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Deserts and Winds

I- Definition: 

Originally, the word desert means a place that is deserted, or uninhabited because of its inability to sustain plant or animal life due to inadequate water supply. However, modern technological advances have allowed human beings to inhabit some deserts. Therefore, a desert is best defined as an area with very low rainfall or precipitation. Areas receiving < 25 cm/year of rainfall are considered "arid lands" and qualify for the definition of "desert", whereas areas receiving between 25 and 50 cm/year are "semi-arid", and may at times be considered "deserts".  

It should be noted that not all deserts are characterized by hot climates; some areas in polar regions are considered deserts as these areas also receive a limited amount of precipitation. Nevertheless, most deserts are characterized by temperatures in the range of ~30 to ~55°C (with the highest temperatures having been recorded in Death valley, California and the Libyan desert at ~ 57°C).

II- Area and distribution of deserts: 

Arid lands constitute ~ 19% of total land area on earth, whereas semi-arid regions (also known as "Steppes") constitute another 13%. A quick look at a map of the world (Fig. 1) shows that most deserts occur within two belts; one between latitudes 20 and 30 N and another between latitudes 20 and 30 S. This distribution is a function of the global directions of wind flows; these two belts are always characterized by high atmospheric pressures, where subsiding air is warmed up as it sinks producing low humidity. However, not all deserts lie within these two belts (Fig. 1), which in turn leads us to identify different types of deserts.

III- Types of deserts:


(a) Subtropical deserts: These are the deserts located in belts of descending dry air between latitudes 20 and 30 N and S of the equator. Examples include the Sahara, the Arabian desert, the Great Australian desert and the Kalahari desert.


(b) Continental deserts: These are deserts that occur in the continental interiors, far from sources of moisture. Examples include the Gobi desert in China.


(c) Rain Shadow deserts: Are deserts located on the lee sides (sides protected from wind) of mountain chains, which act as barriers between such deserts and oceans. Moist air flowing inland therefore does not reach these areas as it is "blocked" by the mountain causing precipitation on the side of the mountain facing the ocean. Examples include deserts behind the Sierra Nevada and Cascade Mountains in the western U.S.A. Fig. 2 illustrates how a rain shadow desert forms.


(d) Polar deserts: These form in polar regions where the cold air is extremely low in water vapour. Examples include the dry valley region of Southern Victoria Land in Antarctica.

IV- Agents of weathering, erosion and deposition in deserts:

In order to understand the processes that take place in deserts and their geomorphological features, we must first identify the various agents of weathering, erosion and deposition in deserts. These include:

(a) Winds: Wind is a turbulent stream of air that has the ability to erode, transport and deposit sediment in ways similar to the action of running water. However, unlike running water, winds are not confined to channels, and their ability to carry detritus is much more limited. Nevertheless, winds are the most important transporting agent in deserts. 

Winds could have velocities of up to 30 (and in some cases 80 km/hr). To get an idea of the transporting ability of winds, a strong wind of 48 km/hr can move 1/2 a ton of sand over a meter wide strip in one day!

(b) Torrents (flash floods): Although rainfall is very limited in deserts, short periods of heavy rainfall result in the accumulation of rain water in valleys and wadis producing flash floods. These flash floods can carry much more (and much larger) debris than winds. 

(c) Groundwater: The limited amount of water from rainfall received by a desert is eventually either lost by evaporation, or percolates through loose sediments and permeable layers below the surface of the earth giving rise to groundwater. This groundwater has the ability of transporting material in solution, and may have some influence on the topography of certain areas.

Among these three weathering and erosional agents, winds and torrential rains have the most profound impact on desert landscape, and are discussed here in detail. The action of groundwater is deferred to another chapter.

V- Weathering and Erosional actions of the wind:

The weathering actions of winds include the following processes:

1- Abrasion: Is the process of wearing down rocks and particles by impact with other prticles carried by wind. This process is also known as "sandblasting" and "frosting". It should be noted that wind alone is not abrasive, but wind loaded with sand-sized particles and dust is.

2- Deflation: Is the process by which loose material (mainly dust and silt) is transported by wind leaving behind coarser sediments (pebbles, cobbles and boulders) on the ground, and resulting in an overall lowering of the ground surface and the creation of large flat depressions (see blowouts and desert pavements below).

Transport of the products of weathering by the wind takes place by:

1- Traction: Is the process by which large sized particles that cannot be carried or lifted by the wind are being "dragged onto" or "rolled over" the ground by the energy of the wind.

2- Saltation: Material carried by saltation is that which "jumps" off the ground intermittently as the wind intensifies, then falls again as the velocity of the wind decreases. This material is therefore finer-grained than the "traction load" of winds.

3- Suspension: The suspended load of winds consists of very fine grained particles (dust - sized) known as "loess". These sediments which are carried within the turbulent flow of winds can travel long distances before being deposited.

VI- Erosional action of torrents and groundwater

1- Debris flow: Heavy rains may result in the soil and debris of deserts to become saturated with water causing them to can flow down slopes by the action of gravity.

2- Traction

3- Saltation

4- Suspension

5- Dissolution: In addition to transporting material by traction, saltation and suspension, flowing water (including groundwater) can carry material in solution, which is deposited or precipitated as a result of physicochemical changes taking place in these solutions.

VII- Surface and Geomorphologic features and landscape characteristics of deserts:

A- Erosional features (predominantly!):

1- Desert varnish: Is a dark, sometimes shiny thin layer that forms on individual particles and large rock surfaces by the combined action of weathering, abrasion, dew and evaporation. This thin film was found to consist predominantly of clay minerals and oxides of Fe and Mn. 

2- Blowouts: Are shallow depressions formed by deflation. Deflation will continue to remove fine-grained sediments until either only coarse sediments remain, or the level of the water table is reached (Fig. 2).

3- Desert pavements: Are large flat areas covered with gravel (usually angular cobbles) that form when deflation removes most or all of the fine-grained (silt and sand-sized) particles, leaving behind the coarser material which may in some cases fit tightly (Fig. 3).

4- Mesas: A mesa is a flat-topped hill that develops as a result of differential erosion, where a horizontal layer resistant to weathering is underlain by another layer less resistant to weathering. Incision of the area by a stream begins the erosional process which ends with the development of a mesa (Fig. 4a - c).
5- Buttes: Are small "pointed" mesas that form in a similar manner (Figs. 4b).

6- Inselbergs: Are steep sided mountains, ridges or isolated hills that occur in the middle of flat areas. Inselbergs are also products of differential erosion, forming from the more resistant rocks while the softer units are eroded. It should be noted that inselbergs are not restricted to deserts, and can occur in humid or coastal environments.

7- Ventifacts: (Fig. 5) Are wind-faceted pebbles and cobbles with several planar surfaces that meet at sharp angles or ridges. They form by the abrasive or sand-blasting action of wind, where fine-grained particles carried by the wind erode pebbles or cobbles that are either stationary or which form part of the traction load of the wind. These gravels are first eroded on the surface facing the wind, but when the wind changes its direction or if the gravels are rolled over, a new surface is exposed to the abrasive action. Fig. 5b shows the stages of formation of ventifacts.

B- Depositional features:

1- Ripple marks: Are ridge-like accumulations of sand-sized particles as a result of the wind blowing in different directions or against some obstacles.

2- Sand dunes: 

Mode of formation: Sand dunes can be considered mega-ripples that form when the wind blows across an obstacle (a rock or a small tree or shrub) which then causes the wind to become "streamlined", creating a protected area on the "downwind" side of this obstacle where the wind velocity is low, and where eddies occur. In this protected area, the wind drops part of its saltation load, causing it to pile up (temporarily) behind this obstacle, creating a sand dune (Fig. 6). Sand dunes commonly reach heights of 30 m, with some dunes reaching up to 250 m in height.

Structure: The gently sloping (windward) side of a dune is known as the "stoss", whereas the steeply sloping side is known as the "lee". The lee face of the dune, the one along which sand grains slip causing the overall movement of the dune is known as the "slip face" (Fig. 6a).

Migration of sand dunes: The sand accumulated behind an obstacle to form a dune becomes an obstacle itself for the blowing wind, causing the deposition of more sand grains, which results in the dune growing in height. This process continues until a certain height is reached, beyond which the lee slope is no longer stable. More grains of sand deposited on top of the dune will quickly roll down its slip face, starting a new accumulation of sand behind the original dune. As this process goes on, the sand dune moves or migrates in the downwind direction. This process is also accelerated by the wind becoming faster at the peak of the dune (Fig. 6b), thus pushing more sand grains off the slip face. Figures 6c shows the stages of sand dune migration.

Relationship to cross bedding: As sand grains slide down the slip face of a migrating dune they are deposited on its lee side at an angle to the horizontal surface. Lithification of these sand grains produces cross beds (Fig. 7), the orientation of which can be used to infer the wind direction. 
Types of sand dunes: There are five different types of sand dunes, depending on the nature of the desert terrain, changes in the wind directions and intensity, and the supply of sand. These five types are summarized in Fig. 8 and below. 
(1) Barchan dunes: Occur in areas of limited sand supply, and are characterized by their crescent shapes with their ends pointing downwind.

(2) Longitudinal dunes

(3) Transverse dunes

(4) Parabolic or U-shaped dunes

(5) Beach dunes

3- Pediments: Are gently sloping erosional surfaces covered with detritus, and which occur at the bases of mountains. Pediments may therefore mark a sudden change in slope. Figures 9 & 10 shows the stages of formation of pediments.

4- Alluvial fans: Are fan - shaped deposits of loose sediments (usually a mixture of sands and gravels) that occur at the bases of mountains. They form by the action of a flash flood or running water, which drops its load at the foot of a mountain as a result of a sudden change in slope. When neighbouring alluvial fans coalesce, they give rise to a "bajada".

5- Playas and playa lakes: (Fig. 10) A playa lake is a temporary or ephemeral lake that forms in a basin whose drainage exits are blocked by faults, alluvial fans or landslides. Such a lake is filled by torrential rains, but during the dry season, the water evaporates, leaving behind a flat bed of clay and salts. This flat bed is known as a "playa".

6- Sabkhas: Are large flat areas that merge into the seashore, and which consist of sandy detritus cemented with salt, gypsum and calcite. Sabkhas form by evaporation of salt water that had risen from a shallow "sea water table" below, and strengthened by the drying of sea spray blown inland.

7- Loess: Are thick deposits of unstratified fine-grained silt and clay, thought to have been carried by wind over long distances and deposited when the wind velocity decreased, and is therefore not restricted to deserts. The variation of the thickness of these deposits will be a reflection of the topography of the area before deposition as well as the direction of the wind; thicker loess forms in valleys in the downwind direction. Loess tends to develop vertical cracks that are frequently filled with calcite precipitating when water percolates downward through them. In many cases, loess is predominated by volcanic ash.  
VIII- Desertification:

Desertification is the process by which semi-arid lands that are marginal for farming and raising livestock, are transformed into barren desert by loss of vegetation and by soil erosion. This process takes place when droughts affect these semi-arid regions, making farming very difficult, and causing the crops to deteriorate. At these times, grazing by livestock also increases, making the situation worse. Some scientists estimate that 35% of the Earth's surface is potentially threatened by desertification.

