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1. Introduction

ABSTRACT

The Tehran region, as the political, economic, and security capital of Iran, is considered an area
with particular geotechnical and seismotectonic significance. The present study was conducted to
provide an integrated analysis of shear wave velocity, microseismicity distribution, and seismicity
parameters in this region. For this purpose, based on data obtained from downhole geotechnical tests,
soil divergence and standard penetration tests, as well as geological maps, an updated shear wave
velocity map was prepared as one of the most influential indicators of soil behavior under seismic
wave propagation. The findings indicate that the significant reduction in shear wave velocity across
two east—west trending zones in the southern part of Rey is directly associated with soft Holocene
lacustrine deposits, which play an important role in amplifying ground motion. In the next stage, the
distribution pattern of microseismicity in the study area was examined using more than two decades
of seismic records compiled by the Institute of Geophysics, University of Tehran, covering the period
from 1996 to 2023. This analysis revealed that the clustering of microseismic events has increased
around the city of Rey and in the western parts of Karaj. Furthermore, seismicity parameters were
calculated using statistical methods across the study region. By preparing a spatial variation map of
the b-value, areas of higher seismic activity were identified. The return periods of earthquakes with

magnitudes 5, 6, and 7 were estimated at approximately 35, 300, and 2500 years, respectively.

Iran, situated along the seismically active Alpine—Himalayan belt, is widespread folding, and frequent seismicity across the Iranian

among the world’s most earthquake-prone regions due to its dense Plateau (Berberian, 2014). Tehran, in particular, is one of the most
population and critical infrastructure. The ongoing collision between active seismic zones, with a long record of destructive earthquakes

the Eurasian and Arabian plates has caused intense deformation, that make it a central focus for seismic and geotechnical research.
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Among soil properties, those affecting the shear modulus
are most closely related to shear wave velocity (Vs). The void
ratio and mean effective stress are dominant factors influencing
shear modulus, as density variations are generally minor (Fumal
and Tinsley, 1985). In shallow soils (upper 30 m), where mean
effective stress is nearly constant, the void ratio remains a key
factor controlling shear strength. Vs reflects subsurface stiffness
and directly affects seismic wave propagation, attenuation, and
amplification.

Jarahi (2020) examined Vs variations across the southern Tehran
alluvial plain and adjacent areas such as Robat Karim, Eslamshahr,
Rey, and Varamin, integrating analyses of shear wave velocity and
microseismic activity. Using ambient noise tomography, Motaghi
et al. (2021), following Boore (2020), produced a 3D crustal model
of Tehran, revealing that the city’s southern and central sectors—
with low Vs values—are highly susceptible to seismic wave
amplification. These findings align with Zafarani et al. (2021),
who demonstrated pronounced heterogeneity in V , across Tehran,
indicating variable seismic responses.

Microseismic monitoring has emerged as an effective tool for
dynamic fault activity assessment. Farahani et al. (2014) identified
clustered micro-earthquakes along the North Tehran Fault as
indicators of crustal stress instability. Likewise, Nemati and
Derakhshani (2021) found numerous shallow micro-earthquakes
along hidden faults in eastern Alborz.

From a statistical standpoint, parameters such as earthquake
occurrence rate (1), maximum expected magnitude (M _ ), and
the Gutenberg—Richter b-value are vital for characterizing seismic
behavior. Alikhanzadeh et al. (2024) reported a lower b-value in
northern Tehran, implying localized stress accumulation, while
Shirzad et al. (2019) revealed anomalous seismic patterns in

western Tehran likely linked to concealed faults.

2. Research methodology
In the following section of the research, earthquake data were
examined. First, micro-earthquakes with magnitudes below 4
within the study area were analyzed, and their spatial distribution
was identified. In the next step, seismic parameters and earthquake
return periods were calculated using instrumental earthquake data.
In the analysis of micro-earthquakes, their locations within the
study area and their spatial relationship with high seismicity density
zones and active faults were examined. For this purpose, all micro-
earthquake data with magnitudes smaller than 4, covering the period
from 06/01/1996 to 26/03/2023, within the geographical range of
50°-52° E longitude and 35°-36°15" N latitude, were obtained
from the Institute of Geophysics, University of Tehran. This dataset
consisted of 6,409 events. In the initial stage, a distribution map

of the micro-earthquakes within the study area was generated,

and the relationship between their distribution, seismicity density,
and active faults was analyzed. Furthermore, temporal and depth
variations of the microseismic data were also investigated.

In the present study, in order to statistically analyze the seismicity
parameters of the Tehran region, instrumental earthquake data with
magnitudes greater than 2.5 were collected. After assessing the
data quality and performing necessary processing, the seismicity
parameters and their spatial variations across the study area
were evaluated. In addition, historical earthquake records and
available paleoseismological data for the region were examined,
and earthquake return periods were estimated by incorporating
both historical and paleoseismic events. To determine seismic
parameters, the earthquake catalog, consisting of events with
magnitudes greater than 2.5, was utilized. After declustering and
determining the magnitude of completeness, the parameters of the
Gutenberg—Richter model (Gutenberg and Richter, 1945) were

calculated.

3. Results

In this study, the primary dataset for shear wave velocity analysis
was derived from Naghavi Pour (2014), who produced an initial
iso-potential Vs map of Tehran. The results were refined using
additional geotechnical data, including downhole measurements,
to calculate average Vs values for each location. These were
validated and enhanced through the global V, dataset (Heath et
al., 2020). Geological variables such as sedimentary characteristics
were also integrated using global shear wave velocity models and
Tehran’s geological maps (GSI; Berberian et al., 2016), resulting in
a comprehensive Vs map for the study area.

For micro-earthquake analysis, spatial distribution patterns and
their relation to active faults and seismicity zones were examined.
A total of 4,511 events (M < 4) from the Institute of Geophysics,
University of Tehran, were processed. After removing incomplete
records, foreshocks and aftershocks were identified using the
Gardner and Knopoft (1974) time—space window method, leading
to 92 clusters and the exclusion of 365 events. To further refine
the catalog, quarry blasts were eliminated using the Rq-mapping
technique (Wiemer and Baer, 2000).

Seismic data were categorized into historical, pre-1963 instrumental,
and post-1963 instrumental events. Historical records, including
paleoseismic trenching data from major faults (Mosha, North Tehran,
Taleqan, Pishva), were sourced from Ambraseys and Melville (1982),
Berberian (1995), and Mirzaei et al. (1998) to evaluate recurrence
intervals. For seismicity parameter calculations, earthquake catalogs
from the Institute of Geophysics (339 events, 1967-2024), 1IEES,
and ISC were compared, confirming the Geophysics Institute catalog
as the most complete. Applying the Gardner and Knopoff (1974)

method again identified 17 clusters and 41 foreshocks/aftershocks.
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Analysis of diurnal frequency showed no significant day—night

variation, indicating negligible quarry blast contamination.

4. Discussions
4.1. Analysis of the Refined Shear Wave Velocity Map

The analysis of the refined shear wave velocity (V. ) map and its

S30
comparison with the initial version indicates that almost all of the
modifications made to the original Vi, map are concentrated within
the lacustrine sedimentary deposits. These zones represent the
lowest VS30 values across the study area. Notably, a nearly linear
belt extending between the cities of Nasimshahr and Taleabad,
with a secondary branch toward Rey, is entirely situated within
the sedimentary units of the ancient Rey Lake. Previous studies
by Jarahi (2020) demonstrated that due to the fine-grained texture
and low permeability of these sediments, the groundwater table is
relatively shallow, and soil saturation levels range between 50%
and 80% at depths of 3—10 meters. Such conditions significantly
increase the likelihood of seismic amplification and liquefaction
during a strong earthquake, particularly in areas such as Rey and

Eslamshabhr.

4.2. Microseismicity Analysis

All micro-earthquake data with magnitudes smaller than 4 for the
period 1996-2023 were obtained through correspondence with the
Institute of Geophysics, University of Tehran, and subsequently
analyzed. After removing foreshocks, aftershocks, and quarry
blast events, the microseismic dataset was refined for further
investigation.

The spatial distribution map of micro-earthquakes revealed
that seismicity clusters are concentrated in specific regions. Two
major high-density zones were identified: one located around Bibi
Shahrbanu Mountain (in the eastern and northeastern parts of Rey)
and the other to the west of Shahriar, extending from Karaj to
Mahdasht. A noteworthy observation is the alignment of the F-3
magnetic lineament (Yousefi, 1994 with the linear distribution of
micro-earthquakes associated with the 2017 Malard earthquake in
this area.

To examine these patterns in greater detail, seismic cross-
sections were generated using the ZMAP software. One of these
cross-sections, parallel to the F-3 magnetic lineament, extends
over 115 km and encompasses the rupture area of the 2017 Malard
earthquake. The distribution of micro-earthquakes along this
profile indicates a fault-related pattern trending approximately
north—south, nearly perpendicular to the Mahdasht-Karaj fault.
Another profile, located at Bibi Shahrbanu Mountain and covering
the southern Tehran scarps, was also analyzed. This profile extends
over 72 km, and the depths of micro-earthquakes range from

approximately 30 km to near the surface.
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The density of micro-earthquakes within the study area is notably
higher in the northern part of Rey, particularly along the Eyvanki
fault. In addition, a significantly elevated concentration of seismic
events is observed in the Malard earthquake zone, forming a distinct
north—south trending seismicity belt.

In the final stage of analysis, seismicity parameters for the region
were calculated using the earthquake catalog covering the years
1996-2024. The magnitude of completeness (Mc) was determined
to be 2.5. The calculated seismic parameters included an a-value of
4.79 and a b-value of 0.918. The a-value reflects the overall level of
seismic activity in the region, where higher values indicate a greater
frequency of earthquakes. The b-value, on the other hand, represents
the ratio of small to large earthquakes and is closely associated
with tectonic structures and accumulated stress conditions. A high
b-value generally reflects a reduction in stress accumulation and
a predominance of smaller earthquakes, whereas a lower b-value
indicates increased stress build-up and a higher probability of larger
earthquakes (Wiemer and Wyss, 2002; Schorlemmer et al., 2005).

Throughout the analyzed period, the b-value varied between 0.7
and 1.2. The observed decrease in b-value in recent years suggests
an increase in regional seismic hazard, pointing toward heightened
stress accumulation and the potential for significant seismic events
in the study area.

When historical data are incorporated into the seismic parameter
calculations, the a-value and b-value were obtained as 4.49 and
0.795, respectively. It should be noted that in addition to instrumental
records, paleoseismic and historical earthquake data were also
employed for the estimation of seismicity parameters. However,
the resulting seismic parameter plots exhibited considerable
uncertainty and errors; therefore, they were not presented in this
study. Instead, historical and paleoseismic data were primarily used
for comparison and validation of earthquake recurrence intervals.

In the subsequent stage, spatial variations of seismicity parameters
were investigated using ZMAP software and the earthquake catalog
of the study region. The spatial distribution of the b-value indicated
values greater than 1 in the central and southwestern parts of the
study area, showing strong correlation with the regions of high
microseismicity density.

Furthermore, an earthquake frequency plot for the period 1996—
2023 illustrated the cumulative number of earthquakes alongside
the temporal variation of the mean seismicity rate (z-value). The
z-value parameter compares the mean seismicity rate of a specific
period and area with the long-term average (LTA) of the same
region, thereby allowing the identification of anomalous seismicity
patterns or seismic quiescence preceding major earthquakes near
their epicentral zones. This approach also evaluates the statistical
significance of such quiescence in comparison to random temporal

fluctuations in seismic activity (Wiemer et al., 2004). In this
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study, the comparison time window was set to one year, applied
as a moving window with a 30-day step. The maximum observed
z-value reached 7.5 in the year 2023, highlighting an exceptional

deviation from the long-term seismicity trend.

4.3. Earthquake Recurrence

The recurrence intervals of earthquakes were calculated using
the Gutenberg—Richter relationship applied to the seismic catalog
data in ZMAP software. The estimated recurrence periods for
earthquakes with magnitudes 5, 6, and 7 were 35, 300, and 2500
years, respectively.

To assess the influence of historical data on recurrence interval
estimations, the method of Kijko and Sellevoll (1992) was applied.
As previously noted, this method enables the integration of the
largest recorded earthquakes with datasets of varying completeness,
while also accounting for seismic gaps (7g) caused by missing
data or non-operational periods of seismic networks. Using this
approach, recurrence analysis was conducted once with instrumental
data alone and once with the inclusion of historical records. Based
on instrumental data, the recurrence period for magnitude 5
earthquakes was estimated at 24 years. When historical data were
incorporated, recurrence intervals for earthquakes of magnitudes 5,
6, and 7 were reduced to 20, 120, and 1100 years, respectively.

Paleoseismological studies of the region indicate that over the
past 50,000 years, 22 ecarthquakes with magnitudes exceeding
6.2-7.4 have occurred, of which 9 had magnitudes between 7.0
and 7.4. These events were primarily associated with the activity of
the North Tehran, Taleqan, and Pishva faults. For the North Tehran
fault, 12 earthquakes with magnitudes larger than 6.5 have been
identified over the past 4-50 ka, suggesting that approximately
every 4000 years an earthquake of magnitude >6.5 occurs on this
fault. Within the same interval, four earthquakes with magnitudes
>7 were also documented. On the Taleqan fault, four earthquakes
with magnitudes exceeding 7 have been identified during the past
~5300 years, implying a recurrence interval of about 1300 years for
M>7 events. For the Pishva fault, six earthquakes larger than M 6.2
have been reported in the past ~30,000 years.

On the other hand, paleoseismic investigations (Ghassemi et al.,
2014; Ritz et al., 2003; Solaymani Azad et al., 2003) indicate that
magnitude estimates are not available for earthquakes associated
with the Mosha fault; therefore, no recurrence interval could be
presented. The Mosha fault system, located ~30 km from Tehran, has
been linked to significant historical earthquakes, including the 958
AD Royan event (M 7.1), the 1665 AD Damavand event (M 6.5),
and the 1830 AD Lavasanat earthquake (M 7.1) (Berberian, 2014;
Berberian and Yeats, 2016).

Overall, the recurrence intervals of earthquakes estimated
from instrumental data are consistent with those derived from
paleoseismological evidence, highlighting the reliability of the

combined methodological approach.

5. Conclusion

The revised shear wave velocity map indicates a linear zone of
low VS values in the vicinity of Rey city. Areas with low shear
wave velocity reduce the propagation speed of seismic waves
and consequently increase or amplify their amplitudes during an
earthquake. Analysis of microseismicity and its spatial distribution
revealed two high-density clusters: one located in the Bibi
Shahrbanu Mountain area and the other extending westward from
Karaj to Mahdasht, with the highest density observed north of Rey
along the Eyvanki fault.

The mean seismicity parameters in the Tehran region were
calculated as a-value = 4.79 and b-value = 0.918, with variations
ranging between 0.7 and 1.2 during the analyzed period.

The observed decrease in b-value in recent years may reflect an
increase in regional seismic activity. Spatial variations of the b-value
further showed elevated values in the central and southwestern
parts of the study area, while lower values in the northwestern and
northeastern regions suggest the potential for larger earthquakes,
consistent with the locations of the North Tehran and Mosha faults.

The recurrence intervals of earthquakes with magnitudes 5,
6, and 7 were estimated at 35, 300, and 2500 years, respectively,
which, when historical seismic data were included, were reduced to
20, 120, and 1100 years.
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Figure 2. The geographic location of the alluvial plain in the south of Tehran and its adjacent

areas. Fault information is derived from the studies of Berberian (1985); the river layer is

obtained from the regional water maps of the Tehran Water Authority; the coastal escarpment

layer of the ancient Rey Lake is based on the studies of Jarahi (2021); and the digital elevation
model (DEM) layer is extracted from ALOS PALSAR satellite data with a spatial resolution

of 12.5 m.
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Figure 3. A flowchart illustrating the steps of seismic hazard analysis. The main subcategories examined in this study

include seismotectonics and shear wave velocity, which serve as input data for determining seismicity parameters.
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Figure 4. Flowchart for generating the shear wave velocity map using digital elevation data derived from Karimzadeh

et al. (2019).
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Figure 5. Illustration of magnitude saturation across different

magnitude scales, adapted from Shadabfar (2011).
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Figure 5. An illustration of the data used to derive key seismic hazard parameters such as m,_, mean
activity rate (1), b-value, and the Gutenberg-Richter magnitude—frequency relationship using the HA3
computer code. This method allows for the combination of the largest earthquakes with complete
datasets and varying levels of completeness. It also enables the incorporation of the largest known
earthquake magnitude. The software accepts seismic gaps (7g) in cases where seismicity records are
unavailable or the seismic network is non-operational. The method accounts for uncertainty (error)

in magnitude determination (Tinti and Mulargia, 1985), assuming that the observed magnitude is the

true value affected by a random error following a Gaussian distribution (Kijko and Sellevoll, 1992).
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Table 1. Numerical results of downhole geotechnical tests in the study area (Naghavi Pour, 2014)

No. | LONGITUDE | LATITUDE | Vs, | No. | LONGITUDE | LATITUDE | Vs, | No. | LONGITUDE | LATITUDE | Vs,
1 51°21°40 35°35°12 200 56 51°19°30 35°49°22 1170 | 111 51°32° 1 35°38°49 1170
2 51°22°27 35°35°22 203 57 51°17° 54 35°49°57 1420 | 112 51°34’16 35°47 44 1160
3 51°22°9 35°35°40 206 58 51°17° 38 35°49°48 1460 | 113 51°25°26 35°44°4 1183
4 51°23°31 35°35°38 200 59 51°17°4 3550’1 1170 | 114 51°25°32 35°45° 12 1198
5 51°20°5 35°35°48 203 60 51°17°9 35°49° 15 1420 | 115 51°25°44 35°45°34 1420
6 51°18°33 35°35°40 206 61 51°17°2 35°48°57 1460 | 116 51°25°25 35°45°35 1320
7 51°18° 12 35°35°47 270 62 51°16°26 3594834 1198 | 117 51°25°41 35°45°22 1220
8 51° 18’16 35°36°19 280 63 51°16°29 35°48’55 1183 | 118 51°29°30 35°46°3 1290
9 51°18° 54 35°36’°50 300 64 51°16°10 3594858 1160 | 119 51°2837 35°46°39 1450
10 51°18°12 35°37°32 320 65 51°15°53 35°48°57 1183 | 120 51°30° 11 35°47°2 1460
11 51°18°10 35°37°45 270 66 51°15°49 35°49°12 1198 | 121 51°31°12 35°46’ 4 1170
12 51°16°57 35°35°56 280 67 51°16° 10 3549’12 1450 | 122 51°32°7 35°46° 15 1160
13 51° 18’50 35°38°37 300 68 51°16°21 35°49’41 1183 | 123 51°32°50 35°46’5 1183
14 51°16°56 35°38°33 320 69 51°15°59 35°49°32 1290 | 124 51°21° 12 35°44°24 1198
15 51°17°33 35°38°43 270 70 51° 15”55 3550’1 1160 | 125 51°19°12 35°43°50 1450
16 51°21°26 35°38°33 280 71 51°16°22 35°49° 54 1183 | 126 51°18’ 54 35°45° 11 1183
17 51°21°36 35°38°0 206 72 51°31°17 35°48’41 1703 | 127 51°19°19 35°45°43 1290
18 51°20°57 35°37°50 300 73 51°28’44 35948’ 46 1706 | 128 51°19°19 35°46° 17 1160
19 51°22°40 35°39°30 320 74 51° 28’55 35°48°57 1700 | 129 51°23°1 35°46°25 1183
20 51°23°12 35°39°32 280 75 51°29°33 35°49° 15 1703 | 130 51°19°57 35°45°2 1290
21 51°23°32 35°40° 18 300 76 51°22°30 35°49°55 1706 | 131 51°16° 11 35°46°33 1160
22 51°23°56 35°39’ 16 203 77 51°23°1 35°49’41 1770 | 132 51° 15”46 35°46°37 1450
23 51°25°9 35°34°59 200 78 51°23°0 35°49° 54 1780 | 133 51°15°58 35°46°49 1183
24 51°24°48 35°34’°44 203 79 51°23°32 35°49’51 1800 | 134 51°16° 13 3524717 1290
25 51°24°43 35°33°57 206 80 51°24°28 35°49’44 1820 | 135 51°16° 13 354717 1160
26 51°27°41 35°37°48 200 81 51°24°51 35°49’41 1770 | 136 51°16°23 3524728 1170
27 51°27° 12 35°38°28 203 82 51°24°19 35°49°12 1780 | 137 S51°17°4 35°47° 18 1420
28 51°28°27 35°37°57 206 83 51°25° 16 35°49° 12 1800 | 138 51° 18”40 35°47°22 1460
29 51°28 44 35°38°7 200 84 51°25°58 35°49°12 1820 | 139 51°19’5 35°47°24 1198
30 51° 28’54 35°37°19 203 85 51°26° 10 35°49°35 1770 | 140 51°20°9 35°47°23 1183
31 51°29°52 35°38°24 280 86 51° 25”49 35°49°39 1780 | 141 51°21° 15 35°48°37 1160
32 51°28’ 14 35°39°34 270 87 51°26° 54 35°49°51 1706 | 142 51°21° 12 35°49°15 1450
33 51°23°25 35°36’°24 660 88 51°28’5 35°49°30 1800 | 143 51°20° 58 35°49’ 46 1183
34 51°23°53 35°36° 16 560 89 51°28’56 35°49°24 1820 | 144 51°19’ 40 35°49°59 1290
35 51°24°9 35°36’31 460 90 51°29°19 35°49’41 1780 | 145 51° 19’40 35°49°42 1160
36 51°23°47 35°36°50 530 91 51°16°21 35°41° 15 423 | 146 51°24’36 35935743 690
37 51°23°31 35°37°23 690 92 51°16° 12 35°41°32 530 | 147 51°25°2 35°35°34 423
38 51°21°48 35°36°30 700 93 51°16’5 35°41°51 400 | 148 51°26°26 35°34°59 530
39 51°20° 34 35°36°22 410 94 51°15°56 35°41°59 690 | 149 51°16°50 35°40°43 400
40 51°19°49 35°36’30 400 95 51°16°55 35° 38’56 530 | 150 51°17°52 35°39°49 560
41 51°16° 12 35°34°51 423 96 51°21°9 35°39°45 690 | 151 51°17°0 35°39°45 460
42 51°16°13 35°42° 11 423 97 51°29’ 14 35°44°8 410 | 152 51°20°38 35°46°29 530
43 51° 16’35 35°42°9 530 98 51°30°53 35°44°59 660 | 153 51°20° 11 35°45°31 400
44 51°29°7 35°40° 17 400 99 51°30° 54 35°46° 38 700 | 154 51°21°53 35°37°3 423
45 51°30°47 35°40° 14 410 | 100 51°20°10 35°44° 10 410 | 155 51°24°54 35°36°0 530
46 51° 30’ 46 35°39°30 660 | 101 51°19’ 54 35°43°13 660 | 156 51°29°0 35°34°41 1320
47 51°32°18 35°39°57 700 | 102 51°18°30 3594354 700 | 157 51°26°13 35°37°21 1220
48 51°34° 34 35°44°30 438 | 103 51°18’ 14 35°43°32 438 | 158 51°31°39 35°35°33 1290
49 51°32°40 35°43°31 423 | 104 51°17°27 35°43° 54 423 | 159 51°30°23 35°37°28 1450
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Figure 7. Initial shear wave velocity (VS, ) map for the upper 30 meters of soil, prepared using Table 1

(Naghavi Pour, 2014).
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Figure 8. Shear wave velocity map of Tehran and surrounding areas based on the study of Habibi

et al. (2023).
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Figure 9. Refined shear wave velocity map of soil for the southern Tehran region (m/s).
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Figure 10. Distribution of microearthquakes in the study area.
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Figure 11. Frequency distribution of micro-earthquakes within the

study area.
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Figure 13. Ratio of daytime to nighttime data in the micro-

earthquake records.
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Figure12. Histogram of earthquake occurrences within a 24-hour period.
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Table 2. Prehistoric earthquakes of the Tehran region derived from paleoseismological studies (Abdollahi et al., 2025).

Seismic Fault Date Ms Reference
0-4 Ka 6.6 .
479 Ka 66 Ritz et al.,2012
4.7Ka 74 Kaveh Firouz et al.,2012
6.7 Ka 7.4
4.3Kat6.4 6.9 Ghassemi et al.,2014
hTeh 7.9-26.7 Ka 6.6 Ritz et al.,2012
North Tehran
7.9 ka 7.1 .
12 Ka 63 Kaveh Firouz et al.,2012
16.7-29 Ka 6.5 Ritz et al.,2012
33 Ka 6.6 Kaveh Firouz et al.,2012
28.5 Ka 6.6 Ritz et al.,2012
50 Ka 7 Kaveh Firouz et al.,2012
40 yr B.P. to 1780 60 yr B.P.+125 6.8
60 yr. B.P.+1780 7.1 Nazari et al.. 2009
azari et al., ;
Taleqan 3687-3588 cal yr. B.P. 72 Berberian and Yeats, 2016 b
5282- 4974 cal yr B.P. 7.2
Post-3830 cal yr B.P. 72
7.4-11.67 Ka 6.4
17.2-2011 Ka 6.7
Pishva 23.5-25.4 Ka 7 Majidi Niri et al., 2011
22.4-254Ka 6.2
25.4-32.6 Ka 6.5
O 0 S B 6 Slao3 a3 ¥ sk
Table 3. Historical earthquakes of the Tehran region.
Longtiude Latitude Magnitude Year location Reference
51.5 35.6 7.1 855 Rey Ambraeys and Melvil, 1982
51.5 35.6 6 864 Rey Ambraeys and Melvil, 1982
51.35 35.82 7.1 958 Rey-Royan Ambraeys and Melvil, 1982
50.83 35.92 7.1 1177 Rey-Karaj-Qazvin Ambraeys and Melvil, 1982
52.1 35.7 6.5 1665 Damavand Ambraeys and Melvil, 1982
51.6 35.7 7.1 1830 lavasanat Berberian and Yeats,2016b
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Figure 14. Spatial distribution of seismic data within the study area.
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Figure 16. Diurnal distribution of seismic data.
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Figure 15. Time series plot of seismic data.
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Figure 17. Distribution of micro-earthquakes in
the study area based on focal depth. The location
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trend of micro-earthquakes from the 2017 Malard

earthquake.
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Figure 18- a) Seismic profile AB along the region of the 2017 Malard earthquake

(all microearthquakes around line AB are marked in pink). b) Depth variations of the

earthquakes along the A-B path. ¢) Cumulative frequency of microearthquakes within the

depth range is shown. The average depth of these events and subsequent aftershocks is

about 10 km, which may indicate the shallow nature of seismicity in the region (The range

of depth variations of the earthquakes is indicated by vertical bars).
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Figure 19- a) Seismic profile AB along the region of high
seismic density (the limestone quarries of the Tehran Cement
Complex) (all microearthquakes around line AB are marked
in pink). b) Depth variations of the earthquakes along the
A-B path. ¢) Cumulative frequency of microearthquakes.
(The range of depth variations of the earthquakes is
indicated by vertical bars.) The depth of these events, unlike
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10 km.
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Figure 20. Density potential map of microearthquakes in the study area. A 12.5-meter
resolution digital elevation model (DEM) derived from the ALOS PALSAR satellite
is used in the background of this map.
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