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ABSTRACT 

Stratigraphy of The Central Red Sea Margin: New Insights on the Tectono-

stratigraphy of the Pre- and Syn- rift sedimentary sections and Arabian Plateau 

Uplift 

 

Ali AlTammar 

 

Broad uplift of the Red Sea margins has extensively eroded the pre-rift sedimentary section and 

exhumed the Proterozoic basement in the Arabian and Nubian Shields. However, some pre-rift 

sedimentary rocks are preserved within rift grabens along the coast, and on top of the Arabian 

plateau beneath syn-rift basalts of Harrat Hadan. Previous studies on outcrops of pre- and syn-

rift sedimentary rocks near Jeddah assigned them various ages and Formations leading to 

confusion. Moreover, no attempts were made to correlate them to the section sitting on top of 

the Arabian plateau.  

 

This study redefines the stratigraphy of pre-rift sedimentary rocks in the Jeddah area (Usfan and 

Shumaysi Formations) and correlates them with similar rocks located 200 km east over the 

Arabian Shield (Khurma and Umm Himar Formations). Field work, petrographic investigation and 

satellite image mapping data from the central Red Sea are used to reveal new stratigraphic 

correlations for the pre-rift section and new insights about the uplift of the Arabian plate.   
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The pre-rift sedimentary rocks rest uncomfortably on the Precambrian basement, consisting of 

sandstones, oolitic ironstone, shale, and bioclastic limestones.  Their distinguishing characteristic 

is the textural and compositional maturity and total absence of basement-derived lithic pebbles.  

The pre-rift sedimentary rocks are disconformably overlain by a syn-rift section, reaching several 

kilometers thick, consisting of immature continental redbeds composed of basement-derived 

conglomerates, sandstones, and mudstones.  They are distinguished by their brick-red color, poor 

sorting, and compositional immaturity. The presence of pre-rift marine sediments in Harrat 

Hadan over the Arabian shield and in the coastal plain of the Red Sea indicates that it was at or 

below sea level during the early Cenozoic. Subsequently, the rift was filled with immature 

continental syn-rift sediments eroded from the margins. 

 

Some key markers, particularly oolitic ironstones, define correlative units throughout the study 

area. Furthermore, the presence of 28 My old basaltic lava flows at the base of the syn-rift section 

in both the Jeddah and Harrat Hadan areas provides, for the first time, a reliable date for the start 

of rifting in the central Red Sea, and clear separation of pre-rift from syn-rift sedimentary rocks. 
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 Chapter 1: Introduction 

The pre-rift sedimentary sections in the Red Sea are important for hydrocarbon exploration, 

mining iron ores, and CO2 storage sequestration. The coastal plain of Jeddah region consist of 

two formations that unconformably overlie the Precambrian basement; Usfan and Shumaysi 

formations. The Usfan formation outcrops near Usfan pass in the Northern part of Shumaysi 

graben east of Usfan village, north-east of Jiddah region. The formation is composed of fluviatile, 

marine, and supratidal sediments. The Shumaysi formation outcrops along the western margin 

of Wadi Shumaysi, between Jeddah and Makkah regions. Shumaysi formation is composed of 

fluviatile, lacustrine deposits that include oolitic ironstone and marine facies. Additionally, Pre-

rift sedimentary rocks also outcrops on the plateau of the Arabian shield east of Ta'if city. The 

geology of the area consists of fluviatile Khurma formation overlain by the marine Umm Himar 

Formation and is capped by the Harrat Hadan Basalt interbedded with massive limestones. These 

sedimentary rock units outcrop in separate sub-basins and record the evolution of pre-rift 

environments as well as the early stage of Red Sea rifting.  

The Usfan and Shumaysi formations were first defined by Karpoff, 1957 as two separate units. 

The age assigned for Usfan Formation was upper Cretaceous (Maastrichtian) to Eocene based on 

the fossil assemblage, and Oligocene-Miocene for the Shumaysi formation based on the 

stratigraphic position. Subsequent studies either consider them as equivalent (Spencer, 1987; 

G.S. Ferguson, 1993a, b; Hughes & Johnson, 2005) or as two distinct formations based on 

lithology succession (Al-Shanti, 1966; Moltzer and Binda, 1984; Ramsey, 1986; Abou Ouf and 

Gheith, 1998).  
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The Khurma, Umm Himar, and Harat Hadan basalt formations were first described by Brown et 

al. (1989).  They proposed a Late Cretaceous age for the Khurma Formation, a Paleocene age for 

Umm Himar Formation based on vertebrate fossils, and an Oligocene age for Harat Hadan basalt 

Formation based on K-Ar dates. However, the age range of each of these units is still poorly 

constrained.  The absence of clear chronologic markers and distinctive lithology make propose a 

challenge for unit correlations. This study provides new insights on field observations, 

stratigraphic settings, and correlations of the different pre-rift sub-basins in the central Red Sea 

region. Moreover, the study aims to clarify the petrographic properties and paleo-environment 

conditions of the different lithology types. 

In this thesis, we introduce in the first chapter the objective and brief introduction of the study. 

The second chapter describes the geological setting of the Arabian plate, Red Sea, and the 

formation of pre, syn and post-rift deposits as well as the geological context of the studied area 

in Jeddah and Turbah areas. The third chapter describes the methodology followed from 

conducting field trips and collecting representative samples for petrography. Chapter 4 shows 

the results of our field studies and petrographic observations of the rock successions of the 

studied areas, and the typical stratigraphic section. Finally, Chapter 5 discusses our general 

conclusions and how they are related to the Arabian plate uplift. 
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 CHAPTER 2: Literature Review 

2.1 Arabian Plate Geology  

2.1.1 Regional geology 

The Arabian Plate is a ~ 2500 x 2000 km wide tectonic plate located between the African and 

Eurasian Plates (Figure 1). It is bounded by diverse tectonic margins. Along its northern and 

eastern margins, convergence between the Arabian and Eurasian Plates result in a continental 

collision along the Zagros-Bitlis suture, and subduction along the Makran trench (Figure 1). Along 

its divergent southern margin, continental rifting between Arabia and Somalia started around 30 

Ma ago (this study), followed by oblique seafloor spreading in the Red Sea and Gulf of Aden 

(Tapponnier et al, 2013,  Leroy et al 2012) . This northward motion of the Arabian plate relative 

to the Indian plate is accommodated along the Owen transform fault (Leroy et al., 2012). 

According to Bosworth (2015), the Red Sea rift initiated during the late Oligocene (24 – 23 Ma) 

and seafloor spreading started ~ 5 Ma.  However, our data show that rifting started earlier, 

around 30 Ma, and seafloor spreading started throughout the Red Sea around 14 Ma (Tapponnier 

et al, 2013) The Dead Sea transform fault system bounds the Arabian Plate to the northwest. 
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1  

Figure 2:1: Tectonic map of the surrounding boundaries of Arabian Plate (Faqira, 2009). 

The continental basement of the Arabian Plate outcrops in the Arabian shield, and is overlain by 

sedimentary rocks elsewhere. The continental crust of the Arabian-Nubian Shield, which is ~40 

km thick,  formed during the Late Proterozoic as a result of the amalgamation of intra-oceanic 
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island arcs that were sutured together by ophiolite belts (Brown et al., 1989). A widespread 

episode of erosion followed, leveling the basement to a more or less flat surface.  

The Shield is covered from the north and east by the Arabian Platform, a basin containing a 

sedimentary section recording its geological history from the Paleozoic to the Present, and 

reaching up to 14 km thick (Sharland et al., 2001). During the Paleozoic, the continental margin 

of Gondwana extended from central Iran to Turkey (Konert et al., 2001). The early Paleozoic 

sedimentary section (Cambrian sandstones) rests over the peneplained crystalline basement 

(Faqira et al., 2009). The Arabian plate platform was a stable continental margin between middle 

Cambrian to Devonian as recorded by the marine sandstones and intermittent pulses of 

carbonate rocks marking marine transgression. Subsequently, the mid-Carboniferous Hercynian 

Orogeny brought dramatic changes to the paleogeography. A phase of uplift and erosion of the 

Arabian platform was followed by a shift from marine to continental environments during the 

Late Carboniferous to Early Permian interval (Konert et al., 2001). From mid-Permian onward, a 

thick sequence of mixed carbonates and evaporites were deposited over a new passive margin 

following the opening of the Neo-Tethys ocean (Sharland et al., 2001). The Arabian platform 

during the Jurassic was stable and positioned near the equator which led to the development of 

shallow marine carbonates on the passive margins of the Neo-Tethys. The northward motion of 

Arabia and Nubia towards Eurasia led to the initial closure of the Tethys during the Middle to Late 

Cretaceous and again during the Cenozoic (Sharland et al., 2001). 

Another major feature of the Arabian geology is the widespread presence of Cenozoic volcanic 

fields (Harrats) across the Peninsula. The older Oligocene volcanic rocks are present around the 
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southern part of the Red Sea and related to the continental rift stage (Schmidt et al., 1983).  

They include Harrat Hadan, discussed in this study.  The younger Miocene-Recent volcanic fields  

2.1.2 Geomorphology 

The Arabian Plateau is a regional elevated planation surface covering the peninsula in the 

western and southwestern half with elevations ranging between 800 and 1200m. A dissected 

scarp separates the plateau from the Red Sea coastal plain, and is referred to as the Arabian 

escarpment (Figure 2.2). 

2  

Figure 2:2 : land elevation profile along A-B line showing the main topographic regions of the Arabian plate. 

Most of the preserved outcrops of the pre-rift sediments studied here are located on the coastal 

plain, within half grabens. The Harrat Hadan outcrops are located at the top of the plateau and 

are only preserved due to the protective cover of the Harrat Hadan basalts. 
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2.2 Geology of the Red Sea 

Geologic knowledge of the Red Sea accumulated as a result of geological mapping, oil exploration 

activities and deep sea drilling activities, and is summarized in several key publications (Bosworth, 

2015; Bosworth et al., 2005; Coleman, R.G., 1993; Hughes, G.W. and Beydoun, 1992; Hughes & 

Johnson, 2005; Stoffers & Ross, 1974; Tubbs et al., 2014). Starting in 1990, an intensive 

exploration program was conducted by Saudi Aramco on the Saudi Arabian margin of the Red 

Sea. This program acquired extensive outcrop, seismic, aeromagnetic, gravity, and well data both 

onshore and offshore (Figure 2.3) and resulted in much improved understanding of its geology. 

The stratigraphy of sedimentary rocks in the Red Sea (Figure 2.4) was described in (Hughes & 

Johnson, 2005) , which forms the foundation for this study.   

The Red Sea is the world’s youngest ocean and is the result of the separation of the Arabian Plate 

from the Nubian plate. The separation of the two plates started during the Late Oligocene ~ 30 

Ma as a continental rift that was similar to the East African rift (Schmidt et al., 1983).  The rift was 

flooded with seawater during the Early Miocene (~23 Ma ago), followed by breakup of the two 

plates and the start of seafloor spreading during the Middle Miocene, ~14 Ma ago (Tapponnier 

et al, 2013). The recognition of these events allows division of the Red Sea stratigraphic section 

into pre-, syn-, and post-rift tectonostratigraphic units, which are generally distinct on seismic 

sections and are generally separated by unconformities.  
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Figure 2:3: Geologic map of Red Sea showing tectonics, contacts and major faults, compiled from unpublished data by Afifi 

(2020). 
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Figure 2:4: Generalized Red Sea stratigraphic column (Hughes & Johnson, 2005). 
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2.2.1 Pre-rift stratigraphy 

In general, uplift along the flanks of the Red Sea has extensively eroded the pre-rift sedimentary 

section, exhuming the Proterozoic basement.  However, the pre-rift sedimentary section is 

preserved within half and full grabens under the coastal plain. These grabens formed during the 

rift stage of Red Sea evolution (Schmidt et al., 1983) and extend along the entire length of the 

Red Sea on both Arabian and African coasts, as revealed by seismic data e.g., (Tubbs et al., 2014).  

Erosional remnants of pre-rift sedimentary rocks are also locally preserved above the Arabian 

Shield, particularly under the protective cover of resistant basaltic lava flows at Harrat Hadan. 

In general, isopach maps and paleogeographic reconstructions indicate that the Arabian – Nubian 

Shield was covered by a relatively thin veneer of Paleozoic, Mesozoic, and Paleogene 

sedimentary rocks before the formation of the Red Sea (Sharland et al., 2001).  These 

sedimentary rocks are the pre-rift section, and their nature varies along the length of the Red Sea 

due to regional paleogeographic variations and unconformities. A common characteristic of all 

pre-rift clastics on both sides of the Red Sea is that they are compositionally and texturally 

mature, and are composed of quartz or sub-arkosic arenites, well sorted and lacking lithic pebbles 

except rare well rounded pebbles of milky vein quartz or chert (Brown et al., 1989).   

In the southern Red Sea, the oldest pre-rift sedimentary section is the Cambro-Ordovician Wajid 

sandstone, which sits unconformably over the metamorphic basement, and is composed of 

mature quartz arenites with milky quartz pebbles (Brown et al., 1989). The Wajid sandstone is 

unconformably overlain by Triassic? quartz sandstones and siltstones of the Khums formation, 

which are overlain by Late Jurassic fossiliferous limestones of the Amran formation (Brown et al., 

1989). The Jurassic limestones are present at the northern end of a failed Jurassic rift in the 
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Ma’rib – Jawf graben in Yemen (Figure 2.5).  These sedimentary rocks are flat lying over the high 

plateau and escarpment, but are tilted towards the Red Sea along the coastal areas by antithetic 

east-dipping normal faults (Bohannon, 1989; Voggenreiter, 1988) 

3  

Figure 2:5: Geologic map of Southwestern Saudi Arabia showing the location of preserved pre-rift sections, compiled from 

published geologic maps and unpublished data by Afifi (2020). 

In the northern Red Sea, Late Cretaceous (Cenomanian- Maastrichtian) clastics of the Adaffa 

Formation sit unconformably over the basement.  They only outcrop within grabens that formed 
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during rifting (Figure 2.6).  They consist of a basal quartz pebble conglomerate overlain by 

intebedded sandstones (quartz arenites) and shale (Hughes & Johnson, 2005). In the Wadi Azlam 

half graben, which used to extend to the Duwi graben in Egypt, a Cretaceous section consisting 

of sandstones, shales, and phosphorites sits unconformably over the basement (Alabouvette et 

al., 1976), and is overlain by syn-rift sedimentary rocks.  It is noteworthy that a thick section of 

Paleozoic sedimentary rocks outcrops on the plateau near Tabuk, but is completely removed by 

erosion in the coastal area, which was part of the Hercynian Levant Arch (Faqira et al., 2009). 
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4  

Figure 2:6: Geologic map of Northwestern Saudi Arabia showing the location of preserved pre-rift sections, compiled from 

published geologic maps and unpublished data by Afifi (2020). 

In the central Red Sea area (Fig. 3.1), the pre-rift section outcrops in two areas: 

1- The Shumaysi graben in the foothills area between Jeddah and Makkah (Figure 2.7).  This 

graben extends in a north-south direction for 80 kilometers from Usfan pass in the north to the 



27 
 

 
 

southern end of Wadi Shumaysi in the south.  It width is 15 kilometers wide in the north, but less 

than 4 km south of Wadi Fatimah (Figure 2.7).  Its surface elevation ranges from 90 m in the north 

to 150 m in the south. The Shumaysi graben is mostly covered by Recent alluvial sediments, and 

the pre-rift outcrops described here outcrop along its western margin.  Its subsurface structure 

is revealed by 2D seismic lines and discussed later. 

The outcrops at Usfan pass were previously assigned to the Usfan Formation, and those in Wadi 

Al Shumaysi to the Shumaysi formation (Karpoff ,1957;  Brown et al., 1963). This usage assumes 

that the Usfan and Shumaysi formations are not stratigraphically equivalent, and ignores the 

possibility that each locality may expose several separate stratigraphic units of different ages and 

depositional environments. An additional unit, the Mattiyah Formation, was added based from 

Jiddah well data by Hughes and Jonson (2005).  To avoid the confusion in past studies, we will 

not refer to these localities by the previously used formation names. 

The outcrops on the western side of Usfan pass consist of a tilted section of sandstone, shale, 

and a vertical layer of bioclastic limestone known as the great wall. Their age range from late 

Maastrichtian to middle Eocene (Hughes & Johnson, 2005; Karpoff, 1957; Ouf & Gheith, 1998).  

Wadi Shumaysi is a narrow valley which flows north into the broad valley of Wadi Fatima, which 

flows southwest towards the Red Sea (Figure 2.7). Both are structurally controlled, Wadi 

Shumaysi is located along an Oligocene north-trending half graben, tilted to the east against a 

west dipping normal fault. This half graben is superimposed on the southwest-trending 

Precambrian shear zone along Wadi Fatima.  Outcrops of pre-rift sedimentary rocks line the 

western margin of Wadi Shumaysi, sitting unconformably over the east-tilted basement. These 
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outcrops consist of sandstones, oolitic ironstones, shale, and chertified fossiliferous limestone. 

They are also exposed in open-pit mines that exploited the ironstone north of Wadi Fatima. 

5  

Figure 2:7: Geologic map of Shumaysi graben showing the rift structures and outcrops, compiled from published geologic maps 

and unpublished data by Afifi (2020). 

2- The Harrat Hadan area over the broad Arabian Plateau, 160 km east of Makkah, at an elevation 

of 1200 m.  Harrat Hadan is an Oligocene basalt lava field that forms a plateau east of the broad 

featureless plain of Sahl Rukbah.  The western side of the plateau is a prominent cliff, ~ 300 
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meters high, and the top of the plateau slopes gently east.  The basalts plateau is extensively 

dissected by a dendritic pattern of wadis, and there are remnants of basalt capping hills around 

it. The age of the basalts is 27–28 Ma by 40Ar/39Ar (Sebai et al., 1991).  In this area, the pre-rift 

section is preserved under the resistant basalt lavas flows around the margins of the Harrat 

Hadan (Figure2.8). The Cretaceous Khurma formation lies unconformably on the Precambrian 

basement, and is overlain unconformably by the Paleocene Umm Himar Formation (Ziab and 

Ramsay, 1986). The pre-rift section has been protected from erosion by the overlying Oligocene 

basalts of Harrat Hadan (Figure 2.8). 
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Figure 2:8: Geologic map of Harrat Hadan, compiled from unpublished data by Afifi (2020) 

2.2.2 Syn-rift stratigraphy 

Before the opening of the Red Sea, regional extension formed a rift valley consisting of multiple 

half grabens that linked together along a north to northwest trend. The footwalls of the rift faults 

were uplifted, which eroded their pre-rift cover and exhumed the basement.  The hanging walls 

of the rift faults subsided forming depocenters in which the sediments that were eroded from 

the footwall were deposited. 
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In the northern Red Sea (north of Jeddah), a thick sequence of syn-rift continental sediments 

(redbeds) filled these eastward titted half grabens. Adjacent to bounding faults, these sediments 

consist of poorly sorted basement-derived conglomerates and sandstones that were deposited 

in alluvial fans. These grade laterally to interbedded brownish-red mudstones, and arkosic or 

lithic sandstones that were deposited in lacustrine and fluvial environments.  Collectively, these 

continental redbeds may exceed 4 kilometers in thickness, and are assigned to the Oligocene 

Wajh formation.  

South of Jeddah, the continental syn-rift sequence is represented by the Jizan group, made of 

volcanic and volcaniclastic rocks and lacustrine sediments of the Baid Formation (Schmidt and 

Hadley, 1985; Schmidt et al., 1983).  The volcanic rocks even extended beyond the rift shoulders 

covering a large area in Ethiopia, Eritrea and Yemen.  

With continued extension, the rift was invaded by the sea forming a linear gulf that connected to 

the Tethys (Mediterranean) to the north.  The first marine sediments were Early Miocene 

carbonates and of the Musayr Formation (Hughes & Johnson, 2005), along with the Yanbu 

evaporites (Orszag-Sperber et al. 1992).  They are overlain by the Early Miocene Burqan 

Formation which consists of proximal submarine fan turbidities and distal calcareous mudstones 

(Hughes & Johnson, 2005).  

2.2.3 Post-rift stratigraphy 

The start of seafloor spreading around 14 Ma ago (late Middle Miocene) generally ended 

extension by normal faults (rifting) of the Red Sea.  It coincided with restricted marine conditions 

that deposited evaporites, mainly anhydrites, in the Maqna Group, overlain by a thick layer of 
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salt in the Mansiyah Formation, overlain by layered shales and evaporites of the Ghawwas 

Formation that were deposited in minibasins above the salt.  The post-rift sediments are 

generally located offshore and extend locally to onshore areas in the Midyan and Al Wajh basins.  

They dip from the margins towards the Red Sea, do not show any depositional thickening towards 

normal faults, and are highly affected by salt tectonics.   
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 Chapter 3: Methods 

3.1 Fieldwork 

We conducted four geological field trips to investigate the pre- and syn-rift sections in the Usfan, 

Shumaysi, and Harrat Hadan areas (Figure 3.1). Lithology, sedimentary structures and fossils were 

described in the field, and samples were collected for petrographic and isotopic analysis. Samples 

were labeled with three letters abbreviation and a sequential number, noting location, elevation, 

coordinates, and a brief description. 

 

Figure 3:1: Landsat image showing the location of: A) Usfan Pass, B) Wadi Shumaysi and C) Harrat Hadan outcrops. 
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3.2 Petrography  

A total of 24 representative samples were selected for petrographic analysis. They were cut and 

slabbed then impregnated with epoxy, then glued to glass slides and thinned to 30 µm. This study 

utilized the Leica DM2700 P optical microscope equipped with a Leica DEF450 C Digital Camera. 

Leica’s Application Suite associated softwares provide direct scaling for analyzed thin sections for 

photographic acquisition.  

3.3 Satellite Image Mapping  

Satellite images with a resolution of 15 meters were used to map contacts of rock units, including 

limestone beds in Harrat Hadan. These were combined with 30 m DEM to map surfaces and 

create cross sections.  

3.4 Software 

ArcGIS Pro (Esri, 2021) was used in this study to build geologic maps based on the unpublished 

geological database of Professor Afifi. Google Earth (Google, 2021) was used as reconnaissance 

tool to build an initial understanding of the study area, and build field trip plans that target 

sedimentary outcrops studied in this project. Strater was used to build composite stratigraphic 

column and correlations.  
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 Chapter 4: Results 

4.1 Usfan Pass locality 

4.1.1 Field Observations 

Usfan Pass is located at a transfer zone between the eastward titled north Jiddah half graben to 

the north and the westward-tilted Shumaysi graben to the south (fig. 2.7).  Figure 4.1 is a detailed 

view of this locality, showing steeply dipping light-colored pre-rift sedimentary rocks west to the 

highway, overlain by reddish-brown syn-rift sedimentary rocks east of the highway. The 

Precambrian basement is exposed under the basalt lava flow to the west, and a major fault 

separates it from the pre-rift rocks, this fault is exposed in a recent road cut. The pre-rift 

sedimentary rift rocks are folded to steep or vertical dips near the fault, but the dips decrease 

abruptly away from the fault to ~30 degrees east, which suggests that they are fault propagation 

folds, the type that used to be attributed to vertical drag across faults. 
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Figure 4:1: Google Earth image of Usfan pass locality showing the pre-rift section west of the white dashed line and syn-rift 

redbed east of the line. 

The lower part of the pre-rift sequence at Usfan pass consists of interbedded sandstones and 

shales. The sandstones are tan in color, thinly bedded, trough cross bedded, contain vertical 

burrows, and locally cemented by iron oxides (Figure 4.2).   
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Figure 4:2: Outcrop of the Usfan Formation in Usfan pass, the low ridge in the foreground consists of overturned sandstone 

beds, overlain by soft weathering shales, which are overlain by limestone forming the great wall in the middle distance. 

 In addition, there are two thin layers of oolitic ironstone within the section that were not 

described in previous work. These two oolitic ironstone beds are separated by sandstones 

containing several biogenic sedimentary structures, including trace fossils. This lower section is 

overlain by a vertical 1.5m thick limestone layer that forms the great wall or Cardita bed (Figure 
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4.3a). This bioclastic limestone is a coquina rich in broken Cardita shells and gastropods (Figure 

4.3b). 
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Figure 4:3: Outcrop photo of the Usfan Formation in Usfan pass. a Near-vertical resistant carbonate bed, The total height of the 

cliff is about 3 m. b  Fragment of marine bivalve molluscs (Cardita). 
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The Cardita bed is overlain by an upper sequence of sandstones and shales, the latter containing 

gypsum veins but are devoid of microfossils (Figure 4.4).  

 

Figure 4:4: Outcrop of the Usfan Formation in Usfan pass. a fissile shales succession with gypsum vein(pointed by white arrow). 

Circle highlights hammer for scale. b Succession of brown-reddish sandstones and siltstones with vertical burrows (circle). 

The pre-rift section is overlain by a very thick section of redbeds that, based on seismic data, are 

several thousands of meters thick in the broad northern part of the Shumaysi graben. The 

redbeds are soft weathering, and outcrop only under the protective cover of basalt lava flows.  

Unfortunately, the basalt lavas have been eroded from Usfan pass, and the unconformity at the 
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base of the redbeds, the syn-rift unconformity, is not exposed.  The redbeds are well exposed in 

a deep quarry located west of the highway, where they are in fault contact with the basement. 

They consist of a basalt sequence of lithic or arkosic sandstones that are rich in basement-derived 

rocks and minerals, indicating that they are derived from the unroofing and erosion of the 

basement in the footwalls of the normal faults.  The sandstones are interbedded with brick-red 

mudstones in a grossly fining upward sequence, and the mudstones form diapirs in a quarry east 

of Usfan village.  The red mudstone is quarried for making bricks, and they also contain distinctive 

white layers of bentonite-rick claystone, probably derived from fine volcanic ash (Spencer, 1987). 

They only contain land vertebrate fossils (Zalmout et al. 2010), indicative of a continental rift 

environment of deposition. 
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Figure 4:5: A quarry exposing east-dipping syn-rift sedimentary rocks, composed of a fining up sequence of conglomerate, 

sandstone and mudstone, preserved under horizontally layered wadi sediments capped by a basalt lava flow, which flowed west 

down a paleo valley. 

4.1.2 Petrographic Analysis 

The pre-rift section at Usfan pass is characterized by the absence of basement-derived pebbles.   

The sandstones are well-sorted with sub-rounded to sub-angular quartz grains with minor 
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opaque minerals (Figure 4.6a). Some samples contained coarse grained phosphate? nodules 

(Figure 4.6b).  

The limestone is composed of silicified Cardita bivalve fragments in a micritic matrix (Figure 4.6c).  

Ali Al Abrahim (personal communications) identified the benthic foraminifera. Cibicidoides-

Animalina and Lenticulina sp. Figure 4.6d and 4.6e, respectively.  
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Figure 4:6: The photomicrograph of samples viewed under plane polarized (PP) light showing a the scatering concretion. The 

particles are moderately packed, and the grains ranges from angular to sub-rounded.b fragmental grains highlighted by the 

dashed white line and phosphate nodules. c bioclast fragments of recrystallize molluscs shells.d Cibicidoides-Anomalina benthic 

foramifera. e Lenticulina benthic foramifera. 
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4.1.3 Composite stratigraphic column for Usfan area 

The stratigraphic section of the pre-rift outcrops at Usfan is summarized in Figure 4.7. The lower 

part consists of a succession of fine-grained sandstones, siltstones, and occasional shales, 

followed by two oolitic ironstone beds separated by highly bioturbated fine-grained sandstones. 

The upper section consists of predominantly bioclasts and fragments of Cardita followed by 

brown-green fissile shales succession with gypsum veins. Reddish successions of fining-upward 

sandstone with granitic and quartz pebbles cover the whole section. 

 The pre-rift section assigned Upper Cretaceous to middle Eocene age based on the palynological 

works conducted by Saudi Aramco (Hughes & Johnson, 2005). A glauconitic bed was dated by 

Brown (1970) suggest 43-55 Ma by K-Ar dating method. The very lowermost beds has a high 

degree of textural and compositional maturity, it is essentially composed of quartz arenites, 

which suggest a continental sitting deposited in a fluvial system. The presence of oolitic ironstone 

beds (this study) suggest a shallow marine sitting. The predominantly bioclasts and fragments of 

Cardita bed (Great wall) probably suggest a maximum flooding surface followed by marine 

regression represented by the presence of shales with gypsum veins. The reddish successions 

represent the syn-rift section that contains only land vertebrate fossils (Zalmout et al. 2010), 

indicative of a continental rift environment of deposition. 
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Figure 4:7: Composite stratigraphic section of the Pre-rift sediments in Usfan area. 

4.2 Wadi Shumaysi locality 

4.2.1 Field Observations 

Figure 4.8 shows outcrops of the pre-rift section along the west margin of the east-tilted 

Shumaysi half graben in the vicinity of Wadi Fatima, between Jeddah and Makkah regions. An 

iron ore mining quarry provides excellent exposure of the middle section of the pre-rift sequence.   
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Figure 4:8: Google Earth image of the east-tilted Shumaysi half graben locality .The pre-rift section outcropping along the west 

margin of the half graben 

The sedimentary layers in Wadi Shumaysi are tilted to the Northeast by ~ 25°degree, and rest 

unconformably over the Precambrian basement. Above the basal unconformity, there is a 

conglomeratic coarse grained sandstone (quartz arenite) containing well rounded milky quartz 
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pebble, fining upwards to medium grained sandstone that are trough cross-bedded, some with 

ripple marks (Figure 4.9a). 

  

Figure 4:9: Outcrop of the Shumaysi Formation in Wadi Shumaysi. a basal conglomeratic sequence containing quartz pebbles. b 

Finer-grained sandstone containing cross-bedded structure, scale is about 3 m high 
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The middle part of the pre-rift section contains two oolitic ironstone beds separated by shales 

and fine-grained sandstone layers. The oolitic ironstone bed thickness varies between ~1 to 3 

meters. Shale and fine-grained sandstone beds are abundant in trace fossils caused by 

bioturbation activity (Figure 4.10). 

9  

Figure 4:10: Outcrop of the Shumaysi Formation in Wadi Shumaysi, two oolitic ironstone beds separated by successions of shales 

and fine-grained sandstone units. 

The upper part is estimated to have a thickness of around 50 m and contains shale, siltstone, 

sandstone, carbonate, and chert. Shale and siltstone beds are the predominant lithology in this 

section. The uppermost units are composed of silicified limestones overlying a chert bed.  The 

silicified limestone contain gastropod and bivalves fauna and are covered by a basaltic lava flow 

(Figure 4.11).  This lava flow was dated by Afifi (sample, SHS-2, unpublished), and has well defined 

40Ar/39Ar plateau age of 28.74 +- 0.10 Ma. This basalt is similar in age to the Jizan Group and Sita 
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formations, as well the age of Harrat Hadan (Sebai et al., 1991), and we consider this age as the 

start of continental rifting.  The soft-weathering syn-rift sedimentary rocks above the basalts are 

exposed only in the iron mining quarry, where they consist mainly of soft mudstone redbeds 

similar to those at Usfan Pass. 

10  

Figure 4:11: Outcrop photo in Wadi Shumaysi showing a succession of shales and siltstones at the base of the photo followed by 

a silicified limestone containing molluscs and bivalves. The base of the syn-rift basalt is highlighted by the dashed line. 

4.2.2 Petrographic Analysis 

Fine grained sandstone from the middle part of the pre-rift section is mature well sorted quartz 

arenite with traces of muscovite, and cemented by iron oxides.  (Figure 4.12b).  
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Figure 4:12: Thin-section photomicrographs illustrating the morphology of the sandstone samples from Wadi Shumaysi locality.a 

The photomicrograph of sandstone sample viewed under plane polarized (PP) light showing micro cross laminations of mature 

well sorted sandstone. b The photomicrograph viewed under plane polarized (PP) light showing the main mineral component 

quartz. c The photomicrograph viewed under cross polarized (XP) light showing rare presence of mica. 

The oolitic ironstone consists of spherical ooids, 0.1-3 mm in diameter, showing concentric layers 

of hematite or chamosite (?) Some ooids are flattened and fractured by compaction. (Figure 

4.13). 
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Figure 4:13: The photomicrograph of oolitic ironstone viewed under plane polarized (PP) light showing. a rounded oolitic ooids the 

lighter colored rings are mostly composed of chamosite, and the opaque parts are composed of hematite. b sub ellipsoid shape 

ooid. c fragment of another ooid act as a nucleus 

The silicified limestone (Figure 4.14) at the top of the pre-rift section contains bivalve, gastropods 

and ostracods (Figure 4.14b). Bivalves appear to be in a silicified matrix composed of secondary 

quartz minerals (Figure 4.14c). The carbonate rock in Figure 4.14d, is a sample collected from a 

thin bed overlying the bioclastic silicified carbonate rock. This rock appears to be rich in ostracod 

skeletons.  
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Figure 4:14: Thin-section photomicrographs illustrating the main findings from Wadi Shumaysi locality. a The photomicrograph 

viewed under plane polarized light (PP) showing bioclastic silicified carbonate. The sample contains bivalves in a silicified matrix. 

b The photomicrograph viewed under plane polarized light (PP) showing the bivalve skeleton growth marks. c The 

photomicrograph viewed under cross polarized light (XP) showing silicified  matrix composed of secondary quartz minerals. d  The 

photomicrograph viewed under plane polarized light (PP) showing fine-graind limestone with abundent ostracod fossils. 
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4.2.3 Composite stratigraphic column for Wadi Shumaysi area 

Figure 4.14 is a composite stratigraphic summary of the Wadi Shumaysi area.  The pre-rift 

sedimentary section unconformably overlies the Precambrian basement. The basal part consists 

of beige conglomeratic coarse-grained sandstones overlain by cross-bedded sandstones. The 

Middle part contains two oolitic ironstone beds alternating with fine-grained sandstone and 

shales. The upper part is composed of siltstones, fine-grained sandstones, silicified limestone, 

and cherts. The pre-rift unconformity is covered by a basaltic lava flow dated at 28 Ma (Figure 

4.15). 

 The lower section has a high degree of textural and compositional maturity, it is essentially 

composed of quartz arenites lacking in lithic, feldspars, and detrital clays, which suggest a 

continental sitting deposited in a braided fluvial system. The age properly upper Cretaceous 

based on the stratigraphic relation with the upper sediment beds. Higher in the section, the 

depositional environment is grading into marginal marine from shallow and nearshore marine to 

non-marine at the uppermost of the pre-rift section. The shallow and nearshore marine sitting 

suggested by the presence of oolitic ironstone beds. The presence of freshwater algae (chrophyte 

oogonia) as reported by (Abou Ouf and Gheith, 1998) suggest the deposition environment 

grading into non-marine toward the uppermost of the section. The palynological evidence 

provided by Moltzer and Binda (1984) suggest early Eocene age for part of the section. The lava 

flow capped the pre-rift section provided an excellent age constrain, it has well defined 40Ar/39Ar 

plateau age of 28.74 +- 0.10 Ma providing an early Oligocene age. 
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Figure 4:15: Composite stratigraphic section of the sediments in Wadi Shumaysi. 

4.3 Harrat Hadan locality 

4.3.1 Field Observations 

The Oligocene lava field of Harrat Hadan is one of the oldest in Arabia.  It was dated by 40Ar/39Ar 

method by (Sebai et al., 1991), whose best plateau ages are 28.0 +/- 0.2 and 27.2 +/-0.3.  These 
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ages are much more reliable than K/Ar dates in the range 15-28 Ma cited in Ziab and Ramsay 

(1986), which are not reliable for two reasons: (1) the K/Ar method is inherently less accurate 

than Ar-Ar step heating method, and (2) The basalts are a continuous sequence if flows without 

any stratigraphic breaks such as erosion surfaces or interbedded clastics, which makes it unlikely 

that they flowed intermittently for 13 million years  .The maximum lava thickness is 300 meters, 

but it has been extensively eroded, particularly in the north, leaving behind scattered hills capped 

by basalt.  It is obvious that the lava field extended over a larger area than the present outcrops, 

but its erosion has exposed the underlying sedimentary rocks.   

The Pre-rift sedimentary rocks outcrop below and around the basalt field of Harrat Hadan.  They 

are soft weathering, and are rapidly eroded without the protective cover of basalt. These rocks 

have been described by (Madden, 1979; Madden, 1983) and mapped by (Sahl and Smith, 1986; 

Ziab and Ramsay, 1986). 

The Cretaceous (?) Khurma Formation unconformably overlies the crystalline Precambrian 

basement. The formation is composed of cross-bedded quartzitic and conglomeratic sandstones 

with rounded quartz pebbles. It is a mature sandstone deposited in fluviatile environment similar 

to the Nubian sandstones in Africa. The thickness of the exposed section varies between 2 to 4 

m.  The only fossils found in the Khurma Formation is a silicified upright tree trunk on the east 

side of Harrat Hadan.  The top of the Khurma Formation is a cherty laterite that contains pisolitic 
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iron oxides and plant roots root casts (Figure 4.16). 

 

Figure 4:16: Outcrop of the Khurma Formation showing a chert concretions with pisolitic iron oxide nodules. The laterite 

contains abundant root casts, and is uncomfortably covered by the Oligocene Hadan basalt. 

The Paleocene Umm Himar Formation consists of three members, from base to top; a poorly 

bedded massive mudstone, followed by thick-bedded mudstones and interbedded siltstones, 

and the upper member is dolomitic limestone (Madden et al., 1995). A Paleocene age was 

assigned by Madden based on the rich vertebrate fauna (crocodile, turtle and fish) in the lower 

and middle parts of the formation. It overlies either the Precambrian basement or locally the 

Khurma formation. The lower part of the formation consists mainly of alternating shale, 

mudstone, siltstone, and fine-grained sandstone. A layer of oolitic ironstones sits above top of a 

succession of red and gray shales, which occasionally grades into siltstone. (Figure 4.17). 
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Figure 4:17: Outcrop of the oolitic ironstone layer of Umm Himar Formation in the quarry of the cement factory. 

 

The upper part of the formation consists of thinly laminated fossiliferous limestone containing 

abundant? shell fragments. The uppermost layer of the Umm Himar Formation consists of thinly 

laminated fine-grained carbonate that are partially altered through dolomitization and 

silicification. The section is abundant in algal mat structures and possibly stromatolites and 

bioherms (figure 4.18) and is quarried as feedstock for the manufacture of Portland cement. 
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Figure 4:18: Outcrop of the Uppermost Umm Himar Formation in Harrat Hadan showing laminated fine-grained carbonate 

containing algal mat structures and possibly stromatolites 

The Oligocene basalts of Harrat Hadan disconformably overly the Paleocene Umm Himar 

Formation in most areas, but in some areas, the basalt unconformably overlies the basement, 

separated by a chert laterite, which indicates local erosion of the Khurma and Umm Himar 

Formations by the pre-basalt unconformity. The top of the basalt is a dissected plateau tilted ca. 

10 degrees towards the Northeast, forming a gentle slope along its eastern margin and a cliff 

along its western margin.  
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4.3.2 Petrographic Analysis 

Samples collected from the Harrat Hadan locality consist mainly of limestone with abundant 

gastropods in a matrix of fine micrite (Figure 4.19a). Close examination of the gastropod shell 

under cross-polarization shows silicification of the original carbonate shell (Figure 4.19b).  

 

Figure 4:19: Photomicrographs of carbonates from Harrat Hadan. a  silicified gastropod skeleton in a matrix of fine micrite. b 

The photomicrograph of gastropod skeleton viewed under XP showing alteration and silicification of the original carbonate 

skeletons.  

4.3.3 Limestone layers in the basalts  

 The eastern margin of Harrat Hadan exposes up of four massive limestone beds interlayered 

conformably with basalt. These beds are in a higher stratigraphic position that the Umm Himar 

formation, which outcrops below the Harrat Hadan. The thickness of the limestone layers vary 

between 1 and 20 m (figure 4.20). The limestone layers can be tracked for several kilometers 

(figure 4.21).   
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Figure 4:20: Close-up of a massive carbonate layer overlie the basaltic lava of Harrat Hadan. The total height of the carbonate 

cliff is about 20 m 

 

Figure 4:21: panoramic view of the limestone layers interbedded in the basaltic flows of Harrat Hadan basalt. Width of photo 

about 3 km 

Madden et al. (1995) interpreted these carbonates as a different unit from the Paleocene Umm 

Himar Formation. The limestone layers consist mainly of massive fine-grained limestone without 
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any sedimentary structures, but partly silicified. The limestone beds' contact with the underlying 

and overlying lava flows are conformable and sharp, with no obvious lithologic change. There is 

no sign of brecciation observed along these contacts, but we observed breccias on the margins 

of outcrops in which angular basalt fragments are embedded in a limestone matrix, which could  

be interpreted as  peprites,. Thus, there are two possibilities. First, these limestone layers may 

be part of the Umm Himar Formation that were intruded by basalt sills.  Alternatively, these beds 

are contemporaneous with the basalts, and were deposited in a lacustrine or marginal marine 

environment between lava flows.  

The outcrops of individual limestone layers were mapped on the digital elevation model to 

determine their areal stratigraphic extent and dip (Figure 4.22). The limestone layers are 

subdivided for simplicity into three units: lower, middle, and upper. The three layers are parallel 

and dip <10 degrees conformably with the basalts of Harrat Hadan toward the northeast. The 

most likely cause of this tilt is block rotation against a southwest dipping normal fault. 
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Figure 4:22: Elevation maps showing from left to right, Lower, middle, and upper limestone beds. The three layers are parallel and 

dipping along with the basalts toward the Northeast. 

Thin section samples collected from this interval consist mainly of fine-grained micritic limestone. 

The sample also presents bioturbation trace fossils in the micrite matrix. The bioturbation is 

evident with two distinctive micrite colors, as shown in (Figure 4.23a). Silica filled fractures and 

echinoid fossils appear to be present in the samples shown by Figures 4.23b and 4.23c, 

respectively.  
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Figure 4:23: Photomicrographs of interlayered limestone beds from Harrat Hadan. a Plane polarized light (PP) showing 

bioturbation. B quartz filling micro-fracture. c echinoid fossils. 

 

4.3.4 Composite stratigraphic column for the Harrat Hadan area 

The composite stratigraphic section of Harrat Hadan is described in (Figure 4.24). The section is 

unconformably overlying the crystalline Precambrian basement. The lower part consists of a 

succession of conglomeratic sandstone containing quartz pebbles fining upward to cross-bedded 

sandstone. The sandstone is covered by a chert layer, itself covered by a massive lateritic iron 
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duricrust with abundant rootcasts and oolithes. A massive succession of shale, mudstone, 

siltstone, and occasionally a fine-grained sandstone lie above the laterite unit. The top of this 

clastic succession is marked by thin layers of oolitic ironstones that are followed by fossiliferous 

carbonates enriched with bioclasts.  The carbonates are followed by fine-grained and laminated 

algal mats, and highly silicified carbonates that show a high degree of dolomitization. The section 

is capped by oligo-miocene basalt flows, in which are found the interbedded massive limestone 

layers. 

The lower section has a high degree of textural and compositional maturity, it is essentially 

composed of quartz arenites lacking in lithic, feldspars, and detrital clays, which suggest a 

continental sitting deposited in a braided fluvial system. The age properly upper Cretaceous 

based on the stratigraphic relation with the upper sediment beds. Followed by unconformity 

indicated by the presence of soil development of laterite. The middle section deposited in 

marginal marine sitting on estuaries environment (Madden  et al. 1995) based on the preserve 

fossil and sedimentary texture. The fossil assemblages indicated a Paleocene age. The 40Ar/39Ar 

dating conducted by (Sebai et al., 1991) revealed an Oligocene age for the lava flow capping the 

preserved pre-rift section. The Massive limestone interbedded with the lava flows deposited 

either in lacustrine or marine environments.  
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Figure 4:24: Stratigraphic section of the Pre-rift sediments in Harrat Hadan. 

14  

4.4 Revised stratigraphy of the pre-rift section in the central Red Sea 

In order to avoid the confusion with pre-existing nomenclature, this study subdivides the pre-rift 

section in the Central Red Sea into four units; A , B, C and D based on their age and lithology, and 

mineralogical composition: 
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Unit A (Khurma Formation) 

Unit A consists of fluvial quartz pebble conglomerate directly above the basement and cross 

bedded sandstones.  Its distinguishing characteristic is its stratigraphic position and high degree 

of textural and compositional maturity, essentially quartz arenites lacking in lithic, feldspars, and 

detrital clays.  It corresponds to the Khurma Formation near Harrat Hadan and the basal 

sandstones in the Shumaysi graben.  This unit is not exposed at the Usfan locality where it is 

downfaulted by the western fault that bounds the north part of the Shumaysi graben.  The age 

of Unit A is probably Upper Cretaceous, but may be older, and it probably correlates with the 

Nubian sandstones in Egypt and Sudan. 

 

Unit B  

Unit B corresponds to lower interval of Umm Himar Formation in Harrat Hadan area, middle 

interval in the Shumaysi graben, and pre-rift section in Usfan pass locality. It contains sandstone, 

oolitic ironstone, shale, and siltstone. The distinctive characteristic of Unit B is the presence of 

oolitic ironstone in the three investigated localities. The lower boundary of the unit is an 

unconformity. In Harrat Hadan, unit B overlies the weathering horizon of laterite. This unit 

displays more continental facies but with marine intrusions, as opposed to unit C.   

 

Unit C  

Unit C corresponds to Upper interval of Umm Himar Formation in Harrat Hadan area, upper 

interval in the Shumaysi graben, and middle interval in Usfan pass locality. It consists of various 

types of lithology including limestone, shale, siltstone and occasionally sandstone. The distinctive 
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characteristic of Unit C is the representation of transition to carbonate in the three investigated 

localities, and the Oligocene basalts cap in both Harrat Hadan and Wadi Shumaysi localities giving 

the same minimum age to the sections. The Umm Himar Formation limestone probably 

correlates with chertified fossiliferous limestone in the Shumaysi graben and bioclastic limestone 

in Usfan Pass locality. The presence of marine carbonates in the Usfan Pass locality and Umm 

Himar Formation suggests higher sea levels and a relatively flat and tectonically quiet 

environment at the time of deposition. The presence of fresh water algae just below the lava 

flow in Shumaysi locality suggest a shallowing from marine to non-marine at the very uppermost 

of the pre-rift section. The difference in the carbonate content in the three localities is probably 

due to a local clastic sediment influx or the presence of a drainage pattern in the area of Jeddah 

localities. 

 

Unit D (Al Wajh Formation) 

Unit D corresponds to the syn-rift section. It consists mainly of either continental redbeds or early 

rift related volcanic sediment. The sediments composed of shale/mudstone with other various 

types of lithology including siltstone and sandstone as well as volcanic sediment related to early 

rift stage. The sandstones are rich in basement-derived rocks and minerals, indicating that they 

are derived from erosion of the basement in the footwalls of the normal faults.  The sandstones 

are interbedded with brick-red mudstones in a grossly fining upward sequence. The thickness of 

the section in Jeddah area based on subsurface data extend more than thousands of meters in 

thickness. Unit D represent the start of rifting and volcanism, it is firmly dated by Argon–argon 

dating method between 30 My - 28 My. 
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Figure 4:25: Cross section correlating the pre and syn-rift sections across the studied localities highlighting the interpreted 

subdivision units A , B, C and D. 
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The previous formation nomenclature, shown on figure 4.26 is confusing because previous 

workers (Moore & AI-Rehaili, 1989; Abou Ouf & Gheith ,1998); Hughes & Johnson, 2005) did not 

separate pre-rift from syn-rift sedimentary rocks, and assigned new formation names to the same 

sedimentary rocks at different localities. The situation is less complicated in the Harrat Hadan 

area based on the work of Madden (Figure 4.26).  However, the origin and stratigraphic position 

of the limestone beds that are interlayered with the Harrat Hadan basalts remains enigmatic.   
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Figure 4:26 Cross section correlating the pre and syn-rift sections across the studied localities highlighting the different pre-

existing formations nomenclature. 
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 Chapter 5: Discussion and Summary 

5.1 Paleogeography and Implications for Arabian Plate Uplift 

This study has established at correlative pre-rift sedimentary rocks are present within the Red 

Sea rift (Shumaysi graben) and on top of the Arabian plateau, with a difference of 1200 m in 

elevation.  This difference in elevation is due to the broad uplift and eastward tilting of the 

Arabian Plateau along the eastern shoulder of the Red Sea.  This section addresses the timing of 

this uplift.   

Before the start of rifting 28 Ma ago, the Arabian Peninsula was a contiguous part of the African 

plate. Figure 5.1 from Sharland et al. (2001) shows the paleogeography during the Early Cenozoic, 

showing that the African plate was surrounded by the Neo-Tethys Ocean from the north and east, 

and most of present day Arabia covered by a shallow carbonate shelf.  This basic configuration 

lasted throughout the Mesozoic and ended with the closure of the neo-Tethys and the collision 

of Arabia with Eurasia during the late Cenozoic. 

The mature fluvial sandstones of Unit A are similar to the Cretaceous and older Nubian 

sandstones which cover large parts of the African craton of Egypt and Sudan, consistent with the 

paleogeographic reconstruction of Sharland et al. (2001).   During the Paleocene to latest Eocene, 

(Figure 5.1). The eastern part of present day was a shallow carbonate shelf over which carbonates 

of the Dammam and Umm Er Radhuma formations were deposited. The much thinner carbonates 

in Unit C of were also deposited during the same time interval in marginal marine environments, 

probably during sea-level highstands that pushed the shoreline of the carbonate shelf west to 

the Jeddah area or possibly beyond. The presence of pre-rift marine sediments over the Arabian 
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shield therefore indicates that it was at or below sea level during the early Cenozoic. Sea level 

retreated globally during the Oligocene (Haq et al., 1988a), probably exposing western Arabia as 

a broad near average sea level. 

The uplift that removed the relatively thin pre-rift sedimentary rocks by erosion, thereby 

exposing the Arabian Shield started with the onset of rifting, which we date at 28 Ma.  While the 

hanging walls of normal faults subsided into half grabens, preserving the pre-rift sediments, the 

footwalls were isostatically uplifted causing erosion of the pre-rift cover and exposure of the 

basement to further erosion. Some of these basement-derived sediments were deposited in the 

half graben as immature syn-rift redbeds in continental alluvial fan, fluvial, and lacustrine 

environments.  Some of the basement derived sediments were carried eastwards by rivers across 

the exposed Arabian Shield and deposited in the carbonate shelf as clastic wedges, such as the 

lithic conglomerates in the Hofuf Formation with basement-derived pebbles.  Broad uplift of the 

Arabian margin of the Red Sea continued during the Miocene, further exposing the basement in 

the Arabian Shield.  It is therefore unwarranted to assume that the Arabian Shield was exposed 

in Paleogeographic reconstructions.   
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Figure 5:1: Schematic plate reconstruction of the Arabian Nubian Shield (ANS) throughout Early Cenozoic to latest Eocene during 

the deposition of the pre-rift sediments in the Central Red Sea (Sharland et al., 2001). 
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5.2 Conclusions 

• This study divides sedimentary rocks that outcrop along the eastern margin of the central Red 

Sea into pre-rift and syn-rift tectono-stratigraphic sequences based on integration of outcrop 

data with seismic and well data from hydrocarbon exploration activities.  

• The pre-rift section is further divided into three units based on their age, lithology, and 

mineralogical composition. These are called Units A, B and C, this usage is preferred to using  

previously defined formation names (Usfan, Shumaysi,) 

• Unit A of Cretaceous age or older age consists of fluvial cross-bedded sandstone and quartz 

pebble conglomerate that unconformably overly the basement. Unit A includes the basal 

sandstones in the Shumaysi graben which correlate with the Cretaceous Khurma Formation 

and Nubian sandstones in Africa.  

• Unit B of Paleocene-Eocene age consists of continental to shallow marine sandstones, shales, 

capped by distinctive oolitic ironstones.   Unit B includes parts of the Umm Himar, Shumaysi, 

and Usfan Formations. 

• Unit C of middle to latest Eocene? age consists of a phase of transition to carbonate platform 

that capped by Oligocene basalts in both Harrat Hadan and Wadi Shumaysi localities giving 

the same minimum age to the sections. Unit C deposited in a relatively flat and tectonically 

quiet environment at the time of deposition based on the presence of marine carbonates in 

the Usfan Pass and Harrat Hadan localities. 

• Unit D of Oligocene age consists of basement-derived immature syn-rift continental redbeds 

sediments or volcanic sediments related to early rifting that deposited in syn-rift half and full 
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grabens. Unit D represent the start of rifting and volcanism, it is firmly dated by Argon–argon 

dating method between 30 My - 28 My in central Red Sea. 

• Prior to the start of the Red Sea rifting, the Arabian Peninsula was a contiguous part of the 

African plate. The Cretaceous and older Nubian sandstone, extended to cover part of the 

Arabian Peninsula that equivalent to Unit A .The presence of pre-rift marine sediments over 

the Arabian shield consequently indicates that it was at or below sea level during the early 

Cenozoic . During the Paleocene to latest Eocene, the carbonates in Unit C properly was part 

of the shallow carbonate shelf of the present-day eastern Arabian Peninsula. The uplift of the 

margins of Red Sea removed the pre-rift sedimentary rocks by erosion, as a result exposing 

the Arabian Shield. However, the hanging walls of normal faults subsided into half grabens, 

preserving the pre-rift sediments. While some of the eroded basement-derived sediments 

were deposited in the half graben as immature continental syn-rift redbeds sediments 

equivalent to Unit D. 
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