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Abstract The western part of Yemen is largely covered by Tertiary volcanics and is 

bounded  by volcanic margins to the west (Red Sea) and the south (Gulf of Aden). The 

oligo-miocene evolution of Yemen results from the interaction between the emplacement 

of the Afar plume, the opening of the Red Sea and the westward propagation of the Gulf 

of Aden. Structural and microtectonic analyses of fault slip data collected in the field 

reveal that the volcanic margins of Yemen are affected by three main extensional tectonic 

events. The chronological order of these events is as follows: first E-W extension was 

associated with the emplacement of volcanic traps of Yemen, then NE-SW extension was 

related to the Red Sea rifting and finally the volcanic margin was submitted to N160°E 

extension, perpendicular to the overall trend of the Gulf of Aden, that we interpret as 

induced by the westward propagation of the oceanic ridge of the Gulf of Aden. 

 

 تحليل الاجهادات القديمة لحواف اليمن البركانية
 ملخص:

الجزء الغربي من اليمن مغطى ببركانيات العصر الثلاثي ومحاط بحواف بركانية من الغرب معظم 

-عصر الاوليجوالتكتوني لتطور ال إن) والجنوب (خليج عدن). الأحمر(البحر  ميوسين في اليمن ناتج 

التحاليل  .الغرب باتجاهوانتشار خليج عدن  الأحمرفار، انفتاح البحر من التفاعل بين تكوين سجيرة ع

الحواف البركانية  إن إلىالتركيبية والميكروتكتونية لبيانات الفوالق التي تم جمعها من الحقل تشير 

يتمثل كالتالي:  الأحداثالتسلسل الزمني لهذه إن تكتونية امتدادية رئيسية.  أحداثبثلاثة  تأثرتلليمن 

-شرق باتجاهتمدد  الأولالحدث  شمال  باتجاهط بمرحلة تكوين بركانيات اليمن، ثم تمدد بغرب مرت
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-شرق الحافة البركانية بتمدد ذو  تأثرت وأخيراً الأحمرالبحر أخدود جنوب غرب مصاحب لانفتاح 

ة كنتيج الاتجاههذا  نشأةفسر يالعام لخليج عدن، و الاتجاهغرب، عمودي على  160شمال  اتجاه

  الغرب. باتجاهلانتشار الحافة المحيطية لخليج عدن 
 

Keywords Continental extension; Volcanic margin; Red Sea; Gulf of Aden; Afar plume 

 

Introduction 
 
The movement of the Arabian plate away from Africa in a north-east direction since 

30 Ma (Beydoun 1970; Le Pichon and Francheteau 1978) led to opening of two young 

oceanic basins: the Red Sea, between Africa (Nubia) and Arabia, and the Gulf of Aden 

between Somalia and Arabia (see a review in Bosworth et al. 2005) (Fig. 1). These two 

oceanic basins are connected in a complicated pattern within the area of the Afar triple 

junction. The Sheba ridge of the Gulf of Aden initiated from the Carlsberg ridge in the 

Indian Ocean and progressed westwards into Afar region (Laughton et al. 1970; 

Manighetti et al. 1997; Fournier et al. 2010). Its general trend is WSW-ENE (N70°E). 

The Gulf of Aden is thus oblique to the motion of Arabia toward the north-east (Dauteuil 

et al. 2001). The oldest magnetic lineations are identified in the eastern part of the Gulf of 

Aden and correspond to chron 5D (17.8 Ma) (Sahota 1990; Leroy et al. 2004; 

d’Acremont et al. 2010) and chron 6 (20 Ma) (Fournier et al. 2010). The oceanic floor 

becomes younger in the westernmost part of the Gulf of Aden, where the oldest magnetic 

anomaly corresponds to chron 2 or possibly 2A (3 Ma) (Cochran 1981; Audin 1999). The 

oceanization would then have started around 20 Ma, and then the ridge propagated 

toward the west into Afar (Courtillot et al. 1980; Manighetti et al. 1997). 

The Red Sea is a narrow oceanic rift oriented NW-SE which extends from the Sinai 

Peninsula in the north to the strait of Bab-El Mandeb in the south. Only its central part is 

characterized by organized magnetic lineations (Cochran 1983). The southern and 

northern parts show no sign of seafloor spreading (Ehrhardt et al. 2005).  However, Le 

Pichon and Gaulier (1988) proposed that the Red Sea spreading started at about 13 Ma 

although magnetic anomalies indicate a younger age at 5 Ma (Izzeldin 1987). The age of 
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the onset of rifting is still disputed (Hughes et al. 1991) but is generally considered to be 

late Oligocene (Bosworth et al. 2005). 

Yemen is located on the southwestern corner of the Arabian plate on the eastern 

margin of the Red Sea and on the northern margin of the Gulf of Aden, opposite to Afar 

depression (Fig. 1). The western part of Yemen represents a typical volcanic margin 

resulting from the magmatic activity of the Afar plume since 30 Ma (Baker et al. 1996; 

Hoffmann et al. 1997). The Tertiary basin in the western part of Yemen (Tihama coastal 

plain) is also related to rifting of the Red Sea (Beydoun et al. 1996). 

The aim of this paper is to study the extensional deformations of the volcanic 

margins of Yemen and to discuss the relationship between extension, magmatism and 

kinematics associated to the rifting and subsequent spreading of the Red Sea and the Gulf 

of Aden. We first briefly describe the geology of Yemen, then summarize previous work 

on the link between extension and magmatism in Yemen before presenting new structural 

data in three selected areas of western Yemen. 

 

Geological setting of Yemen 
 

Geology of Yemen extends from the Archean to the Cenozoic (Geukens 1960; Beydoun 

1964; Greenwood and Blackley 1967) (Fig. 2). The Proterozoic basement, largely 

metamorphic (Whitehouse et al. 2001) is unconformably overlain by Ordovician 

ferrigeneous sandstones, Permian black shales and early Jurassic marls and sandstones 

(Kohlan Formation) (Ziegler 2001). The late Jurassic is characterized by well-developed 

transgressive series composed of marls and limestones (Amran Group). These platform 

series are overlain by Cretaceous continental sandstones (Tawilah Group). Then, during 

the Cenozoic, the geological evolution of Yemen is dominated by (1) the impingement of 

the Afar plume beneath the Afro-Arabian lithosphere and (2) the development of the Red 

Sea and Gulf of Aden rifts and their subsequent oceanization. 

The western part of Yemen is characterized by the Tertiary volcanics  (Traps of 

Yemen) related to the Afar plume (Civetta et al. 1978; Capaldi et al. 1987; Chiesa et al. 

1983, 1989), whereas the eastern part of Yemen is characterized by Paleocene-Eocene 

sedimentation of limestone, marl and gypsum (Hadramout Group) and Oligocene-
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Miocene (syn-rift) sedimentation of conglomerates, sandstones, marls, gypsum, 

limestones and shales (Shihr Group) (Beydoun 1964; Haitham and Nani 1990; Bott et al. 

1992). Therefore the western part of Yemen represents a volcanic margin along the Red 

Sea coast and the western part of the coast of the Gulf of Aden, while the eastern part is a 

non-volcanic margin. Tard et al. (1991) shows that the southern part of the volcanic 

margin (Aden margin) presents offshore the characteristics features of a volcanic passive 

margin, in particular seaward dipping reflectors.  

The Yemen Volcanics cover an area of approximately 45000 km2. Their thickness 

is more than 2500 meters in the western part but they thin eastward and are only a few 

tens of meters thick near the contact with the pre-Mesozoic basement (Fig. 2). These 

Tertiary volcanics consist of both lava flows and intrusions. The lava flows are typical 

bimodal series, which include alkaline and transitional rocks (Civetta et al. 1978; Capaldi 

et al. 1987; Chiesa et al. 1989; Huchon et al. 1991) while the intrusions consist of granites 

that occur mainly along the western border of the plateau (Capaldi et al. 1987; Geoffroy 

et al. 1998). The granitic bodies are generally alkaline or peralkaline granites and are 

produced by fractional crystallization from basic magmas (Capaldi et al. 1987; Chazot 

and Bertrand 1995). All lava series were fed by dykes emplaced throughout the magmatic 

activity. 

The Tertiary volcanics and intrusives of Yemen are related to the Afar mantle 

plume that impacted the Arabia-Africa area during the Oligocene. They may be also 

partly related to the opening of the Red Sea and the Gulf of Aden. The lava flows were 

erupted into two stages (Chiesa et al. 1983): early basaltic traps (>2 km thick) were 

produced between 31-29 Ma and 26 Ma (Civetta et al. 1978; Chiesa et al. 1989; Baker et 

al. 1996) while the second stage is comprised of acidic rocks dated between 23-18 Ma 

(Civetta et al. 1978; Mohr 1991; Zumbo et al. 1995). Riisager et al. (2005) has further 

refined these ages on the basis of Ar-Ar geochronology and magnetostratigraphy, 

evidencing a first and short phase of basaltic volcanism between 30.3 Ma and 26.6 Ma 

followed by acidic and bimodal volcanics until 27.7 Ma. Late Miocene to Quaternary 

volcanics also occurs in different parts of Yemen (Huchon et al. 1991). The Quaternary 

volcanics are characterized by a basaltic activity with formation of volcanic cones 

(Chazot et al. 1998). 
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The geological map of Yemen (Fig. 2) shows striking structural directions in the 

basement, especially NE-SW directions. During the Mesozoic, several rift basins formed 

(Fig. 2): the NW-trending Marib-Shabwa basins (Brannan et al., 1997) and the WNW-

trending Sayun-Al Masila and Jiza-Qamar basins further east (Redfern and Jones, 1995; 

Beydoun et al., 1996; Bosence, 1997). These basins have been affected by three 

successive phases of rifting: during the Late Jurassic, associated with the fragmentation 

of Gondwana, then during Early to mid-Cretaceous, corresponding to the separation of 

India from Madagascar and finally during Cenozoic (Ellis et al., 1996; Brannan et al., 

1999; Schüppel and Wienholz 1990; Watchorn et al. 1998; Ziegler, 2001). Cenozoic 

NW-trending normal faulting affects both the sedimentary cover and the Tertiary 

volcanics. This trend is parallel to the Red Sea rift. The eastern part of Yemen is affected 

by ENE-WSW to WNW-ESE trending faults which do not, in general, parallel the trend 

of the Gulf of Aden but rather display a pattern typical of oblique rifting (Fantozzi et al. 

1996; Fournier et al. 2004; Bellhasen et al. 2006).  

 

Extension and magmatism: former studies 
 

The existence of Afar plume under the southern Red Sea at 30 Ma is responsible for the 

initiation of a period of a major flood volcanism. Therefore, the Yemen volcanic margin 

is a key area to understand the geodynamics of the triple junction, the emplacement of  

the Afar plume and the relationships between extension and magmatism. The Yemen 

margin has clearly undergone extension since the beginning of rifting of the Red Sea and 

the Gulf of Aden, but the relationship between volcanism and extension is not simple. 

Two types of extensional margins are classically distinguished: (1) active rifted margins 

where uplift and magmatism precedes rifting, and (2) passive rifted  margins which start 

by rifting then uplift and limited magmatism until the oceanic spreading starts. The 

passive model thus requires that extension predates any uplift and magmatism whereas in 

the active model uplift predates magmatism and extension. 

In terms of relations between plume magmatism and extensional tectonics, most of 

research work focused on the active rift system of the Afar region (Gaulier and Huchon 

1991, Manighetti et al. 1998). In the southern margin of Yemen, Menzies et al. (1992) 
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first suggested that magmatism was followed by synchronous crustal extension and uplift. 

On the southern Red Sea margin in Yemen, Davison et al. (1994) recognized a major 

episode of flood volcanism between 30 and 20 Ma, with extensional faulting beginning 

after the eruption of volcanic rocks. They also recognized that the regional direction of 

extension was mainly NE-SW and they suggest that there is no direct spatial link between 

crustal extension and volcanism in that part of the Red Sea margin. As most important 

part of the lava pile is affected by the NE-SW (N40°E) extension, Davison et al. (1994) 

argued that the rifting episode responsible for the opening of the Red Sea postdated the 

mantle plume activity in Yemen. 

 From the analysis of faulting-slip data sets and dykes in western Yemen, Huchon 

et al. (1991) recognized an early phase of E-W extension (30-26 Ma) which was 

associated with the main period of emplacement of the volcanic traps. They also have 

shown that the upper most part of Yemen volcanics was emplaced under a N-S extension 

until 18 Ma. Finally, Yemen was affected by NE-SW extension between 18 and 10 Ma, 

the former age being the age of the latest tilted volcanic flows and the later corresponding 

to Late Miocene tabular basaltic flows overlying tilted blocks. This NE-SW extension is 

responsible for the major structures in the Yemen volcanics. Therefore, both Huchon et 

al. (1991) and Davison et al. (1994) recognized that the N40°E extension during the 

opening of the Red Sea was the major structuring event affecting the Yemeni crust. This 

extension is marked in the upper crust by the development of tilted blocks limited by 

normal faults and was probably contemporaneous with a rapid uplift of Yemen area 

(Menzies et al. 1992). 

Menzies et al. (1997) suggested that the extension was largely post-volcanism 

because the volcanic stratigraphy is devoid of major faults. They propose that the 

extension occurred in the Late Oligocene-Early Miocene (after 26 Ma) with 

contemporaneous plutonic hypabyssal rocks while the initiation of magmatism occurred 

at 31 Ma. Geoffroy et al. (1998) further demonstrated that the Miocene alkali granites of 

Yemen, dated at 21 Ma (Capaldi et al. 1987; Huchon et al., 1991) are contemporaneous 

with the major Miocene extension post-dating the basaltic lava pile. Therefore, most of 

the previous work show that the main phase of extension related to rifting postdated the 

main mantle plume activity in Yemen.  
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Analysis of paleostresses 

 

Paleostress fields in Yemen were first analyzed by Huchon et al. (1991), who described 

successive phases of extension. Their work was limited to former North Yemen and was 

extended to former South Yemen by Huchon and Khanbari (2003). Paleostress analysis 

has also been performed further east in Dhofar (Sultanate of Oman) (Lepvrier et al. 2002; 

Fournier et al. 2004; Bellhasen et al. 2006) and in Socotra island (Fournier et al. 2007). 

Here we present the results of field studies in the volcanic part of Yemen, in three areas: 

the Dhala graben and the Taizz area in the south (Aden margin) and the Al-Mahwit area 

in the north (Red Sea margin). Our field data consist in measurements of faults, including 

slickenside lineations, and dikes. Most of these measurements were performed within the 

Tertiary volcanics. However, some outcrops in Jurassic limestones and Cretaceous 

sediments were also studied. Data analysis has been conducted using various methods 

(Angelier, 1984), including stress tensor computation by direct inversion of data 

(Angelier, 1990) for each sufficiently documented site. 

 

Dhala area (Fig. 3) 

 

The Dhala area is located in the southern part of Yemen, between longitudes 44°30’E and 

45°30’E, and latitudes 13°N and 14°N (Fig. 3). In the east of the Dhala area, the 

dominant trend of basement structures is NE-SW. The western part of the basement is 

characterized by NW-trending faults that bound the Dhala graben (Beydoun 1996, Thoué 

1993). These faults separate Jurassic and Cretaceous blocks tilted towards the southwest. 

The analysis of these NW-trending faults (Fig. 3) indicates ENE-WSW (~N70°E) 

extension (sites DH-1b, DH-2a, DH-5), NNE-SSW (N20°E) extension (site DH-2b) and 

NE-SW (N40°E) extension (site DH-6). Some NW faults have an oblique slip 

corresponding to a N-S direction of extension (site DH-1a and DH-2c). In the site DH-3, 

the faults that have NW-SE trend, correspond to NNE-SSW (~N35°E) extension. The 

faults analysis in site DH-4 shows that the NW-SE and NE-SW faults indicate a direction 

of extension NNW-SSE. Three phases of extension have thus been recognized in this 
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area: ENE (N70°E), NE (N40°E) and the last one varies from NNE to NNW. The faults 

of sites DH-4, DH-3, DH-2 and DH-6 affect the Tertiary volcanics, while the faults of 

sites DH-1 and DH-5 affect the Cretaceous sandstones. 

 

Taiz area (Fig. 4) 

 

TAIZ area is located in the southern part of Yemen (Fig. 4), between longitudes 

43°30’E and 44°30’E, and latitudes 13°N and 14°N. This area is characterized mainly by 

Tertiary volcanics, granitic intrusions and some outcrops of Cretaceous sandstones and 

Jurassic limestones overlying basement, which occurs mainly in the south-east part of the 

area. The analysis of faults shows that the direction of extension is chiefly N-S (sites 

TAIZ-1a, TAIZ-3, TAIZ-6a, TAIZ-7a). This extension corresponds to the faults trending 

E-W, ENE and WNW. Some faults oriented ENE originated from an extension oriented 

NNW (sites TAIZ-1b, TAIZ-2). At sites TAIZ-6b and TAIZ-5, the dip-slip slickensides 

of the faults shows NE extension, while some faults trending NW in the site TAIZ-6a 

have an oblique slip corresponding to a direction of extension N-S. The N-S phase of 

extension is thus younger than the NE one. In the northern part of this area, the dip-slip 

slickensides on conjugate faults trending N-S shows that the direction of extension is E-

W (site TAIZ-4, TAIZ-7b). Most of the phases of extension are recorded in the Tertiary 

volcanics except the site TAIZ-7a where the extension affected the cretaceous 

sandstones. Taiz area was thus affected by three Tertiary extensions: E-W extension, NE 

extension and N-S to NNW extension. 

 

Al-Mahwit area (Fig. 5) 

 

Al-Mahwit area is located in the northwestern part of Yemen. The simplified geological 

map of Al-Mahwit area (Fig. 5) shows that tertiary volcanics and granitic intrusions 

outcrop mainly in the area. The Jurassic limestones and the Cretaceous sandstones overlie 

the basement, which occurs in the north. The Quaternary sediments cover the coastal area 

(west of the study area) and some of outcrops of Jurassic limestone and Cretaceous 
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sandstone occur in the coastal area (Tihama plain). Quaternary volcanics outcrop in the 

eastern part of the area. 

Most of normal faults are dominantly oriented NW-SE. The granites which intruded 

flood basalts, are bounded by long, NW-trending normal faults at the NE and SW borders 

of the granites and by shorter, NE to ENE-trending faults on their northern and southern 

edges. Tilted blocks of Cretaceous sandstones and Tertiary volcanics dip towards the 

granites (Khanbari 2008). Dykes intrude theses blocks and the density of the tilted dykes 

increases towards the granites (Davison et al. 1994; Geoffroy et al. 1998). Geoffroy et al. 

(1998) proposed that the granites strongly control the geometry of tilted blocks. 

The results of stress inversion from faults indicate that NW-SE conjugated normal 

faults are associated with the NE extension (sites MAHW-11, MAHW-10, MAHW-9, 

MAHW-16), while the NE-SW conjugated faults at site MAHW-25 is related to NW-

extension. At sites MAHW-19 and MAHW-17, the NE extension results almost from 

faults trending NW-SE. The oblique slip of some N-S to NNE-SSW trending faults at site 

MAHW-9 is associated with NW extension. At site MAHW-14, the NE-SW to N-S 

oriented faults are corresponding a WNW extension, while at site MAHW-22, the dip slip 

of NW faults and oblique slip of NNE to N-S and NNW faults indicate to NE extension. 

 Most of the observed faults affect the Tertiary volcanics (sites MAHW-17, 

MAHW-19, MAHW-20, MAHW-16 and MAHW-22), but some of them are also 

observed in Cretaceous sandstones (MAHW-11) and in Jurassic limestones (site MAHW-

10). Most of the dykes in the study area are oriented NE-SE and NW-SE. Many of them 

were tilted with the crustal blocks. The dominantly SW and SE grouping of poles of 

dykes reveals NE and NW extension (Fig. 6). Some dykes have N-S trending and the 

grouping of their poles maybe related to the E-W extension that was recognized in 

Yemen by Huchon et al. (1991) and Mohr (1991). The NW-SE trending dykes are 

mechanically compatible with the extension responsible for the tilting, while the NE-SW 

dykes are perpendicular and may represent a later phase of magma injection. In summary, 

the Al-Mahwit area is affected by three extensional stress regimes: NE extension, NW 

extension and WNW to E-W extension.  
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Relative chronology of faulting events 

 

Our field survey and the analysis of the data indicate that the volcanic margin of Yemen 

is affected by three main Oligo-Miocene extensions: E-W, NE and NNW. Most of the 

normal faults have been observed in Tertiary volcanics, which confirms the Oligo-

miocene age of faulting. The relative chronology of these phases is based on our faults 

analysis and the previous works in the area. 

Huchon et al. (1991) recognized in the west of Yemen an early (30-26? Ma) E-W 

extension, which was associated with the main period of emplacement of the volcanics 

traps. The absence of this extension in the eastern part of Yemen (Huchon and Khanbari 

2003) confirms its relation with the emplacement of the Tertiary volcanics as the result of 

the increasing influence of Afar plume towards the west. The tilting of N-S trending 

dykes in Al-Mahwit area is another argument in favor of the early character of the E-W 

extension. 

The NE extension had been identified by Huchon et al. (1991) and Davison et al. 

(1994) as the major structuring event in western part of Yemen. This extension affected 

the lava pile, thus it is post dated the main mantle plume activity in Yemen. NNW to N-S 

extension was also observed in the western part of Yemen by Huchon et al. (1991).  

The NE and NNW extensions are also recorded in the eastern part of Yemen, along 

the Gulf of Aden, as Oligo-Miocene syn-rift extensions (Thoué 1994; Huchon and 

Khanbari 2003). Thoué et al. (1994) proposed that the NNW extension predates the NE 

extension, while Huchon et al. (1991) proposed that NE extension predates the NNW 

extension. However, Thoué’s observations were made in Jurassic limestones, and there is 

a possibility that the early NNW extension they observed is actually a Late Jurassic to 

Cretaceous one. 

In our structural analysis, some oblique slip slickensides of NW trending faults 

shows that the NE extension is older than NNW one (site TAIZ-7c in Taiz area and site 

DH-2c in Dhala area), where the oblique slickensides on NW-SE trending faults 

corresponds to NNW extension. This indicates that the faults have been reactivated under 

a younger NNW extension. This observation is consistent with the chronology 

established further east by Huchon and Khanbari (2003). 
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Discussion and conclusion 

 

Our analysis suggests that there is a strong link between magmatism and extension and 

that the evolution of the volcanic margin is closely related to Afar plume, which is 

responsible for the generation of basic and acidic traps. The presence of syn-volcanic 

structures indicates that some extension did occur during the emplacement of the early 

volcanics around 30 Ma. However, most crustal extension postdated this early magmatic 

phase. 

We propose two main stages of evolution of the Yemen volcanic margin in relation 

with the hotspot and plate movement (Table 1). The first stage is an E-W syn-magmatic 

extension, coeval with the emplacement of most volcanic pile. The presence of this 

extension in the western part of Yemen and its absence in the southern-eastern Yemen 

(Huchon and Khanbari 2003) resulted from its position near the influence of the Afar 

plume. The second stage of evolution of the volcanic margin is a post-magmatic 

extension, which associated with NE-SW and NNW-SSE extensions. Our structural 

analysis indicates that the NE extension predates the NNW extension. We propose that 

the major NE extension is related to the rifting of the Red Sea and the Gulf of Aden 

(starting also at about 30 Ma) and to the movement to the Arabian plate. The NE 

extension is perpendicular to the Red Sea rifting and was marked by NW-SE trending 

faults; it is also parallel to the Arabian plate movement towards the NE. On the other 

hand, the NNW extension which is perpendicular to the general trend of the Gulf of Aden 

(N70°E), is related to the opening and the propagation of the Sheba ridge toward the 

west. 

 The volcanic margin of Yemen is therefore complex and presents a combination 

of both active and passive processes. At 30 Ma, the volcanic margin was part of an active 

rift where the E-W extension was driven by the Afar plume. The post-volcanic NE and 

NNW extensions are consistent with a passive model of rifting, where the extension 

results from far-field forces related to the plate motion as well as the local effect of the 

westward propagation of the Sheba ridge. 
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Figure Captions: 

 

Fig.1: Geodynamic context of the studied area. Arrows show the directions of relative 

plate motions. 

 

Fig.2: Simplified geological and structural map of Yemen and location of the three study 

areas. 

 

Fig.3: Geological and structural map of Dhala area (location on fig.2) and stereographic 

plots of faults (lower hemisphere). Black arrows: direction of extensional stress. 3-, 4- 

and 5-branches stars are the minimum, intermediate and maximum principal stress axes, 

respectively. 

 

Fig.4: Geological and structural map of Taiz area (location on fig.2) and stereographic 

plots of faults. Black arrows: direction of extensional stress. 3-, 4- and 5- branches stars 

are the minimum, intermediate and maximum principal stress axes, respectively. 

 

 

Fig.5: Geological and structural map of Al-Mahwit area (location on fig.2) and 

stereographic plots of faults. Black arrows: direction of extensional stress. 3-, 4- and 5- 

branches stars are the minimum, intermediate and maximum principal stress axes, 

respectively. 

 

Fig.6: Poles of dykes (squares) in Al-Mahwit area. Lower-hemisphere Schmidt 

projection. Dashed: mean bedding of sedimentary and volcanic bed. Black arrows: 

inferred direction of extension. Set 1 occurred before tilting, set 2a is syn-tilting and set 

2b may be younger (see text). 
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Table 1. Summary of reconstructed paleostresses with their inferred age in relation to the 

main geodynamics events. Directions for Djibouti and Eastern Yemen are from Gaulier 

and Huchon (1991) and Huchon and Khanbari (2003), respectively. The dashed line 

shows the propagation of the oceanic ridge in the Gulf of Aden. 
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