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Preface

Current landscape of Arabian Peninsula is
divided into five zones, as described in “5
Surface Layers Forming Basis of Terrain”.
These zones include granite zone and lava
zone, both representing origins of this
peninsula through igneous rocks;
sandstone zone and limestone zone,
formed by sedimentary processes; and
aeolian sand dune zone.
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Source and flow of aeolian sand
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6.2 Winds blowing on Arabian

Among these, birth of sand dune zone is
notably young. Toward end of glacial
period, which began around two million
years ago, a dry era lasted for three
thousand years following a revisited moist
phase (from 35,000 to 18,000 years ago).
Soil dried, turned into dust, and moved
along prevailing wind direction, forming a
sand dune zone that came to cover
Arabian Peninsula by approximately
15,000 years ago.

During this period, red sand migrated from
Nafud al Kabir (L)) 2 5l) in north to Rub’ al
Khali (&) &) in south, primarily through
Ad Dahna corridor (staal). Humid climate
returned around 9,000 years ago, 4,500
years ago, and also in early first millennium
BCE and early first millennium CE.
However, overall trend has been continued
aridification across Arabian Peninsula.
Present-day sand dune landscape is
covered with extremely dry sand,
transported over past few centuries.
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Map of Aeolian Dunes Field of
Arabian Peninsula

Overview

Sand covers more than 750,000 square
kilometers in Arabian Peninsula, which is a
bit more than one-third of total land. This
part contains four vast deserts, each
covering a significant portion of land.
Largest one is Rub’ al Khali, a massive
sand desert stretching over 550,000
square kilometers without gaps. In north,
An Nafud desert covers about 60,000
square kilometers. Between these two lies
Ad Dahna corridor, forming a long arc
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nearly 1,000 kilometers, connecting two
sand seas.

Separate from these is white Jafurah
desert (3L ). It starts south of Kuwait,
moves down through Jubail region(Jxs)
passes east of Al-Hasa oasis (\=1'), and
reaches northern edge of Rub’ al Khali.
This desert consists of shifting sand that
forms dunes along wind direction.

Other sandy areas include Uruq desert
(&s.=), which connects red sand from An
Nafud desert through Irq al Wadi (se
&34, similar to Ad Dahna. In addition,
small deserts stretch north to south across
central Arabian Peninsula.

First group includes deserts named Nafud
(258): Nafud al Mazhur (Ueka< 255), Nafud al-
Thuwayrat(<l_ sl 2 55), Nafud Ash
Shuqayyigah (422l 2 535), Nafud as Sirr (254
), Nafud Qunayfidhah (33 2 58), Nafud
al-Dahi (> 2 ). Irqg Banban (obi Goe) may
also belong to this group.

Second group includes Uruq Subay (3s=
&), Nafud as Sirrah (3l 258), Nafud Al
Urayq (20~ 25&), Nafud as Sakha (25
),

Independent from all these, two more sand
regions lie in southern Arabian Peninsula.
One is Sayhad desert (x) (Ramlat as
Sab’atayn (uixd) 4l ))) in Yemen, and
other is Wahiba sand (Ramlat al Wahibah
(%2 54k ) ) in Oman. Small sandy spots
also appear across Arabian Peninsula—
along coasts, in rocky valleys, and
between mountain ridges—but those are
not included here.
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Map of the Arabian Peninsula
Central

Various names for the sand
deserts in the Arabian
Peninsula

There are many ways to call a sand dune.
Main terms include ramlat (4_), meaning a
vague sand sea, and uruq (és_=), meaning
sand ridge or elongated sand body.

Sometimes a part of ramlat (i) is called
uruq (&so=), but not vice versa. So
ramlat(il_) tends to represent entire sand
desert, while uruq (&s_=) refers to a portion
within it.

A similar word to ramlat is rimal (Jw_V),
meaning sand. In Najd region (2x3), nafud
(254 is used to mean ramlat (4). Other
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terms like erg (¢_!) and sahara (s!,~=) are
also used, though these were adopted by
reimporting from English.

Two types of uruq are recognized. One is
based on longitudinal dunes, and another
on barchanoid-type dunes.

Most longitudinal uruq consist of linear
dunes aligned parallel to dune direction. In
contrast, barchanoid-type uruq form
layered ridges almost perpendicular to
dune direction.

No clear naming distinction exists between
these two types. Both are simply called
urug. When referring to a single dune row,
term irq (8.=) is used.

Other names include hadh (3) for
alignment, hadhat (33.=) for row, shiqat
(423) for apartment, and hamarir (_:_le) for
donkey herd.

Composition of sand desert

One feature of Arabian Peninsula is wide
desert made of moving sand in sheet or
band shape. This desert includes sand
dunes, interdune (spaces between dunes),
sand sheets, and aeolian siliciclastic silty
flat called sabkha.

Interdune (spaces between dunes)

Area between dunes is flat or gently
sloping. Most dunes are surrounded by this
area. Groundwater is often close to surface
here. If salt level is not too high,
vegetations may grow.

Sand Sheet

Sand sheet is flat layer of sand like plate,
sometimes several meters thick. It can
stretch for meters or kilometers, along
steady wind direction kept over long time.
Many sand sheets have vegetation. Sand
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in sand sheet is less sorted than sand in
nearby dunes.

Sabkha

Sabkha (4a:) is flat land covered with salty
silt. It is also called salt flat. Sabkha
depends on shallow groundwater with high
salt content. Surface is flat, has no
vegetation, and stays stable geologically.
When dry enough, sabkha can support
heavy loads. Large sabkha has even been
used for space shuttle landings. But when
water level rises and salt dissolves, surface
becomes soft and dangerous quicksand.
Even people or animals may sink. For this
reason, sabkha is sometimes called
“mother of poison.”
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Source of sand for Arabian desert

Where did Earth's biggest area of wind-
blown sand, covering one-third of Arabian
Peninsula, come from? Sand in Arabian
Desert comes from these sources:

1) Arabian Shield basement from
Precambrian time

2) Quartz-rich sandstone mainly from early
Paleozoic time

3) Carbonate rocks mainly from Jurassic to
Cenozoic time

4) Ophiolite from late Cretaceous time

5) Basalt fields from Neogene time

However, most of them are quartzose
sandstones from lower palaeozoic era, and
their source is basement from precambrian
era. This is followed by carbonate from
jurassic to cenozoic, coming from littoral
zone along Arabian Gulf.
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Ophiolite from upper cretaceous era is part
of oceanic crust, widely exposed only in
Hajar mountains (b~ Jus) in Oman, and
its distribution is limited to southeastern
Rub’al Khali (S & 1), and Wahibah sand
(Awp 5 4la)).

Harrats (lava plains) and karsts in inland
Arabian Peninsula are said to have little
role as dune-forming sediments. For
example, Wadi Hayil (Jial) g2l 5) (formerly
Wadi Dayri’ (g 2l s215)) collects water from
Jibal Ajas range () Jus), where weathered
sediments from basaltic field in neogene
era spread, and carries them through Hail
city to southeastern part of An Nafud (24
xS, These sediments are buried in large
mass of quartzose sands in An Nafud
desert.

Also, Wadi ar Rumah (3«_ll s215), which
collects Harrat Hutaym (x8 3_=), Harrat
Khaybar (_ua 3,s), Harrat Kishb (38 5s)
and flows to Ad Dahna desert (sta2ll),
carries basaltic sediments and carbonate
sediments from lower reaches. These are
also buried in big mass of quartzose sands
in Ad Dahna.

Therefore, origin of aeolian sands forming
dunes in inland Arabian Peninsula can be
broadly divided into two types: quartzose
sand and carbonaticlastic sand.

More than 90% of quartzose sand consists
of detrital quartz, recycled many times from
quartz arenites in lower palaeozoic era.
Large amount of iron oxide-rich quartz
sand, also called red sand, covers most
sandy seas and dunes across Arabian
Peninsula, from An Nafud to Rub’al Khali.
Red sand shows colors from deep red to
light reddish brown.

Zagros Mountains, like Tigris and
Euphrates region, are mainly made of
carbonate rocks such as limestone.
Carbonaticlastic sands were eroded and
carried by rivers crossing Zagros
Mountains (u«3.¢1)), then deposited in
Arabian Gulf, which dried up during
Pleistocene ice age. These sands were
blown by prevailing winds to Arabian
Peninsula, forming sand seas and dunes in
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Jafurah Desert (3_82))) and littoral zones
along Arabian Gulf. This is called white
sand and contains white to light brown
limestone. In United Arab Emirates and
Oman, from Arabian Gulf up to about 80
km inland, active dunes are covered by
carbonate-rich Pleistocene wind-blown
sediments (eolianite and others).

Flow of aeolian sands in Arabian
Peninsula

Aeolian sand in Arabian Peninsula is
carried from north to south in four sand
streams by prevailing winds.

Three streams from An Nafud (=Sl 3 &l to
Rub’al Khali (S » 1) are red sand
corridors. Main stream is Ad Dahna
corridor (stadl), This corridor extends east
of Jebel Tuwaiq (&5 Jus) in an arc 30-80
km wide and 1,200 km long, reaching
Rub’al Khali.

Second is Nafud corridor (Uruq Desert
(3s.=)), which runs west of Jebel Tuwaiq in
several dunes along these mountains to Irq
al Wadi (), connecting to Rub’al Khali.

Third stream is intermittent, but flows to Irq
al Wadi, forming Nafud Al Urayq (=) 2 54),
Nafud as Sirrah (s_ll 258), Nafud as Sakha
(&l 258), Uruq Subay (as= Gs.=), and
others.

Unlike these, fourth stream is white sand.
Prevailing winds carry white sand through
beaches and dunes along coastal areas of
Arabian Gulf, from Kuwait to United Arab
Emirates. Main stream is Jafurah corridor.
Jafurah corridor runs from southern Kuwait
to Rub’al Khali. Its width is about 20 km,
not much different from 30 km in Abgaiq
(a4). However, this corridor suddenly
widens to 250 km when entering Rub’al
Khali desert.

10
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6.2 Winds blowing on Arabian
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Monsoon

Trade Winds (Easterlies)

Westerlies (Anti-trades)

Winds along Arabian Gulf Coast

Inland Winds across Arabian Peninsula
Winds in Kidan Area, Southeastern Arabian
Peninsula

Winds along Littoral Zones of Gulf of Aden
and Arabian Sea Coast

Winds in Tihama Region, Red Sea Coast

Monsoon

Wind sources on Arabian Peninsula are
mainly monsoon. Its principle is based on
land breeze and sea breeze: land warms
and cools easily, while sea changes
temperature slowly. In summer, land
becomes hot, so wind flows from sea to
land. In contrast, in winter, sea stays warm
longer, so wind flows from land to sea. The
word "monsoon” is said to come from
Arabic "mawsim" (<), meaning "season".

Trade Winds (Easterlies)

11
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Next effective wind system after monsoon
is global wind cycle. Root zone of Arabian
Peninsula belongs to “horse latitudes,”
where trade winds (easterlies) and
westerlies (anti-trades) branch off. As such,
this peninsula lies within trade winds
(easterlies) zone. Roughly, monsoons
dominate, but winds are consistently
pushed from northeast to southwest by
trade winds (easterlies).

Westerlies (Anti-trades)

As for westerlies (anti-trades), Arabian
Peninsula is not in that zone. However,
under influence of European Alps, winds
travel through Mediterranean toward
Arabian Peninsula. These winds are said
to “move toward Arabian Gulf and swing
south and southwest through Rub’ al Khali
desert.”

Winds along Arabian Gulf Coast

Generally, prevailing wind direction across
Arabian Peninsula is from west to
northwest, though it varies slightly by
region.

On Arabian Gulf side, dry northwesterly
wind called Shamal (Jw3, meaning "north")
is predominant summer wind, starting in
May and peaking in early July. Shamal can
blow at speeds of 40-50 km/h (up to 100
km/h) for weeks, causing sandstorms in
littoral zone of Arabian Gulf, stretching from
Kuwait to United Arab Emirates.

Sandstorms occur during day, but winds
calm down at night. After passing
Dammam and entering Rub’al Khali in
south, wind zone expands, momentum
drops, and sand accumulates widely.

Shamal also stops blowing in July, followed
by August when winds are calm. Another
prevailing wind in summer is southerly
wind called Simoom (a5, meaning
"toxins"), which is hot and completely dry.
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From September, cyclone (low-pressure
system) coming from Mediterranean
passes eastward one after another. From
northern Arabia to its south, these systems
spread toward vicinity of Ras Tanura.
October and November mark transition to
cooler climate and can be considered fall in
Arabia.

Wind direction changes, with occasional
rains from November to April, peaking in
December and January. These two months
are winter in Arabian Peninsula, with many
regional storms and strong winds. It is
often cold even during day.

Inland Winds across Arabian
Peninsula

In Jawf province of northwestern region,
wind is a notable feature of climate.

In winter, many winds blow from east.
Especially in southern part, typical winter
wind called winter Shamal blows from
northeast to southwest.

Spring is season when winds from west
become common, especially in parts of
Jawf and Tabuk provinces.

These winds arc south along Jebel Tuwaiq
and turn west-southwest after entering
Rub’ al Khali.

This pattern seems caused by trade winds
(easterlies) blowing from northeast in
airspace surrounded by Jebel Tuwaiq,
Taurus Mountains, Zagros Mountains, and
Hajar Mountains.

When winter arrives in this hot and dry
northwestern region after summer, wind
from southeast brings rain. In contrast,
winds from north and west are usually
harsh and cold.

By time these winds reach Riyadh in Najd
region, most moisture has been lost.
Therefore, winds from north and west
rarely bring rain to Riyadh.
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In summer, prevailing wind called Simoom
(ps~~, toxins) blows from south in Najd.
Climate is hot and completely dry.

In winter, cold and dry wind called Shamal
(Jwi, north), same name as in summer,
blows from far north, such as central Asia.

At end of winter, cyclone from eastern
Mediterranean blocks Shamal.

Wind from cyclone brings little rain to Najd
region. Even if small, this rain is most
precious in spring, helping revive desert
vegetation.

On Red Sea side, northwesterly wind
blows inland in winter and brings rain.
Further south, monsoon from south blows
in summer and brings abundant rain. While
northern region receives rain mainly in
winter, about 80% of rainfall comes in
summer in southern part of Asir region and
nearby areas.

Winds in Kidan Area, Southeastern
Arabian Peninsula

There is a region centered on Kidan (o »<),
located south of Abu Dhabi border and
near western edge of Oman border. Kidan
area lies east of Rub’al Khali (sl &)
desert, in contrast to Asir region (Ls-=).

A wind direction survey was conducted in
connection with natural gas development in
this area. Survey showed that 59% of
winds come from northern angles —
northeast, north, and northwest. These
winds are basically known as ‘shamal
(Jwidly (occurring in both summer and
winter), and sometimes locally referred to
as ‘haboob («s-).

Eastern winds, called ‘saus (u=s<) or
‘simoom (48 4l a seudl)’, were second most
frequent (26%), coming from east and
southeast directions. A southerly wind,
recorded at 7%, coming from southwest, is
referred to as  ‘khamasin (oeall) or
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‘suhaili (). In Wadi Dawasir ()5
53, this wind is called “south wind,” and
central city is also named Khamasin
(ladl)),

(Reference: Dr. Ali Madan Al-Ali, Journal of
Earth Science and Engineering 5 (2015)
372-381)

Winds along Littoral Zones of Gulf
of Aden and Arabian Sea Coast

Along littoral zones of Gulf of Aden (z=!>
¢2=) and Arabian Sea (<)) J~), winter
monsoon blows from northeast to
southwest.

During summer season, humid southwest
monsoon (mawsim (a-<), meaning
‘season’) blows, sometimes accompanied
by strong winds.

This strong wind, called kharif (—_\x),
reaches southern edge of Rub’ al Khali
Desert (A& 1) and helps form a series
of pyramidal and linear dunes.

Winds in Tihama Region, Red Sea
Coast

Tihamah region (“\¢3), located along Red
Sea coast (U«Y) jadl), plays only a limited
role in shaping aeolian dunes, except for
small-scale formations. Due to unique wind
conditions in this zone, wind patterns over
Red Sea deserve attention.

Red Sea, part of Great Rift Valley (35!
xSl gaaidl), forms a 2,300-kilometer-long
elongated basin flanked by high ridges.
Width reaches no more than 355
kilometers even at widest point.

Surrounded by Sahara Desert (! <l
1) and Arabian Peninsula, both situated
in subtropical arid zone, this sea
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experiences annual evaporation exceeding
2 meters.

Water inflow is sustained solely through
Bab-el-Mandeb Strait (—ll L) at
southern end.

Due to this distinctive terrain, winds over
Red Sea behave differently from those
blowing across Arabian Peninsula.

According to report issued by King
Abdullah University of Science and
Technology (KAUST) dated May 12, 2017,
four types of winds are observed over Red
Sea:

(1) Northwesterly wind from Mediterranean
Sea enters Red Sea. During summer, this
flow is intensified by dry and strong
northerly etesian wind (. 4%!) originating
along Aegean coast. Since southeasterly
winds do not blow in Red Sea from May to
October, northwesterly wind becomes
dominant. Especially after Mediterranean
storms, strong northwesterlies pass west of
Sinai Peninsula (sl 3 2 413), blowing
southward and sometimes reaching
southern tip of Red Sea.

(2) Shamal (Jwill), a northeast monsoon
blowing across Arabian Peninsula from
November to April, is blocked by 2,000—
3,000-meter ridges in southern Sarawat
Mountains and 1,500—4,000-meter peaks
in Ethiopian Highlands. Wind direction is
diverted over Gulf of Aden (o2 =13),
transforming into southeasterly flow that
travels northwest along Red Sea axis. This
wind is strongest in southern basin and
gradually weakens northward. In central
Red Sea, it can counter northwesterly flow
from Mediterranean, forming a
convergence zone.

(3) On African side, westerly wind blows
daily from June to September through
Tokar Gap (Ssk), located opposite
Qunfudhah (328). Driven by synoptic-scale
wind system, this flow is funneled through
narrow isthmus (z_J_»), forming a jet stream.
Acceleration is enhanced by coastal sea
breeze and katabatic wind (sl dsiu 7 )
effects. Tokar Gap wind blows eastward,
often accompanied by dust storms, and
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K BV Ligens 5k & H 97D BE - Dust blowing from Tokar Gap,
(2016 4E 6 A 15 H NASA #2fik) presented by NASA on June 15, 2016

4) fEIEE i T 7 BT E040ZE  (4) In northern Red Sea, northeast Shamal
gim| db#Ey v ~—) 1L, 57— ) isusually blocked by Sarawat Mountains.
BRICPLENTWET, LasL. ke, 45 Occasionally, however, strong jet flows

T — | LRALES O LLE(E ) B BV o emerge from narrow isthmus (zJ_») in

s N - northern Sarawat range, producing

Ty MRS IR EIAA, ALEHURIC R ; :

~ . localized wind effects along northern coast.
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