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1- Introduction

Lineaments that can be identified as fractures in satellite images have an important role in the exploration
of hydrocarbons, minerals, groundwater, earthquake risk, etc. (Rowland and Sibson, 2004; Masoud and
Koike, 2017). These lineaments' length, distance, density, intensity, and fractal dimension indicate high
permeability areas that can be used as migration routes for hydrocarbon fluids and minerals (Warner, 1997).
Therefore, accurate identification and estimation of areas with high fracture density by satellite images
(with a wider view of ground evidence and aerial images) is of particular importance in estimating the
volume of reserves. Visual extraction, automatic extraction, and semi-automatic extraction are widely used
methods of identifying and extracting lineaments, and the combined use of these methods to extract and
study lineaments in a district can lead to more reliable results (McQuillan, 1974; Abdellah, 2010; Tavani
etal., 2011, Carminati et al., 2014). Morphotectonic evidence includes isobase maps and stream gradients
and sinuosity of rivers to reduce errors in the accuracy of the existence of linear traces in field studies and
surveys. Therefore, the main purpose of this study is to obtain the lineaments by visual extraction, automatic
extraction, and morphotectonic evidence (isobase map and stream gradient and sinuosity of river) in a study
area. The next step is to classify these lineaments and obtain a map of tectonic lineaments that confirms the
accuracy of these lineaments in field studies so that more confident statistical parameters such as length,
distance, density, intensity, and fractal dimension of these lines can be obtained and more reliable results
are acquired from structural analysis of faults with the help of remote sensing studies.

Geological and tectonic setting

The chosen study area is the Anjir anticline, located in Zagros’s fold-thrust belt. In terms of geographical
divisions, the Anjir anticline is located in the Ilam province. This anticline is covered with major Cretaceous
limestones (Bangestan group) and has a trend parallel to the general trend of Zagros (NW - SE) and is also
located in the southwestern part of the Lorestan basin (Hessami et al., 2001; Blanc et al., 2003; Casciello
et al., 2009; Farzipour- saein et al., 2009).

2- Material and methods

This research has used several spatial data including Landsat, Digital Elevation Model (DEM) Alos Palsar,
Google Earth image with a spatial resolution of 4 meters (zoom 18), and geological map 1:250,000 llam-
Kuhdasht (Llewellyn, 1974) for recognition and extraction of structural lineaments of the Anjir anticline
district.

After pre-processing of satellite images using geometric and radiometric correction, then structural
lineaments were obtained using visual lineament extraction methods (optimal band composition, spatial
filtering, principal component analysis technique, and band ratio), automatic lineament extraction, and
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lineaments derived from Morphotectonic evidence (isobase map and stream gradient and sinuosity of
rivers).

3- Results and discussions

Comparison of diagrams and adaptation of the location of the lineaments resulting from these methods led
to the classification of lineaments. Since the lines obtained from the visual extraction method have been
identified and extracted with the help of fractures in the geological map and with more parameters, visual
lineaments are based on and the lineaments obtained by other methods are compared and matched with
these lineaments. By comparing the lineaments, four categories of lineaments are obtained. The first to
third-order lineaments show the compliance of the lineaments obtained from the visual extraction method
with at least one or more methods. As well as field study confirms the existence of first to third-order
lineaments as structural lineaments. This could be due to the misleading tectonic evidence that fourth-order
lineaments show compared to first- to third-order lineaments. Therefore, according to the above reasons,
the parameters of length, distance, density, intensity, and fractal dimension of the first to third-order
lineaments are calculated. The length and distance parameters of the selected structural lineaments show a
relatively good structural maturity for the district of this anticline due to their exponential distribution.
Density and intensity parameters show that the most fault activity and fracture distribution is more inclined
to the northern parts from the southern limb of the anticline. Fractal dimension values show that the fractal
dimension increases towards the northern and northwestern parts of this anticline and therefore the
structural maturity in this part of the anticline increases. It should be noted that an oil exploration well
(specified in the geological map) has also been drilled in the northern part of the anticline.

4- Conclusion

The results of this study show that the information obtained using remote sensing techniques has a key role
in identifying tectonic phenomena such as faults and areas with the highest density of fractures. If different
remote sensing techniques along with field observations identify fractures, a good statistical population
will be obtained from the lineaments that are the surface effect of small to large-scale fractures. This is
especially important in correctly identifying areas with high density, intensity, and fractal dimensions of
fractures. The parameters of density, intensity, and fractal dimension in the Anjir anticline district show
that the main tectonic activity that increased the fracture density has more impact in the northern areas of
the anticline. Existence of an oil exploration well in the northern part of the anticline where there is the
highest density of fractures and the fractal dimension in this area is higher than in other areas, which is
evidence of the high density of fractures in this part of the anticline.
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Fig. 3. Calculation of OIF values for all RGB color combinations on the visible bands of the study area.
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Fig. 12. (a) Location of stations in the field studies, (b) Sample of a lineament coincident to a reverse fault in the Gurpi
shale Formation (Station No.32), (c) Sample of lineament coincident to a reverse fault in Sarvak limestone formation
(Station No.17), and (d) Sample of removed lineament coincident to along the border of llam Formation on the left side
of the image and Gurpi Formation on the right side of the image (Station No.7)
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Fig. 13. (a) Histogram of structural lineaments length distribution, and (b) Histogram of structural lineaments spacing
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