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The Dorud fault is a key seismic segment of the young Zagros fault, stretching northwest-southeast
from the Arjang area to Borujerd. This study examines the latest tectonic movements, young tectonic
phenomena, and paleoseismology of the Dorud segment near Darb Astaneh village in eastern

Dorud county. To achieve this, a 45-meter trench was dug in the NE-SW direction across the Dorud

fault zone, revealing 9 paleo seismic events on the trench’s eastern wall. These earthquakes had
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magnitudes ranging from 6.6 to 7.4 and a mean return period of approximately 104 + 7 years. The
findings suggest that large earthquakes triggered by the Dorud fault can produce magnitudes up to
7.4, surface ruptures of around 45 km, and slips of up to 3.83 £ 0.1 m per event, consistent with the

Evl’, EvIl', and 1909 events attributed to repeated fault movement.

1. Introduction

Paleoseismology studies with a geomorphologic viewpoint
on tectonically active areas are essential for modern seismic
hazard assessment and determining the seismic potential of
seismogenic faults over much more extended periods than
instrumental measurements; moreover, these studies provide

tightly constrained data for the location, size, and recurrence

of large earthquakes associated with surface rupture in recent
geological time, which are critical for the assessment of
seismic potential and hazards along active faults. The Zagros
Mountain range (Figure 1-a), one of the main structural
zones of SW Iran, which includes a large number of Iran’s
devastating earthquakes, is a fold-and-thrust belt at the
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leading edge of the Arabia—Eurasia continental collision
zone, which accounts for about one-third of the collision
zone’s overall 20 to 30 mm/year convergence rate. The
perceptive impact of large-magnitude earthquakes and the
intervening destructive episodes of historical and antique
cultural heritage sites located in earthquake-prone areas
near active faults (especially in the Zagros) are of scientific,
architectural, engineering, cultural, and social significance.
The Main Recent Fault (MRF), located on the northwestern
side of the Zagros Mountains, is the most active fault system
in the region where the convergence of the Arabian and
Eurasian plates is oblique to the range’s trend. The oblique
convergence is consummated by the spatial separation of
the strike—slip and reverse components on parallel faults. It
seems that a significant portion of the strike—slip mechanism
is spent along the MRF. The fault trace in the northern margin
of the Zagros range depicted by Ambraseys and Melville is
equivalent to what is now known as the MRF, but there was
no field evidence for the strike—slip component; only vertical
displacements were observed (north-east side down). The
MREF is divided into five major segments (from Kamyaran to
Arjanak), including the Doroud, Nahavand, Garun, Sahneh,

and Morvarid segments.

2. Research methodology

To study paleoseismology, a trench, TC, was excavated
across the Doroud Fault scarp and a nearby pond using a
combination of hand and machine tools. The pond was chosen
for its accumulation of recent sediments that record seismic
events, having formed due to fault activity in the hanging
wall of the Doroud Fault and being close to the epicenter of
the 1909 earthquake. After scraping and cleaning the trench
walls, a string grid was installed to define Im x Im panels,
each of which was photographed with overlapping images.
Sedimentary layers were classified into separate units based
on characteristics such as color, particle size, and texture.
The sequence of ground-rupturing events was determined
through analysis of strata relationships, sediment thickness,
soft sediment deformation, and fissures. Radiocarbon
and optically stimulated luminescence dating of sediment
samples were used to constrain the ages of stratigraphic units

and the corresponding seismic events.

3. Results

Our paleoseismological investigation of the trench
photomosaic and logs revealed a main fault plane
distinguishable by the distinct colors of the sediments,

allowing us to identify at least nine paleo-earthquakes in two

fault zones, named Ev , to Ev, from youngest to oldest. These
events occurred between approximately 1225-1275 years
ago and 71-61 ka years ago.

The most recent earthquake event, Ev, is supported by
three independent lines of evidence. The abrupt upward
terminations of two fault strands in Log fault zone A, capped
by the most recent pond deposit, provide evidence for this
event. The age of this event is constrained by the age of
sample DT1-C10 (25 + 1250 Cal BP) and the displacement
of the base of unit 2 along the faults. The magnitude of the
earthquake that caused this event is estimated to be Mw ~7.4,
with a surface rupture length of 79.79 km, subsurface rupture
length of 87.09 km, and average slip of 0.74 m.

A second paleo-earthquake event is recognized in Log
fault zone A, characterized by a fissure fill at the base of
units 1-2" and two faults (F2' and F3') younger than 1360
+ 35 BP. This event postdates 1360 + 35 BP and predates
3440 + 25 Cal BP, with a similar magnitude and seismic
parameters to Ev1’.

A third event in Log fault zone B is interpreted along fault
F2, which ruptured unit 22 after its deposition. This event
postdates 1560 + 255 Cal BP and has a calculated moment
magnitude of Mw ~6.1.

A fourth event is identified with faults F4, F9, and F10
in Log fault zone B, characterized by a tiny fracture and the
abrupt upward terminations of two fault strands sealed by the
surface soil. These events contribute to our understanding of
the diverse paleoseismic history of the trench.

These faults and fractures are younger than 1720 + 30 Cal
BP, which is the age obtained for sample DT1-C7 collected
in unit 16-a. The event horizon of this event is the base of the
16-a unit. Moreover, this event indicates the occurrence of
an earthquake after the time of the deposited unit 16-a. The
calculated moment magnitude is Mw ~6.1, and the average
surface and average subsurface rupturing lengths were 12.88
and 14 km, respectively. The average subsurface rupture
width was 7.9 km, the rupture area was 117 km?, and the
average slip was 0.71 m.

The fifth event can be interpreted with the cutting units
4 and C1 and rupturing along F2 in Log fault zone B. The
event horizon of this event is the base of unit 22. This event
occurred after the deposition of unit C1. Hence, it postdates
2385 + 35 Cal BP, the age obtained for sample DT1-C6
collected in unit C1, and predates 1720 + 30 Cal BP, which
is the age obtained for sample DT1-C7 collected in unit
16-a. Its calculated moment magnitude is Mw~6.6. Moreover,
the average surface and average subsurface rupture lengths

were 19.49 and 22 km, respectively, the average subsurface
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rupture width and average rupture area were 10.96 km and
234 km?, and the average slip was 0.72 m. The sixth event
was identified with colluvial wedge unit C1 in Log fault
zone B, which overlies and has eroded into the underlying
units 1, 2, 3, and 4, as a colluvial wedge developed following
a surface rupture in Event 6. Unit 4 is cut by fault F2. The
colluvial wedge deposits resulting from the degradation
of a fault scarp erosion which formed as a result of the
normal component of the F2 fault; therefore, the deposits
of wedge C1 are the result of the erosion and sedimentation
of a mixture of units 4 and 16-a indicating the earthquake
occurrence before the deposited unit C1 and after unit 4. We
evaluated the maximum wedge thickness of 21.74 cm, which
shows a vertical displacement of 19.43 cm at the top of unit
4. The event horizon of this event is the base of the C1 unit.
This event occurred after the deposition of unit 4, which is
a colluvial wedge sample DT1-C6, dated 2385 + 35 Cal BP.
Hence, it postdates 2385 + 35 Cal BP. The seventh event is
identified with faults F1, F2, F3, and F4 in Log fault zone B;
the faults affect units younger than unit 4. These faults are
younger than 3235 + 25 Cal BP, which is the age obtained for
sample DT1-CS5 collected in unit 4. This event occurred after
the deposition of unit 4; hence, it postdates 3235 += 25 Cal BP.
Several distinct abruptly terminating upward fault strands,
with the most demonstrative ones observed between 18 and
20 m, provide evidence for event Ev7. The faults F1, F2,
F3, and F4 cut through unit 4 and abruptly terminate at the
base of unit 16-a. Unit 4 is associated with average vertical
displacements along the faults F1, F2, F3, and F4 with a
range of 100 + 4 cm. The event horizon has therefore been
set at the base of unit 4. The calculated moment magnitude is
Mw ~7.2, and other calculated seismic parameters are given
in Table 4. The eighth event is evidence of faults abruptly
terminating upward and cutting units along the faults in Log
fault zone B. This event was found only in the southwestern
part of zone B and well-characterized by the abruptly
terminating upward fault F11 at the base of units 3 and F10,
cutting through the lower units 3, 2, and 1. Unit 3 is associated
with vertical displacements along the F10 that are about 60
+ 3 cm (at the base of unit 3). Therefore, the event horizon
of the seven paleoearthquake is set at the base of unit 3. This
event occurred after the deposition of unit 3; hence, it was
younger than 8375 + 35 Cal BP, which is the age obtained
for sample DT1-C20 collected in unit 3. Using the fault
plane parameters and the same equation linking them to the
earthquake magnitude obtains Mw ~7, and other calculated
seismic parameters are given in Table 4. The ninth event is

indicated by unit 2 being offset by faulting in Log fault zone
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B. This event can be interpreted as a fault termination, with
the fault F5 cutting through unit 2 and faults F6, F7, and F8
abruptly terminating upward at the base of unit 2. This event
is associated with vertical displacements in unit 2 along the
F5, which was calculated to be an average of 50 + 0.1 cm (at
the bottom of unit 2. Therefore, the event horizon is set at
the base of unit 2. This event occurred after the deposition of
unit 2. Hence, it is younger than 66.62 + 5 ka, which is the
age obtained for sample Dtl IRSL 2 collected in the middle
of unit 2. Using the fault plane parameter Tables 4 and 5 and
the same equation linking them to the earthquake magnitude
obtains Mw~6.8.

4. Discussions

Our paleoseismological study along the Doroud Fault is
the first of its kind. The Darbe-Astaneh trench site, located
near the epicenter of the 1909 earthquake, was chosen
for its high sedimentary potential, evident from remote
sensing and field observations. The site exhibited well-
defined surface deformation and adequate deposits for age
determinations. Our investigation reveals that the Doroud
Fault has experienced several large, infrequent, and irregular
earthquakes. We identified nine paleoearthquakes in the
trench, with at least eight large earthquakes (Mw ~5.5)
occurring within the last 8375 + 35 Cal BP, and one older
event likely predating 66.62 + 5 ka. The most recent event
occurred at 1250 + 25 Cal BP. Notably, the fault hosted four
earthquakes with magnitudes greater than Mw ~7 and four
with magnitudes greater than Mw ~6 within the last 66.62
+ 5 ka.

The clustering of seven seismic events within a short time
interval suggests that the Doroud Fault’s seismic behavior
is characterized by earthquake clustering. The occurrence
of seven large earthquakes (Mw > ~6) over the last ~3.3
ka supports this notion. However, two seismic gaps were
observed: one between 3260 Cal BP and 8350 Cal BP, and
another between 8350 Cal BP and 66 ka. These gaps may
be attributed to the non-preservation of sedimentary layers
rather than the absence of seismic activity, a common issue
in paleoseismology.

This result demonstrates a bimodal behavior of seismic
activity in the area. From the youngest paleoearthquake
(1250 + 25 BP) to the 1909 earthquake (approximately 700
+ 37 years old), no earthquakes with Mw ~5.5 or greater
have been reported along the Doroud Fault. In contrast,
other segments of the Main Recent Fault (MRF) experienced
seismic activity during this period, indicating a seismic

migration from southeast to northwest. Historical records,
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such as the destruction of Dinor in 913 and 1008, and the
1316 earthquake, support this migration pattern.

In the twentieth century a seismic gap was observed
in the southeastern part of the Nahavand segment, which
was eventually ruptured during the 1909 (Mw ~7.4) and
2006 (Mw ~6.1) earthquakes along the Doroud segment
of the Zagros Main Recent Fault. These events, occurring
approximately 100 years apart, mark the beginning of a
new seismic cluster. Our findings suggest that the Doroud
Fault’s seismic behavior is characterized by clustering, with
a recurrence interval of approximately 700 + 37 years. By
combining paleoseismic and seismic data, we can construct a
nearly complete seismic catalog for events with magnitudes
greater than 6 for the Doroud Fault. The fault’s geometrical,
kinematical, and seismic behavior characteristics indicate its
potential to generate earthquakes with Mw ~7.4 and surface
ruptures. The Doroud Fault’s seismic behavior, as revealed
by our paleoseismological study, has significant implications
for seismic hazard assessment and risk mitigation in the
region. The identification of earthquake clustering and the
recurrence interval of approximately 700 + 37 years suggests
that the fault is capable of producing large, destructive
earthquakes at relatively short intervals. The fact that the
fault has experienced four earthquakes with magnitudes
greater than Mw ~7 and four with magnitudes greater than
Mw ~6 within the last 66.62 = 5 ka underscores the potential
for significant seismic activity in the future.

The seismic gaps observed in the record, particularly the
one between 3260 Cal BP and 8350 Cal BP, may indicate
periods of reduced seismic activity or non-preservation
of sedimentary layers, rather than a complete absence of
earthquakes. However, the presence of these gaps highlights
the complexity of the fault’s seismic behavior and the need
for further research to fully understand the underlying
mechanisms driving earthquake activity.

The migration of seismic activity from southeast to
northwest along the Main Recent Fault, as suggested by
historical records and our paleoseismic data, has important
implications for seismic hazard assessment and risk
mitigation. The fact that other segments of the fault have
experienced significant seismic activity during periods of
quiescence along the Doroud Fault segment suggests that
the fault system as a whole is capable of producing large,
destructive earthquakes.

Our study demonstrates the value of combining paleoseismic
and seismic data to construct a comprehensive seismic catalog
for the Doroud Fault. By integrating these different lines of

evidence, we can gain a more complete understanding of the

fault’s seismic behavior and improve our ability to predict
future seismic activity. The geometrical, kinematical, and
seismic characteristics of the fault, including its potential to
generate earthquakes with Mw ~7.4 and surface ruptures,
highlight the need for continued monitoring and research to
mitigate the seismic hazard posed by the Doroud Fault.

The results of our study have significant implications
for the regional seismic hazard assessment, particularly in
the context of the Zagros Main Recent Fault, which is a
major seismic hazard in the region. The identification of
the Doroud Fault as a significant seismic source, capable
of producing large, destructive earthquakes, highlights the
need for continued research and monitoring to improve our
understanding of the fault’s seismic behavior and to develop
effective strategies for mitigating the associated seismic
hazard. Furthermore, our study demonstrates the importance
of paleoseismology in providing critical information on the
long-term seismic behavior of faults, which is essential for
developing robust seismic hazard assessments and effective

risk mitigation strategies.

5. Conclusion

Our analysis of the Doroud Fault in southwest Zagros has
yielded new insights into its activity, revealing a hidden
strike-slip fault with a relatively high slip rate. This suggests
that the fault has produced large earthquakes (Mw 6.6-7.4)
in the past and plays a significant role in accommodating
dextral displacement and crustal shortening. Trenching
investigations indicate approximately nine paleoearthquakes
have occurred along the fault in the last 66.62 + 5 ka years,
with an average recurrence interval of ~104 + 7 years for
earthquakes with a magnitude greater than 5.5. Given the
2006 earthquake, the next event is expected to occur within
the next ~90 years, potentially by the early 22nd century.
Paleoseismology studies suggest the fault is capable of
producing earthquakes with magnitudes over 7.4 and a
total slip rate of 3.83 = 0.1 m. A large earthquake on the
Doroud Fault is predicted to result in an extensive surface
rupture of approximately 45 km. Our analysis of the Doroud
Fault in southwest Zagros has yielded new insights into its
activity, revealing a hidden strike-slip fault with a relatively
high slip rate. This suggests that the fault has produced large
earthquakes (Mw 6.6-7.4) in the past and plays a significant
role in accommodating dextral displacement and crustal
shortening. Trenching investigations indicate approximately
nine paleoearthquakes have occurred along the fault in the
last 66.62 + 5 ka years, with an average recurrence interval of

~104 + 7 years for earthquakes with a magnitude greater than
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5.5. Given the 2006 earthquake, the next event is expected
to occur within the next ~90 years, potentially by the early
22nd century. Paleoseismology studies suggest the fault is
capable of producing earthquakes with magnitudes over 7.4
and a total slip rate 0of 3.83 + 0.1 m. A large earthquake on the
Doroud Fault is predicted to result in an extensive surface
rupture of approximately 45 km. Furthermore, the fault’s
geometry and kinematics indicate a complex interaction
with adjacent faults, potentially influencing the regional
stress field and seismic hazard. The Doroud Fault’s seismic
behavior is also characterized by a high degree of variability

in earthquake recurrence intervals, which may be attributed
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to the fault’s interaction with the surrounding tectonic
framework. Additionally, the presence of folding and
thrusting in the region suggests that the Doroud Fault is part
of a larger deformation system, with significant implications
for our understanding of the regional seismic hazard. To better
constrain the fault’s seismic potential, further investigations
are needed to refine the paleoseismic record and quantify the
fault’s contribution to the regional seismic budget. Moreover,
the integration of geological, geophysical, and geodetic
data will be essential for developing a comprehensive
understanding of the Doroud Fault’s behavior and its role in

the regional tectonic framework.
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Figure 2. Tension zones with dashed line and blue arrows and
compressive zones with dashed line and green arrows in the Silakhor
basin area DF: Dorud Fault, QF: Ghale- Hatem Fault, GF: Collider
Fault, CF: Absardeh Fault, NF: Nahavand Fault and TF Tchalenko
and Braud (1974) proposed fault and the red dashed line is the fault
diagnosed from the study of seismic data 2006 earthquake in the
north-eastern side of Silakhor Plain by (Sepahvand et al., (2012).
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Figure 3- a) Epicenter earthquakes map of that occurred on the Dorud fault, b) Geological map of the fault area (Kamali et al., 2023).
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Figure 4. The 3-D model obtained of the GPS (RTK) surveying of the Darb-e-astanch trench-digging area with
geographical location (39S, 327515E, 3699442N). The pond is marked with a black dotted line, the beginning and end of

the trench are also marked with a red line on the image, and the red triangles indicate fault trace.
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Figure 5. Evidence of the Dorud Fault’s across: a, b) Displaced drainage (south of Bani Hashem Armored Industries Lands)
(looking north to northeast) (39S, 324656 E, 3701892 N) and c) Tilted fan the Gohar Road (39S, 337338 E, 3689237 N).

S e i) e ST Al.plé):){fa:lq-w);ddl:.u-\—g):Lgl:.ujjgjzﬁb-u:a.\j:a:\;()l&i:,}ﬁhﬁ-tﬂ\ a)l‘,.jsjlb—g;g_ud_‘ﬂ.pﬁ_,.a:—ﬂ}g.&
(39S, 327498 E, 3699432 N) Coul adeiin 5,5 o ot b (gl Joms 5 303 glacilin b o8 o ombaws 1) ol iy 34 0 c5) 3808 050

((Kamali et al., 2023)

Figure 6. Field photograph excavation site No. 1 shown with a yellow dashed line, 500 meters from Darb-e- astaneh village
on the Gohar road, 1 km from the epicenter of the 1909 earthquake, on a pond (the red triangles indicate fault trace and the
excavation location is indicated by a yellow dashed line) (39S, 327498 E, 3699432 N) (Kamali et al., 2023).
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Figure 7. Below is a Photomosaic from the trench wall and above interpretative log A and B zones, this trench was excavated

along the NS4E (Kamali et al., 2023).
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Figure 8. Correspondence of the log prepared from the two fault zones of the Darb-e-astaneh trench with the

trench wall, a) fault zone B and b) fault zone A (geographical location 327442E, 3699501N).
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Table 1. Estimated displacement and magnitude values of identified paleoearthquakes in the Darb-e-astaneh trench of two fault zones A

and B
Age | Event . Ds Ss Net | M,(AD) M (MD)|M,(AD)| M, (MD) |M, (AD) | M, (MD)
Event| .1 BP | Horizon |UM®| V(™ H(m) (m) (m) | slipm) | SS Ss N N G G | Mv
|| After | Baseof 1)l 00350.1 | 004 | 00821 | 002201 |0.190.1| 64 6.03 6.31 6.22 6.33 629 |6.34
1560 Unit 22
Before B N Fi .
| 1560- | DASCOT | oy |FISSUICSIZCl G 160010 | 0.08+0.1 | 0.0240.1 [0.19+0.1| 6.4 6.03 6.31 6.22 6.33 629 |6.34
1720 Unit22 similar Ev,
Before Base of
mr | 1720- ; 16-a |0.194+0.10| 0.34+0.1 | 0.18+0.1 | 0.12+0.1 | 0.4£0.1 | 6.68 6.26 6.5 6.39 6.6 646 |6.59
Unitl6-a
2385
Before
IV | 2385- Baéi"f Cl _ . . . . . .
3235
Before B N
v | 3235 | BPCON 4 | 1.0420.10 | 1.8720.1 |0.980.1 | 3.61=0.1 | 2.1420.1| 7.33 6.84 6.99 6.85 72 6.94 | 7.1
Unit4
8375
Before B n
VI | 8375- | S2C%N 3 | 0.6320.10 | 1.1320.1 | 0.59£0.1| 131 [1.29+0.1| 7.13 6.68 6.85 6.71 7.02 6.79 7
Unit3
66620
vip | Before | Baseof |, 4 0010 | 09201 |0.4720.1 | 0.8420.1 | 1.0320.1| 7.05 6.6 6.78 6.59 6.94 672 |68
66620 | Unit2 SF Sl Renkichll Il I : : : : : : :
Before Base of
| 1250- ; 2 | 3.8320.10 | 3.35£0.1 | 1.76+0.1 | 11.57+0.1|3.83+0.1 | 7.55 7.03 7.15 7.03 74 712 |74
Unit2
1360
Before Base of Fissure
I | 1360- ; 2 |size similar| 3.35£0.1 | 1.76+0.1 | 11.57+0.1|3.83+0.1| 7.55 7.03 7.15 7.03 74 712 | 74
3440 | Uit Exll

Eq. (1) Net Slip= V// Sin Rake(~29°), Eq. (2) Net Slip= H/ Cos Rake(~29°), Eq. (3) SS: MW= 7.04+ 0.89 log(AD) (Wells and Coppersmith,
1994), Eq. (4) SS: MW= 6.81+ 0.78 log(MD) (Wells and Coppersmith, 1994), Eq. (5) N: MW=6.78+0.65log(AD) (Wells and Coppersmith,
1994), Eq. (6) N: MW=6.61+0.71log(MD) (Wells and Coppersmith, 1994), Eq. (7) G: Mw= 6.93+0.82log(AD) (Wells and Coppersmith,
1994), Eq. (8) G:MW=6.69+0.74log(MD) (Wells and Coppersmith, 1994), Eq. (9) Ds= (V.Sin'3) (Hanks and Kanamori, 1979), Eq. (10)
Net Slip= (Ds*+Ss?)* (Hanks and Kanamori, 1979 (AD: Average Displacement, MD: Maximum Displacement, V: Vertical component of

displacement projected along the fault, V: Vertical Separation, H: Horizontal component of displacement, 6: Dip of the fault plane, MW:

Moment Magnitude, Ds: dip slip, Ss: strike slip
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Figure 9. How the units extracted in the Darb-e-
astaneh trench at the time of the earthquake Ev, .
to Ev., fault zone A Ev, : The cutting of unit Ev1-1
by the two northern and southern faults in this
fault zone is about 1250 years ago. (a post-event
and b pre-event), Ev ,: The fissure-filled with unit
2-2" is 1360 years old in age (¢ post-event and d
pre-event), and in fault zone B Ev,: Indicates the
last earthquake event at the Darb-e- astaneh trench
is younger than 1560 years and after the deposition
of unit 22, (e post-event and f pre-event), Ev,: The
fissure-filled with unit 22 (surface soil) represents
the second event about 1560 years ago, after the
deposition of a-16 and before unit 22 (g post-event
and h pre-event), Ev,: The cutting of the C1 wedge
deposits represents the third event about 1720 years
ago, before the deposition of unit a-16 and after
the deposition of C1 (i post-event and j pre-event),
Ev,: The deposition of the C1 alluvial wedge after
the formation of the fault zone, deposits sediments
from Unit 4 in the fault step. It is dated about 2385
years ago (k post-event and 1 pre-event), Ev,: The
burial of faults F1 and F3 and associated with
cutting of Unit 4 is dated about 3235 years ago (m

post-event and n pre-event), Ev,: The burial of fault

F11 and associated with cutting of Unit 3 is dated about 8375 years ago (o post-event and p pre-event), Ev.: The burial of faults F6, F7 and F8

and associated with cutting of Unit 2 by fault F5 is dated 66620 years ago (q post-event and r pre-event).
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Table 2. Results of survey the parameters (AD, SRL, DRL, WID, RA and u) using equations (11 to 17).

Average Surface Surface Rupture Subsurface Rupture Maximum
displacment(m) Rupture Length(km) l()Wells Rupture Subsurface Rupture Area(km?) slip(m) (Kim
Event | MW (Wells and Length(km) an§ Coppesmith Length(km) width(km) (Wells and (Wells and and Anderson
Coppesmith (Leonard 1(;)9];) (Wells and Coppesmith 1994) Coppesmith 2005)
1994) 2010) Coppesmith 1994) 1994)
1 6.3 0.14 16.98 8.31-21.03 19 9.77 186 0.71
11 6.3 0.14 16.98 8.31-21.03 19 9.77 186 0.71
1T 6.6 0.32 25.7 14.19-41.30 30 13.18 380 0.72
v 7.1 1.14 51.28 46.98-187.06 66 22.38 1230 0.74
VI 7 0.91 44.66 32.5-117.48 56 19.95 954 0.73
VII | 6.8 0.54 33.88 28.05-95.27 41 16.21 602 0.73
| 7.4 2.51 77.62 70.46-309 104 30.19 2454 0.74

Eq. (11) Average displacement(m) (Wells and Coppesmith, 1994) M=7.04+0.891og(AD), Eq. (12) Surface Rupture Length(km) (Leonard 2010)
Mw= alog(L)+b (a= 1.67, b=4.24), Eq. (13) Surface Rupture Length(km) (Wells and Coppesmith, 1994) Mw= a log+b (a=1.12(+0.13), b=
5.16(x0.08)), Eq. (14) Rupture Area(km?2) (Wells and Coppesmith, 1994) M=4.07+0.98 log(RA), Eq. (15) Subsurface rupture length(km) (Wells
and Coppesmith, 1994) M=4.38+1.491og(RLD), Eq. (16) Subsurface rupture width(km) (Wells and Coppesmith, 1994) M=4.06+2.25log(WID),
Eq. (17) Maximum slip(m) (Kim and Anderson, 2005) Log(u)=4.38+1.491og(Ls).
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Figure 10. Vertical displacement length on the fault surface
versus the magnitude of the earthquakes that occurred,
according to the results obtained in Table (1). Hence, The
higher magnitude, the larger the horizontal displacement

on the fault surface.
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ﬁ
g Figure 11. Average displacement values obtained from the identified
M= 7.04+0.8910g(AD) paleo-events in the Darb-e-astanch trench according to Table 2
5 . . . .
05 05 15 25 35 45 compared to the magnitudes obtained from the event using the
Average displacment(m) relationship (Wells and Coppesmith, 1994).
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Figure 12- a) Values of rupture zone area, b) surface rupture length obtained from paleo-events identified in Darb-e-
astaneh trench according to Table 2 versus to the magnitudes obtained from the event using the relationship (Wells
and Coppesmith, 1994).
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Figure 13- a) Subsurface rupture length values and b) subsurface rupture width values obtained from paleo events
identified in the Darb-e-astaneh trench according to Table (2) versus to the magnitudes obtained from the events

using the equation (Wells and Coppesmith, 1994).
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Figure 14. The correspondence of historical earthquakes along the main Zagros fault of the Dorud (D.F.),
Qale Hatem (Q.F., Garoon (G.F.), Nahavand (N.F.), Sahneh (S.F.) and Morvarid (M.F.) segments and the
paleoseismological events identified from the paleoseismological studies of the Dorud fault from the trench
excavation on the Dorud fault (focal mechanism of the 1957 and 1958 earthquakes) and 1963 from Ni and
Barazangi, (1986) and 1987 from CMT Harvard and the 2006 earthquake from Peyret et al. (2008) with
modification from Berberain (2014) and Kamali et al. (2023).
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Figure 15. Adaptation of the paleoearthquake evidence with each other, and clustering. Blue bracket of the events identified for fault
zone A and the black bracket associated with fault zone B. The vertical axis indicates the location of the event horizon of each event

along the trench, and the bracket indicates the temporal constraints on the timing of earthquakes based on trenching studies.
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Figure 16. Location of stations surveyed by the GPS kinematics survey and field images (yellow
rectangle) relative to the Dorud fault, which is marked with red triangles (station 1 above and

stations 2 and 3 below).
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Figure 17. The digital elevation model (DEM) obtained from the GPS kinematics survey and Measurement of
horizontal displacement of the right-lateral strike-slip ridge and shifted crest line with by topography map based
on GPS measurements. AB and CD: Vertical profiles along the offset crests’ axes, with estimates of the cumulated
vertical component, are shown on the diagram. The minimum value corresponds to the difference in height between
the highest points in the violet footwall profiles and the lowest points in the orange hanging wall profiles which here

dips 60 degrees to the south. The maximum value corresponds to the vertical separations between the projections of
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the footwall and hanging wall profiles on the fault, which here dips 60 degrees to the south.
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Table 3. The mean of the displacements obtained in

the gully area due to Doroud Fault activity. H(m) =

cumulative horizontal displacement; Vmax (m) =

cumulative displacement of the slope on the ground; Vf

(m) = displacement of the slope collapse on the fault

surface.
H(m) Vmax(m) V{(m) Number
21.59 6.82 6.48 1
13.94 14.34 13.48 2
10.05 5.92 5.57 3
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Figure 18. A schematic model prepared of a drainage displaced by shutter ridges affected by movement
by the Dorud fault, horizontal and vertical offsets resulting from the study of data from GPS RTK

surveys (station 3) on the drainage with geographical location (325157E, 3702585N).
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