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Abstract

Knowledge of the blind faults location and revealing fault length in urban areas are so critical. Moreover, recognizing and
direct study of faults location calls for selecting a proper approach to study the faults due to areas being covered with thick
quaternary sediments and lack of faults outcrop in many areas. In doing so, one of the commonest methods is using

geophysical methods. The study explored the blind faults of Banesh Plain in Fars, Iran using geoelectrical sampling with
Schlumberger array and integrating it with field sampling and direct observations. Accordingly, 30 soundings and 10 profiles
were developed in this regard and sections and pseudo-sections were analyzed. The results showed the existence of two fault
zones along the northeast -southwest and northwest- southeast, and it seems that the conduction of groundwater in the
mentioned area is under the influence of these two main zones.
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Introduction

Given its special tectonic status with active
basement faults, seismic margins, and the
continuation of nontectonic movements, seismo-
tectonics of the Zagros is among the areas with
high potential. Since there are
widespread urban areas across this state and as
most of the earthquakes are due to faults activity,
the exact identification of the fault location,
especially the blind ones, is so critical. Thus, the
selection of identification methods leading to

seismic

fast, reliable and low cost results is considered
accordingly. Geophysical methods are of the

tools for identifying sub-surface structures. In
fact, geophysical methods are a response to
differences in the physical properties of rocks
and the measurements to study the geology of
the study area (Telford et al., 1988).

Since reach the lower parts is impossible due to
sedimentary indirect  geophysical
methods bring about the identification of the
fractures and faults (Azadi et al., 2010). The
ability of geophysical methods for deduction is
of great importance, so that studies at a special
distance without touching the ground can also
lead to gathering information, which is a form of
remote sensing science (Takahashi, 2014).
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Special resistivity methods are among the most
widely used geophysical methods and one of the
tools for identifying subsurface structures - more
diverse than other geophysical methods. The
variety of these methods has made it possible for
them to be used in various studies, such as
mining  exploration, hydrogeology, geo-
technics, ecology and engineering. In
engineering studies, this method can be used to
find subsurface cavities, faults, joints, sources of
water and soil pollution, and the recognition of
buried old buildings (Damavandi et al., 2022).

Literature Review

In a geoelectrical method, the induced electric
current is conducted into the ground by the
electrodes and then the potential difference
between different points is measured. Recording
the potential differences between different
locations leads to the identification of petro-
physical properties and determining anisotropy
in different directions. This method is the best
ones in differentiating the underground layers;
and regarding their special resistivity and
thickness, being portable, easy to use, and cost
effective, they are of the most powerful
exploration methods (Ako & Olorunfemi, 1989).
A geoelectrical operation is performed in two
ways: vertical electric sounding and horizontal
profiling (Kolagari, 2010). In geoelectrical

Geographic location and access routes of the
area under study

The study area is located in Fars in north of west
of Shiraz and north east of Sepidan, Beyza.
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soundings, deep variations in special resistivity
and layering are studied using arrays increasing
the distance between electrodes or all of them
2004). Special
resistivity values are plotted considering
distance and on algorithmic graphs (both
logarithmic axes). Although some methods have

symmetrically (Aghanabati,

been proposed for interpreting the slope of the
layers, geoelectrical sounding works well only
when the interfaces of the layers are horizontal
(Milsom, 1989). In these methods, there are four
types of conventional electrode arrays including
simple, wenner, polar-polar, and Schlumberger
(Yadav & Abolfazli, 1998). From among these
four arrays, Schlumberger array is widely used
in electrical explorations. For example, vertical
sounding with Schlumberger array is the most
common and most useful geophysical method in
groundwater exploration studies (Ghalamkari et
al.,2019). In this array, 4 electrodes (current and
potential) are positioned along a straight line, so
that the potential electrodes are interposed to
each other between the current electrodes so that
the centers of the current and potential electrodes
overlap (Reynold, 1997). In this study, the
geoelectrical method was used to identify the
fault path and layer separation in specified
locations and the effect of faults of the area on
the layers using special electrical resistivity
values in Schlumberger array.

Methodology

Beyza region is a relatively large plain
surrounded by the highlands from the north,
south and west and is connected to Marvdasht
Plain from east (Figure 1).
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Figure 1. The Geographic location of Banesh and its access routes

Results

Geology and tectonic of the area

The study area is located in the Zagros active
fold and thrust belt (FTB) tectonic unit
according to Iran's tectonic division (Berberian,
1976). As the largest structural zone of Iran, the
Zagros FTB has formed due to the collision of
the Arabic plate and plateau of Iran in the late
Tertiary (Stocklin, 1968). As mountain ranges
with an approximate length of 1800 km and is
located on the peaceful Arabian continental
platform (Hessami, 2001). The arrays and
movement of the Arabic plate in the south affect
Iranian tectonic units and Eurasia in the north,
creating various trends in different parts
(Aghanabati, 2004). Convergence between
continental plates often ends in the formation of
FTBs. The upper sedimentary phanerozoic cover
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of Zagros undergoes deformation during
neogene collision orogeny. This deformation is
manifested in the form of stretched and open
folds and some thrusts. Earth shapes in the
Zagros are essentially structural. Many of the
folds in Zagros are asymmetric, so that their
axial surfaces are towards the north and
northeast (Berberian, 1995). The slope of the
south and southwest ridges are more and in some
cases close to the vertical, turned back or faulted
(Berberian, 1994). The study area is in the
faulted Zagros according to geologically
divisions, and the formations of Sarvak,
Gourpei, Fahlian, Gadvan, Darian and Kajdomi
have outcrops in it as old as Cretaceous. Coupled
with these formations, the present conglomerate
and the recent quaternary alluvial and sediments
cover a vast area. Due to the quaternary
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sedimentary cover, the effects of fault, joint and
fracture remain blind. This area is surrounded by
Sangpahn Hignlands, Mount Ali Yaghi in the
north, Mount Maal Amir in the northeast, Mount
Sangpahn in the northwest and Mount Takht-e
Sang-e-Olia in the south and south-east. The
main faults and some anticlines are seen at these
heights. The faults are on the border of the
mountains with a dangling plain. Right-slip
faults have caused some distortions along
mountains and  topographic  landscapes.
Quantitative geomorphic indexes show that the
region can be divided into two different sections.

Although elevation in the northern part seems to
be higher than the erosion rate, due to ultrahigh
syncline in the southern half, the severity of the
erosion is higher. Studies show that the study
area in the Beyza Plain is the result of
gravitational tectonic processes. In this area, a
tensile phase has happened following
Pasadenian orogeny phase with severe alluvium.

Thus, quaternary sediments cover numerous
folds in the plains with the thickness from 50 to
300 meters. Geophysical data and aeromagnetic
maps are in line with this (Shahsavari, 2003)

(Figure 2).

Figure 2. The location of Banesh study area on satellite imagery and geological map

Discussion

In the first stage, any study records connected to
the region and the subject matter, including
books, papers, reports, and so on were collected
and examined. Then, by studying geological and
topographic maps, aerial imagery and satellite
imagery, the geology and the tectonics of the
study area were obtained. In the complementary
stage, using a 30-meter digital elevation model,
1: 100,000 and 1: 25000 geological maps of
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Beyza, and Global Mapper, ... we accurately
identified the structures, fault and ground
evidence construction of the region. In
the above studies, common
geophysical methods were used to confirm the
evidence of tectonic and geological evidence of
the presence of faults in the region —
Schlumberger array was selected in this study. In
doing so, field observations including measuring

completing



and determining the position of the profile of the
soundings in the designated sites (30 vertical
soundings in the region) and reading the
apparent resistivity of the geological layers (10
profiles based on the data collected) were done
using geoelectrical device. Then, data were
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analyzed and the results were interpreted (Figure
3). Finally, the blind faults were identified with
the aggregation of rupture and joint studies,
geophysical data, and geological and tectonic
evidence. Several station and section profiles
and pseudo-sections have been reviewed.

Examining apparent resistivity graph

Examining apparent resistivity graph of A5 and
B2 stations shows that resistivity changes at
these stations initially has decreasing then
severely increasing trends and at Station E3, the
overall resistivity trend is decreasing. Due to the
crossing of the crushed zone from these stations
in the deep sections, the presence of the crushed
zone is seen in the graph. In addition, at Station
B2, the penetration of moisture from the surface
to the lower parts has caused drastic changes to
resistivity, and at Station E3, the loss of
resistivity in the deep parts was due to the
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fracture of the stone floor and the transfer of
moisture from the surface to the depth. Studying
the apparent resistivity graph of Station Cl1
shows that the resistivity at the surface to the
semi-deep part has had an increasing trend and
then decreasing, and at Station G1 and M8
stations, resistivity increases gradually from
surface to depth. The gradual increase resistivity
from surface to depth at Station G1 indicates
distancing from the crushed zone and the
presence of a natural process of increasing
resistivity from surface to depth, and at Station
MS in very deep parts, the sharp increase in
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resistivity is due to changes in formations. The
minimum number of layers at all stations is 3
layers and at Station M8 4 layers (Figure 4).
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Figure 4. Sample apparent resistivity graphs from each profile
Examining pseudo cross-section curves The geoelectrical pseudo cross-section curves

show the distribution of the apparent electrical
62
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resistivity at a deep cross-section along a profile. of each profile against half the length of the
For the preparation of pseudo cross-sections, current electrodes (AB /2) (Asl et al., 2015).
after flatting and before the interpretation of the

i (Figure 5) shows the geoelectrical pseudo cross-
field sounding curves, one should plot the

> o ) sections of profile G as an example.
apparent electrical resistivity values of sounding

pseudo cross-section

- 28.2
H 251
Figure 5. Geoelectrical pseudo cross-section of profile G

The study of pseudo cross-section and cross- geoelectrical cross-section of that profile. The
sections of profile G shows that stations G2, G3 geoelectrical cross-section is a vertical section of
and G4 are limestone. The increase in resistivity, the sub-surface geoelectrical layers whose
especially at stations GK2 and GK3, confirms horizontal axis is the horizontal distances of the
the idea above, but this increase is extremely soundings relative to each other and the vertical
weak, especially at all three stations GK4, GK3 axis is the depth of the layers. The layers are
and GK2 and has occurred with slight slope separated from each other according to the real
increase. The reason for this is the crushed zone special resistivity. (Figure 6) shows the
and fault from all three stations mentioned geoelectrical cross-section of profile A resulting
above. In other words, despite the existence of from the A5-A3-A2 sounding as an example.
limestone rock from any of the 3 stations, the This cross-section shows that in all three
crushed zone has made it possible to easily stations, despite the presence of limestone,
penetrate the moisture in the deep parts and resistivity of the surface from the surface to the
consequently reduce the severity of the increase depth not only does not show a slight increase,
in resistivity, especially in the actual sections. but rather a slight decrease compared to the
Thus, one can consider that the crushed fault limestone rock. Thus, due to the passing of the
zone passes through all three stations. crushed zone and the penetration of moisture

into the deep parts of the rock, despite the
Geoelectrical cross-sections presence of lime formation in deep sections, the

decrease in especially indicates the passage of
the crushed zone from all three stations. In other
words, each of the three stations can be divided
into a crushed zone and a fault that controls the

After interpretation of the sounding graphs the
catheter curves and determining the real depth
separation and electrical resistivity of the sub-

layers in each profile, one can plot the groundwater.
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Figure 6. Geoelectrical cross-section of profile A

Studying pseudo cross-sectional and the cross-
section of the profile stations of (Figure 7) shows
that the limestone rock is well visible at all
stations, but this floor rock in the A4 and F3
station has been severely crushed. Hence, unlike
other stations, increasing resistivity in these two
stations is less visible. In other words, due to the
pass of the crushed zone from the stations,
increase  in slowly.
Additionally, at Station E3, due to the presence
of sub-faults from this station, resistivity

resistivity ~ occurs

changes show a decrease in the resistivity in the
stone floor compared to other stations. In other
words, despite the increase in resistivity at
stations near, the crushed zone passing from
Station E3 and the effect of this zone on the
location of Station E2 have reduced the
resistivity to the floor of Station E2 to some
extent. Thus, the fault zone seems to have been
cut diagonally along the pseudo cross-section
and the above cross-section.
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Figure 7. The cross-section and pseudo cross-section

(Figure 7), the cross-section and pseudo cross-
section of the sample profile and the position of

the blind faults identified and the crushed areas
on it at Station a4, the main fault, and the crushed



zones at the location of stations {3, el and e3 are
well shown. Moreover, a diagonal fault has
passed from among stations E3 and E4.
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Figure 8. The location of blind faults detected on a geological map and satellite image

Figure 8 shows the location of the stations and
blind faults identified on the geological map and
satellite imagery.

Conclusions

Banesh Beyza area in Fars in northwest of Shiraz
is a relatively large plain which is located in the
Zagros active FTB tectonic unit according to
Iran's tectonic division. The upper sedimentary
cover dates back to the Phanerozoic time, often
limiting the appearance of many structures,
including faults with seismic activity, which is
very important in the urban areas. Accordingly,
the geoelectrical method is a suitable method
with high reliability in identifying blind faults.
Attention to geoelectrical data and comparing
them with field observations and mechanisms of
faults in the area confirm the existence of
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obvious and blind active faults in the study area.
geoelectrical method according to Schlumberger
array was used to identify the floor rock, layer
separation, fault and the blind faults in Banesh
Plain and the effect of the faults of the region on
the layers. Accordingly, the required
geoelectrical soundings were developed to
identify the probable location of faults, based on
the morpho-tectonics of the region. Studying the
geoelectrical data and interpretation of the
results from the cross-sections and pseudo cross-
sections of 30 soundings and 10 profiles showed
that the area in question is fold and thrust. The
detection of the exact location of thrust faults in
the plain floor, detecting which was impossible
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due to the covering of alluvial quaternary
deposits, became possible by this method. The
examinations show the floor limestone rock in
all studied stations. In addition, studies well
show that in stations where a fault zone has
passed or the stations is near the crushed and
faulted zones, the in apparent
resistivity is observed despite the
limestone. Moreover, moisture penetration is
easily made possible from the surface to the
depth due to the crushed zone. For example, at
G stations, where the pass of the fault and the
crushed fault is accompanied by displacement,
the effect of the crushed zone is such that has led
to the penetration of moisture from the surface
parts to the deep parts and decrease in the
resistivity compared to the neighboring stations.
Studies show the pass of fault zone from stations
Al to A5 is responsible for conducting
groundwater in the area, and the pass of two
thrust fault zones from the floor stone of stations

reduction
floor

B1 and B2 is easily seen. In addition, in stations
E1l and E3, some diagonal sub-faults were seen.
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