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ABSTRACT

Available online at: http://www.iiees.ac.ir/jsee

The North Tehran Fault is located at the southernmost piedmont of Central Alborz,
north of Iran. It stands out as a major active fault menacing directly the city of
Tehran, a 12 million people metropolis, and would have been the source of several
major historical earthquakes in the past. The fault zone extends up to 110km and
corresponds mainly to a reverse fault mostly crossing the northern suburbs of the
Tehran metropolis, although NTF in its eastern part is characterized more as a left
lateral strike slip active fault. We carried out a paleoseismological study of the fault
zone in order to determine whether the fault was activated during the Holocene, and
to define the characteristics of its activity in terms of kinematics and magnitude.
Here in this paper we present only a part of our paleoseismological investigations
trench TE2. Observations from two trenches dug across the North Tehran fault scarp
reveal evidence for a maximum of six surface-rupturing events within the late qua-
ternary. According to the empirical relationships among average displacement per
event and Moment magnitude [25], we can estimate six events Mw~ 6.5 associated
with these ruptures in TE2 trench.
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1. Introduction

The North Tehran Fault is located along the
Central Alborz and Tehran plain border, see Figures
(1) and (2). It was the subject of several investiga-
tions [e.g. 1-10], and it has been described by all
the authors as a thrust fault juxtaposing volcano-
sedimentary Paleogene series on Plio-Quaternary
detritus sediments. The North Tehran Fault extends
over approximately 110km, with a general “V” con-
cave shape trace to the North at the surface,
switching from the NW-SE direction to NE-SW
between the cities of Karadj and Tehran. The fault
trace is, however, difficult to follow- mainly because
of urban development - and it appears to be divided
into several splays, Figures (3) [5, 8].

However, despite numerous historical seismicity
data (i.e. 793AD, 853AD, 855AD, 864AD, 898AD,
1177AD, 1384AD, 1847AD and 1868AD) [11-13],
see Figure (1), the activity of these faults or even

that of the North Tehran Fault has not been well
known, and the question of whether these faults
correspond to deep-seated faults or if they corre-
spond to a fold and thrust system within the alluvial
piedmont absorbing the displacement along the
main North Tehran is not resolved, see Figures (2)
and (3).

2. Tectonic Setting

The elevation of the mountain peaks immediately
to the north of Tehran (i.e. Tochal 3957m) from the
fault may exceed 2500m, see Figure (2).

Allen et al [14] suggest that the North Tehran
Fault is deeply rooted in the crust (“deep-seated
fault”). According to a structural model based on
the restoration of Central Alborz structures at the
Eocene, Nazari [15] interprets the North Tehran
Fault as the reactivation by inversion of an ancient
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Figure 1. Seismotectonic sketch map of Central Alborz: White dashed circles represent the epicentral areas and dates of historical
earthquakes; dates inside the white diamond correspond to historical earthquakes that damaged the Tehran/Rey area
after [12, 13, 19]. Focal mechanisms of instrumental earthquakes after [26-28]. Black rectangle approximately is
corresponding to the paleoseismological studied sites and back ground image is SRTM data with position resolution 90m.

Figure 2. North Tehran fault (light grey line) shown on Digital elevation model derived from Aster satellite image. The black frame
defines the studied area shown in Figure (1).

Figure 3. Detaille Cartography maps of western part of the North Tehran Fault between Tehran in the east and Karaj in the west.
Thick grey lines show the North Tehran Fault zone and light grey ones define shorelines; paleoseismological sites, TE1
and TE2 shown by rectangles.
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Eocene normal fault that connects a major structure
of lithospheric scale, namely the Mosha Fault, along
which the main left-lateral shear across Central
Alborz is taken [16-17].

One of the “classical” outcrops [5] where the
North Tehran Fault can be observed, showing the
Karadj volcano-sedimentary formations overlapping
the alluvium that are attributed to the Plio-Quater-
nary, is at the entry of Kan Valley. However, these
deformations do not represent the active North
Tehran Fault since the youngest (probably Holocene)
deposits seal the overlapping contacts.

In the south of the North Tehran Fault, the alluvial
sediments have been affected by the fault in several
places, defining secondary structures (e.g. Milad,
Niavaran and Mahmoudieh faults), see Figures (1),
(2), and (4). These structures can be interpreted as
folds controlled by thrusts faults, called Forebergs
[18].

Figure 4. Schematic cross-section of the North Tehran fault
zone: EK: Karadj Formation, A: Hezardareh formation,
B: Tehran Alluvium (modified after 2).

The North Tehran Fault joins the Mosha Fault in
the East, while in the West it turns to Abyek Fault
likely involving the same kinematics [19], the
Abeyk Fault joins in turn the North Qazvin Fault.
We conceive the faults of North Tehran, Abyek
and North Qazvin as belonging to the same shear
zone of primarily reverse kinematics - with a small
left lateral component - along which part of the
shortening of Central Alborz has been absorbed.
Since Miocene, this fault zone seems to have
worked in compression mode - while it behaved as
normal fault before Miocene [15, 20]. This com-
pression seems to have remained always localised,
mainly on the same major structure, except in the
area of Tehran where one observes more frontal
structures corresponding, in particular, to fault
propagation folds in recent quaternary series. Less

than 1mm/y estimated slip rate for the North Tehran
fault [8], could be interpreted as a sign of its long-
term return seismic activity in the late of quaternary.

3. Paleoseismology of the North Tehran Fault

By means of a morphotectonic analysis, we
identified some of the recent activities of the North
Tehran Fault, in particular, between Tehran and
Karadj [8, 15]. In this zone, at the southern side of
the Nowlat Mountain, see Figures (2) and (3), the
morphology carries seemingly the signature of
important landslides corresponding to collapsed
rocks of the Karadj formation, see Figure (5). How-
ever, aerial photos and field survey allow us to
recognize a scarp that offsets vertically a recent
colluvial-alluvial surface which should correspond
to the units C and D according to the nomenclature
of Tehran alluvium [5], see Figures (5). Two parallel
underground galleries of water (Ghanat) cross
slightly obliquely the scarp line, see Figures (6) and
(7).

We found some evidences of ground ruptures
west of the main trench (TE1), see Figures (3) and
(6), by cleaning an artificial riser (TE2), oriented
ESE-WNW, see Figures (3) and (6). At this site, the
original morphology has been largely modified by
the  human activity, and we could hardly corroborate
the ruptures found downstream the section with an
escarpment at the surface, see Figures (6) and (7).

The following section presents the description of
one of the two studied sites where we opened two

Figure 5. North Tehran fault zone between Tehran and Karaj
seen on aerial photo (1:50,000) taken in 1955AD. The
main - but not necessarily still active - fault is drawn
in thick grey. The studied paleoseismological sites
are indicated by rectangles, T1 and T2 as TE1 and
TE2 in the text. Shaded grey areas correspond to
possible landslides. Grey dot lines indicate ancient-
shore lines.
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Figure 6. A Quick bird image, Google earth satellite image
(http://www.google earth.com) of the trench sites,
two trenches, TE2 and TE3 in north of Garmdareh
(shown in Figure (5)); two lines of wells of ghanat
are significant by small cone in west of TE2. GPS
coordinates below the image are corresponded
to geographical location of the white flag in south of
the trench TE2.

Figure 7. A close-up view of the trenches TE2 and TE3 on
google satellite image (http://www.google earth.com)
shown in Figure (6); GPS coordinates below the
image are corresponded to geographical location
of the blue flag in south of the trench TE2.

trenches TE1 and TE2, both NS oriented. We logged
the stratigraphic units according to their nature,
size of clasts and matrix, as well as their colours
with a reference grid of 1m x 1m square at a scale
of 1/10th with 0.5cm accuracy. The analysis of
stratigraphy and the structures observed in the two
trenches, as well as the retrospective reconstitution
of sedimentary events (deposits, erosion) in relation-
ship or not to seismic events, enable us to identify
several past earthquakes characterized by “event
horizons” corresponding mostly to scarp-derived
colluviums (colluvial wedge) burying pre-faulting
horizons [e.g. 21-24].

4. Site TE2

As expected from the mapping of the area, the
deposits found in the trench TE2 correspond to
colluvial-alluvial material accumulated in successive
stratigraphic units at the foothills of the Alborz
Mountain. Trench TE2(T2) that located at 35° 45'
55,31"N and 51° 04' 09,97"E prepared by re-cleaning
an artificial riser, face to the east, with ~70m long
and 3-4m high, see Figures (7) and (8). An additional
trench (dimensions 12m, 1m, 2.5m) also excavated
immediately (20m) to the east of TE2 through an
escarpment visible in the field revealed to be related
to human activity (the scarp is following a Ghanat
gallery), see Figures (6) and (9).

4.1. Log of the Western Wall of TE2

Our paleo-seismological observation on the wall
of the trench TE2 allows us to identify six events, see

Figure 9. An artificial scarp, view to the east located on the
horizontal gallery of the Ghanat that seen in the
north part of trench TE2.

Figure 8. Trench TE2 seen towards the South.

http://www.google
http://www.google


JSEE / Vol. 13, No. 1, 2011 21

Paleoearthquakes Determination of Magnitude~6.5 on the North Tehran Fault, Iran

Figure (10). Five of the events are identified in a
fault zone approximately 7m broad located in the
southern part of the trench, see Figures (11) and (12)
along which the deformation is distributed on four
ruptures (F1 to F4), see Figure (13). Another older
event is observed nearly 25m farther north, see
Figure (12).

Figure 10. A general view to the north of the paleoseismological
logged wall of the trench TE2.

Figure 12. Logs of the western wall in trench TE2: Log with individualization of all stratigraphic units.

Figure 11. A close-up field photo of the logged wall of TE2,
view to the west, located between horizontal grid
lines -1 to -3 and vertical lines 54 to 56 in Figure (12).

Figure 13. Interpretative retrospective scenario of deposition/
ruptures in trench TE2, and log where the strati-
graphic units are grouped in main isochrones.

4.2. The Stratigraphy of the Paleo-Earthquakes
Backwards in Time is as Follows

- Event 1-Unit 3:  Unit of colluvial wedge intersected
by the principal fault and covered by units 11 and
2. The minimum offset of the bottom of unit 3
along the fault F2 is 30 cm, see Figures (12) and
(13).

- Event 2-Unit 7:  Alluvial unit observed in particu-
lar in the footwall south of the trench, eroded in



JSEE / Vol. 13, No. 1, 201122

H. Nazari, J.-F. Ritz, A. Ghassemi, K. Bahar-Firouzi, R. Salamati, A. Shafei, and M. Fonoudi

the hanging wall. In total, the base of the unit is
shifted 95cm (70cm + 25cm along two ruptures
F2 and F1, respectively). This unit is covered
with the colluvial-wedge units 3 and 10 (the base
of these two units corresponding to an erosion
surface suggests that deposition has taken
place in an erosive context), see Figures (12) and
(13).

- Event 3 - Unit 8: Unit of debris flow whose bottom
appears to be shifted approximately 59cm (40cm
and 19cm along the rupture planes F1 and F3,
respectively), see Figures (12) and (13).

- Event 4 - Unit 9: Unit of debris flow along the
planes F1 and F2 whose base shows a total
displacement of 70cm (50cm and 20cm, respec-
tively), see Figures (12) and (13).

- Event 5 - Unit 22 and its isochrones (12, 13, and
14): Unit of debris flow located at the base of
the trench and affected along the planes F3 and
F4. Being in the limit of observation in the lower
part of the trench and given the uncertainty of
the log due to the heterogeneity of the deposits,
the displacement values can’t be estimated, see
Figures (12) and (13).

- Event 6 - Unit 16: Unit of colluvium-debris flow
in the northern part of the trench affected by a
reverse fault, see Figure (14). We cannot attribute
an exact value to the displacement of unit 16 since,
according to our log, it is absent at the hanging
wall, certainly as a result of erosion posterior to
the event that shifted it. If this interpretation is
right, it implies a significant displacement. Let us
note that units 43 and 44 appear folded on the
hanging wall, see Figure (12).

4.3. Estimation of the Magnitudes, Table (1)

The offsets of the “units-event horizon” can be
translated into Magnitude Mw of the seismic moment

Figure 14. Collapsed Ghanat repaired with bricks and filled
up with debris, situated in north part of trench TE2.

Table 1. Values of the magnitudes M of paleo-events estimated from MD as maximum displacement from the functions of Wells
and Coppersmith [25] in the trench TE2.

following the empirical functions of Wells and
Coppersmith [25] in the case of a reverse fault and
in the general case. In this calculation, we did not
take into account the fact that the kinematics of the
fault involves a tiny sinistral transverse component.
As a result, these estimates provide lower bounds.

Although, we have not geochronological data
for the trench TE2, and it is impossible to make a
well stratigraphic correlation between TE2 and
TE1, [8, 15]. However, it should be mentioned that
both of trenches are similar in number of events
and their estimated magnitudes as reported by
Nazari [15].
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In the north of the trench TE2, one observes a
Ghanat gallery which was destroyed (by a seismic
event?), then repaired, see Figures (9) and (14). On
both sides of the zone which collapsed, one observes
conjugated normal faults. Moreover, the roof of the
Ghanat is repaired with bricks on a section on top of
which a mass of completely disorganized sediments
can be observed (neither stratigraphy nor graded
bedding). On top of it, there is a horizontal deposit in
which stones have been arranged in the form of an
ancient wall.

From our point of view, these observations can
be associated with the collapse of an underground
gallery related to an earthquake some time ago.
After removing the rocks filling the gallery (and the
natural trench formed by the collapse), the gallery
should have then been repaired with bricks, and the
remainder of the trench filled with gravels and loose
material. Finally, the ground should have been again
disturbed at the time of the construction of the wall
observed at the surface.

5. Conclusion

Along the North Tehran fault zone, we identified
and characterized an active reverse fault segment
with a small sinistral component between the cities
of Tehran and Karadj. This segment shows a
cumulative deformation involving six paleo-earth-
quakes which were observed in trench TE2 of
magnitudes Mw from 6.3 to 6.5 as estimated by
means of the empirical laws of Wells and Copper-
smith [25]. Occurring of these earthquakes could
be corresponded to estimated values in Trench TE1
by  Nazari et al [8] and Nazari [15] for the late qua-
ternary seismic activities along the North Tehran
Fault as the closest hazardous seismic fault to Iran's
capital.
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