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1-Introduction

The Iranian plateau is between the Arabian and Eurasian plates and is one of the world's most tectonically
and seismically active regions (Fig 1a). The northeastward convergence of these plates caused widespread
deformation, including crustal shortening and uplifting (Allen et al., 2003; Guest et al., 2006; Berberian
and Yeats, 2016; McKenzie, 2020). From a seismic, geodetic, and tectonic point of view, it is necessary to
investigate the deformation and surface movements of the earth in areas with a high human population. The
northern Iran is one of these regions, which is extremely geodynamically unstable and has been associated
with large and numerous earthquakes in the Alborz Mountain range and the South Caspian basin since long
ago (Fig. 1c). For example, we can refer to the seismic activities such as 1957 Mw 7 Sangchal (Bandpey),
1990 Mw 7.3 Rudbar-Manjil, and the 2004 Mw 6.4 Firouzabad-Kojur (Beldeh) and also newer and smaller
examples such as the 2017 Mw 5.2 Mallard and the 2020 Mw 5.1 Damavand. The direct relationship
between earthquakes and the motion of tectonic plates has made the necessity of monitoring the surface
movements of the earth's crust and the displacements caused by the function of tectonic structures such as
fault zones clearer than in the past. One of the consequences of tectonic events is the vertical crustal
movements in the form of uplift or subsidence. Today, using such technologies, humans can observe these
changes and movements on a millimeter scale. The geodetic-inferred vertical crustal deformation is
rigorously evaluated all over the world (Wang and Shen, 2020; Pan et al., 2021; Yangiang et al., 2022;
Jianliang et al., 2023; Chousianitis et al., 2024). Therefore, this paper discusses the vertical deformation
analysis and estimates the current-day vertical displacement rate in the North Tehran structural zone located
in the south-central Alborz range (Fig. 1b) using two geodetic techniques: GPS and precise leveling. The
Alborz Mountain range extends over 900 km (Solaymani Azad et al., 2011) with a width of ~100 km (Allen
et al., 2003) and is located on the southern side of the Caspian Sea. This range is a complex orogenic belt
that underwent shortening and uplift during the Tertiary (Alavi, 1996). North Tehran Fault (NTF), Mosha-
Fasham Fault (MFF), Purkan-Vardij Fault (PVF), Emamzadeh Davud Fault (EDF), Taleghan Fault (TLF),
and Kandovan Fault (KDF) are the most important geologic structures in this area (Fig. 1c).

2- Materials and methods

Global positioning system (GPS) data and precise leveling are efficient and accurate techniques used in this
research to estimate the vertical movements of the earth's surface in the North Tehran transpressional zone.
For this reason, we have analyzed the observation data of 8 IPGN stations over the ten years from 2010 to
2020, distributed in the Northern Tehran structural zone and its surrounding areas (Table 1). Moreover, the
precise leveling data of the Chalus line were collected by the National Cartographic Center (NCC) during
11 years in two stages (1992 and 2003).
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Fig. 1. Geographic and tectonic location of the study area. (a) SRTM-based Digital Elevation Model of the Middle
East region. The black lines and the black frame show the main faults and the location of Fig. (b). (b) The structural-
sedimentary zones of Iran (taken from Teknik and Ghods, 2017), the black frame shows the location of Fig. (c). (c)
Seismotectonic map of northern Iran. Instrumental seismicity of the region from 1900-2024 (from the USGS). The
black frames indicate the location of the North Tehran structural zone and surrounding areas. Abbreviations: NTF:
North Tehran fault, PVF: Purkan-Vardij Fault, EDF: Emamzadeh Davud Fault, MFF: Mosha-Fasham Fault, TLF:
Taleghan Fault, KDF: Kandovan Fault, DNF: Dasht-e-Nazir Fault, NAF: North Alborz Fault, KHF: Khazar Fault,
BNF: Banan Fault, LHF: Lahijan Fault, ARF: Astara Fault, NQF: North Qazvin Fault, ALF: Alamut Fault, ZNF:
Zanjan Fault, SLF: Soltanieh Fault, IPF: Ipak Fault, ETF: Eshtehard Fault, KZF: Kahrizak Fault, PNF: Parchin Fault,
PSF: Pishva Fault, GSF: Garmsar Fault, FKF: Firuzkuh Fault, ATF: Atari Fault, ASF: Astaneh Fault, AJF: Anjilu

Fault, TDF: Torud Fault.

Table 1. The IPGN stations used in this research are relative to the Eurasian reference frame.

Station Lat. Lon. (Uml) (tjnf) (m\r;lfyr)
ABSD 35.6612 52.0912 1972.63958 1972.67095 3.137
ARNG 35.9284 51.0749 1865.53793 1865.57304 3511
GARM 35.985 51.6457 2513.36792 2513.39554 2.762
HSGD 36.0067 50.747 1619.12078 1619.14957 2.879
PLOR 35.8496 52.064 2278.60334 2278.63549 3.215
PLZI 35.6303 51.971 1700.27992 1700.30707 2.715
TEHN 35.6973 51.3341 1194.56867 1194.58973 2.106
TLGN 36.1436 50.745 2151.96517 2152.01201 4.684
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3- Results and discussions

The IPGN data have been processed using the GAMIT/GLOBK 10.6 software. The IPGN is tied to the
International Terrestrial Reference Frame, ITRF2014, using the GAMIT software in the first step. Then,
using GLOBK software to determine the velocity field of vertical movements, the observations have been
combined with the daily observations of 4 global networks (eura, igsl, igs2, igs3) prepared by SOPAC
(Scripps Orbits and Permanent Array Center). Finally, the velocities have been calculated relative to the
Eurasian reference frame. The processing output is presented as a vertical displacement field map (Fig. 2)
and as one of the most important processing outputs, i.e., time series. It is possible to monitor and calculate
the rate of movements and displacements of the earth's surface using the time series. These outputs show
that the highest uplift is visible in the TLGN station at a rate of ~4.68 mm/yr (Fig. 2). This can be caused
by the function of the fold-thrust complex in this area, which Guest et al. (2006) refer to as the thin-skinned
zone. The TEHN station located in the Tehran metropolitan area on the NTF foot-wall shows the lowest
uplift rate of about 2.1 mm/yr. This vertical deformation in the polio-quaternary sedimentary sequence is
related to the slip across the inner-city recent reverse faults such as the Mahmudieh, Davudieh, and
Pardisan. Time series analysis of different stations also expresses that the rising rate has not been the same
and uniform during time and has fluctuated in the ten years from 2010 to 2020. The results of GPS data
processing and interpretation in the present study show the average uplift rate of over 3 mm/yr for the North
Tehran structural zone in the mentioned period.

Vernant et al. (2004) also estimated a shortening rate of 5+2 mm/yr for Central Alborz using GPS data
from 2000 through 2002. Furthermore, high-precision leveling data obtained from the benchmarks located
along the Chalus line during 11 years in two stages (1992 and 2003) is the second method used in this
paper. The southern flank of central Alborz along the Chalus line between the KF and NTF shows a vertical
displacement of the uplift type. The hanging wall of the NTF (the distance between the surface traces of
this fault and the Purkan-Verdij thrust) relatively has a higher vertical deformation potential compared to
other areas, and it is uplifting at a rate of ~1.5 mm/yr. Collectively, it can be said that the uplift rate of
central Alborz is decreasing along the Chalus line from the NTF to the north so that in the vicinity of the
Taleghan fault, this rate reaches ~1 mm/yr (Fig. 3). This can be a confirmation on the reduction of dip-
slip/compressive component of the existing faults. On the contrary, these structures' strike-slip component
dominates in the mentioned direction. In other words, the strike-slip component is dominant in steeper-
dipping faults, and the thrusting component is dominant in shallower-dipping faults, such as the NTF.
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Fig. 2. The heat map resulted from interpolating the height change rate of different IPGN stations superimposed on
the SRTM-based digital elevation model.
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Fig. 3. (a) location of the Chalus, Haraz, and Firuzkuh lines (red lines), which have precise leveling stations along
themselves superimposed on the Mr. SID satellite imagery of central Alborz. The Chalus line passes through the
middle parts of the North Tehran structural zone. The white frame shows the location of Fig. (b). (b) Superimposing
precise leveling stations on the SRTM-based digital elevation model. The red and blue arrows, without respecting the
scale, show the uplift and subsidence, respectively, at the location of the precise leveling stations. The purple frame
represents the location of Fig. (c). (c) lllustration of uplift rate calculated at precise leveling stations between North
Tehran and Kandovan faults. Abbreviations are the same as in Fig. 1.

4- Conclusion

Analyzing IPGN stations and the time series prepared for each of them and the analysis of precise leveling
data indicate that the North Tehran structural zone is undergoing a progressive deformation due to the
transpressional tectonic regimes. This deformation predominantly occurs in vertical displacement/uplift
around the NTF and left-lateral displacement around the Mosha and Taleghan faults. It can be said that the
deformation within the study area is changing in style and intensity across and along the transpressional
zone, so its western parts have a higher uplift rate than the eastern areas. In the south of the NTF, the uplift
rate is significantly reduced, and even in the southwestern parts of the city of Tehran until Hashtgard city,
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intense land subsidence is observed which mainly resulted from the excessive groundwater withdrawal.
However, tectonically, south-verging displacements of a stack of thrust slices have, in turn, their roles.
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Fig. 1. Geographic and tectonic location of the study area. (a) SRTM-based Digital Elevation Model of the Middle East
region. The black lines and the black frame show the main faults and the location of Fig. (b), respectively. (b) The
structural-sedimentary zones of Iran (taken from Teknik and Ghods, 2017), the black frame shows the location of Fig.
(c) and (c) Seismotectonic map of the northern Iran. Instrumental seismicity of the region from 1900-2024 (from the
USGS). The black frames indicate the location of Fig. (2). presented in the following sections. Abbreviations: NTF: North
Tehran fault, PVF: Purkan-Vardij Fault, EDF: Emamzadeh Davud Fault, MFF: Mosha-Fasham Fault, TLF: Taleghan
Fault, KDF: Kandovan Fault, DNF: Dasht-e-Nazir Fault, NAF: North Alborz Fault, KHF: Khazar Fault, BNF: Banan
Fault, LHF: Lahijan Fault, ARF: Astara Fault, NQF: North Qazvin Fault, ALF: Alamut Fault, ZNF: Zanjan Fault, SLF:

Soltanieh Fault, IPF: Ipak Fault, ETF: Eshtehard Fault, KZF: Kahrizak Fault, PNF: Parchin Fault, PSF: Pishva Fault,
GSF: Garmsar Fault, FKF: Firuzkuh Fault, ATF: Atari Fault, ASF: Astaneh Fault, AJF: Anjilu Fault, TDF: Torud Fault.
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Fig. 2. Geologic map of the North Tehran transpressional zone and its surrounding areas. The major part of this area is

covered by Eocene Karaj Formation. The oldest rock units of the region, which belong to the Precambrian and Cambrian,
are outcrops in the distance between Mosha and Taleghan faults, as well as in the distance between Taleghan and

Kandovan faults. Abbreviations same as Fig. (1).
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Fig. 3. (a) Main faults of the region superimposed on the SRTM-based Digital Elevation Model. The red line shows the
structural cross section presented in Fig. (b), (b) Schematic cartoon of the structural cross section of the central Alborz,
which shows the formation of a positive flower structure across the central Alborz range. The red frame indicates the
location of Fig. (c), and (c) Proposed current-day structural model of the south-central Alborz and the North Tehran
transpressional zone along with the illustration of the Tehran foreland basin in the toe of the heights (Based on Pluijm
and Marshak, 2004). Abbreviations same as Fig. (1).

—SESS @8 bl g S b SasBge alels glaosls o295 o9y -F
ssbiie & ol haghy )0 oS wies RS 5wl )5 gle w95 W obulr 0)ln Gragh onl el 5l Baa
3590 Ol Jlasd (o,La81 5 iy 5 (e oS8 SIS 1 0 01 wid i GSLSS ) eslital b ol Jled s sl
5SS e @l Jeads 4 dslol jo slazs 318 solazul 2ol omls 5650985 e il GlaJls b ool Siogss
ol s a3l Lo g Bolr ey gy (5,50 Seelins 5 SilenS ans;

Sy =0 bl el 03,8 Wy (e pode plareils lee )3 slosag

Sl Sl candgo Aol -1-0 Ol T Sl 4 5 K055 oSS %S 5 Slalay

Siogss w5 slasis, 5l (S Sl ol Sexdge alabs o) gl (S0 e 0l 0 330 Lo Crndya (oS
Glatag SIS > 5 5, 5 Hlgise ol 5l ool L a8 el 255 ol gley Jsb yo 1y o6 g (B laolul el

\Y



\ o)Lo.i: N0 0)5d AF-¥ )Le)’

a

“n - R . . “.
A8 e Lgdﬁ)ls stl-w O+ ],‘;"'Iorf/:“-:a¢b

plosl s 5 oS 5 wsloals aps (Permanent Array Center
load acsls Lshysl gz o wsz )l & Cod baias pus
JS2) @B abmlr Glae a2l &g @ Bilon (2,5
Sl s G5ln sz Gt S s OF
Sl sy 3l oolainl L (0 JS&) cnl oas a8l Sl
5 il |y ey o bl 5 US> £ e
IPGN (sloolSis] wilf plmlr oy 5oy 0500 dslna
L s (TLGN) (il olfesl 1o 1) (SawlVl (l5ee o st
aliss ol ams oo plis Jlo y0 yie o FIPA L ply S5
33 09790 Sla S uil; —(nx degerme 5 Shoe I (LU Wil o
Slge co ol 1Y+ 8) o) Ko g GUESE oS adlaie oyl
Feoosgam ol snd adly Lail s 5 s olfiuyl oS
s s ogSrs oS 5 5k slagrz 51y o)l Ligg yesleS
S ool dlo el oad LS5 Caiz Cow 4 305
5405 o,Ll (Guest et al., 2006) 4.5 Suil, 4 oy
2 gade YOV SaelWL 75 L (ARNG) o5 oS!
el ol o azgs LB oS8 latag 25,50 5l 58 Jlo
)l o Shae L LU, o olgiige |y e cnlolo 2ol
45 oggls o3ly plal g o9 ~ 05 Olns Jlod sla S,
59 A ol par 395 0lgi0l 3 0 (5B LIS > g G?MNLg L
13 (ABSD) s ,u01 9 (PLOR) ol slaolKins! 28,5 L
50 o cheo ¥ 51 s (Sl Lie JuS 30 slacond
S oles 09> gl 4y a5 wies o lid Al ol o 1) L
—oe bl adlie JUST o (o8)lad (b adlie 092
S dels mli b gdaie ojgtiws pl oyl Lie oS 4
o b bl ol (V1Y) ol Ken o Tatar ol
5 oy imes SPl5 il o g los) slaslas,
by 530l S gl Lo JuF (5, sloeand
e o geles (19 9 JoS 0l Sl ) (o0,L08 Adlge
@SS b oAl adlhe S arg e aisS wslesls
Sl (Fpoolaz) g (Lie JuS 0)lnsg8) ot oo
RitZ ) cosl (PLZI) oSyl Jlg> ;5 o225 il b glo} )

(et al. 2006

VY

adllas jolaie 4 05 ol YU by S8 a8 L
129V Slej o3l 0 GPS aslits vz gy SoiS 25,50
9 Raeesi .on solys Lo oyl ey 058 0 YAV G
e o 5o 1 095 5l i Slidllas _oles (V1Y) o Ko
—ome) JLis 050 Bl (LSS a2 0 ozl b e
Talebian ) #/10 5,5teas 8,5 LYY Jlo 10 o0 o))
Sl eaS (g b pasds lesle @nd Jackson, 2004
)....J‘).....: e ‘) (IPGN) Q‘)"‘ ;iuoLubﬁ) ‘50.1“.) L_SLQO&M‘
o‘) GPS Gaj‘b 9 M}».: 6L® 6150)‘.\41 )9.'4.».4 o9 )5,‘..5
VYO oS opl slrollus! slass Lol i j0 0,5 (g5ladl
Soxdge (Siluding g 4Sud (b el Bl il 0)9e
e SBLaST 5 wlidinme; el bawg baolKiw)
5 U5 e g (ol s Ml o i ()9nS
uj)}w‘).uu‘ 9 s.,\.l—‘ —J.:y; sd\.».lj.: w&c ‘_;Lbolim.:‘é Cyeadd
5 SxPoi Jeily (logre; 5, ;0 Ly auld
Jols sblie ol Canl 435 & g0 dilate oo oS5
sl adlige 815 9 3% Jled w0 Jlod o635 50 55!
(af Jiu.») Cl GPS 6@5‘& Oliu.u—" ya 6‘)‘\3 6;).0
A aed e las (Y4V) oK 5 Khorrami clalllas
WS (850 50 4z g Jeb 0 A (S5 0 Dud g S
Loy sloosls 5l raghy cnl ;005 (oo ki 5l 2008
=95 ol Jleds (g 5L axgy 40 a5 IPGN o] A 4
.on).a Slastine Gl 00l oolaw! Kilouds @‘9 U] Q?“")’“"

D9 g0 0adline V Jaax j0 o] cpl 4
Yoo by osl 4 by IPGN slacKiws! pls slaosls
SJ8les 5l eolawl b osls cpl aiws YoV glaol b
Lo o ol o aileas o3ls ,» GAMIT/GLOBK 10.6
4 TEHN o Jlasl sl 4 GAMIT (51580 5
International Terrestrial ) ITRF 2014 x>, ozl
International ) IGS (sleolsl (Reference Frame
anlyd ol wws Sl mje slyls a5 (GNSS Service
sl GLOBK 13316 5 5l oolatwl b Guow diloas ji3ls
Cawd a4y Sladline aSl (B S o Ce p Gloue s
eura, igsl, ) Sl aus ailys, Slaslie 4 b sl
Scripps Orbits and ) SOPAC L.y a5 (i9s2, igs3



V%

W .y PR . b
\ o)Lo.w NO 0,99 c\fOY)LQ% AJM Lgoﬁ)lf ‘swLa..w ) J’ﬂrc}f/’;ﬁzél,

Lw.:|)5| = uP)LQP L S g u.g“ PR RS salaw! IPGN ‘SLQOLiuu%‘ -\ Jg»

‘SC-LR.:)‘ &_J‘J-A-&.&; CJ" Vu “Sal.er\ &Ln3)| Ut s41J5| &LGJ)‘ Ul)
Table 1. The IPGN stations used in this research, which are relative to the Eurasian reference frame
Ui: Initial elevation, Us: final elevation, U,: elevation change rate

Station Lat. Lon. Ui(m) Uf(m) VU (mm/yr)
ABSD 35.6612 52.0912 1972.63958 1972.67095 3.137
ARNG 35.9284 51.0749 1865.53793 1865.57304 3511
GARM 35.985 51.6457 2513.36792 2513.39554 2.762
HSGD 36.0067 50.747 1619.12078 1619.14957 2.879
PLOR 35.8496 52.064 2278.60334 2278.63549 3.215
PLZI 35.6303 51.971 1700.27992 1700.30707 2.715
TEHN 35.6973 51.3341 1194.56867 1194.58973 2.106
TLGN 36.1436 50.745 2151.96517 2152.01201 4.684
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Fig. 4. (2) IPGN stations in northern Iran implemented on the SRTM-based digital elevation model. The red frame shows
the location of Fig. (b), and (b) Heat-map resulted from the interpolation of the height change rate of different IPGN
stations superimposed on the SRTM-based digital elevation model.
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Fig. 5. Time series related to height changes of existing IPGN stations in the North Tehran structural zone and its
surrounding areas. All the data indicate a crustal uplift caused by the existence of a tectonic regime with a compressive
component in the region. The lowest and highest rate of height changes is observed at TEHN and TLGN stations,

respectively.
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Fig. 6. (a) location of the Chalus, Haraz and Firuzkuh lines (red lines) which have precise leveling stations along
themselves superimposed on the Mr. SID satellite imagery of central Alborz. Chalus line passes through the middle parts
of the North Tehran structural zone. The white frame shows the location of Fig. (b), (b) Superimposing precise leveling
stations on the SRTM-based digital elevation model. The red and blue arrows, without respecting the scale, show the
uplift and subsidence, respectively, at the location of the precise leveling stations. The purple frame represents the location

of Fig. (c), and (c) Illustration of uplift rate calculated at precise leveling stations between North Tehran and Kandovan
faults. Abbreviations same as Fig. 1.
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Fig. 7. Topographic cross section of the central Alborz along the Chalus line and its continuation to Shahriar Plain in the
southwest of Tehran along with the illustration of calculated vertical displacement rate at each leveling station. According
to the terrible subsidence rate of the southwest plains of Tehran city, which reaches up to 23 cm/yr, the millimeter scale
uplift rate of the southern flank of central Alborz is difficult to display in this image.
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Fig. 8. (a) Topographic cross section of the southern flank of Central Alborz range along the Chalus line and illustrating
main faults and the calculated vertical displacement rate at each leveling station. Parts of the northern flank of central
Alborz and the continuation of Chalus line to the south is also depicted in this image. The millimeter scale uplift rate of
southern Alborz range is not visible in this picture compared to the dreadful subsidence rate of the plains located in the
south of the NTF. The true depth of the faults is much more than what is imagined in this Fig., and (b) Close-up view of

the Fig. (a). The black dashed-line shows the general uplift changes between Kandovan and North Tehran faults.
Abbreviations same as Fig. 1.
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