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TECTONIC CONFIGURATION OF THE
WESTERN ARABIAN CONTINENTAL MARGIN,
SOUTHERN RED SEA
KINGDOM OF SAUDI ARABIA

by

Robert G. Bohannon

ABSTRACT

The young continental margin of the western Arabian Peninsula is uplifted
3.5 to 4 km and is well exposed. Rift-related extensional deformation is confined
to a zone 150 km wide inland of the present coastline at 17 to 18%2 N and its
intensity increases gradually from east to west. Extension is negligible near the
crest of the Arabian escarpment, but it reaches a value of 8 to 10 percent in the
western Asir, a highly dissected mountainous region west of the escarpment.
There is an abrupt increase in extensional deformation in the foothills and
pediment west of the Asir (about 40 km inland of the shoreline) where rocks in
the upper plate of a system of low-angle normal faults with west dips are
extended by 60 to 110 percent. The faults were active 23 to 29 Ma and the uplift
occurred after 25 Ma. Tertiary mafic dike swarms and plutons of gabbro and
granophyre 20 to 23 m.y. old are concentrated in the foothills and pediment as
well. The chemistry of the dikes suggests 1) fractionation at 10 to 20 kbar, 2) a
rapid rise through the upper mantle and lower crust, and 3) differentiation and
cooling at 1 Atm to 5 kbar. Structural relations between dikes, faults and dipping
beds indicate that the mechanical extension and intrusional expansion were partly
coeval, but that most of the extension preceded the expansion.

A tectonic reconstruction of pre-Red Sea Afro/Arabia suggests that the early
rift was narrow with intense extension confined to an axial belt 20 to 40 km wide.
Steep Moho slopes probably developed during rift formation as indicated by
published gravity data, two published seismic interpretations and the surface
geology.

INTRODUCTION

The Red Sea and Gulf of Aden are young ocean basins formed in response to
divergence of the African, Arabian, and Somalian continental plates. This system
began to spread in the Oligocene and continues to evolve today. The western and
southern continental margins of the Arabian plate, the eastern margin of the
Nubian plate, and the northern margin of the Somalian plate are among the
youngest rifted continental margins available for study in the world. These
margins are also well exposed due to the great uplifts that flank both ocean
basins.

In southwestern Saudi Arabia (fig. 1) escarpment-crest elevations are 2,150 to
2,400 m and in the deeply incised terrane between that crest and the Red Sea



coastal plain the westward increase in Tertiary deformation can be studied in
outcrop. This paper integrates published data with my own geologic mapping and
regional observations. Reconnaissance geologic mapping is complete from the
coastline to the continental interior (Anderson, 1978; Blank and others, 1984;
Coleman, 1973; Fairer 1979, 1981, 1982 a and b, 1983 a and b; Hadley, 1981; Prinz,
1981; Ratte and Andreasen, 1974; Sable, 1983; and Stoeser, ,,.M Pctrologlc and
magnetic studies have been conducted on many of the igneous rocks (Coleman and
others, 1977, 1979, 1983; Coleman, 1984a; Kellogg and Blank, 1982). The Tertiary
stratigraphic setting is known in outline (Schmidt and others, 1982; Schmidt and
Hadley, 1984). Drill hole data constrain sediment thickness near the shoreline
(Ahmed, 1972) and geophysical data and interpretations constrain crustal
dimensions and character (Andreasen and Petty, 1973; Andreasen and others, 1980;
Blank, 1977; Gettings, 1977; Gettings and others, 1983; Healy and others, 1982;
Mooney and others, 1985; Prodehl, 1985; Milkereit and Fluh, 1985).

Some researchers have argued for an abrupt transition from continental to
oceanic crust 30 km inland of the Arabian shoreline between 16° 50° and 18° N
(Coleman and others, 1977; Mooney and others, 1985; Gettings, 1977; Girdler and
Underwood, 1985). A few (Greenwood and Anderson, 1977; McKenzie and others,
1970; LaBrecque and Zitellini, 1985) call for oceanic crust up to the African and
Arabian shores, or they imply its presence there in their tectonic reconstructions
of the Red Sea. Cochran (1983) and Coleman (1984) champlon the opposing view
that much of the crust offshore of Africa and Arabia is extended continental
crust.

f

Extended continental crust is exposed on the Arabian margin and may be
present to an unknown extent beneath c¢oastal plain sediments west of the
exposures. However, there is a transition from continental to Tertiary mafic
igneous rocks exposed just east of the coastal plain and mafic igneous rocks are
probably abundant in the sub-sediment crust west of that transition. The exposed
transition may be the continent-ocean boundary, but the detailed composition of
the buried crust between the outcrops and the shore remains uncertain.

PHYSIOGRAPHIC, GEOLOGIC AND GEOPHYSICAL SETTING
PHYSIOGRAPHY

The Red Sea occupies a long and slightly sinuous basin that trends northwest.
Its coastline morphology is similar on either side and it has a narrow, steep-sided
axial trough, with an irregular bottom 1.5 to 2.5 km deep. The sinuous shape of
the axial trough parallels that of the coastlines. Wide, shallow (0-600m) shelves
flank the axial trough (Coleman, 1974, 1984b Cochran, 1983; Laughton, 1970). The
shelf is 125 km wide at 17° N., offshore of the study area, and it is dotted with
many low islands of the Farasan group (fig. 1).

A coastal plain rises gently landward to maximum elevations of 100 m along
most of the Arabian coast and is about 30 km wide at 170 N. The east edge of
the coastal plain is marked locally by foothills as high as 650 m, but in other
areas the plain gives way eastward to pediment and dissected terrain of slightly
steeper slope. The foothills and pediment are 15 km wide and inland of them the

















































































