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1-Introduction

The Robat Karim Fault (RKF) is an NW-trending structure in the northern part of the Central Iranian block
(Fig.1) that has experienced a multiple displacement history reflective of the late Miocene to present
tectonic scenario of indentation, tectonic escape, and oroclinal flexure in northern Iran. The proximity of
the fault zone to the population centers, such as Robat Karim town (Fig. 1) and Imam Khomeini
International Airport, made it one of the most important geological structures in the area. Therefore,
identifying geometry and the young kinematic pattern of this fault zone is fundamental.

A few previous studies of the area suggested different kinematics for the RKF (Berberian et al., 1985;
Baharfiruzi, 2008). Slip sense change is suggested for the faults in Central Iran, north and south of the RKF
(Sadeghi et al., 2022; Khodaparast et al., 2020). However, there is a mismatch between the suggested types
of change. In the southern parts of the study area, Sadeghi et al. (2022) suggested strike-slip sense change
on an NW strike fault zone cut the Qom sedimentary basin from sinistral to dextral. However, Khodaparast
et al. (2020) suggested a quite different inversion for the nearby Kushk-e-Nosrat fault from dextral to
sinistral. In this study, we provide kinematic and stratigraphic evidence for slip sense change of the RKF
by considering data in the context of tectonic models for northern Central Iran.
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Fig. 1. Location of the study area with a hill shade model as a base for the regional tectonic map. Faults are compiled
after Vernant et al. (2004), Hessami and Jamali (2003), and Sadeghi and Yassaghi (2016). Tectonic subdivisions are
after Angiolini et al. (2007) with some modifications. CEIM: Central-East Iranian Microcontinent, DF: Darouneh
Fault, DSF: Dehshir fault, IF: Indes fault, KF: Kushk-e-Nosrat fault, MRF: Main Recent Fault, MZT: Main Zagros
Thrust, NTF: North Tabriz Fault, QF: Qom-Zafreh fault, RKF: Robat Karin fault, SF: Soltanieh fault.
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2-Material and methods

In this study, detailed structural mapping and kinematic analysis of faults and folds were performed. Field
measurements verified the identified fault lineaments to prepare a fault map. Then, field measurements
were carried out at suitable outcrops in the Late Miocene-Pliocene rocks, Pliocene-Quaternary and
Quaternary sediments. An angular unconformity and growth strata are also documented and used to
constrain the timing of deformation.

3-Results and discussions

The RKEF is a wide zone comprising several fault segments with different orientations and mesoscopic scale
folds. The fault zone is also associated with an NW-trending basement fault inferred by aeromagnetic
surveys (Morris, 1977; Nogol-Sadat et al., 1993) (Fm in Fig. 2). Structures are studied in three areas named
areas 1 to 3 in Fig. 2.
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. C cred )¢ arl.
|Q m : Recent, cream to green marl 4  Reverse Fault

First class road

777777 ‘;Q al : Recent loose alluviums.
& oW, A_®  Normal Fault
Q 12 : Young alluvial terraces. Freeway
Q t1: old alluvial terraces. - Railway ———  Strike-slip Fault
D Q 2 : Young alluvial fans Fm Fault interred by
7] Qed: Colluvium deposits. e aeromagnetic surveys
PLQ c.s,m : Semi-consolidated alternation of grey conglomerate, sand and marl (Kahrizak Formation). Folds
L PL m,s : Alternation of grey to cream, in part red semi-consolidated sandstone and marlstone (Upper Red Formation). —¢—  Syncline

MPL m.s : Alternation of red, grey and cream, semi-consolidated marl and sandstone with some gypsum (Upper Red Formation).
[ JE bjta: Alternation of purplish to greenish grey basalt, trachybasalt and purple trachy andesite.
- E a : Purple oxidized andesite.
Fig. 2. Geological map of the study area after Baharfiruzi (2008) with some modifications according to the findings
of this work. Numbered rectangles (1 to 3) show locations of field measurements. Stereographic projections of faults
at each location (areas 1 to 3; see Fig. 3 for details of area 1) are given at the top of the figure.

In the Late Miocene-Pliocene rocks (area 1 in Fig. 2), three sets of faults are mapped: (1) N-S trending
normal faults, (2) NNW-SSW trending dextral strike-slip faults, and (3) NE-SW trending reverse faults.
Non-plunging synclines are also present in the area with NE-SW trending axes parallel to the reverse faults.
NNW reverse faults and folds are confined to Late Miocene-Pliocene rocks, whereas NNW normal faults
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and NW dextral strike-slip faults have affected younger (Quaternary) sediments, indicating more recent
activity. Parallel faults with reverse and normal components are observed in some outcrops of the Late
Miocene-Pliocene rocks and are considered a clue to kinematic change in the study area. In this sedimentary
rock unit, an angular unconformity is observed in the middle of the succession, which truncates a syncline
with an ESE dipping axial surface in the lower part of the succession. The fold axis parallels the reverse
faults cutting the Late Miocene-Pliocene units. Evidence of growth strata is observed in the western limb
of another syncline. The angular unconformity and the growth strata are indicators of syn-folding
sedimentation during the Late Miocene-Pliocene.
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I:I Pliocene marlstones and sandstones Anticline
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Fig. 3. Simplified model of kinetic change on the RKF; a) sinistral strike-slip movement in the Late
Miocene-Pliocene that formed NNE reverse faults and folds; b) dextral strike-slip movement in Pliocene-
Quaternary that formed NNE normal faults, ESE reverse faults and NNW dextral faults. PDZ: principal
displacement zone of the subsurface Robat Karim fault. C and T represent the direction of compression and
extension applied in strike-slip displacement.

At the area 2 (Fig.2), the faults cut the Quaternary alluvial deposits. The faults have two dominant
strikes: NW and WNW. The faults are recognized from the alignment of fractures in pebbles and the offsets
of pebbles.

In the Pliocene-Quaternary units (area 3 in Fig. 2), faults have two main strikes of WNW and NW, all
steeply dipping with reverse slips. Faults are almost parallel to NW-trending gentle folds.
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The association of compressive, extensional, and strike-slip structures can be interpreted as a result of
strike-slip deformation along the RKF. Parallel faults with both reverse and normal components in the Late
Miocene-Pliocene Upper Red Formation are formed from changing the kinematics of the RKF. Considering
the NW orientation for the RKF, the E to ESE shortening that caused the N to NNE reverse faults and folds
is consistent with sinistral displacement along the fault zone (Fig. 3a). The growth strata and angular
unconformity on the folds in the middle of Upper Red formation (Late Miocene-Pliocene) constraint the
time of effective NNE shortening caused folding under the effect of RKF sinistral movements. Other faults
in the zone, including NNW dextral faults, N to NNE normal faults, and ESE reverse faults, are compatible
with the dextral movement along the RKF. NNW dextral faults fit the “R” faults in the Riedel fault system
associated with dextral movement along the RKF. Dextral movement of the RKF provided NNE extension
and SSE compression favor NNE normal faults and WNW folds and reverse faults, respectively (Fig. 3b).
Presence of these faults in Pliocene-Quaternary sediments indicates that the dextral motion of the RKF has
occurred in Pliocene to Quaternary and are potentially still active.

As a part of the northern Central Iran zone, the study area is adjacent to the Alborz and the south Caspian
basin in the north and the Arabian plate indentor to the south. In the north (Alborz and south Caspian basin),
two tectonic events affected since the Late Miocene (Mattei et al., 2017, 2019) are: 1) Alborz orthogonal
flexure (4-6 Ma) (Mattei et al., 2019), and 2) present westward extrusion of the southern Caspian block
(SCB) bordered by dextral strike-slip faults in the northern margin (i.e. Ashkabad fault) and sinistral strike-
slip movement in the southern margin of the SCB and the southern edge of Alborz (Allen et al., 2002; Ritz
et al., 2006; Hollingsworth, 2008). The sinistral strike-slip movement along the RKF, which co-occurred
with the deposition of the Late Miocene-Pliocene units, may be affected by the sinistral slip of the southern
margin of the western Alborz. In Central Iran, due to the relative northward movement of the Arabian plate,
the NNW to NW faults had dextral motion. These fault displacements were formed by the indentation of
Arabia into Eurasia, which has been active since the Arabia-Central Iran collision.

4-Conclusion

The major outcomes of this study are summarized as follows.

- Various structures indicate both dextral and sinistral movement along the Robat Karim fault zone
(RKF) and parallel faults with reverse and normal components. These are a reflection of multiple
deformations. Local reverse and normal faults in the cover succession are compatible with the
dominant sinistral and dextral strike-slip displacement along the basement RKF.

- Syntectonic sedimentation has been inferred from growth strata and an angular unconformity
truncating underlying folds and reverse faults in the Late Miocene-Pliocene (4-6 Ma) succession,
which shows that the sinistral strike-slip deformation along the RKF is older and occurred at the time
of deposition.

- Dextral strike-slip displacement along the RKF has formed folds and normal, reverse, and strike-slip
faults in the Pliocene-Quaternary succession. It can be concluded that the dextral strike-slip movement
of the RKF is a younger event that continues to present.

- Sinistral strike-slip movement along the RKF is considered to have been caused by the orocline flexure
of the Alborz Mountains, which reflected the collision of Central Iran with the south Caspian and the
Turan blocks. Dextral movement along the RKF resulted from the last stage of indentation of Arabia
in the Pliocene (2-5 Ma) and led to the westward escape of the Anatolian plate.
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Fig. 1. Location of the study area with a hillshade model as a base to the regional tectonic map. Faults are compiled after
Hessami and Jamali (2003), Vernant et al. (2004), and Sadeghi and Yassaghi (2016). Tectonic subdivisions are after
Angiolini et al. (2007) with some modifications. CEIM: Central-East Iranian Microcontinent, DF: Darouneh Fault, DSF:
Dehshir fault, IF: Indes fault, KF: Kushk-e-Nosrat fault, MRF: Main Recent Fault, MZT: Main Zagros Thrust, NTF:
North Tabriz Fault, QF: Qom-Zafreh fault, RKF: Robat Karim fault, SF: Soltanieh fault.
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Non-geological symbols
]Q m : Recent, cream to green marl. Fitst class woad O Reverse Fault
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FQed

: old alluvial terraces.

Recent loose alluviums,

Young alluvial terraces.

: Young alluvial fans
: Colluvium deposits.

PLQ c,s,m : Semi-consolidated alternation of grey conglomerate, sand and marl (Kahrizak Formation).
m PL m,s : Alternation of grey to cream, in part red semi-consolidated sandstone and marlstone (Upper Red Formation).

MPL m.s : Alternation of red, grey and cream, semi-consolidated marl and sandstone with some gypsum (Upper Red Formation).
D E b,ta : Alternation of purplish to greenish grey basalt, trachybasalt and purple trachy andesite.
- E a : Purple oxidized andesite.
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Fig. 2. Geological map of the study area after Baharfiruzi (2008) with some modifications according to the findings of
this work. Numbered rectangles (1 to 3) show locations of field measurements. Stereographic projections of faults at each

location (areas 1 to 3; see Fig. 3 for detail of area 1) are given at the top of the figure.
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Fig. 3. Location of stations in the Late Miocene-Pliocene rocks on satellite image from Google Earth. “a” to “f” are

stereographic projections of faults and relevant striations; “g” to “i:” are stereographic projections indicating the pole to
bedding planes and fold axes of the synclines. For location see area 1 on Fig. 2 and Table 1.
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Fig. 4. Field pictures of dextral strike-slip faults in the Late Miocene-Pliocene rocks (see Stl in Fig. 3 for location), (a)
Fault outcrop, and (b) Fault plane and related striae. Stereographic projection of the fault and relevant striae is shown as

insets to the picture.
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Fig. 5. Parallel faults with reverse and normal components; (a) nearly parallel faults with reverse and normal components
(left and right of the picture respectively) at station St3, (b) fault zone of the left side fault, c) closer view of the fault zone
in (b) and S-C structures, (d) reverse and normal faults and growth strata at the western limb of the fold at station St4,
and (e)-(f) closer view of the fault planes of (d). Insets are stereographic projections of faults and relevant striations. The
locations of the stations are shown in Figure 3.
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Fig. 6. The position of the angular unconformity surface (yellow dashed line) within the Late Miocene-Pliocene rock unit.
Horizontal layers on the top of the unconformity and SE limb of the underlying syncline are indicated by white dashed
lines. For the location refer to St2 in Fig 3. The inset is a stereographic projection that show the axial surface and fold

axis of the syncline.
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Fig. 7. Example of faulting in Quaternary alluvial deposits next to the Imam Khomeini airport. (a) Fault trace (yellow
arrows) and position of a faulted pebble. Inset is the stereographic projections of the fault plane, and (b) Details of the

fault traces and fault plane in the faulted pebble.
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Fig. 8. Location of the outcrops (St8 to St13, Table 1) in the Pliocene-Quaternary units on a satellite image from Google
earth. Insets show stereographic projections show fault planes and relevant striae. Axial traces of folds are presented as

anticlines (A1, A2) and syncline (S1).
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Fig. 9. Outcrops of faults in the Pliocene-Quaternary unit; (a) and (b) are fault plane in st8 and st9 (see Fig.8 for location).
Insets are stereographic projections of the fault planes and relevant striations.
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Fig. 10. Folds (Al and A2 anticlines and S1 Syncline) in the Pliocene-Quaternary sediments.
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Fig. 11. Simplified model of kinetic change on the RKF; (a) sinistral strike-slip movement in the Late Miocene-Pliocene
that formed NNE reverse faults and folds, and (b) dextral strike-slip movement in Pliocene-Quaternary that formed NNE
normal faults, ESE reverse faults and NNW dextral faults. PDZ: principal displacement zone of the subsurface Robat
Karim fault. C and T represent the direction of compression and extension applied in strike-slip displacement.
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a) Effect of Alborz orocline flexure (6-4 Ma) b) Effect of Arabian Plate indentation (Present)
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Fig. 12. Schematic cartoon of the possible effect of two tectonic events (Alborz orocline flexure and Arabian Plate
indentation) on the RKF and other strike-slip faults of Central Iran. (a) Oroclinal flexure in the Alborz Mountains (6-4
Ma), which caused sinistral and dextral strike-slip deformation on the southern margin of the Western Alborz (WA),
including along the RKF, and Eastern Alborz (EA), respectively, and (b) The late Quaternary and active displacements
along the Central Iran faults were caused mainly by the effect of Arabian Plate indentation including dominant dextral
strike-slip displacement on the RKF and other NW-trending faults. AF: Ashkabad fault, DF: Darouneh fault, DSF:
Dehshir fault, EA: Eastern Alborz, IF: Indes fault, KF: Kushk-e-Nosrat fault, MZT: Main Zagros Thrust, QF: Qom-Zafreh
fault, RKF: Robat Karim fault, SF: Soltanieh fault, WA: Western Alborz.
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