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Figure 7. Field photographs showing the sample locations S1 to S4. (a,b) Samples S1 and S2 were taken from the wall of a shallow pit dug close to the western
side of the Farahzad river gorge. The sample pit was dug in a place where most of the ∼20 m thickness of Unit ‘C’ had already been removed by erosion, and
hence S1 and S2 sampled the basal part of the unit. (c,d) Samples S3 and S4 were from a natural exposure of the Unit ‘C’ gravels. The samples came from
∼6–7 m above the unconformable contact with older tilted deposits of Unit ‘A’.

reworked by movement on the Bagh-e-Feyz fault as the gravel beds
are continuous and have a typical morphology of fluvial/alluvial
environments, rather than locally derived debris. Also, the sampled
horizons do not incorporate the locally sourced altered clasts and
thick cements from the adjacent Unit A horizons, suggesting that
they were sourced from the main Farahzad river catchment.

The eastern samples of S3 and S4 were taken from natural expo-
sures in the canyon wall (Fig. 7). S3 was extracted from a northwest
facing part of the exposure, and S4 from a southwest facing part.
The Unit ‘C’ deposits are ∼20 m thick at this site, and the samples
were taken ∼6–7 m above the angular unconformity with the B
deposits and approximately 15 m below the ground level. The S4
sample was taken from about 1.5 m deeper layer relative to S3.

The samples were collected in metal tubes and Quartz (90–
250 µm) size fractions was extracted from the samples under
subdued red light at the Oxford Luminescence Laboratory, using
the same preparation methods, instrumentation, and analysis pro-
tocols as those used by Fattahi et al. (2006). Organics and car-
bonates were removed with HCl and H2O2, and quartz was sepa-
rated from heavy minerals with a density separation using sodium
polytungstate (S.G. 2.7 g cm−3). A 50 min 40 per cent HF etches
and sieving was used to remove heavily etched lighter minerals.
Despite the predominantly volcanic source rocks of the southern

Alborz, sufficient Quartz grains were found for successful mea-
surement. The De values were derived using the single aliquot
regeneration protocol (Murray & Wintle 2003) with four regen-
eration points and a recycling dose and an experimentally deter-
mined preheat temperatures of 260 ◦C for 10 s. Dose rates were
determined using ICP-MS (Inductively Coupled Plasma Mass Spec-
trometry). Cosmic dose rates were determined following Prescott &
Hutton (1994).

Equivalent doses, annual dose and ages for all samples are pre-
sented in Table 1. Samples S1 and S2, which we interpreted as
being from the basal part of Unit ‘C’, yield ages of ∼35–38 ka,
whereas samples S3 and S4, from ∼6 m higher in the stratigraphy,
yield ages of ∼26–29 ka. We have no direct constraint on the age
of the upper surface of Unit ‘C’, which is 15 m above the S3/S4
sampled level. Given that only ∼6 m of sediment were deposited
over ∼9 ka in the lower part of Unit ‘C’, it is plausible that the
upper surface dates from the Holocene (e.g. Vita-Finzi 1969), and
may correspond with the 8–10 ka alluvial fan abandonment that is
widespread around northern and eastern Iran (e.g. Walker & Fattahi
2011). In the following discussion, we consider the assumed case
of 10 ka as a minimum age, though as we shall see, this age yields
rates that are too large to be plausible. Assuming that S3 and S4 are
from the youngest sampled horizons allows us to place a maximum
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Table 1. Equivalent doses (De), annual dose rates (AD) and ages for samples S1 to S4.

Sample ID De (Gy) ± AD (Gy ka−1) ± Age (ka) ± Latitude Longitude

S1 162.92 5.10 4.64 0.14 35.15 1.52 N35 44 37.1 E51 20 27.3
S2 165.72 5.22 4.33 0.13 38.26 1.66 N35 44 37.1 E51 20 27.3
S3 115.69 5.22 4.48 0.14 25.81 1.40 N35 44 55.9 E51 20 32.0
S4 132.61 4.41 4.60 0.14 28.84 1.30 N35 44 55.4 E51 20 32.1

limit on the upper surface of ∼25 ka. We also consider the case
where S1 and S2 represent the maximum upper limit in age of the
surface, at ∼35 ka.

The surface of Unit ‘C’ is displaced vertically by at least 35 m
across the southern margin of the Pardisan fold. Using this 35 m
of offset, an early Holocene abandonment age for the fan surface
yields a throw-rate of at least 3.5 mm yr−1, whereas an age of 25
ka yields a rate of 1.4 mm yr−1, and an age of 35 ka yields a rate
of 1 mm yr−1. We have no direct observations on fault dip, but the
geomorphology suggests that it is relatively steep in the upper few
kilometres. If the dip is 45◦ the slip-rate on the fault would be at
least 1.4 mm yr−1 (35 ka), or 2 mm yr−1 (25 ka), and could be as
much as 4 mm yr−1 (10 ka). Taking the maximum offset of 60 m,
the throw-rate increases to 1.7–6.0 mm yr−1, and the slip-rate (with
a dip of 45) between 2.4 and 8.5 mm yr−1. The higher parts of the
range of slip-rates are obviously too high, as they are greater than
the measured GPS shortening across the whole Alborz range and
its margins (e.g. Djamour et al. 2010). Importantly, however, the
lower limits on slip-rate, irrespective of uncertainty in surface age
and amount of displacement, are all at least 1 mm yr−1.

5 D I S C U S S I O N

The identification and characterization of active faults is essential
for estimating earthquake hazard. Studies of recent Iranian earth-
quakes have demonstrated that many have occurred on previously
unrecognized active faults (e.g. Talebian et al. 2004, 2006). In ur-
ban areas, the identification and characterization of active faults
is further limited by human activity, and yet the combined use of
historical aerial imagery and modern satellite-derived digital topog-
raphy data can help to overcome those challenges. In Tehran, we
were able to map out warped and offset alluvial surfaces using the
aerial imagery, and to measure the amount of offset using the mod-
ern DEM. The remote-sensing analysis enabled the identification
of suitable field sites from which we could obtain age control and
hence slip-rates.

Tehran lies at the southern edge of the Alborz Mountains, which
accommodate ∼5 mm yr−1 of shortening at the present-day (e.g.
Djamour et al. 2010). The prominent NTF, which runs along the
range-front of the Alborz Mts., has a late Pleistocene slip-rate of
only ∼0.3 mm yr−1 (Ritz et al. 2012). Our results indicate that
the Pardisan fold is related to an active north-dipping thrust fault
with a slip-rate of at least 1 mm yr−1. It hence appears that a large
fraction of active shortening along the southern edge of the Alborz
has migrated from the range-front fault onto young faults and folds
within the Tehran basin. The Pardisan fault, and other segments
along strike, are hence important structures within the regional
tectonics, and are worthy of continued detailed study.

Our results do not give direct information on seismogenic po-
tential of the Pardisan thrust fault, though several large historical
earthquakes have epicentres near or within Tehran (Ambraseys &
Melville 1982; Berberian & Yeats 1999). The fault systems north
of Tehran are likely to have ruptured in earthquakes in 958, 1665

and 1830 (e.g. Berberian & Yeats 1999). A recent paleoseismolog-
ical study (Ritz et al. 2012) revealed that the NTF has caused at
least seven earthquakes in the last 30 000 yr, with two within the
last 7.9 ± 1.2 ka, which the authors speculate as the ruptures from
the historical events in 312–280 B.C. and 1177 A.D. (Ritz et al.
2012). There are no candidate earthquakes as yet for the 855 A.D.
event. No outcrops of the Pardisan thrust have been found, and it
is likely from its topographic expression that the thrust tip ends a
few hundred metres below the present ground surface, with slip on
the fault accommodated by warping of the ground surface accom-
panied by widespread secondary faulting within the hanging wall
(e.g. Berberian 1979; Zhou et al. 2016). The distribution of surface
warping and rupturing has implications for the resilience of critical
infrastructure. Detailed palaeoseismic investigation of secondary
faulting in the hanging wall (e.g. Fig. 4) may also provide constraint
on the timing of past slip events on the primary thrust and hence of
its seismogenic potential (e.g. Li et al. 2015).

6 C O N C LU S I O N S

The results of our study provide the first quantitative estimate of
slip-rate across the active faults within Tehran. We have shown that
the Pardisan thrust has a slip rate of at least 1 mm yr−1, much faster
than the range-bounding NTF, and shows that is an important ele-
ment in the accommodation of the ∼5 mm yr−1 of N–S shortening
across the Alborz Mts. of northern Iran. We have also highlighted
the usefulness of digital topographic models derived from stereo
high-resolution optical satellite imagery for the study of tectonic
geomorphology within urban regions. Slip on the Pardisan fault
may dissipate in the upper few 100 m of Quaternary sediment
cover, leading to distributed secondary faulting and warping that
could have a large effect on critical infrastructure.

H I G H L I G H T S

• Thrust faults within the Tehran urban region are active and
constitute a major earthquake hazard.

• Slip-rates in excess of ∼1 mm yr−1 show that the faults beneath
Tehran are important tectonically.

• Estimates of the geometry of the underlying fault help to de-
scribe the potential for ground rupture.
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