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ABSTRACT: Structural investigations in post-obductional Paleocene to Eocene limestones of the Tertiary 

Ridge reveal a ~1 km long WNW-ESE striking strike-slip fault system within the ridge, consisting of two 

main sub-parallel, strike-slip faults. Considering the geometry of the Harding Strain Ellipse, the orientation 

of structures between the two strike-slip faults (e.g., Riedel shears, folds, reverse faults) point to left-lateral 

motion. The abundance of large-scale folds (up to 100 m in wave length and amplitude) between the two 

strike-slip faults led us to the interpretation of transpressive conditions in a first approximation. Moreover, 

the Tertiary Ridge of the study area consists of three distinct structural domains. The faults of Domain A and 

C are oriented WNW-ESE, but the trend of the faults in the central Domain B differs by ~10°. The left-lateral 

strike-slip fault system exists only in Domain B. We propose that the direction of greatest stress during 

Miocene plate convergence (sigma 1) was oriented 032°/212°. Considering the trend of the strike-slip zone 

and the orientation of sigma 1, the left-lateral motion must have been transpressive. Sigma 1 is 

perpendicularly oriented to the domains A and C.  

Prior to the Miocene D2 compressional event the study area was affected by a D1 extensional event, 

related to the opening of the Red Sea and the Gulf of Aden or to gravity-driven normal faulting. The D2 

compressional/transpressional structures of the Miocene are reactivating the D1 structures of the Oligocene. 
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بمسقط،  الحركاث الأرضيت الخي حدثج بعد عمليت اعخلاء صخور الأفيولايج في صخور حقبت الحياة الحديثت في قريت الخوض،

 سلطىت عمان

 أودرياس شارف, فراوك ماحر, سوسه السعدي

 غزب تإذجاي كيهُمرز مه لأكصز يمرذ جاوثي صذع َجُد ػه انخُض تقزيح انجيزيح انصانس انؼٍذ نصخُر انثىيُيح انذراساخ كشفد :الملخص

 كانطياخ انجيُنُجيح انرزاكية فإن نهجٍذ؛ ٌارديىج نشكم َفقا مرُاسييه. جاوثييه صذػيه مه انصذع يرأنف شزق. جىُب شزق-غزب شمال

 انطياخ َجُد كصزج يفسز قذ انصذػيه. طُل ػهّ يساريح جاوثيح حزكح حذَز إنّ ذشيز انجاوثييه انصذػيه تيه انُاقؼح انمرىُػح َانصذع

 تحيذ انمُجُدج انجيُنُجيح انرزاكية لإخرلاف وظزا جاوثيح. إوظغاطيح تظزَف يمراس انجاوثي انصذع أن ػهّ انمرُاسييه انصذػيه تيه

 نحيذ.ا مه الأَسظ انىطاق في انجاوثي انصذع يرُاجذ مخرهفح. وطاقاخ شلاشح إنّ انحيذ ذقسيم يمكه فإوً انخُض تقزيح انصانس انؼٍذ صخُر

 انقُج َاذجاي انجاوثي انصذع اذجاي ػهّ تىاءا غزب. جىُب-شزق شمال كان انميُسيه ػصز أشىاء انؼظمّ انقُج اذجاي تأن انذراسح ذقرزح

 انمىطقح نٍا ذؼزضد انري الإوظغاطيح انرشٌُاخ قثيم جاوثيح. اوضغاطيح ظزَف خلال ذشكهد نهصذع انيساريح انجاوثيح انحزكح فإن انؼظمّ

 في َذسثثد ػذن، خهيج َ الأحمز انثحز وشُء مغ ذُافقد الاَنيجُسيه ػصز خلال ذمذديح ذشٌُاخ انمىطقح شٍذخ انميُسيه، ػصز خلال

 انميُسيه، ػصز خلال لاحقا جاوثيح اوضغاطيح/اوضغاطيح  ذشٌُاخ إنّ انؼاديح انصذَع ٌذي ذؼزضد انذراسح. تمىطقح ػاديح صذَع ذشكم

  تانمىطقح. حانيا ملاحع ٌُ كما جاوثيح صذَع إنّ ػاديح عصذَ مه ذحُنٍا إنّ أدِ مما

 

 .(1انقُج انؼظمّ )سيجما  ،وضغاط جاوثيا ،صذع جاوثي ،وضغاطا ،ػُمان ،صخُر انؼٍذ انصانس انجيزيح :الكلماث المفخاحيت

1.  Introduction 

he Tertiary Ridge is a geomorphological ridge that extends over a distance of 30 km from Al-Khod 

Village (west of Muscat) to the east (Figures 1 & 2). Our studies concern the western part of the ridge, 

where it is narrow, easy to access and favourably exposed. The ridge consists of three Paleocene to Eocene 

formations that dip to the NNE. Whereas the oldest and youngest formations (Jafnayn and Seeb fms.) are 

represented by competent limestone beds, the intervening Rusayl Fm. consists of various lithologies, 

T 
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including large quantities of marl, making this formation significantly less competent than the underlying and 

overlying formations (e.g., [1-3]).  

 

 

Figure 1. Outcrops of Maastrichtian to Eocene post-obductional sediments of northern Oman. Modified from 

[1]. Dotted box shows the outline of Figure 2. 

 

 

Figure 2. Simplified geological map of the greater study area. The study area is shown in the dotted box 

(Figure 5). SQU – Sultan Qaboos University campus. Simplified from [4]. 

 

Whereas the sedimentary rocks of the Tertiary Ridge are well described and understood (e.g., [1-3]), its 

deformation has remained a largely untackled issue, despite the high visibility of the superbly and invitingly 

well-exposed folds within the Rusayl and Jafnayn fms. as in the road outcrop, which cuts across the ridge 

along the road leading from the north into the village of Al-Khod (Figure 3a, b), or as in natural outcrops ~1 

km farther ESE in the western part of the ridge (Figure 3c). 
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Figure 3. Folds of the Tertiary Ridge (A-C). A. Folded and faulted Rusayl Fm. Eastern side of the Al-Khod 

road cut, north of Al-Khod Village. The guard rails are 2 m high. B. Small scale fold in the Rusayl Fm. 

Eastern side of the Al-Khod road cut, north of Al-Khod Village. C. Large scale fold in the Jafnayn Fm. 

(dashed line). Natural outcrop in the Tertiary Ridge. Note the Ridge character. Houses in the foreground 

belong to Al-Khod Village.  

 

Paleocene to Eocene deformation is largely extensional [5]. However, this extension is followed by 

some compressional deformation, still during the Eocene. Extension is attributed to Paleogene gravity 

collapse of the Oman Mountains [5, 6], possibly dating as post-middle Eocene [6]. A different cause was 

identified by [7]. They suggested that Paleogene/Neogene to Quaternary extensional faulting along WNW-

striking faults was due to the flexural bulging of the under-riding Arabian Plate within the Arabia-Eurasia 

Collision Zone. Some workers have distinguished a late Cretaceous to early Eocene phase of extension, 

oriented ENE-WSW as well as two Oligocene intervals of extension, oriented NNE-SSW and NNW-SSE [8].  

Whereas many studies have concentrated on the regional extensional deformation (e.g., [7, 9, 10 and 

sources therein]), very little has been published on post-Cretaceous compressional structures, the work by [8] 

being a notable exception. They determined a late Oligocene/early Miocene to Pliocene compressional phase 

with two episodes of different stress directions: E-W to NE-SW (early Miocene) and N-S to NNE-SSW 

(Pliocene). It must also be mentioned that compressional deformation may be concentrated along pre-existing 
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faults [5]. Compressional deformation was initiated in northern Oman coevally with the onset of the Arabia-

Eurasia Collision Zone in the Zagros Mountains [8].  

With regard to regional strike-slip tectonics, [8] noticed that conjugate strike-slip faults are associated 

with the compressional stage, and that sigma 1 was oriented E-W to NE-SW. They observed three sites with 

conjugate sets of strike-slip faults in the Jafnayn Fm. in the Muscat area with right-lateral faults striking NE-

SW and left-lateral faults, striking E-W. Near Al-Khod Village they found strike-slip and reverse faults, 

revealing a NE-SW orientation of sigma 1.  

It is also worth noting that the WNW-striking Hatta Zone, at the western end of the Batinah Coast, has 

a left-lateral Paleogene to Neogene history [10]. Paleogene to Neogene sinistral shearing was also 

determined for the NW-striking Maradi Fault [7]. In both cases, the sinistral shear sense can be explained by 

the orientation of (rotating) sigma 1, as detected by [8].  

Our study is the first detailed structural analysis of a ~2 km wide segment of the Tertiary Ridge near 

Al-Khod Village. We determine the origin of conspicuous folds within parts of the Tertiary Ridge, the 

orientation of sigma 1 during convergence, and decipher the structural evolution of the Tertiary Ridge. 

Moreover, we compare our results with information on other structures, and we deduce the mechanical 

relationship of the ridge‟s structures to plate-scale tectonic processes  

After a brief description of the tectonic framework and the lithological units, we present a tectonic map 

of the Tertiary Ridge, revealing the orientation and kinematics of the observed structural features (strike-slip, 

reverse and normal faults, Riedel shears, slicken lines and folds), and corresponding cross sections. 

Following this descriptive section, we offer a genetic interpretation of the observed structures in terms of 

stress orientation, time of deformation and related plate tectonic processes. Finally, we compare our results 

with published data. We believe our results will contribute to the understanding of the geodynamic evolution 

of the Oman Mountains after the ophiolite obduction during late Cretaceous times. 

2. Geological Background 

2.1 Regional tectonic framework 

Northern Oman was the site of large scale tectonic ophiolite emplacement during the Upper Cretaceous 

[11]. The ophiolite is derived from a part of the Tethys Ocean, which was located to the northeast of Oman. 

All margins of the Arabian Plate are characterized by tectonic activities (Figure 4). 

In the north, the plate is taking part in the Arabia-Eurasia collision, forming the Zagros and Makran 

fold and thrust belts. The onset of the deformation of the Zagros Mountain Belt dates with 22 Ma and the 

convergence since that time amounts to 440 km [12].  

To the southwest and south, the Arabian Plate terminates at the active spreading axes of the Red Sea 

and the Gulf of Aden, respectively. The age of the southern Red Sea is 30 to 24 Ma and the amount of 

extension measures about 300 km [13, 14 their Figure 3]. Although the age of the Gulf of Aden is younger 

(20 Ma) the amount of extension is 100 km larger [8, 15].  

Towards the east and the west, the Arabian Plate is limited by the dextral Owen Transform Fault and 

the sinistral Dead Sea Transform Zone, respectively. The Owen Transform Fault has an age of 8 Ma and a 

rate of dextral lateral motion of 2 mm/a [16]. The Dead Sea Transform Fault has an age of 14 Ma [17, 18] 

with 100-105 km of displacement motion [19].  

2.2  Age and type of post-obduction deformation 

The Oman Mountains show clear sings of uplift. Uplift may have begun during late stages of ophiolite 

obduction onto the Arabian Plate during the late Cretaceous, and may have been localized and facilitated by 

pre-existing basement structures [7, 24]. Uplift of the domes of the Oman Mountains ensued along basement 

ramps [25].  

Following the late Cretaceous ophiolite obduction, the Arabian Plate was also affected by continental 

rifting started during the early Oligocene to early Miocene in the southwest and south with a rapid stage 

during the early Miocene [13] (Figure 4). Rifting proceeded into the nearly synchronous opening of the 

NNW-SSE-striking southern part of the Red Sea and the ENE-WSW-striking Gulf of Aden [13]. This may 

have resulted in the formation of SE-NW-directed extensional structures in the Arabian Plate, including the 

Oman Mountains. On the other hand, the extensional structures may be related to flexural bulging [7] and 

gravitational collapse structures [9]. The latter could possibly explain a tectonic transport of the post-

obductional sedimentary cover toward the NE, towards the Gulf of Oman.  
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Figure 4: Tectonic setting of the Arabian Plate. Red and blue coloured symbols indicate divergence and 

convergence with overall amount and age, respectively. Green arrows show present-day GPS values with 

respect to fixed Europa from Iran [20] and white arrow from Oman [21]. a – [22]; b – [19]; c – [17]; d – [18]; 

e – [13]; f – [14]; g – [8]; h – [15]; i – [16]. Map modified from [23]. 

 

Immediately after, or in part overlapping with, the extensional tectonics, the Arabian Plate underwent 

~NE-SW directed compression in the course of plate convergence with Eurasia forming the Zagros Fold-and-

Thrust Belt. This started during the early Miocene (23-16 Ma [22, 26-32]) and is an ongoing process as 

shown, for example, by present-day convergence rates, determined by GPS measurements, between Arabia 

and Eurasia with 36.5 mm/a near the Strait of Hormuz [20] (Figure 4), contributing to the Cenozoic and 

recent uplift of the Oman Mountains.  

2.3  Lithology 

The post-obductional sediments of the study area can be divided into the 800 m thick late Campanian to 

early Maastrichtian Al-Khod Fm. and three younger formations which collectively comprise the Tertiary 

Ridge [1] (Figure 5). These three formations are the Jafnayn, Rusayl and Seeb fms. The thicknesses of these 

formations are 126 m, 144 m and 600 m, and their ages are of late Paleocene to Eocene, early Eocene, and 

middle to late Eocene, respectively [1-3]. The contacts between the three formations within the Tertiary 

Ridge are conformable, whereas the contact between the Al-Khod Fm. with the overlaying Jafnayn Fm. is 

marked by a fault at the southern margin of the ridge [1]. The Al-Khod Fm. consists mainly of interbedded 

conglomerate, lithic sandstone and shale [1]. The Jafnayn and Seeb fms. chiefly consist of nodular or non-

nodular limestone and marly wackestone, whereas the Rusayl Fm. consists of shale and marl in which a 

central limestone unit is embedded [1].  

3. Methods 

The structures observed in the field were mapped and measured with modern fabric compasses after 

[33]. Because of the conspicuous folds and the obvious straight character of the Tertiary Ridge, we 

considered as possible genetic causes conventional compression and/or transpression and used the Harding 

Strain Ellipse as a tool for the tectonic interpretation [34]. In addition, we used shear sense criteria for the 

kinematic analysis of slickensides (see Appendix [36, his fig. 4.17]). Satellite imagery helped to identify 
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segments of different strike of the Tertiary Ridge. We will refer to the extensional structures as “D1” and to 

younger compressional structures as “D2”. The measurements of the individual structures and their locations 

are shown in the Appendix. 

4. Structural Results 

4.1  Left-lateral strike-slip deformation 

The Tertiary Ridge near Al-Khod Village consists of three structural domains (domains A, B and C; 

Figure 5). Domain A is located west of the road cut, whereas Domain B represents the main part of the study 

area. Domain B starts east of the road extending for ~1 km. East of Domain B starts Domain C. The two 

mapped and proposed main faults of Domains A and C have the same orientation (strike: ~122° to 302°), 

whereas the two mapped main strike-slip faults in Domain B are slightly oblique (~10°) to the main faults in 

the two domains (strike: ~112° to 292°). Domain C is inaccessible for field work. 

 

 
 

Figure 5. Tectonic map of the Tertiary Ridge at the Al-Khod Village. Based on the analysed structures, 

sigma 1 is oriented perpendicular to the strike of the Tertiary Ridge of domains A and C. Note that the D1 

extensional structures are reactivated as D2 compressional structures. Inset at the lower part shows left-

lateral Harding Strain Ellipse [34] for a theoretical pattern of structures between two strike-slip faults. 

 

A NW striking strike-slip fault could only be observed in Domain B. Its shear sense is sinistral (Figures 

5 & 6) as indicated by the geometric relationships between the fault and associated structures, including 

Riedel shears, folds, reverse and normal faults. We observed numerous horizontal and gently dipping 

slickenlines, indicating that strike-slip was significant in the Tertiary Ridge. However, our slickenside 

analyses sensu [35] also revealed a strike-slip that was opposite to the sinistral motion. There are also 

slickensides, showing dip-slip or oblique slip, sometimes in one and the same outcrop. 

The strike-slip motion probably occurred not only along a single fault but rather within a shear zone, 

composed of two sub-parallel faults (Figures 5 & 6). The first of these is largely located at the boundary 

between the Al-Khod and the Jafnayn fms (Domain A). Within Domain B this fault shifts into the Jafnayn 

Fm. (Figure 5). The second fault is assumed to be located to the north within the Rusayl Fm. (Figure 5).  
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Figure 6. Cross section perpendicular to the strike of the Tertiary Ridge. See Figure 5 for a trace of the cross 

sections. A-Aˈ is located in Domain A and B-Bˈ is located in Domain B. Note that the D1 extensional 

structures are reactivated as D2 compressional structures. In Domain A the southern fault is found at the 

contact between the Al-Khod and the Jafnayn fms. Towards the east, in Domain B, the fault is shifting into 

the Jafnayn Fm.  

 

We point out that the incompetent, marly Rusayl Fm. is highly deformed over its entire thickness. 

Deformation in the Rusayl Fm. is stronger than in the Jafnayn Fm. and much stronger than in the Seeb Fm. 

Evidently, strain is most concentrated in the Rusayl Fm. At and near the road cut in Domain B five clear 

evidence for a left-lateral strike-slip fault within the Rusayl Fm. exists: (1) Deformation within the Rusayl 

Fm. is most intense near the contact to the Seeb Fm. (Figures 3 & 5); (2) Several fault planes with Riedel 

shears and slickenlines are found within the Rusayl Fm. and at the lowermost part of the Seeb Fm. (stops 28 

– 31, Appendix). Although the mineral steps along the fault plains do not show a conclusive indication for 

the sense of shear, the overall orientation of the Riedel shears with respect to the mapped main strike-slip 

fault points to sinistral motion; (3) There is a text-book example of a coarse tectonic breccia along a vertical 

Riedel shear plane or “Riedel fault” within the Rusayl Fm. (Figure 7a, stop 29, Appendix); (4) This breccia is 

found on a large (≤ 100 m long) asymmetric limestone boudin within the central part of the Rusayl Fm. The 

displacement of 50 m between two asymmetric boudins is sinistral (Figure 7b, stops 31 & 32, Appendix); (5) 

There is steepening of the bedding plane of the Rusayl Fm. and the lowermost part of the Seeb Fm. in 

proximity of the contact between the two formations (Figure 7c). This steepening indicates the presence of an 

overall subvertical fault within the Rusayl Fm. Because of its steep character this sub vertical fault is 

considered as a strike-slip fault. 

This makes it very likely that a major strike-slip fault is located within this formation. The majority of 

the structures of Domain B are concentrated within the Jafnayn and the Rusayl fms. Only a few structures are 

found in the lowermost part of the Seeb Fm. The overall compression is assumed to be perpendicularly 

oriented to the Tertiary Ridge in domains A and C and, hence, NNE-SSW directed (032° to 212° ±2°;   

Figure 5).  
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Figure 7. Tectonic structures along the Tertiary Ridge in Domain B. 

A. Coarse tectonic breccia on a vertical Riedel shear (stop 29, Appendix). 

B. Asymmetric limestone boudins in the central part of the Rusayl Fm. Note the vertical fault plane on the 

boudin with the tectonic breccia of Figure 7a is investigated by the first author. The dashed lines mark the 

contact of the shale with the two limestone boudins (left limestone - stop 29; right limestone - stop 31). 

C. Steepening of the bedding plane of the dark Rusayl and the lowermost part of the lighter Seeb Fms. Note a 

reverse fault with a top to the NNE displacement within the shale of the Rusayl Fm. and a subvertical fault at 

the contact between Rusayl Fm. and Seeb Fm. (stop 33, Appendix). 

4.2 Structural elements 

The measurements of the individual structures and their locations are shown in the Appendix. The size 

of the NE to SW striking Riedel shear faults measures several square meters. The orientation of these ENE to 

WSW striking sub-vertical faults is oblique (~30-40°) to the main strike-slip fault (Figure 5). Their obliquity 

indicates that they are Riedel shears of the strike-slip fault. No sense of shear indicators (e.g., mineral steps) 

along the Riedel faults could be found. Normal faults are observed along the road cut at the transition 

between domains A and B. Some of these normal faults have an oblique displacement (e.g., stop 16). These 
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faults range from several square centimeters to some square meters in size with a dip-slip displacement of 

several centimeters to a maximum of two meters.  

Folds at the scale of several meters to 100 meters were measured. The larger folds are visible along the 

folded lower and upper contacts of the Rusayl Fm. (Figure 5). The orientation of all these folds is similar, 

displaying steep to subvertical fold axial planes, striking ~NNW to SSE and dipping steeply to the WSW, 

and fold axes plunging gently to moderately towards the NW. Exceptions are one fold with a fold axis, 

plunging to the south (stop 17, Figure 3b) and another fold with a fold axis plane, striking to the NNE (stop 

8, Figure 3c). The shape of the folds is mostly tight. One syncline, however, is open (stop 14, Appendix and 

Figure A1).  

According to Figure 5, the general direction of dip in the three formations is NNE. At the easternmost 

part of the study area (transition between domains B & C, stops 8 & 9) the Al-Khod Fm. dips more steeply 

than the overlying Jafnayn Fm., which indicates a low-angle discontinuity between both formations. 

Many faults are steeply-dipping and strike NW; those found west of the road cut especially are possibly 

D1 normal or D2 reverse faults, since they display sub-vertical slickenlines. One of the faults shows a 

completely different orientation (strike to the NE) with dip-slip slickenlines. The measurements of the 

individual structures and their locations are shown in the Appendix. 

5. Synthesis of Faulting and Geodynamic Interpretation  

On the basis of field observations along the study area, two main phases of deformation have been 

recognized. We describe them in order of age, from older to younger.  

5.1  NE-SW directed extensional phase 

A set of SE-NW striking normal faults, belonging to D1 within both the Jafnayn and Rusayl fms. 

indicates NE directed extension (stops 9 & 10). Similar striking extensional structures were identified along 

the northern and southern margins of the Gulf of Aden in Oman [36, 37], in Yemen [38], Socotra Island [39] 

and in the Oman Mountains, including the Tertiary Ridge [9]. These extensional structures are associated 

with Oligocene rifting of the Gulf of Aden [8] or are gravity-driven, facilitating tectonic transport away from 

the Oman Mountains and towards the Gulf of Oman [9].  

Since the Tertiary Ridge strikes ~122°-302°, at a high angle but not perpendicular to the proposed NE 

direction of extension, extension with a horizontal component (oblique extension,) along the D1 normal 

faults cannot be excluded. If a strike-slip component was involved during the D1 extensional phase, this 

horizontal component must have been dextral. 

5.2  NE-SW directed compressional phase 

Figure 8. provides a schematic model for the D2 compressional phase, which is marked by a left-lateral 

strike-slip fault, traced within the Jafnayn Fm. and a proposed second left-lateral strike-slip fault within the 

Rusayl Fm. (Figure 5). The D2 shear sense within Domain B is interpreted as sinistral, based on analysis of 

the geometric relationships between the small-scale structures (Riedel shears, folds and reverse faults) with 

that of the main fault(s), and a comparison of these relationships with those shown on the Harding Strain 

Ellipse [34]; Figure 5). Field observations and measurements reveal that the compressional structures (folds 

& reverse faults) are oriented around 45° with respect to the main strike-slip fault. Riedel shears are oriented 

at relatively low to moderate angle to the main strike-slip fault. These observations match with the sinistral 

Harding Strain Ellipse (Figure 5). The fact that compressional structures are more prevalent than extensional 

ones leads us to interpret transpressional conditions for Domain B. 

The model of Figure 8 shows the mechanisms of D2 transpressional left-lateral strike-slip faulting 

which was controlled by the orientation of the tectonic structures relative to the direction of D2 

compressional stress (sigma 1). The direction of sigma 1 is slightly oblique (~10°) to the main strike-slip 

faults in Domain B which induces oblique, left-lateral motion (Figure 5), while to the east and west of 

Domain B, the tectonic units are perpendicularly oriented to sigma 1, resulting in reactivation of the 

extensional structures as reverse faults without horizontal movement (Figure 5). This model suggests that the 

pre-existing D1 normal faults formed during the NE oriented extensional phase were reactivated as D2 

reverse faults during this NE compressional phase (domains A & C; Figure 5).  
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Figure 8. Schematic model for the post-obductional stress development and type of faulting along the 

Tertiary Ridge at the Al-Khod Village. NE-SW directed red arrows indicate the D1 extensional direction 

during the Oligocene. Blue arrows indicate the D2 direction of greatest stress during Miocene compression 

(this study). The direction of D2 is perpendicular to the Tertiary Ridge in the domains A and C. Dotted box 

indicates the study area (Figure 5).  

 

 
 

Figure 9. Juxtaposition of late Cretaceous to Pliocene stress direction in the post-obductional sediments in 

the vicinity of Muscat obtained from [8] and from this study (see exact locations in Figure 6 of [8]). 
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Figure 9 provides a comparison of the late Cretaceous to Pliocene stress directions in the post-obductional 

sediments in the vicinity of Muscat obtained from [8] and from this study (see exact locations in Figure 6 of 

[8]). The estimated NE-SW direction of D1 extension (sigma 3) in our study coincides with the „probable 

Oligocene extension stage A‟ of [8]. The different directions of extension in Figure 9 point to both orogenic 

collapse plus regional extension due to rifting as mentioned in section 5.1. The final development of the left-

lateral transpressive belt in Domain B in our study area is most likely a result of compression during the early 

Miocene. A Pliocene age can be excluded because the stress direction (sigma 1) during that time was more 

N-S directed, which is slightly oblique to our measurements of 032° to 212° (Figures 8 & 9). 

6. Conclusion 

The present work integrates field mapping and satellite image analysis to reveal the mechanisms, fault 

kinematics, and relative age of faulting within the Tertiary Ridge in the vicinity of Al-Khod Village. The 

Tertiary Ridge was affected by the D1 extensional event, which may be related to the opening of the Red Sea 

and the Gulf of Aden in Oligocene times. D1 normal faults where reactivated during the D2 compressional 

event during the Miocene.  

A strike-slip fault system occurs in two sub-parallel WNW-ESE striking branches of a left-lateral 

strike-slip fault zone that have accommodated transpressional stress in between them (Figure 5). This system 

formed owing to ~NNE-SSW D2 compressional forces, perpendicular to the overall trend of the Tertiary 

Ridge in the study area.  

A new model explains the mechanisms of D2 strike-slip faulting (Figure 7). The driving forces for the 

post-Oligocene compressional deformation of the post-obduction succession in the vicinity of Al-Khod 

Village are related to the contemporaneous collision between the Arabian and the Eurasian plates, resulting 

in the formation of the Zagros Fold-and-Thrust Belt. Because Domain B of the Tertiary Ridge is slightly 

oblique (~10°) to the direction of D2 collision/compression, transpressional deformation ensued.  

If the direction of sigma 1 was the same along the entire Tertiary Ridge as in the vicinity of Al-Khod 

Village, then similar structures must exist in the remaining part of the ridge. Compressional structures should 

be found in parts of the Tertiary Ridge that are oriented WNW-ESE, similarly to in domains A and C. In 

differently oriented parts, transpressional structures should be present. These structures should either be of 

sinistral or dextral shear origin, depending on the polarity of their obliquity with respect to the orientation to 

sigma 1. 
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Appendix:  
The stops of the study area (Figure 5) are shown in Figure A1 and listed in Tables A1-A4. 

 

 

Figure A1. Location map of the study area. 
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                                                   Table A1. Bedding-plane measurements after [1] 

 

Stop# N E Elevation [m] Measurements 

1 23°34'13.1'' 58°07'40.9'' 89 065 / 58 

8 23°33'52.3'' 58°08'14.2'' 111 010 / 41 

9 23°33'54.3'' 58°08'14.0'' 129 009 / 16 

15 23°34'19.5'' 58°07'41.3'' 109 247 / 75 

19 23°34'18.4'' 58°07'34.9'' 85 028 / 55 

22 23°34'31.1'' 58°07'26.0'' 99 040 / 84 

23 23°34'38.4'' 58°07'21.5'' 89 030 / 78 

27 23°33'57.7'' 58°07'24.6'' 109 130 / 60 

 

Table A2. Fold measurements after [1] 

Stop# N E Elevation [m] Fold axis Fold axial plane 

7 23°34'02.4'' 58°08'07.2'' 138 006 / 60 NNE-SSW/subvertical 

13 23°34'04.1'' 58°08'12.0'' 152 336 / 48 SE-NW/subvertical 

14 23°34'05.8'' 58°08'08.4'' 135 330 / 25 SE-NW/subvertical 

17 23°34'24.4'' 58°07'43.1'' 127 208 / 29 NNE / SSW 

 
 

Table A3. Riedel-shear measurements after [1] 

 

Stop# N E Elevation [m] Measurements 

6 23°34'03.6'' 58°08'03.8'' 119 

060 / 90 

070 / 90 

062 / 90 

10 23°24'00.0'' 58°08'20.3'' 

 

150 

 

 

062 / 90 

086 / 90 

070 / 90 

060 / 90 

072 / 90 

12 23°34'00.4'' 58°08'13.7'' 173 235 / 43 

28 23°34'14.5'' 58°07'57.2'' 196 
359 / 86, with 272 / 16 

slicken lines 

29 23°34'14.5'' 58°07'55.7'' 172 015 / 87 

30 23°34'15.0'' 58°07'56.4'' 172 
016 / 67, with 302 / 40 

slicken lines 
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Table A4. Fault measurements after [1] 

 

Stop# N E Elevation [m] Type of fault Fault plane Slicken lines 

2 23°34'12.5'' 58°07'44.2'' 104 Strike-slip fault 200 / 60 200 / 60 

3 23°34'09.0'' 58°07'46.00'' 100 Faults (undifferentiated) 

070 / 55 

078 / 35 

011 / 77 

032 / 47 

140 / 31 

102 / 26 

334/ 69 

032 / 47 

4 23°34'08.5'' 58°07'49.7'' 106 Strike-slip fault 096 / 80 160 / 10 

5 23°34'04.3'' 58°08'01.4'' 108 Strike-slip fault 028 / 84 - 

6 23°34'03.6'' 58°08'03.8'' 119 Strike-slip fault 120 / 90 - 

10 23°34'00.0'' 58°08'20.3'' 150 Strike-slip fault 

096 / 90 

098 / 90 

102 / 90 

- 

16 23°34'20.6'' 58°07'42.1'' 118 Normal fault 189 / 70 268 / 33 

18 23°34'22.7'' 58°07'41.8'' 128 Normal fault 296 / 69 349 / 67 

20 23°34'22.1'' 58°07'30.1'' 87 Normal fault 192 / 78 - 

21 23°34'27.4'' 58°07'29.2'' 138 Normal fault  208 / 81 - 

28 23°34'14.5'' 58°07'57.2'' 196 Strike-slip fault  213 / 86 123 / 09 

31 23°34'17.9'' 58°07'51.1'' 126 Strike-slip fault  213 / 60 310 / 07 

32 23°34'22.4'' 58°07'42.2'' 173 Strike-slip fault  018 / 83 - 

33 23°34'21.7'' 58°07'41.8'' 139 Reverse fault  
238 / 51 

243 / 45 
- 
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