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Makran Subduction Zone (MZS) is important as this region lies on both sides of the border of Iran and Pakistan 
along the coastline. Makran Subduction complex has pervasive seismicity and diverse focal mechanism 
solutions and being in the vicinity of Triple Junction where three major Tectonic plates; Arabian, Eurasian and 
Indian plates are connecting. Both of Chabahar and Gwadar ports are located in this vicinity, on which China 
is investing for CPEC, Belt and Road Initiative. The whole world is looking at these projects of Makran, as this 
may define and transform the future of trade. Hence Geoscience point of view is notable as well in 
consideration for the successful execution of these projects. Several Microplates/blocks have been proposed 
around the vicinity MSZ and Indian-Eurasian Plate boundary including the Ormara microplate, Lut Block, 
Helmand Block, and Pakistan-Iran Makran microplate (PIMM). The purpose of this review is to shed light on 
PIMM. Despite previous researches related to Makran, still many researchers are working to solve puzzles 
related to the complexity of MSZ. It is divided into Eastern and Western Makran due to seismicity and North 
to South into four parts based on stratigraphy, thrusts and folds. This review aims to give suggestions for the 
hypothesis on PIMM which was inferred as a separate microplate.  
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1. INTRODUCTION

MSZ is known to have complex tectonic settings being near to the Triple 

Junction, where three tectonic plates (i.e. Eurasian, Indian and Arabian) 

are interacting (Curray et al., 1982; Mokhtari et al., 2019). Through 

previous studies of tectonic reconstruction, it was inferred that the 

subduction was originated in the Late Cretaceous (McCall and Kidd, 1982; 

McCall, 2002). Since Early Eocene, a massive accretion is being build-up 

towards the southwestern part of the Eurasian plate (McCall et al., 1982; 

Ellouz-Zimmermann et al., 2007). This plate is categorized as a typical fold 

and thrust belt, where landward extension of thrust followed by a very 

high accumulation of sediments at the frontal wedge, with uplifting and 

thickening of accretionary complex,  then dip angle of MSZ is very low 

(almost 2-3⁰) (Schlüter et al., 2002; Ellouz-Zimmermann et al., 2007; 

Heidarzadeh et al., 2008; Harms et al., 1984). The collision between the 

Arabian oceanic plate and the Eurasian continental plate at MSZ caused 

the growth of long spread Thrust and fold belt of  Zagros ranges, which is 

about 1500 km widespread in Northwest of Makran (Kashfi, 1976; Jenkins 

et al., 2013).  

MSZ area lies at the west (left side) of the Left lateral Chaman strike-slip 

fault, Ornach-Nal fault (C-OFS), and Sonne pas fault (SPF), which is 

intersecting the wedge and extending in an abyssal plane (Kukowski et al., 

2000). In Iran, MSZ is at South East of Right lateral Zendan strike-slip fault, 

bounded towards North by Jiroft Fault (ophiolites) and towards the south 

by Oman trench of this subduction zone in the offshore (Figure) (Minshull 

et al., 1992; Siddiqui and Jadoon, 2012).  

Figure 1: Tectonic setting along proposed Pakistan-Iran Makran 
Microplate 

Chaman fault is originally a transform fault due to left lateral movement, 

with almost North-South orientation (Khan et al., 1991). Hoshab Fault has 
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the same sense of motion as C-OFS and is located at its southern section, 

although in a curved form (Avouac et al., 2014). The surface of the 

accretionary prism of Makran is marked by steep and asymmetrical folds 

with imbricate thrust wedges. These folds  are mainly striking East to West 

and almost parallel to these fold axes, there are reverse faults that are 

roughly dipping from North to West (Ahmed, 1969). Normal faults in the 

Chabahar region (Figure 1) are dipping towards the headland (Normand 

et al., 2019).  

Figure 2: Location Map for Chabahar and Gwadar ports 

The paleo-stress inversion is suggesting an N-S extension along the 

subduction zone rather than compression. MSZ is produced by the 

subduction of the Arabian oceanic Plate under the Eurasian continental 

plate with an average speed of 40 mm/yr (Siddiqui and Jadoon, 2012; 

Smith et al., 2012). MSZ can be distributed into Eastern and Western 

Makran because of its different seismicity patterns at both sections 

separated by a sinistral fault (SPS) (Figure) (Mokhtari et al., 2019). PIMM 

has been designated as a separate microplate after interpreting Tectonics 

of Indian and Eurasian plates (Siddiqui and Jadoon, 2012). So, in this 

review paper, we are trying to see aspects behind this hypothesis (Siddiqui 

and Jadoon, 2012). And we have come out with some recommendations to 

support this hypothesis by scientific evidence.  

2. SEISMICITY

MSZ is complex and active subduction zone, situated near a triple junction 

but still exhibits comparatively low seismicity than other subduction 

zones of the World (Mokhtari et al., 2008). The Eastern side of Makran 

seems activate in recent historical times, while the other side which is 

termed as Western Makran (WM) tends to be aseismic (Figure 3) (Jacob 

and Quittmeyer, 1979; Musson, 2009; Rajendran et al., 2013). By 

observing previous work, we can infer three things about the WM:  

1. Along with the WM,  the subduction tends to be locked and pending the

potential of a great magnitude earthquake.  

2. WM/Zargos is subducting virtually aseismically having anticlockwise 

motion with respect to its Northwards drift and low seismicity.  

3. Subduction seems to be diminished in the WM (Masson et al., 2005; Paul 

et al., 2006). 

Around Zagros ranges in Southern Iran, the seismicity seems to be 

restricted to upper Crust only  (depth of < 20 KMS) (Maggi et al., 2000).  

Figure 3: Regional Tectonic map, with area selected to be study for 

seismicity of Western Makran. 

A group researchers used satellite imagery, from Interferometric 

Synthetic Aperture Radar (InSAR)  for investigation of active time series of 

convergence between slip on the megathrust and internal deformation 

(Lin, 2015; Lin et al., 2015). He inferred that elastic strain is accumulating 

in the region which can trigger a high magnitude earthquake as in the past.  

Figure 4: Earthquake events (1990-2019) recorded in the 

Makran region. 

3. EXTENSION 

Makran accretionary wedge ( Eastern and Western Makran)  extends 

almost 1000 km between the Zendan/Minab dextral fault at WM in Iran 

and the Chaman sinistral strike-slip fault system in Pakistan (Figure 3). 

This wedge trending N-S and is originally a transform fault with Left lateral 

movement (Byrne et al., 1992; Kopp et al., 2000; Siddiqui and Jadoon, 

2012; Khan et al., 1991). The 3D models of the density variation and the 

magnetic susceptibility along a few cross segments opposite to the EW 

strike of the MSZ demonstrate that the Arabian oceanic plate is subducting 

with a very trivial plunge slant beneath the Eurasian plate (Abedi and 

Bahroudi, 2016). From a thorough examination of seafloor spreading in 

offshore Makran,  the pattern of oceanic ridges has been observed (Okal 

and Synolakis, 2008).  And by fault mechanism studies, these tectonic 

plates reported to be have convergence rates ranging from 35.50 to 

36.50 mm/a towards WM and 40 to 42 mm/a towards the Eastern Makran 

(Haghipour et al., 2012; Burg, 2018). However, stated that the 

convergence rate ranges between 19.5–27 mm/a through his GPS 

employed work (Reilinger et al., 2006; Vernant, 2014; Vernant et al., 

2004). Moho depth beneath the Oman Trench is around 20-25 km 

observed with variation in acoustic impedance in high-resolution maps 

(Abdetedal et al., 2014).  

Observation of the Morphotectonics of the MSZ by the aid of Swath 

Mapping and Parasound echo sounding of 3.5 kHz, exhibits approximately 

7 km of sediment deposited in the Oman trench and the main rivers are 

bringing a large number of sediments to the offshore area in the east 

(Kukowski et al., 2001).  The growth of such a large Accretionary 

wedge/prism is believed to be because of the deposition and deformation 

of the marine flysch deposit (Burg, 2011). A thick sediment accumulation 

accreted during the Cenozoic (Farhoudi and Karig, 1977). Based on 

Tectono-stratigraphy, Makran has been subdivided into four parts from 

North to South, 600 km from offshore Oman trench to Volcanic arc, and 

ophiolites (Kopp et al., 2000). These parts are known as Northern Makran 

and are mainly surrounded by the Quaternary deposits (Glennie et al., 

1990; Burg et al., 2013). Next to North Makran, is Inner Makran, which is 

mainly composed of marine deposits and is followed by Outer Makran 

which lies between Ghasr Ghand Thrust GGT and Chah Khan thrust CKT 

having Marls, Calcareous sandstones, shales and deep marine turbiditic 

sequence (McCall and Eftekhar-Nezad, 1993; Harms et al., 1982; Dolati, 

2010). And at the end is Coastal Makran where transitional facies, marl, 

calcareous sandstones are dominated for several kilometers, which is 

bounded by Oman Trench (Haghipour et al., 2015; Mohammadi et al., 

2016). 
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4. MICROPLATES 

Recent research work using the latest technology for plate tectonics can 

give clues about the microplates in this region where the Arabian oceanic 

plate is undergoing beneath the Eurasian continental plate. The Lut block 

is at North of the Jiroft fault, near Zagros ranges in SW of Iran. It covers 

around 900 KMs in NS direction from 28⁰ to 35⁰ North latitude and along 

EW direction 200 KMs wide from 57⁰ to 61⁰ East longitude (Figure 1) 

(Stocklin, 1968; Stöcklin et al., 1972a; Hussain et al., 2002; Saadat et al., 

2010). High seismicity can be observed only adjacent to the junction of the 

Lut block, where the flysch zone in the East is prominent (Stöcklin et al., 

1972b).  

Afghan/Helmand Block is located towards the northern boundary of 

PIMM, in Afghanistan. Ormara Microplate (OM) was separated from the 

eastern segment of the Arabian oceanic plate along with SPF and 

possessing separate attributes (Pang et al., 2014; Penney et al., 2017). The 

Northeast edge of the Arabian plate is an isolated block and seismicity can 

be visible around OM as resulting due to SPF and its splays. PIMM bounded 

from all sides by Faults, already described above (Kukowski et al., 2000; 

Siddiqui and Jadoon, 2012). 

5. FOCAL MECHANISM SOLUTION 

Earthquake mechanism or commonly known as Focal Mechanism Solution 

(FMS) tells us how an earthquake originated or the behavior of a particular 

event of an earthquake. Events related to fault’s FMS has been integrated 

as a fault plane solution. Seismologists plot FMS as Beach ball diagrams so 

that it will be easier for Geologists to interpret. Its famous method 

nowadays because of its significance in the evaluation of seafloor 

spreading, plate motions, fault behaviors. The seismological waves encode 

information among them, that decoding seismic waves unlock secrets 

about many processes including source rupture, Subduction zones, plate 

tectonics, etc (Banghar and Sykes, 1969; Shimizu et al., 2019). 

A study performed by Penney et al., 2017, for FMS of MSZ on limited data, 

showed us subsurface attributes of this area. Earthquake events used for 

that research were between 1945 and 2013 with a magnitude of 4 or 

greater, have been selected for FMS study for MZS. Recently a study 

performed geophysical research on Iranian Makran and its vicinity by 

using virtual Seismograms data acquired by local stations equipped by the 

Iranian Seismological Center (Shirzad, 2019; Shirzad et al., 2019). Around 

630 Earthquake events recorded from January 2006 till May 2019, with a 

magnitude of 4 or greater, were processed to generate precise 

Tomographic Maps.  Along C-OFS deep focus events recorded in past, 

beyond crustal thickness, suggesting that the Eastern edge of PIMM is 

cutting beyond crustal thickness at some points. Generally, events are 

above 50Km depth but some deep events recorded along Normal fault, 

pinched crustal wedge and 80Km is maximum depth recorded in MSZ. 

6. CONCLUSION 

Despite previous research work related to MSZ, critics arise on PIMM. 

Although FMS data is available for this region, a proper study is missing 

that deals with microplates inferred for this region. Our recommendation 

is to plot Focal depths and Mechanism Solutions for MZS, by drawing 

cross-sections along MZS to see the crustal thickness in this area and depth 

of hypocentres. (Figure 5), map for Earthquake events initially taken for 

FMS study showing data cluster of Earthquake events in this region. 

(Figure), has been plotted by using Generic Mapping Tool (GMT),  where 

FMS plotted, after filtering out noisy data The numbers mentioned above 

Beach Balls are Earthquake Event number as used in the processing of 

data.  

It is suggested to take the velocity model with 5-6 subsurface layers. That 

can give us a better view of PIMM, as we will easily see either the faults 

surrounding PIMM are of the crustal thickness or not. That will also let us 

visualize the shallow angle of the subduction, which is a unique attribute 

of MSZ.  

Figure 5: FMS of Makran derived from filtered data of events that 

occurred from 1990 to 2019 
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