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The Maroon Oil Field is one of the largest oil fields in the Zagros basin located in the eastern part of
the Dezful embayment, adjacent to Aghajari, Ahvaz and Kupal oil fields. In this research, the Asmari
folded horizon was investigated and with application of interpreted seismic sections, the interlimb

angle and axial surface geometry were determined in different sections. Based on the inclination

angle of axial surface and using graphical functions, the amounts of shear strain, anticline aspect
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ratio, strain ratio and shortening values were determined in different parts of the Maroon oil field
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anticline. Shear strain, strain ratio and shortening zoning maps were prepared along the anticline.
Based on the results, the shear strain values vary from 0.15 in the central part and the curvature of the
anticline axis to 0.01 in the anticline noses. Also, the results show the shortening values between 2%

to 20% and strain ratio values in the range of 1.35 to 1.07 in different parts of the anticline.

1. Introduction

The topic of strain analysis in natural deformed areas is one of
the most important subjects for understanding the strain pattern in
different parts of the earth’s crust. Using data that can be collected
in the field, and applying different methods in strain studies,
geologists will be able to measure quantitative amounts of strain in
various geological structures. Since geologists are always dealing
with the latest deformed products in the earth’s crust, they will

be able to perform finite strain analysis in structural features or

deformed rocks (Ramsay and Hubber, 1983). If geologists need to
investigate the changes of incremental strain values at any moment
of time in different parts of a structure, the use of laboratory and
numerical modeling will be inevitable. In carrying out numerical
analysis of strain, it is very important to find elements that can be
used as indicators in strain measurement. Several methods have
been presented by different researchers to estimate strain values in

metamorphic rocks. Methods such as Rf/® method (Ramsay and
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Hubber, 1983), Fry method (Fry, 1979), Bridin method, Wellman
method, and the method of preparing balanced cross sections are
the most common methods of strain studies, which are used by
Structural geologist in different natural deformed areas. Conducting
strain studies in three dimensions and understanding the three-
dimensional nature of strain requires proper data of different planes
of the strain ellipsoid. Usually, two-dimensional strain studies can
help to understand the characteristics of strain ellipsoid in three
dimensions. There are several mathematical methods that help to
structural geologist for understand the 3D nature of strain from 2D
studies. Using of deferent graphical functions is very important in
many strain studies. Since the use of some mathematical functions
is very difficult, in recent decades, the use of graphical functions
(Nomograms) as a quick and simple method in strain analysis is
used by many researchers (Ramsay and Hubber, 1983; Imber et
al., 2012; Fossen, 2016; Sarkarinrjad et al., 2017, Keshavarz and
Faghih, 2020). So far, several studies have been conducted to
estimate the amount of shortening in different orogeny belts over
the world. In these studies, different methods have been used,
such as the use of balanced cross-sections, the use of different
strain markers in the microscopic and mesoscopic scales. In this
research, using perpendicular seismic sections to the axis of the
Maroon anticline oil field, the analyses of the fold style, strain and

shortening values in different parts of this structure has been done.

2. Research methodology

In this research, using interpreted seismic sections (ten seismic
sections), some parameters of the folding style in the Maron
anticline oil field have been investigated. In different section, the
characteristics of the interlimb angle and the geometry of the axial
surface were determined using stereographic analysis. Using the
values of the deviation angle of the axial surface from the vertical
surface, the values of shear angle and shear strain along the oil
field were determined and the zoning map of these parameters
was prepared. By applying the values of the interlimb angle and
by using graphical functions, the fold aspect ratio of the Maroon
anticline was calculated in different parts. Also, using the fold
aspect ratio-shortening and shortening-strain ratio nomograms, the
values of shortening and strain ratio were estimated during different

parts of anticline.

3. Discussions

The Maroon subsurface anticline has an approximate length of 70
km and a width of 10 km, and the maximum height of the fold at
the hinge location is -2300 meters. The true thickness of the Asmari
formation has been measured at about 450 meters. The analyzes
based on the value of the curvature of the folded surfaces between

the hinge and inflection points of the fold show that the Maroon

anticline is located in the range of sinusoidal to parabolic folds
based on the Fourier division and according to the almost equal
curvature of the folded surfaces and uniformity The real thickness
of the folded layer is placed in the class 1B group of folds. The fold
sharpness parameter is measured based on the ratio of the radius
of curvature at the fold closure to the radius of curvature tangent
to the edges of the fold at the inflection points of the fold (Twiss
and Moores, 2007). According to the results, the Maroon anticline
with the value of b=0.43 to b=0.65 is part of the semi-circular folds.
The dip of Asmari horizon indicates a decrease in the slope of the
folded layers from the limls towards the fold hinge. The slope
of the layers in the limbs is around 35 to 40 degrees and in the
fold hinge it decreases to 5 to zero degrees. According to the dip
direction map of the Asmari horizon, the average direction of the
layers in the northern limb has an azimuth of 50 degrees and the
average direction of the layers in the southern limb has an azimuth
of 230 degrees. The measurement of the interlimb angle in different
parts of the Asmara horizon shows a gentle to open fold. Using the
interlimb angle values and application of interlimb angle-fold aspect
ratio nomogram, the values of the fold aspect ratio of the Maroon
anticline were determined in the range of 0.1 to 0.35. Based on these
amounts, the general geometry of the Maroon anticline is placed in
the group of broad to wide folds. In this research, an approach was
taken to determine the shear angle (¥) and shear strain () by using
the amount of the axial surface inclination from the vertical plane in
different sections of the Maroon anticline. Based on the asymmetry
of the axial surface, and the inclination degree of the axial surface
from the vertical plane, the values of the shear angle and shear
strain were calculated along the Maroon anticline.

In order to determine the amount of shortening and the strain ratio
in folded layers, various mathematical relationships and graphical
functions have been presented (Ramsay and Hubber, 1983; Bastida
et al., 2005, 2007; Ghassemi et al., 2010). It is possible to measure
the shortening values by using the fold aspect ratio and using
equation (1).
p=0.5(1/(1+e)2-1)0.5 @)
Also, by using shear strain and determining the values of the square
of elongation (equation, 2), it is possible to determine the values of
the strain ratio (equation, 3).

Al or A3 =1/2 (p2+2%y(y2+4)1/2) 2
R2=121/13 3)
In order to determine the values of the strain ratio using equation
(4), it is also possible to use the values of the fold aspect ratios
(Ghassemi et al., 2010).

P=0.5(R-1)0.5 or R=4p2+I1 “
Also, by using the equation (5), it is possible to establish a
relationship between the shortening values and the strain ratio.

e =(1/R0.5)-1 ®)
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In this research, using graphical functions, the values of
shortening and strain ratio were determined along the seismic
profiles in different parts of the Asmari horizon for the Maroon

anticline.

4. Results

The results of this research show that the Maroon oil field anticline
is an asymmetric fold with different amounts of interlimb angel
along the anticline. Based on the analysis, the values of interlimb
angle are not the same throughout the Maroon anticline and it shows
lower values in the central parts than in the northern and southern
parts of the anticline. Based on the amounts of interval angles in
different parts, the Maroon anticline is mainly can be categorized
in the gentle to open folds. Based on the amounts of bluntness the
maroon anticline is placed in the sub-rounded folds. According
to the dip isogon patterns (Ramzay method) and Fourier analysis
the Maroon anticline is categorized in the 1B and Sinusoidal to
parabolic folds. Based on the strain analysis the values of the strain
ratio and percent of shortening in the central parts of the anticline
show higher values than the northern and southern parts.

Considering the importance of oil field reservoir rock studies in
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order to determine areas with high strain and density of fractures,
therefore, by using the geometric features of subsurface folds, it is
possible to make a quick and low-cost diagnosis of prone areas with

high fracture density.

5. Conclusion

Based on the geometry studies and strain analyses of the Maroon
anticline oil field, the following results were obtained:

- The interlimb angles along the Maroon anticline are vary between
102 to 170 degrees.

- The bluntness values of the Maroon anticline oil field is
0.43<b<0.65 and shows the geometry of sub-rounded fold.

- The fold aspect ratio for the Maroon anticline is between (0.1 to
0.35) and based on these amounts shows the geometry of broad to
wide folds.

- Based on the results, the shear strain values vary from 0.15 in the
central part and the curvature of the anticline axis to 0.01 in the
anticline noses.

- Also, the results show the shortening values between 2% to 20%
and strain ratio values in the range of 1.35 to 1.07 in different parts

of the anticline.
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Figure 3- a) Analysis of Asmari folded horizon in the 2913 seismic profile. b) Fourier and Ramsay analyses in the seismic profiles normal to the Maroon

anticline axis.
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Figure 4- a) The amounts of layering dip in the Asmari horizon, b) The amounts of dip direction of layering in the Asmari horizon.
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Figure 6. Zoning map of the Maroon anticline oil field, based on the

interlimb angle.
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Figure 7. Determination of the Maroon anticline aspect ratio using the
amounts of interlimb angle with application of graphical function (Ghassemi

etal., 2010).

R o;)}s.&:,’.cluﬁwm L ox g glo)) dou.ﬁj‘ oslazul b

s 8 Jole o o e Cumbse 5 JU G sl eslie s5lenT GBI
S5 5l e 5 YOV (gl b abaie s U o sl eSS eslule s
Ao gr LG ) sloj f ablie bl 53 o () oes mhaw 5 e Y Lo

& | [ ooee 10 | §E e [ 0ot

BERUSY TR WRgWIESH W2 Ql)f‘,,_):..»ljdlb_ ﬁ«ijljﬁ:uﬁa‘:ﬁ—bﬁi
o U goea slzal 5> Calizes (o ) dpLE.A
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Figure 8. a and b) Zoning map of the amounts of shear angle and shear strain in deferent parts of Maroon anticline.
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in the deferent profiles of the Maroon anticline.
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Figure 12. Isodensity fracture map in the Maroon oil field using interpretation of image logs.
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