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1-Introduction

The active reverse faults in the Tehran region are parallel to the northwest trend of the Alborz Mountain
Range. The historical earthquake sequence lasted for more than 1100 years, significantly longer than the
other sequences presented here. Four earthquakes with a magnitude of M > 7 devastated the Tehran region
between 743 and 1177, but only one earthquake of this magnitude has occurred in the past 800 years, in
1830. At least three historically destructive earthquakes ruptured adjacent segments of the Mosha fault over
a continuous distance of nearly 200 km: 958 (western segment), 1665 (eastern segment), and 1830 (central
segment, north of Tehran). An abrupt change in the fault's strike marks the boundary between the 958 and
1830 ruptures. Still, an obvious geological discontinuity does not mark the boundary between the 1830 and
1665 ruptures. The continuation of the hanging wall, east of the 1665 rupture, has not been ruptured in a
major earthquake historically (Berberian and Yeats, 1999). The 855-856 (exact year unknown) and 1177
earthquakes cannot be assigned to specific faults. These earthquakes could have ruptured the North Tehran
thrust, which defines the Alborz front on the northern edge of the Tehran Plain. A complicating factor is
the poor documentation of the location of the 855-856 earthquakes, which could be due to the poor
localization of the Qumes earthquake (M 7.4) on December 22, 856, in the Damghan region. These events
could also be located south of Tehran along the Pishva fault system. The 1119 AD Qazvin earthquake, with
a magnitude of 6.5, occurred on the westward thrust of northern Qazvin and may be a continuation of the
zone of large earthquakes on the Mosha fault (Berberian and Yeats, 1999).

2-Materials and methods

The method used in this study is based on library studies. Thus, during the review of published articles on
the research topic, analysis, comparison, and general conclusions were drawn from previous findings,
presented in the form of a model, and the results were illustrated in a graph at the end of the article. Control
field visits have also been conducted to review and possibly correct the results.

3-Results and discussions

All paleoseismological studies conducted in the Tehran area indicate the excavation of nearly 32 trenches
on the fault precipices of this region. The overall results showed that the North Rey, South Rey, Kahrizak,
and Eshtehard escarpments are the remnants of an ancient lake shore that once existed in this area.
Therefore, these precipices are not of any fault origin. Evidence of ancient earthquakes was also found in
other trenches excavated in the region, which were previously reviewed. Two issues should be noted: (1)
The Rudbar earthquake occurred on a left lateral strike-slip fault in the Alborz; (2) Most of the buildings
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destroyed during the 1990 earthquake were traditional rural unreinforced rubble or adobe brick structures
with horizontal timbers in the roof, and modern brick buildings with horizontal reinforced concrete ring
beams in the four cities and counties. The Tehran region has experienced a seismic quiescence comparable
to that of the 7.3 Rudbar earthquake before 1990 in the northwest Alborz Mountains. Berberian and Yeats'
(2016) study indicates that the seismic parameters of the Rudbar earthquake can be considered the largest
earthquake expected (Mw ~7.3-7.4) for the Tehran region, contradicting the recommended magnitudes of
Mw 7.7-8.1 for Tehran and Alborz mentioned in previous literature. The Tehran Metropolitan Area is
situated in a geologically complex region at the junction of the Central Alborz Mountains and the Central
Iran Seismic Province, with a well-documented history of historical earthquakes. Due to the proximity and
extent of at least eight adjacent and intra-urban active faults in the Tehran metropolitan area and their
potential hazards to the city, these faults are of concern and threaten about 15 million people with large and
catastrophic earthquakes with huge economic losses and a very difficult and long recovery period for
survivors and the government. Regional GPS data show leftward and north-south slip rates of 1.5 and 1.8
mm/year, respectively, in the Tehran metropolitan area (Mousavi et al., 2013).

4-Conclusion

The characteristics of all earthquakes in the study area were derived from paleoseismological studies. A
large number of earthquakes have occurred during the period when the ancient Rey Mega lake was present
in the Tehran Plain. Two groups of studies have been used to show the lake's water level. The first part is
related to studies (Jarahi, 2021; Jarahi, 2024), which, in addition to the location of the lake's shores, have
presented evidence of water intake dating back to around 2000 BC. The next study is related to the
paleoseismological studies of Nazari et al. (2010), which, while dating the lake sediments, after matching
the results with the location of the cliffs south of Tehran, showed that the lake water level has been in the
Rey range since at least the Younger Driyas period (about 11,800 years ago). At least 16 major earthquakes
have occurred in the Tehran area when the lake water level reached the Tehran Plain, which shows the
importance of paying attention to phenomena related to large earthquakes in this region. It should be noted
that, as Habibi et al. (2023) have pointed out, the southern part of Tehran is vulnerable to a major earthquake
event related to the activity of any of the surrounding faults, such as those in North Tehran, Mosha, Pishva,
Firuzkuh, and Taleghan. High groundwater levels in the region can exacerbate the destruction and lead to
seismic collateral phenomena. As mentioned, the studies of Berberian and Yeats (2016) have removed 10
so-called fake historical seismic events from the list of seismic events in the Tehran region.

On the other hand, the prehistoric earthquake data obtained from paleoseismological studies have been
added to the list of prehistoric earthquakes in Tehran. Additionally, four faults, including North Rey, South
Rey, Kahrizak, and Eshtehard, have been removed from the list of faults in the study area due to new
paleoseismic findings. All the investigations in this study indicate that it is no longer possible to judge
Tehran's seismic past and future based on tectonic and seismic data. More precisely, the capital of Iran,
with a population of 15 million, is threatened by earthquakes and faces a more serious threat called seismic
data chaos, which has led researchers and relevant organizations to compile and implement seismic reports
and standards, such as Regulation 2800, based on a database of irregularities. Based on all the above
findings, the people of southern Tehran have been seismically reinforcing their structures for a major event
with an acceleration of 0.35 gal for nearly four decades, as per Regulation 2800. Meanwhile, the studies of
Habibi et al. (2023) show that the maximum acceleration in these areas reaches 0.17 gal.

On the other hand, the risk of land subsidence at a high rate threatens these same areas, and no scientific
and practical solution has been proposed so far. According to the study mentioned above and the research
by Gholipur et al. (2008), the earthquake acceleration in the northern half of the city is estimated to be
significantly higher than 0.35 gal (approximately 0.5 gal). Ultimately, it appears that conducting thorough
earthquake hazard analysis studies to revise Tehran's seismic code will be highly necessary.
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Fig 1: The upper part of the image shows the water level changes of the ancient Rey Lake (PAMELA) (blue lines
taken from (Jarahi, 2021) (Jarahi, 2024a) and (Nazari et al., 2010)) compared to earthquakes from paleoseismological
studies taken from (Ghassemi et al., 2014; Kaveh Firouz et al., 2012; Nazari, 2006; Nazari, 2015; Nazari et al., 2011;
Nazari et al., 2007; Nazari et al., 2014; Ritz et al., 2009; Solaymani Azad et al., 2003) and historical earthquakes
(Ambraseys and Melville, 1982; Berberian, 1995; Berberian, 2014; Berberian and Yeats, 2016b) and a device (ISC,
2018). The lower part of the image shows the faults around Tehran over time relative to the present. Earthquakes with
limited dates of occurrence are shown with horizontal lines. The vertical lines represent the magnitude range. Circles
indicate earthquakes without upper and lower time limits. The lake water level is relative to the open sea level. NT:
North Tehran Fault, V: Vardavard Trench, CH: Chitgar Trench, K: Kand, T: Taleghan Fault, F: Firuzkuh Fault, and
P: Pishva Fault. T1, T2, TF1 are the trench numbers, and E1 to E8 are the seismic events for each trench.
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Table 1. Summary of paleoseismic events in Vardavard, northwest of Tehran, trench TE1 and TE2 along the North Tehran

thrust. Revised from studies (Kaveh Firouz et al., 2012).

Trench TE1 Trench TE2
Event | Total Mw Date (yr | Event | Total offset Mw Mw Myw ( general) Date (yr
offset | (Reverse/ B.P.) (m) (Reverse/ (Reverse) B.P.)
(m) general) general)
) 12 G M @ 1A 3P (©)
Evl 0.77 6.62/6.8 0-4000 Evl 0.3 | 0.77 6.57/6.5 629 | 6.62 | 63 6.8 ?
Ev2 1.58 6.66/7.1 4000-7900 | Ev2 | 0.95 | 1.58 6.64/6.9 6.51 | 6.66 | 6.67 7.1 ?
Ev3 | 0.13 - - Ev3 | 059 [ 0.13 | 6.61/6.74 6.41 - 6.52 - ?
Ev4 0.2 - - Ev4 0.7 0.2 6.88/6.80 6.45 - 6.58 - ?
Ev5 | 0.35 6.58/6.6 7900- Ev5 - 0.35 - - 6.58 - 6.6 ?
26700
Ev6 0.2 - - Ev6 - 0.2 - - - - - ?
Ev7 0.3 6.57/6.5 26700- - - 0:30 - - 6.57 - 6.5 ?
29000
Ev8 | 0.35 6.58/6.6 28500 - - 0.35 - - 6.58 - 6.6 ?

Al 0959 b .iawloauss plowl K> ail 5 b T2 5,900,9 4o
Wil alols oa 5l eslS Ve L ssls,s atils ee
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Figure 3. (a) Geological map of the Kond area in northeastern Tehran, where remnants of the Quaternary pediment surface
are scattered along a belt parallel to the Central Mosha Fault. The base level of the Kond River lies within the Latyan
Depression. The brown dashed line marks the location of the cross-sectional profile. (b) Geological cross-section of the

North Tehran Fault (NTF). A slight upwarping of the pediment surface near the fault is interpreted as the reason for the
absence of Qp sediments in this area.
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Table 2. Summary of paleo earthquakes and historical earthquakes along the Mosha fault. Revised from studies (Ghassemi

etal., 2014).

Historical | Location
Paleo earthquake age (ka) earthquake this Mw
(yr.mo.d) /study
Ira Ab-e All Tar
(Ghassemi et (Solaymani (Ritz et al., 2003)
al.,2014) Azad et al.,
2011)
0.083 - - - - -
1.083 - - - - -
1.055 - - - - -
1.105 - - - - -
- 1.21+£0.15 - - - -
(6.9-5.2)* - — - - -
- - 7.514-7.569 - - -
- - - Port 24-14 Lasem -
ka? Seismic

? - - - - -
120.5-89.9 - - - - -
? - - - - -
150.5-120.5 - - - - -
150.5+£23 - - - - -

15 ek TNY L /o) 8l aelisS g el o yie oo
Majidi Niri ) o5 515 Jlo YY£O colles 25l oo 5 S
Nazari 4 «Y+))) o|,e2 3 Majidi Niri .(et al., 2011
1y oMo 51 s VYA Lo SoSin a3l Y+ 10) o Kot 5
ABJleb & el 035 Slig 1y (8 b S5 g S S
asly plasl 0e5 adily adlle jo lgin JuS saxe
Gl Fo)b 5o s Hlael 8 6, YYAY A3l (Y Jgo)
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Cewload Bl ool pmal Cwwpd 3l plpls
L 0,90 ol &6 .(Berberian and Yeats, 2016a)
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Table 3. Summary of results of paleoseismological studies along the Pishva fault and instrumental events. Revised from

studies (Majidi Niri et al., 2011).

Offset Corresponding Offset
Event (m) Mw | Date (Ka) carthquake/arca Event (m) Mw | Date (Ka) | Date | MI | Mw

0.87-

1 1113 1384/Ray - - - - - -

2 0265 | 6.4 | 7.4-11.67 - - - - - - -

- - - - - 12.1-22.4 - - -
17.2-

3 0.86 | 6.73 2011 - - - - - - -

4 29 | 7.08 | 23.5-25.4 - 0.13 6.2 | 22.4-254 - - -

5 - - 25.4-32.6 - 0.36 6.49 | 25.4-32.6 - - -

bl LS ashad | :f ol (0) (Nazari etal., 2014)
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05539568 oS 45 Cel Gl Cally 0305 055150 095 5528
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G PEE S SreekS Y g (B0 Jled po 6 eslS
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Table 4. Summary of paleoseismic events in trenches across the Firuzkuh Fault. Revised from studies (Nazari et al.,

2014).
Vertical/horizontal Average MW MW MW
Event displacement (m) | displacement (m) general normal strike- Date
p p fault fault slip fault

Post-1159+28

0 0.04/0.3 - - - - cal yr B.P.
(763-819 CE) *

| PRI 3800534 | 786-808 | 752769 | 805829 | Post15.9409Ka

Between 27.1+1.7 ka

2 0.95/- 5.47 7.53 7.26 7.76 and 15.940.9

3 0.60/? 3.4 7.36 7.13 7.51 Pre-27.1 ka

4? - - - - - Pre-27.1 ka

(VAAY) Ambraseys and Melville 4 (YAYY) Schindler
o9 Y2V ) oK o Hollingsworth .cosloads i 158
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Hollingsworth et al., 2010; Nazari et ) cwl ole>
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Table 5. Summary of paleoseismic events in trenches along the Astaneh fault and historical and seismic data with
uncertain spatial errors. Revised from (Hollingsworth et al., 2010).

Average
Event Date displacement | M Rupture | - Farthquakes mb | Ms | MW | Sources
(m) length (yr.mo.d)
600 BCE-1300 CE
R3 (between 1306-1363 9 o 9 i ) ) )
and 772- 506 cal
BCE)
4600-600 BCE
R2 (between 772-606 and ? ? ? -
4729- 4546 cal BCE)
9600-4600 BCE
R1 (between 4729-4546 ? ? ? - - - - -
and 11.62 £0.62 ka)

o5 dormo; «slojd oM sleesls al wlus! il LS
VIV) 05 5| it 55 b ool (B Jlo 59 olas, A0A
I S 51 )T Lae 39, o0 (oS a5 celons 3,91 53 (M
o3y (Nazari, 2009; Nazari et al., 2015) b
958 9 Sy S 4 ol sl a5 s 5l Gy VIVY
B S Ol Jlod (Sl (28 e 4 Gl | 08
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Table 6. Summary of paleo-seismic events in T1 and T2 trenches along the Taleghan fault and historical earthquakes.
Revised from studies (Nazari et al., 2011; Nazari et al., 2007) (Ritz et al., 2012).

Trench T1 (Tal) Trench T2 (Ta2)
1 2 2
Offset V/H Date V/H | My
Event Date (m) My, | Event | Date Offset | My, | Event | (cal. Yr | Offset
(m) B.P.) (m)
1600 cal CE -
(125540 yr 70 1 09 |
TIE | B.P.)to 134-339 TVE | 20| 134 | "
0.65 6.87 B.P. - - - -
1 cal CE 1 (Post- 1.12- 76
(1780+60 yr 80 CE) 3.70 '
B.P.)
Pre 134-339 3470- 1.46- 74
T1/E cal CE 112 71 T1/E | 1540 1.86/ i i i
2 (1780460 yr ’ ' 2 cal yr 1.73- 77
B.P.) B.P. 5.11 '
720 4800- -
T1/E 3687-3588 1.51- - TI/E | 5300 o o ) ) i
3 cal yr B.P. 1.63 3 cal ’
7.22 CE?
Post 7.2
T2/E 3830 1.0/1.2 | -
) ) ) i ) ) i i 1 cal yr 2275 | 75
B.P.
Post ?
) ) ) i ) ) i i T2/E 3830 9
2 cal yr ’
B.P.
5282-4974 to )
TR 42244415 - | 722 i S i :
cal yr B.P.
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Figure 4. Extent of the Tehran Plain in 1969 and 2015. The morphology of escarpments, particularly in the northeastern
area (Parchin and Enqelab Township), clearly reflects the repeated shoreline positions formed during past lake highstands
and lowstands. In the marked region (Section C), at least six distinct lake levels can be identified, all aligned with contour
lines. (Jarahi, 2021)
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Figure 5. The extent of the Eshtehard escarpment as seen in CORONA satellite imagery (1964) and QuickBird imagery
(2022). In the upper image, the white bands represent clay and silt deposits previously examined in paleoseismic trench
studies (Navvar Noveiri et al., 2021). The alignment of the escarpment with topographic contour lines reinforces its
interpretation as a former lakeshore. Historical texts also reference a vast lake south of Qazvin (Qazvini, 1275), as further
supported by Jarahi (2024a).
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Table 7. Summary of results of paleoseismological studies in the Tehran area

No Seismic Historical Events Retur Slip
! No Magnitud n Period | Last Event Rate References
source
e ) (mm/y)
Not 312-280 03+ .
1 N-Tehran 5 7.2 regular | BC 1177 AD 0.05 (Ritz et al., 2012)
(Allen et al.,
2003; Bachmanov et
2 Mosha 8 6.5t07.1 160_620 166?8?(?AD 2 al., 2004; Ritz et al.,
2003; Ritz et al.,
2006)
. 1100- 1.1- (Ritz et al., 2009;
3 Firuzkuh 4 6.6.t107.5 540 1321 AD 29 Ritz ef al., 2006)
0.6- (Jarahi et al.,
4 Taleqan 4 6.5t07.2 2000 80 AD ’ 2013; Nazari et al.,
1.6
2009)
. 0.12 Majidi Niri et )
5 Pishva 5 59t07.0 3265 1384 AD 014 (al.. 2011
A=0. .
Robat Kianifar and )
6 Karim 0 i ) i 7 for 4MO (Pourkermani, 2011
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Table 8. Prehistoric earthquakes and historical earthquakes from paleoseismological studies in the Tehran area

Seismic Fault Trench Date Ms Reference
Vardavard 0-4 ka 6.6
(Ritz et al., 2012)
Vardavard 4-7.9ka 6.6
E2
(Kaveh Firouz et al.,
Chtgar E1 4.7 ka 7.4 2012)
Vardaggrd ) 6.5
Vardavard ] s (Ritz et al., 2012)
E4 )
(Kaveh Firouz et al.,
Chtgar E2 6.7 ka 7.4 2012)
North Tehran Kond 6.4+4.3 ka 6.9 (Ghassemi etal,
2014)
Vardavard 7.9-26.7 ka 6.6 (Ritz et al., 2012)
Chtgar E3 7.9 ka 7.1 (Kaveh Firouz et al.,
Chtgar E4 12 ka 6.5 2012)
Vardag;“d 16.7-29 ka 6.5 (Ritz et al., 2012)
(Kaveh Firouz et al.,
Chtgar E5 33 ka 6.6 2012)
Vardaggrd 28.5 ka 6.6 (Ritz et al., 2012)
(Kaveh Firouz et al.,
Chtgar E6 50 ka 7.0 2012)
1600 cal CE (125 + 40yr
T1/El B.P.) to 134-339 cal CE (1780 6.8
+60 yr B.P.)
T1/E2 Per-134-339 cal CE )1780 + 71 (Nazari et al., 2009)
Taleqan 60 yr B.P.) ) (Berberian and Yeats,
T1/E3 3687-3588 cal yr B.P. 72 2016b)
T1/E4 5282-4974 to 4224-4415 cal 79
yr B.P.
T2/E1 Post-3830 cal yr B.P. 7.2
Post-15.9 + 0.9 ka 7.8
. Between 27.1 £ 1.7 ka and .
Firuzkuh TF1 . .
iruzku 15.9 + 0.9 ka 7.5 (Nazari et al., 2014)
Per-27.1 ka 7.3
0.87-1.113 ka 1384/Rey
7.4-11.67 ka 6.4
T1 (Majidi Niri et al.,
Pishva 17.2-20.11 ka 6.7 2011)
23.5-25.4ka 7.0
™ 22.4-25.4ka 6.2
25.4-32.6 ka 6.5
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Fig6. Graph of Water Level Changes in the Paleo Mega Lake of Ray (PAMELA) Compared to Seismic Events from
Paleoseismology (Upper Section) and Instrumental Studies (Lower Section) of Faults Around Tehran Over Time Relative
to the Present. Seismic events with constrained occurrence dates are represented by horizontal dashed lines. The vertical
dashed line indicates the magnitude range. Circles represent earthquakes with uncertain upper and lower time limits. The
lake water level is measured relative to mean sea level. Fault and Trench Notations: NT: North Tehran Fault, V: Vardavard
Trench, CH: Chitgar Trench, K: Kond, T: Taleqan Fault, F: Firouzkouh Fault, P: Pishva Fault, T1, T2, TF1: Trench
Numbers, E1 to E8: Seismic Events for Each Trench.
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