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The active faults of Iran are direct indicators of active crustal deformation due to
the on-going continental collision between Arabia and Eurasia. Since Quaternary
stratigraphy and geomorphic methods in the study of active faulting, except in very
few cases have not been employed in Iran, the study of active faults is based on strong
scrutiny of available earthquake data. However, this becomes difficult when studying
structurally complex and inhomogeneous collision region such as Iran in which
seismicity is not the result of the activity of a few faults but it is due to fault activity in
zones hundred kilometers wide. Due to the high density of active faults in Iran and
the inaccuracy of the macroseismic data of the area, the source of some of the
earthquakes have been related to more than one fault. Additionally lack of accurate
fault and epicentral maps result in the inability to correlate seismic data with the
active faulting in the area. Obviously even the assumption of highly accurate seismic
data will not solely suffice to locate all existing active faults. This is mainly due to; 1)
the fact that many earthquakes are caused by blind faults such as earthquakes
occurring in the Zagros region, and 2) the gradual movement along many active faults
over a long period of time is the result of a creep regime which does not result in a
large earthquake.

This map overviews the distribution of major active faults of Iran and
demonstrates the relationship between the slip vectors and compressive axes,
obtained from the solution of the focal mechanisms of the area's earthquakes, and GFS
velocities in different areas of Iran.

Active faults in Zagros are blind and the focal mechanism solutions of the
earthquakes of the region points to the presence of both thrust and transverse strike-
slip faulting in its basement. Whereas in the rest of the country most active faults
reach the surface. The earthquake mechanism solutions along active fault systems in
eastern and central Iran imply dominance of strike-slip faulting in a transpression
regime. Conversely, active faults of Azarbaidjan (NW Iran) are transtenssive. The
Alborz and Kopeh-Dagh fault zones are relatively vast active fault zones in which
location of individual active faults is difficult. Aside from raised terraces in the shores
of the Oman Sea, information on active faults in the Makran region is scarce.

Although many of the active fault zones of Iran have been determined, many of
the individual active faults are yet to be studied. With the current level of information
on the active faults of Iran, it is not possible to establish a dominant fault regime for
the entire country. However, it can be generally stated that, in most cases a
transpression regime governs the active faulting in Iran.

Several items included in this map are explained in the following,.

ACTIVE FAULTS

An active fault is defined as a fault which has moved repeatedly in recent
geological time and has the potential for reactivation in the future. Virtually all major
faults in Iran are active and thus have great seismic potential. Since study of active
faults has not been detailed enough in Iran, and since some damaging earthquakes
with magnitude less than 6.5 may not leave ruptures on the ground surface we can not
be certain that an area without active faults is completely free of earthquake risk.
Active faults are classified into the following three types:

Earthquake Fault

During the last 500 years, surface ruptures associated with large e have
appeared and documented in various places in Iran. Most of these ruptures occurred
along the active faults which have moved repeatedly in the Quaternary, thus
constituting evidence that these active faults have the potential of reactivating in the
future.

Seismogenic Fault

An underground fault which generates an earthquake can be called a seismogenic
fault in order to distinguish it from an earthquake fault. This type is seismically
identified.

Documented Quaternary Fault

This type is recognized to be active based on observation of offset Quaternary
landforms, however, they are not known to be seismically active. This could be due to
very long recurrence interval along these faults or resulted from creeping, which
continuously move slowly without necessarily causing earthquakes.

EARTHQUAKE DATA

The earthquake data are compiled primarily from the catalogue of centroid
moment tensor solutions (CMT), which is nearly complete over the interval 1976-2002
for earthquakes greater than Mw = 5.5. All with magnitude mb = 5.8 or
greater that occurred during the period 1948 to 1976 in the area are taken from
Chandra (1984). The solutions denoted by numerals are from @, Shirokova (1962); @,
Jackson (1992); @, Shirokova (1967) and ®, Jackson & McKenzie (1984).

Focal Mechanism Solutions

Focal mechanism solutions of the area’s earthquakes have been displayed to reveal
mechanisms of seismically active fault zones in Iran. These solutions indicate
dominance of thrust and strike-slip faults in a compressive regime for vast majority of
earthquakes of Iran.

Assignment of Fault Planes

Mechanism solutions for strike-slip faults indicate two steep nodal planes for all
cases. The trend of the fault planes when earthquakes are associated with surface
ruptures is known from the offset following recent earthquakes. However, it can be
known from distribution of aftershocks. Thus there is no ambiguity between the fault
plane and the auxiliary plane in these cases. There is, however, inherent ambiguity
between the fault plane and the auxiliary plane when earthquakes have mechanism
solutions with a predominance of thrusting and when both nodal planes have nearly
the same azimuth, such as most of the mechanism solutions of the earthquakes
associated with the Zagros basement faults. For these cases the fault plane is known
from geological structures observed in the region. For instance, in the Zagros the
nodal plane with shallower dip is assumed to be the fault plane. This is in agreement
with the northeast dipping structures observed in the Zagros Mountains.

Slip Vectors

The slip vector of mechanism solutions for which the fault planes are identified,
generally indicate a broad convergent zone in Iran. This convergence is in many cases
resulted in oblique motion of crustal material with respect to the trend of the
seismogenic faults. However, slip vectors for some other recent earthquakes indicate
that the convergence is partitioned into pure strike-slip motion and pure thrust
faulting. Such partitioning can be seen along the Rudbar, Golbaf-Sirch and Main
Kopeh-Dagh fault zones. The slip vectors for strike-slip faults in central Iran and
Azarbaidjan (NW Iran) indicate lateral expulsion of crustal material due east-
northeast. However, we could not assign slip vectors to the mechanism solutions of
earthquakes associated with the Zagros blind thrusts, as precise location of epicentres
is not known with respect to the location of the seismogenic faults.

Compressive Axes

The direction of the horizontal projection of the maximum principal stress
deduced from the focal mechanism solution of the area’s earthquakes reveals a
characteristic regional stress field along the colliding boundary. However, the
distribution of horizontal compressive stress axes in different parts of Iran indicates
that the local stress field is not everywhere consistent with the relative motion of the
Iranian crust with respect to Eurasia. The compressive stress axes along the faults in
central Iran are approximately N-5, parallel to relative motion of the two plates.
However, they are NE-SW for the vast majority of earthquakes in Iran, which is not
consistent with the direction of relative plate motion. For the earthquakes in the
Zagros Mountains and the Kopet-Dagh region, the compressive axes have roughly a
N-NE direction, and on the average, they are nearly perpendicular to the trend of the
geological structures. The compressive axes for earthquakes in most southeastern part
of the Zagros deviate from NE to NW but remain perpendicular to the trend of the
geological structures. The compressive axes determined for the earthquakes in
southwestern comer of the Caspian Sea, which all belong to the north-south trending
seismic zone, have E-W trend.

GPS VELOCITIES

GPS horizontal velocities are illustrated for the Iranian GPS stations in Eurasia-
fixed reference frame for the period 1999-2001 (adopted from Nilforushan et al., 2003).
Preliminary motion estimates show that Arabia moves at 2.1-2.5 cm/fyr due north
relative to Eurasia. However, deformation is distributed differently over several active
deforming zones. In eastern Iran shortening is distributed over the Makran
subduction complex (up to 1.8 cm/yr) and the Kopet-Dagh Mts. (about 0.5 em/fyr). To
the west, shortening is distributed over the Zagros (about 0.8 cm/yr) and Alborz Mts.
(about 0.8 cm/yr).
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Fault Classification

Types of Active Fault

Earthquake fault (surface rupture associated

with earthquake)

Seismically active fault (fault whose seismic
activity has been documented but not

resulted in surface rupture)

Documented Quaternary fault (fault which
has been active during the Quaternary times)

Fault mechanism and notation

Thrust and reverse fault

Fault without specification

— Strike-slip fault with sense of motion

Inferred fault location

Seismological Legend

9 Earthquake location
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e Relative upthrown and downthrown sides

Focal mechanism solutions of earthquakes
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