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Abstract 

The present study focused on the structural elements which controlled the hydrocarbon seepages in some areas of northern Iraq. remote sensing 

techniques were used to identify anomalous areas or alteration zones caused by hydrocarbon seepages. Three image processing methods were 

used to detect this type of seepage including band ratioing, principal component analysis (PCA), and false-color composition (FCC). Tonal 

anomalies and subtle changes in spectral content are consider as surface indicators for microseepage. Due to importance of recent forming 

structures and probable being economic oil reservoir, the present study focused on them by performing morphotectonic analysis with new 

procedure using digital elevation model to identify the unknown and new growth folds. The results proved present of new subsurface structures 

which may probably to be promising reservoir because the surface soil revealed tonal anomaly in the satellite images. The study revealed that 

the major factor controlling the seepages is listric faults. That is the seepage was concentrated on one side of the exposure structures. 

Introduction 

The present study represents an endeavor of applying remote sensing and digital image processing in primary geological explorations. Since the 

inception of the Landsat program in the early 1970s, remote sensing in particular has become an increasingly important tool for improving 

conventional methods of data collection and map production in geosciences (Badaway, 2008).The area under investigation located in the 

foreland belt- Iraq, specifically on the low and high folded zone according to the tectonic division of Iraq . It is determined between (Long. 45° 

43´ 46.3145” and 42° 03´ 31.8447” N) and (Lat. 36° 52´ 21.5298” and 35° 11´ 48.2829” E) (Figure 1). Several structural elements with their 

lithological units are exposed at the surface along this area. The geological time of these units ranging from Mesozoic to recent. 

http://www.searchanddiscovery.com/documents/2020/42502ghazi/ghazi_poster.pdf
mailto:nabazzawi2@gmail.com


The present study focused on the structural elements which controlled the hydrocarbon seepages in some areas of northern Iraq.  The seepages 

of hydrocarbons fall in two types. Firstly, Microseepage which are invisible and contain mixture of hydrocarbon gasses. Secondly, 

Macroseepage that are visible such as bitumen. Microseepage can only be detected by chemical alteration and gas seep at the surface. 

Schumacher (1996) suggested that long-term seeps of hydrocarbons can establish locally anomalous redox zones that favor the development of 

a diverse array of chemical and mineralogical changes in rocks and soil (Figure 2). 

 

Technique and Data Used 

 

The data utilized in this research is a subset of single spectral bands of Landsat-7 ETM+ data set (Row 35/Path 170- dated 13 Jun 2001 and 

Row) and (Row 35/Path 169 - dated 16 April 2000). These images also are geo-referenced to the UTM coordinate system, Zone 38 North based 

on some available topographic maps with acceptable root mean square error. Using (ENVI 4.6) software several processes have been done to 

the used bands to get the high efficiency of extracted spectral anomaly. Geographical Information Systems (GIS) software (ArcGIS 9.3) is 

utilized to prepare final maps. 

 

Methodology 

 

Different methods of image processing are applied to fulfill the acceptable extraction of the spectral anomaly as well as to define the main 

characteristic features of alteration zones in the rocks. methodology could be summarized as follows: 

 

1. Pre-processing operation includes FLAASH corrections (to remove atmospheric noise) and image rectification to correct the image 

geometrically. 

2. Apply image transformation using principal components analysis (PCA) and ratio method of Landsat ETM+ data, and then use the 

Eigen value and Eigen vector in principal component analysis, as well as, use the best rationing combination images for detecting 

minerals associated with microseepage. 

3. Image enhancement using false color composite image to extract anomaly zone. 

4. Classified the digital elevation models (DEM) to extract distinct topographical features that may reflect subsurface structures, especially 

if these topographical features coincide with the trends of the geological structures in the studied area and then also some tonal anomaly 

can find an explanation for their presence 

5. Integrated all previous extracted data to conclude the role of tectonic setting in the control of hydrocarbon seepage. 

 

Induced Surface Manifestations of Microseepage using Remote Sensing 

 

Remote sensing techniques were used to identify anomalous areas or alteration zones caused by hydrocarbon seepages. Three image processing 

methods were used to detect this type of seepage including band ratioing, principal component analysis (PCA), and false-color composition 

(FCC). Tonal anomalies and subtle changes in spectral content are consider as surface indicators for Microseepage. The previous methods were 

applied on seven areas in the Foreland Belt and the results were confirmed by ground truth in the field (Thannoun, 2012), In this paper, two 

areas will be displayed. 



The first: Kirkuk anticline is an asymmetrical and cylindrical fold, with fold axis towards northwest – southeast. It is an oil trap as well as it 

contains gas spring. We noticed that the important previous study related to hydrocarbon seepage in Kirkuk anticline submitted by (Perry and 

Kruse, 2010). The interesting of hydrocarbon seeps at Kirkuk anticline has attracted the attentions of many researchers. In the present study 

three methods of digital image processing were applied to a part of Kirkuk anticline (Figure 3). All these methods proved presence of micro 

seepage by detecting some of indicator minerals like Jarosite and iron oxide, etc. 

 

The second: Shaikh-Ibrahim anticline is the major anticline in the study area. Geologically, this anticline lies mainly in the low folded zone in 

Iraq and is asymmetrical, cylindrical and double plunging anticline. The fold axis of this structure trends towards NW – SE. Previous methods 

of  multispectral   digital Image processing were applied  on this anticline and then some of tonal anomaly has been detected which is reflected 

alteration zone in the exposed rocks (Figure 4), as well as the field work proved presence of these alterations by observing altered limestone, 

replacement gypsum by limestone and bitumen bearing gypsum (Figure 5). In addition, some of collected samples are subjected to x-ray 

analysis and it confirmed the previous results (Figure 6). 

 

Detect Subsurface Structures by Digital Elevation Model (DEM) 

 

Due to importance of recent forming structures and probable being economic oil reservoir, the present study focused on them by performing 

morphotectonic analysis with new procedure to identify the unknown and new growth folds. In order of that, DEM imagery classified into 

elevation zones and then some distinguished topographic zones have been noticed Which coincided in trend with the regional folds in the area 

(Figure 6),as well as, the soil above these concluded subsurface structures shows spectral anomaly on the FCC Landsat images. this confirms 

the impact of soils (above these structures) by the emitted gases from it (Figure 7). 

 

Tectonic Interpretation of Hydrocarbon Seepage 

 

The study revealed that the major factor controlling the seepages is listric faults (Figure 8). That is the seepage was concentrated on one side of 

the anticline and the side was controlled whether the fault is foreland or suture types. The prevalence of macroseepage in the High Folded Zone 

and microseepage within the Low Folded Zone indicated that the seepage as an operation was controlled regionally by the field tectonism. That 

is high uplifted in High Folded Zone made the oil traps lost their light hydrocarbons and most of heavy oil which formed bitumen bearing 

rocks, while low tectonism in the Low Folded Zone caused traps not actively affected by tectonic uplift. The altitudes 872-979m above sea 

level are considered as the boundary between micro and macroseepage, above this boundary the Cretaceous reservoirs were exposed to the 

surface and this boundary also is in coincidence with the north and northeastern margin of the Arabian Plate. The existence of some anticlines 

between two sets of strike slip fault lead to active macroseepage as a result continuous movement of these faults. 
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Figure 1. Geographic location of the study area according to Iraq. 

 



 
 

Figure 2. Model of surface geochemical alterations of soils and sediments and geophysical anomaly caused by migrating hydrocarbons (Schumacher, 

1996). 

  



 
 

Figure 3. Applying three digital processing (part of Kirkuk anticline). 
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Figure 4. Applying three digital processing (Shaikh-Ibrahim anticline). 



 
 

Figure 5. Alteration zones (Fatha Formation, middle Miocene) at southern limb of Shaikh-Ibrahim. 

 



 
 

Figure 6. X-Ray analysis of selected sample (southern limb, Shaikh-Ibrahim anticline). 
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Figure 7. A: FCC Landsat image. B: classification of DEM. C: Topographic sections of concluded subsurface structure. D: Tonal anomaly. 



 
 

Figure 8. A virtual model of hydrocarbon seepage along listric fault plane. 

 


