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ABSTRACT Conventional well logs cannot detect fractures in hydrocarbon reservoirs. Drilling core 
data are costly and this puts a significant limitation on data acquisition. The image logs, 
with their specific technology and by implementing electrical and sonic characteristics 
of the formation, can recognise various features in the borehole wall, including bedding, 
fracture, sedimentary structures, faults, condition of fractures, whether mineral-filled, 
etc. This investigation uses image logs (FMI, OBMI, and UBI) of five wells in different 
Iranian oil fields. The studied area is located in the central part of the northern Dezful 
embayment. The fracture values in each zone of the Asmari Formation of studied wells 
were calculated, and each zone’s fracture density histogram was drawn. The maximum 
and the minimum number of fractures were recognised, and reservoir zones with a high 
production potential were defined. Mud loss and cumulative oil production data were 
converted to histograms and compared with fracture density histograms. The results 
showed that there was a good correlation between the three histograms. Based on these 
research results, well log image diagrams can determine the exact location and calculate 
the fractures density to determine the appropriate reservoir zones.
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1. Introduction

Geological features, such as fractures and structures, can be described as more or less 
planar openings, where one dimension is smaller than the other two dimensions. Fractures are 
mechanical breaks in rocks involving discontinuities in displacement across surfaces or narrow 
zones (Khoshbakht et al., 2009; Aghli et al., 2016). Fracture networks in reservoirs provide 
additional flow pathways for hydrocarbons and other fluids, significantly influencing production 
performance and total recovery. Fracture networks are essential for assessing exploration wells 
and further production (Bates and Jackson, 1980; Zeeb et al., 2013, Amirov, 2016). Fractures 
have a vital role in the production and migration of oil in the Zagros basin. Iranian fractured 
carbonate reservoirs are features that are renowned worldwide (Roehl and Choquette, 1985; 
Rajabi et al., 2010). Due to the importance of fractures and their influence on reservoirs 
rock properties, several studies have been published on fractures in this region (McQuillan, 
1973, 1974; Gholipour, 1998; Rezaie and Nogole-Sadat, 2004; Ahmadhadi et al., 2007, 2008; 
Khoshbakht et al., 2009; Rajabi et al., 2010) and in other regions worldwide (e.g. Stearns, 1968; 
Price and Cosgrove, 1990; Van der Pluijm and Marshak, 2004; Fossen, 2010). Based on the 
past study, regional fractures in Asmari Formation are mostly sub-vertical, indicating that their 
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initiation was before the main Mid-Pliocene folding phase of the sedimentary cover (Ahmadhadi 
et al., 2007). The fracturing observed in the formation is thought to result from the reactivation 
of deep basement faults associated with the Arabian plate’s continental collision with the 
central Iranian plate (Alavi, 2007). Fracture data analysis derives from various sources, such as 
drilling, construction, petrophysics, core, production data, and well dynamics data (Thompson, 
2000; Flaig, 2016). Direct and indirect methods were used to determine reservoir parameters 
such as seismic section, petrophysical logs, well test, cores, and image logs (Thompson, 2000; 
Tingay et al., 2008; Rahimi and Riahi, 2020). Well logs and drilling core data are methods for 
reservoir parameters analysis. The drilling core data have marked limitations such as high cost, 
low recovery in the fractured interval, and core environment change during data acquisition 
(Khoshbakht et al., 2009; Rahimi and Riahi, 2020). Image logs have become the most important 
and advanced fracture analysis methods for reservoir evaluation (Shrivastva et al., 2011; 
Khoshbakht et al., 2012). These methods have improved rapidly due to their excellent ability 
to characterise the borehole features such as fractures and bedding (Serra, 1989). Image log 
studies help lessen expenditure owing to the reduced coring measurement and perforate zone 
determination. This study identifies zones with higher fracture densities in the Asmari reservoir 
of the Parsi oil field and determines the sections with higher production potential. Due to the 
high cost of image logs, their use is limited to certain wells in the study area. This study sought 
to find the relationship between fracture density, drilling mud loss and oil production from the 
studied wells. The possibility of using any of this information as an alternative to estimate the 
fracture density was used.

2. Geological setting

The oil field study is located in the SW of Iran. This oil field lies 130 km SE of Ahvaz city and 
extends to about 40 km SE of Ramhormoz city (Fig. 1). The studied oil field is one of the large 
oil fields located in the southernmost part of northern Dezful from the Dezful embayment, and 
the area of this oil field is affected by a fault along with the N-S slip of the Izeh-Hindijan fault 
(Sherkati and Letuzey, 2004).

The Parsi anticline is an almost elliptical, elongated and asymmetrical fold, separated by 
adjacent faults at the northern and southern sections. This anticline is separated from the 
Mamatin anticline and is a part of its north-western cape by a thrust fault so that the Mamatin 
anticline is driven on the Parsi anticline.

The reservoir’s longitudinal axis is located on the outcrops of Gachsaran, Mishan, Aghajari, 
and Bakhtiary formations, which is about 3.7 km relative to the building axis in the Asmari 
Formation in the SW direction. The maximum height of the area relative to sea level is 900 m. 
The structure of the Persian terrestrial surface is asymmetric so that the slope of the layers in the 
southern section on the outcrops of Mishan and Gachsaran formations reaches 30° to 60° and 
sometimes up to 70° (Fig. 2).

Asmari Formation in this field is composed of marine carbonate rocks with alternate shale 
layers. The lower part includes limestone and shale, and the upper part is mostly dolomite 
and limestone. A stratigraphic thickness of the Asmari Formation is equal to 395 m in most of 
the studied type sections. The studied stratigraphic sections in the SW of Iran were located in 
Khuzestan province (Fig. 3). The Asmari Formation is known as a giant hydrocarbon reservoir, 
and this reservoir has a thick carbonate sequence of the Oligocene-Miocene epochs in the 
Zagros foreland basin (Horn, 2003). The geological investigations, based on thin sections study, 
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were prepared from the studied reservoir in wells A, B, C, D, and E, showing that stylolite related 
to the compression dissolution process was observed. The thin section studies in different zones 
show the various porosity types including melodic, vuggy, intercrystalline (dolomitisation), 
and intergranular porosity in limestones, mainly filled with anhydrite calcareous cement. This 
cementation indicates the effect of diagenetic processes on the reservoir after sedimentation, 
which can significantly affect permeability value (Aghli et al., 2016; Soleimani et al., 2016a, 
2016b).

Fig. 1 - Schematic representation of studied oil fields in the Dezful embayment (Sherkati and Letuzey, 2004).
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Fig. 3 - Cenozoic stratigraphy chart of the Zagros basin in the studied area (James and Wynd, 1965).

Fig. 2 - Structural relationship between Mamatin, Parsi, Paranj, and Kranj oil fields on the seismic section.
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2.1. Image logs

Imaging techniques can be used in various geological and drilling environments, providing 
well log images of reservoir rocks, from the carbonates to soft thinly laminated sequences 
(Halliburton, 1996; Aghli et al., 2016). There is a consensus among geoscience researchers that 
image logs are the best method for fractures and geological structure studies. Fractures are 
planar geological features with no apparent displacement of blocks along with their plane’s 
tension (Fossen, 2010; Soleimani et al., 2016a, 2016b). Frequently, fractures have steep dip 
tensional and wrench regimes. The fracture apertures may be open, closed, or filled with some 
minerals. Open fractures in a clay-free formation have a conductive appearance on the images 
due to the invasion of their aperture with the conductive drilling mud. The sealed fractures 
appear resistive if the filling material of their apertures is dense such as calcite or anhydrite 
(Tehrani et al., 2001; Shahinpour, 2013).

Borehole imaging tools are routinely used to support detailed core analysis for various 
applications such as sequence stratigraphy, facies reconstruction and diagenetic analysis. The 
images appear to be sensitive to variations in mineralogy, porosity and fluid content, which 
highlight both natural fractures and fabrics of rock (Aghli et al., 2016; Soleimani et al., 2016a, 
2016b). The acoustic image logs reveal a similar natural fracture population, but do not reveal rock 
fabrics due to their low resolution (Davatzes and Hickman, 2005). The Formation Micro-Imager 
(FMI) log has an azimuthal resolution of 192°, capable of radial micro-resistivity measurements. 
These two tools cannot be used in the oil-based mud where Oil Based Mud Imager (OBMI) and 
Ultrasound Borehole Imager (UBI) logs are applied.

3. Methodology

Raw data from well-logging are loaded in GeoFrame software. This study uses GeoFrame 
software to process and interpret the image logs. Geoframe is one of the practical tools in 
interpreting and processing geophysical, geological and petrophysical data. This software uses 
efficient algorithms and techniques by analysing input data (Schlumberger, 2005). After a few 

Fig. 4 - Open fracture illustration from image log in well A.
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Fig. 5 - Close fracture illustration from image log in well A.

processing steps, a virtual image of the oil well wall is displayed. For wells drilled with water-
based drilling mud, FMI should be used; for wells drilled with oil-based mud, OBMI, and UBI 
were used simultaneously.

Fig. 6 shows the FMI logs of well A in the studied oil field with a scale of 1:1000. This figure 
shows the plate phenomena in the well wall, including bedding and fractures, and the direction, 
aspect, and slope can be calculated (Fig. 6). If the drilling mud is water-based (conductive), the 
FMI imaging data were used. The filled fractures with this type of drilling mud appear in dark 
visual logs (Serra, 1989; Davarpanah et al., 2016). The matrix resistance is greater than that 
of drilling mud, and open fractures in FMI image logs appear as continuous sinusoidal waves. 
The processing of the FMI images from well A shows that the sinusoidal curves of the closed 
fractures are clear lines and open fractures as dark lines, while induced fractures due to drilling 
operations as perpendicular to the layering. Although fracture detection is very important in 
image logs, this phenomenon is rarely identifiable due to the low diameter of the well. Figs. 4 
and 5 show that fracture planes are seen in the image (dark and light sine lines). The arrows 
select them in the image as an open fracture (dark lines) or a closed fracture (light lines). The 
observed fracture densities are blue, red, and green arrows curves with their dip and azimuth. 
The obtained result from image logs interpretation shows the average structural slope of the 
Asmari Formation in well A is 22° towards E65°N and the dominant strike is E25°S and W25°N. 
The average structural slope of the Asmari Formation in well E, identified from the interpretation 
of OBMI and UBI logs, is about 25° towards W60°S, the dominant strike being E30°S and W30°N. 
The average structural slope of the Amari Formation in well D, obtained from the interpretation 
of OBMI-UBI logs, is 61° towards W62°S. Based on the interpretation of OBMI-UBI logs, the 
average structural slope of Asmari Formation in well C is about 26° W69°S with a dominant 
strike E21°S and W21°N. The average construction slope of the Asmari Formation in well B 
was identified from the interpretation of the OBMI-UBI logs about 6° towards E45°N, with the 
dominant strike E45°S and W45°N.
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The result shows that the Asmari reservoir characteristics are different in different parts 
of the studied oil field. This oil field is divided into four northern parts based on lithological 
characteristics, porosity, permeability, reservoir pressure history, production rate from each 
section, and other reservoir features. The cumulative oil production of the studied oil field was 
evaluated from 2005 to 2011 and Fig. 8 shows the average result of the cumulative oil production 
of well A.

4. Results and discussion

This investigation uses five wellbore data as input data, and several features such as 
fracture type and densities were identified. Fracture evaluation has been performed using the 

Fig. 6 - Schematic representation of all the identified features in the total charting distance of well A based on the 
caliper, gamma rays, FMI imaging logs, porosity, and density.
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Fig. 7 - Representative status (slope, azimuth, and aspect) of all the features determined from the interpretation of 
the FMI log of well A.

Formation MicroScanner tool from all wells in the oil field study, which has image logs. Finally, 
fracture evaluation and production data in the Asmari Formation have been compared, and the 
stereonets, rose diagrams and histograms have been used to facilitate the display of GeoFrame 
results.
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4.1. Fracture data analysis

In the analysis of fracture evaluation of the oil and gas reservoirs, a large amount of data is 
used from various data sources such as wellbore data, drilling data and production data. Image 
log interpretation aims to identify the geological properties and fractures and their spatial 
position and support drilling operations to assist geologists and petroleum engineers (Roehl 
and Choquette, 1985; Nie et al., 2013; Shalafi et al., 2016). This investigation, using image logs, 
includes FMI, OBMI, and UBI to evaluate the reservoir fracture study.

Several fracture types were identified after analysing the image logs in the five wells of the 
studied oil field. 485 fractures were observed in the image logs of well A: 323 non-continuous 
open fractures, 12 continuous open fractures, 143 capillaries, 7 possible open fractures, and 45 
closed fractures. Most fractures in this formation vary from 45° to 90° (Figs. 8 and 9). Three major 
fractures can be identified based on the relationship between fracture length and bedding and 
fracture pattern (Fig. 8). The first and second groups of fractures with the same length oriented 

Fig. 8 - Open fractures relative to the bedding in the Asmari Formation of well A.
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W50°S E-50°N and the slopes of W40°N and E40°S are located perpendicular to the layering and 
are considered cross-axial fractures. It should be noted that along with this category of transverse 
fractures, a significant number of conjugate shear fractures have been formed. The third group 
of fractures has a dominant N-S aspect and a W90°N slope direction, and their direction to the 
strike-slip and N-S Izeh-Hindijan faults is the same as the length of the R-fractures in the Riddle 
fault system associated with strike-slip faults. Therefore, it can be concluded that these fractures 
are the same as R-fractures related to the Izeh-Hindijan fault and indicate the effect of this fault 
on fractures in the studied oil field.

After drawing image logs for each of the studied wells in the oil field, fractures, bedding, 
and other plate phenomena were identified. The data of the image logs were used for density 
fractures evaluation in the Asmari Formation. The obtained result shows all open fractures in the 
specific Asmari reservoir zone and then divides these fractures using the depth related to each 
zone (Fig. 8). The open fracture densities of the zones in well A were calculated. According to 
the obtained result, Zone 1 and Sub-zone 1-2 have fracture densities of 3.41 and 3.37 (number 
of fratures/metre) respectively, which indicates the high fracture density in both zones (Fig. 8).

The open fracture density in well C indicated a very high fracture of this well at all depths. 
The results include Zone 1 and Sub-Zone 1-2, both with a fracture density of 4.75, Zone 2-2 
with a fracture density of 2.71, and Zone 3 with a fracture density of 5.4, and this well has a 
full production potential (Fig. 9). Table 1 shows the qualitative comparison of open fractures in 
the studied wells from the studied oil field. The wells A, B, and C are on the northern section, 
and D and E are on the southern section. Well D is located in a steep area of a building from 
the southern section. Fig. 7 shows that all the wells on the northern sector of the field have 
significant open fractures. However, the two wells were studied in the southern ridge.

Fig. 9 - Relative frequency of open fractures in different zones of Asmari Formation in the studied wells.

Table 1 - Qualitative comparison of open fractures in the studied wells. This table is not clear: olease improve it.

  Minimum fracture     Maximum fracture  Correlation 
      fractures

 E B D A C Num of wells

 South North South North North Well location
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4.2. Mud loss data evaluation

Mud loss evaluation is a valuable method for fracture studies and data available for this 
from drilled are wells in the oil fields study. The mud loss data can be reliable for determining 
fractures and fault zones correlated with other geophysical and geological data. The drilling 
fluid losses flowing from the wellbore to the surrounding target geological formations have 
been used to recognise the fracture zones. The comparison of the diagrams of Fig. 9 (fracture 
density) and Fig. 10 (drilling mud loss) shows the relationship between fracture density and 
drilling mud loss. Comparing this with other information related to fractures can lead us 
to conclude that it is possible to use mud loss data to identify fractured zones. The lowest 
amount of mud loss is related to well E, located in the reservoir’s western sector, and the 
fracture density is very low. Wells A, B, and D have a relatively high average fracture density at 
all depths and show good agreement with the drilling mud loss result. Well C has the highest 
fracture density among all the studied wells, and drilling mud loss has been prevented due to 
the underbalanced drilling method. The results show that the higher the number of fractures 
in a well, the more mud can escape through them in the formation. This factor causes damage 
to the formation, environmental pollution and can also cause problems for drilling operations. 
Well A, C, and D are located in the studied oil field, and those wells have the highest oil average 
production. The correlation between those wells can be seen in the fracture density and drilling 
mud loss diagrams. The average oil production of well D has a good correlation between the 
fracture density and drilling mud loss diagram (Figs. 10 and 11). Well E is located in the studied 
oil field, and this well has the lowest oil average production. The fracture density and drilling 
mud loss diagrams are also proof of this fact.

4.3. Cumulative oil production

The Asmari reservoir in the oil field study has different reservoir properties in each direction. 
The lithological characteristics, porosity and permeability, history of reservoir pressure, 

Fig. 10 - Mean of drilling mud loss value in different Asmari Formation zones in the studied wells.
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production rate from each section, and other reservoir features were divided into four parts 
(north, east, south, and west). Fig. 11 shows the high value of oil production from 2005 to 2011 in 
the northern part of the studied oil field. The eastern and southern parts have a slight difference 
in oil production’s second and third ranks. The western part of the field also has a low value of 
oil production.

5. Conclusions

This study aimed to investigate the analysis of fractures and determine their role in the 
reservoir production of a carbonate Asmari Formation. This investigation shows the average 
cumulative oil production of the Parsi anticline formed by an asymmetrical fold separated by 
adjacent faults in the western cape and the northern and southern ridges. The fracture study 
showed that the field’s northern edge has more open fractures than the southern edge. The 
fracture density in the southern ridge eastern cape, compared to the southern ridge western 
cape and the Izeh-Hindijan (Bahrgansar) fault in this formation, is apparent. The trend of reducing 
the fractures frequency in Zone 3, Sub-zone 2-1, and Zone 1 were determined. The northern part 
has higher production than other parts. This point can confirm the assumption of a basement 
geological feature in the southern edge, which another dominating fracture set could create. 
According to the other methods, the mud loss data in this oil field demonstrates that the central 
and eastern parts were fractured. Comparison of fracture density, flower waste and production 
data in Asmari reservoir showed good agreement. In the absence of image logs, drilling mud 
waste data and oil production can predict fracture density in the oil reservoir.

Fig. 11 - Average cumulative oil production for a well from each sector of the studied oil field.
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