survey (USGS). Image enhancement was done 
by appropriate software including; Image sub-setting in 
which multispectral bands were stacked together to form 
one file in bands 1, 2, 3, 4, 5 and 7, upon which spatial 
sub-setting was performed in addition to band 8 in order 
to spatially resize the image data. Image sharpening was 
used automatically to merge the low-resolution 
multispectral band with the high-resolution gray scale 
band (with resampling to the high-resolution pixel size). 
Principal Component Analysis (PCA) technique was used 
as a tool for the sharpening process.  The multispectral 
data was automatically resampled to the high resolution 
pixel size using the nearest neighbor resampling method. 
High spectral resolution is important when producing 
color composite images. The rule of color composites is 
to set the most informative band for a particular purpose 
in the red, the next in green and the least informative 
band in blue (Drury, 1993). The different (RGB) 
combinations discriminate the rock types which is useful 
in geological application. Color transformation is a well-
known technique for image enhancement and for image 
fusion. The input data are transformed from RGB color 
system to Hue Saturation Value (HSV) system, Intensity 
represents the brightness, and saturation measures 
related to the purity of colour . 
The seismic data was obtained from the Greater Nile 
Petroleum Company. Agency (NGA) and the National 
Aeronautics and Space Airborne magnetic surveys 
provide the means to map basement geology beneath 
the sediment cover, especially, faults and basement 
lithologies (Pilkington, 1992; Madore et al., 2000). 
Processing of the magnetic data was completed at the 
Fugro offices in Johannesburg and final products 
delivered on 19 March 2002 (Fugro, 2002). The 
integration of remote sensing data with the geophysical 
exploration survey was used to identify the subsurface 
geology. 
 
3. RESULTS AND DISCUSSIONS 
 
The purpose of data integration within the framework of 
the present study is to provide information about the 
causes of bad quality seismic data. Several data types 
have been integrated in order to achieve the objectives 
of the current study. This includes geological, soil, DEM, 
satellite imagery and geophysical data . 
 
3.1 Digital Elevation Model Data Analysis 
Visualization of the shape and location information 
relevant to structural and drainage system interpretation 
is facilitated by the use of digital elevation models (DEM) 
of suitable resolution (90 m). DEM also facilitate 
mathematical analysis of ground shape, including 
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identification of drainage lineaments and gradient 
changes in slopes (Hooper et al., 2003). 
Interpretation of DEM data revealed that there is a 
normal fault as demarked by Khor Shelungo terracing. 
The drainage analysis of the Muglad Basin indicates that 
mainly streams directed in NW-SE and NE-SW are 
detected from the slope maps. Shaded-relief images 
created from digital elevation models (DEM) are helpful 
in identifying structural features (fractures and faults). 
The DEM were processed so that shaded relief images 
were produced using various illumination conditions in 
order to study the long-term evolution of landforms in 
the Muglad Basin (Fig. 2). 
 

 
Figure (2): Drainage system based on DEM data of Shelungo area. 

 
3.2  Digital Image Processing 
 
Digital image processing is the manipulation of digital 
data by computer programs in order to improve the 
appearance of an image (Gibson, 2000). Digital image 
processing was implemented to enhance the quality of 
their raw digital satellite data and produce images 
suitable for geological interpretation. Image 
interpretation involves distinguishing features based 
mainly on tonal and textural differences . 
Contrast stretching modifies the grey scale to produce a 
more interpretable image (Sabins, 1996). Contrast 
stretching was not applied in this study as a separate 
enhancement procedure; it was applied after various 
digital processing procedures to enhance the resulting 
image. 
High spectral resolution is important when producing 
color composite images. The rule of color composites is 
to set the most informative band for a particular purpose 
in the red, the next in green and the least informative 
band in blue (Drury, 1993). The different (RGB) 
combinations discriminate the rock types which is useful 
in geological application. Any three bands of the six ETM+ 
multispectral bands can be used to produce a color 
composite image. Different color composites were 
constructed during the course of the present study.  For 

instance, a false color composite of bands 7, 4, 2 in RGB, 
respectively was assembled (Fig. 3). 
 

 
 
Figure (3): Colour composite image obtained using bands 7, 4, 2 in RGB, 
respectively. 

 
On this image, the clay mineral in the drainage area 
appears in dark blue colour and has linear shapes with 
the general trend NE-SW. The vegetation appears in more 
bright blue, while the ferrous mineral appears in dark 
brown colour. The iron oxide is yellowish to green in 
colour, which make it easily discernible from other 
minerals contents.  
In this study the HSV transformation was applied to ETM+ 
bands 1, 4, 7 of the sub-scene to produce the HSV color 
images illustrated in (Fig. 4), respectively. On this image, 
the saturation of topography is dominated by various 
color content represent soils, water course and 
vegetation. The clays in the alluvial sediments shown in 
blue colour, the yellowish green colour reflect the 
occurrence of iron oxides, where the reddish colour was 
refer to ferrous iron deposits. 
 

 
Figure (4): Hue Saturation Value (HSV) in 1, 4, and 7 in R G B, 
respectively. 
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The transformation of the raw data using PCA can result 
in new principal component images that are more 
Interpretable than the original data (Jensen, 1996). 
Using the six reflected multispectral ETM+ bands, PCA 
have been performed over the study area. Fundamental 
statistics of the original data were computed. The first 
three principal components (PC1, PC2 and PC3) were 
then combined to create a color composite by assigning 
the first principal component to Red, the second one to 
Green and the third to Blue filters. The obtained PCA 
colour composite is displayed in (Fig. 5). 
 
 

 
Figure (5): PCA colour composite obtained by assigning PC1, PC2, and 
PC3 to RGB, respectively. 

 
On this image, the clay mineral appear in dark green 
colour in the water course, where the vegetation appear 
more pink, the ferrous mineral appears in green colour 
and the iron oxide is in light green colour. These similar 
colours make it difficult to distinguish clearly between 
the different land cover types. 
 
Ratio images are prepared by dividing the digital number 
(DN) value in one spectral band by the corresponding DN 
value in another band for each pixel (Sabins, 1996). They 
are known for enhancement of spectral contrasts among 
the bands considered in the ratioing and been used in 
mapping alteration zones. The ratio of band 3/band 1 was 
computed during this study to portray the area covered 
by iron oxide (Fig. 6). This image illustrated that most of 
the area appears in rather light gray tone indicting the 
iron oxides, since it has absorption feature in bands 1 and 
higher reflectance in band 3. In this image, the iron 
oxides appear as light tones in the northern and 
northeastern parts of the study area. 
 
Another band ratio was computed to enhance possible 
ferrous minerals within the mapped area using band 
5/band 4. The ferrous minerals show the absorption 
feature in band 5; therefore, this band was used as a 
model band to map ferrous minerals (Fig. 7). In this 

image, the ferrous mineral is appearing as light tones on 
the central and southern parts of the area. 
 
 

 
Figure (6): Iron oxide 3/1 band ratio reflectance lighting tone. 

 

 
Figure (7): 5/4 band ratio used to discriminate ferrous mineral 
reflectance as bright color. 
 

3.3 Integration of Satellite Images, Seismic Sections and 
Aeromagnetic Data 
Aeromagnetic method can directly measure the earth’s 
surface magnetization. Interpretation of measurements 
from such surveys is helpful in geochemical and 
lithological mapping. Total magnetic field maps have 
been generated by GNPOC, 2002. The image of the 
earth's total magnetic intensity anomalies covers the 
Shelungo area (Fig. 8). In the study area many magnetic 
linear features were observed which may be due to the 
presence of sharp magnetic bodies. The wavelength and 
the frequency of the magnetic field suggest that the 
causatives are the existence of magnetic bodies at 
shallow depth mainly trend in the northwest direction. 
The magnetic high in the eastern part of Shelungo area 
can be attributed to the presence of igneous volcanic 
rocks. It also indicates a sign of shallow basement in 
comparison with the basement of other parts of the 
study area.  
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The some parts of the seismic section are acquired in 
areas covered by high magnetic volcanic rocks, while 
others are acquired in areas characterized by low 
magnetic values. The seismic bad data quality is signed as 
white color, where the good seismic data quality signed 
as dark line (Fig. 8). The seismic lines are trending in 
northeast direction. The bad quality data may be due to 
the presence of shallow volcanic rocks, however most of 
the poor quality sections are located in areas shaded in 
blue colour as low magnetic zones that may be as result 
of other factors. 
 

 
Figure (8): Correlation of good and poor quality seismic records with the 
distribution of shallow Total Magnetic Intensity,  black lines are good 2D 
seismic lines,  white lines are poor quality seismic lines.  

The good seismic lines No.1, 2 & 3 were acquired on area 
that is dominated by clay mineral with no evidence of 
existence of volcanic rocks (Fig. 8 & 9).   
 

 
Figure (9): Seismic lines superimposed over the clay mineral image of 
the study area. 
 

The bad seismic lines 4, 5, 6, 8 and 10 are partly located 
in iron oxides and clays covered area in non-observed 
volcanic terrains, except the start of line 10. The partially 
bad seismic lines 7 and 9 are located in area that 
dominated by clay minerals. At the seismic line No. 7 the 
existence of volcanic rocks are expected, both of them 
are located in areas super imposed by clay deposits (Figs, 

8, 9 & 10). The seismic line No. 11 is located in area 
dominated by ferrous iron deposits in presence in high 
magnetic field underneath (Fig. 8 &11). 

 
Figure (10): Seismic lines superimposed over the iron oxide image of the 
study area. Note: black lines = good quality seismic section, white lines = 
poor quality seismic section. 
 

 
Figure (11): Seismic lines superimposed over the ferrous mineral image 
of the study area. Note: black lines = good quality seismic section, white 
lines = poor quality seismic section. 
 
 

4. CONCLUSION 

The study area comprises basement complex, 
sedimentary rocks and basaltic rocks covered by lateritic 
soil and superficial deposits. 

Shelungo area is covered by about 594 km of 2D seismic 
data including tested lines. Most of seismic coverage is 
characterized by poor quality seismic data as a result of 
either geological or artificial causes.  Referring to 
previous and current investigations, the problem is 
probably caused by geologic factors.  

Remote sensing techniques prove to be a powerful tool 
for geological mapping and oil exploration of large areas 
in relatively short time with reasonable accuracy. This 
mapping is of great importance to guide the exploration 
works. However, the results should be taken carefully 
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when using satellite images as base maps for geological 
mapping, since different rock types have similar 
reflectance properties.  

The differences in spectral reflectance caused by 
variations in mineralogical contents of the surface 
geological units have been used to identify the causes of 
seismic bad data quality. The improved spectral and 
spatial resolutions of Landsat ETM+ were found to be 
helpful in identifying the massive iron deposit and 
alteration zones through the band ratioing techniques.  

The integration of various exploration techniques 
including remote sensing, GIS, geological and geophysical 
methods were found to be of great value in deciphering 
the reasons behind the source of bad quality seismic data 
in Shelungo area. This integration disclosed the presence 
of hidden near sub-surface magnetic body (volcanic 
rocks) that caused the disturbance of the seismic data 
quality.  

Based on the study outcomes, the areas are not suitable 
for seismic shooting, since it is predominantly covered by 
iron oxides, unless the artificial parameters are enhanced 
or digging below the iron band to avoid the energy loss 
where small thickness is insured.  
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