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Southern Arabian Peninsula has a vast
desert called Empty Quarter (s &~ 1') or
Rub’ al Khali (L&) & 1), This basin is
surrounded by Hajar Mountains (Ll Jua)
to east, Jebel Tuwaiq (&5 i) to west,
Wadi as-Sahba (sL><ll 53 5) to north, and
Dhofar Mountains (Lt Jus) to south.
Dhofar Mountains include Qara Mountains
(3,4 Jdus), Jebel Mahrat (< e Ji2), Jebel
Hadhramout (<25« »=s Jia), and other
plateaus along Arabian Sea (<« ).
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Rub’ al Khali is about 1,200 km east to
west and nearly 650 km north to south. It
spreads across Yemen (c<dl), Oman (ukse),
United Arab Emirates (saaiall du all <l jlY),
and Saudi Arabia (32 gl Ay jall 3SLudl). |ts
area is larger than France, Belgium, and
Netherlands combined, about 650,000
square km. Bedouins (sx) call this sand
sea al-Rimal (Jw_l). It is the largest

continuous sand desert in world.
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Land slopes gently and forms a basin with
natural barriers that hold sand. Within Rub’
al Khali, a long sand corridor of Ad Dahna
Desert (slaall ¢ ~a) gradually ends after
stretching from An Nafud Desert (s!~a
254ll) in north, and Al Jafurah Desert
(3.5 ¢) ~a) also terminates along
Arabian Gulf (=~ &), In west, dunes
rise to 600 meters but sand is thin, narrow
and soft sheets. In east near coast, dunes
rest on salt flats called Sabkhas (<\auw)

and thick sand layers.
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Dunes seen today are covered with sand moved
by winds during recent centuries of extreme
dryness, but they represent deserts formed during
several dry periods between about 1.6 million and
100,000 years ago within Pleistocene epoch,
which lasted from about 2.6 million to 11,700
years ago. During Late Pliocene, about 5 to 1.6
million years ago, and Early Pleistocene, water
streams created sedimentary layers in moist

times. However, Pleistocene had alternating wet




and dry climates, and after Peak Ice Age, aeoclian

processes were probably active.
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First low dunes and sand sheets may have formed
about 700,000 years ago. They also have done
during Mid-Pleistocene. It was before wet periods
between 560,000 and 325,000 years ago. In these
early stages, Rub’ al Khali (a1 = 1) did not exist
and was only a precursor to drier conditions that
came later in Late Pleistocene and especially

Holocene epoch.
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Rub’ al Khali’s terrain is said to be classified into
13 to 15 types. Typical forms include sand dunes,
carbonate outcrops, gravel plains, sand sheets,
and sabkhas (<s.s). Within dune environments,
areas are divided into dunes, sand sheets, and
interdune spaces, and interdune spaces occupy
larger areas than dunes themselves.

These sedimentary layers dried, forming dune
fields that cover most of Rub’ al Khali. Current
high longitudinal dunes began forming about

6,000 years ago.
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In western region, prevailing winds from Indian
Ocean created gently undulating sand ridges that
extend for hundreds of kilometers, with corridors
between ridges that allow relatively easier
passage.

In central region, dune shapes are more complex
and unpredictable. The most dramatic views are in
eastern region, where Urugs (&), groups of
dunes, rise from flat white sabkhas that were
ancient sea beds. These Urugs include huge

barchan dunes about 300 meters high and folded




red transverse dunes, forming striking landscapes

shaped by wind over thousands of years.
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Sediments that make up Dunes of Rub’
al Khali
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In most of Rub’ al Khali (A& x:J), sediments are
mainly siliceous, up to 90% quartz, and rest
mainly feldspar, although almost all outcrops in
and around Rub’ al Khali (&) & )ll) are
carbonate. In eastern Rub’ al Khali (&) & 1),
monocrystalline quartz makes up about 71-76%,
feldspar makes up 14-16%, and rest consists of

carbonate, chert, and metamorphic grains.
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Color of deposits is light yellow to reddish yellow,
and surfaces of quartz particles are lightly coated
with ferric oxide, so they appear red even in
eastern Rub’ al Khali (& &l). Within about 100
km from Arabian Gulf (2 zi31'), dunes in
northern and eastern Rub’ al Khali (A& &~ ll) are
largely calcareous, with carbonates remaining
secondary to either dolomite or calcite. Even in
northeastern Rub’ al Khali (& «)l), sediments
remain quartzite, and interestingly they show a

deep red color.
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Large amounts of sand were originally eroded
from crystalline rocks of main Precambrian
Arabian Shield (2 g ). Much of this eroded
sand is incorporated into many clastic layers,
including Hadrukh Formation (&= (2 <) and
Hofuf Formation (il 0 555) of Neogene, and Saq
Formation (&bs ¢ 555) and Wajid Formation (cus<s

1) 5) of Cambro-Ordovician. Large amounts of




loose sand were released as these formations

weathered and eroded.
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During Miocene and Pliocene, drainage from
uplifted Arabian Shield (=) ¢ ,a) broke through
Mesozoic cliffs of interior homocline and deposited
large amounts of quartz detrital sediments,
forming what are now Miocene Hadrukh
Formation (£~ (2555 and Pliocene Hofuf
Formation (<asiedl ¢5S3). As undifferentiated Upper
Tertiary sand and marl, these sandy Neogene
layers later became a major source of large

amounts of sand in Rub’ al Khali (A& &),
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A humid climate dominated between Miocene and
Pliocene, and a very large alluvial fan formed in
early Quaternary of Pliocene. Wadi ad-Dawasir
(o sl g3 5), which has Wadi Bisha (3w s2)5) and
Wadi Tathlith (&l s215) as its tributaries with wide
catchment areas in watershed of Sarawat
Mountains (<l Jua), represents this system.
Other major wadis such as Wadi as-Sahba (s
<beall), Wadi Najran (o' s25), and Wadi
Habunah (&in~ s25) also carried gravel and sand
into Rub’ al Khali (&) «Jl). These deposits
became source of today’s red sand in Rub’ al

Khali (a0 &),
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During periods of high rainfall, Zagros Mountains
(w5081 Jus) and other highlands of Iranian
Plateau () Y 4uxgll) were heavily eroded, and
sediments were carried to Arabian Gulf (g3l
<) by Tigris River, Karun River, and other
rivers. In northern and northeastern Rub’ al Khali
(= &), sediments were transported by winds

stronger than today from Arabian Gulf during
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times when it had been exposed land and

extremely dry.
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Various formations of Zagros Mountains (Jus
w3£1)) are now considered major sources of
sediments in Rub’ al Khali (s & )l1). Agha Jari
Formation (s_talel 0u55), widely exposed across
southern Iran, is mainly composed of quartz
sandstone. Bakhtiari Conglomerate (ks 0:555)
also contains a thick matrix of quartz sand, while

carbonates are common in Zagros Mountains.
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Carbonate sediments in dunes of northern United
Arab Emirates originate from Zagros Mountains
(u2s02!) Jus) and were transported by shamal
winds to Rub’ al Khali (J& & 1), These
sediments also form Jafurah Desert (3,8l ¢l aua)
and white coastal dunes along Arabian Gulf (gl
4, and they further contribute to sediment

accumulation in Rub’ al Khali (A&l &M).
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A third source of sediment to Rub’ al Khali (!
S&l is Hajar Mountains (bl Jus) in Oman.
Many steep wadis flowing southeast from this high
mountain range supply large amounts of alluvium
and gravel to eastern and northeastern Rub’ al
Khali, and this abundant source produced large
high crescent dunes such as Urug Al Mutaridah

(3313l 352) and Ghanim Sands (ple (LK),




