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Lack of vegetation: theoretically, regions too dry to support a forest, 
but not dry enough to be a desert

Badlands 

Low altitudes, but 
steep slopes 



High drainage density

Badlands 

Thin soils (bare rocks) 
extensively eroded.

 Lack of regolith

 Layer of non-consolidated 
material (small brocken rocks, 
dust, soils, mineral grains…) 
covering solid rock



Badlands

 In Spain, results from a combination of factors:  

 Geologic.

 Climatic.  

 Human.



Geologic

Sedimentary basins: regions of long-term tectonic 
subsidence

Subsidence up-down movement resulting from different 
processes, usually associated with plate tectonic activity 

1. Thinning of underlying crust

2. Sedimentary, volcanic, and tectonic loading

3. Changes in the thickness or density of adjacent 
lithosphere



Geologic

 Deposition: accumulation, 
over time, of layers of mineral 
material under different 
environments (sea, river, coast 
… ). 

• Soft rocks: clay, sand, limestone.

 Once the sediments have 
solidified, the sedimentary 
material becomes subject to 
erosion (climate).  



Ebro Valley underwent a long period of deposition which spanned three major 
geologic periods (the Cretaceous Period, the Late Eocene, and the 
Oligocene Epochs), resulting in clear, distinct layers of sediment which 
serve as a dramatic display of the law of superposition. 



Often have a spectacular color display that 
alternates bands of different rocks.



Siliceous
Limestone

Clay



CLIMATIC FACTORS

1. Lack of vegetation  reduced precipitation and high 
temperatures -> negative water balance (less 
precipitation than potential evapotranspiration)
unprotected soils. 

2. Short periods of violent rains (downpurs). 



Precipitation versus potential evapotranspiration. 





Why so low precipitation: Rain shadow effect 
Leeward side of a mountainous area: the mountains block 
the passage of rain-producing weather systems and cast a 
"shadow" of dryness behind them.

The air, without much moisture 
left, advances behind the 

mountains creating a drier side 
called the "rain shadow".

The incoming moist air is 
drawn by the prevailing winds 
towards the top of the 
mountains, where it condenses 
and precipitates before it 
crosses the top. 



Corresponds to a semi-arid (steppe) climate:  

1. Different kinds of semi-arid climates, 
depending on other variables 
(temperature)



CLIMATE



Erosion occurs by the action of heavy rains.
Large raindrops disintegrate the soil 
Earth particles to be torn away from the ground forming 
mudslides that scrape the soil still further. 

Hilly terrains accentuates this double process of erosion 
downward flow along the slope. 

The total soil loss can be sizeable  reduced farmland 
productivity and produce sediment 



TOPOGRAPHY



¿Human steppes? mostly due to human 
mismanagement: 

 Historical fires (deforestation)

 Overgrazing



DESERTIFICATION 

TODAY





TYPICAL 
LANDFORMS

Tables
Canyons
Ravines
Gullies

Hoodoos



Horizontal (“mesas”)

Elevated landform  
It takes its name from its characteristic table-top shape.
It may also be called a table hill, table-topped hill or table 
mountain. 
.

flat top

steep slopes



Mesas

Origin  differential erosion of horizontally layered
rocks variations in the ability of different types of rock 
to resist weathering and erosion

1. The more resistant rocks (sandstone, conglomerate 
or limestone) are left topographically higher than their 
surroundings

2. Weaker rocks (shale, mudstone) to be eroded away 
into valleys 

3. Valleys collect water drainage from the surrounding 
area 





Differences in rock type also reflects on the sides  instead of smooth 
slope, sometimes, the sides can be broken into a staircase pattern called 
"cliff-and-bench topography”

The less resistant layers form gentle slopes, or benches. 

The resistant layers form cliffs or stair steps



Cliffs retreat and eventually cut off from the main cliff by basal sapping. 

When the cliff edge does not retreat uniformly, but instead is indented 
by headward eroding streams, a section can be cut off from the main 
cliff mesa.



Basal sapping occurs as water flowing around the rock layers of the mesa erodes 
the underlying soft layers, either as surface runoff from the mesa top or from 
groundwater moving through permeable overlying layers, which leads to 
slumping and flowage of the shale. 

As the underlying shale erodes away, it 
can no longer support the overlying cliff 
layers, which collapse and retreat. 



Size: smaller than mesas (rule of thumb: a mesa must have top that is 
wider than its height, while a butte has a top that is narrower than its 
height
Because of their distinctive shapes, buttes are frequently landmarks in 
plains and mountainous areas. 

BUTTE 

Isolated hill 
Steep, often 

vertical sides 
A small, relatively 

flat top



1. Water-derived landform, product 
of stream-cutting erosion. 

2. Relatively steep (cross-
sectional) sides.

• Narrower than a canyon. 
• Larger than gullies.
• Smaller than valleys.

3. May or may not have active 
streams flowing along the 
channel which originally formed 
them (often intermittent 
streams) 

Ravine 





Gullies

Large ditches or small valleys, from metres to tens of metres in depth 
and width. 

Created by running water, which causes the significant deep cutting 
action (eroding) into soil

Typically on a hillside, more prone to gullying when they are cleared of 
vegetation. 

The eroded soil is easily carried by the flowing water after being 
dislodged from the ground, normally when rainfall falls during short, 
intense storms (thunderstorms).



Cabezos 
(hoodoos)

1. Tent rock, fairy chimney, earth 
pyramid

2. Tall, thin spire of rock (may range 
from 1.5 to 45 m).

3. Consist of relatively soft rock 
topped by harder, less easily 
eroded stone (protects each 
column from the elements).

4. Affected by erosional patterns of 
alternating hard and softer rock 
layers. 

5. Minerals deposited within 
different rock types cause to 
have different colors throughout 
their height.



Cabezos 
(hoodoos)

1. Typically, they form from two 
weathering processes eroding 
the edges of a rock formation 
 Frost wedging: freeze/thaw 

cycles.
 Rain washing.

2. Over time, cracks in the 
resistant layer allow the much 
softer rock beneath to be 
eroded and washed away. 

3. Further erosion of the soft layer 
causes the cap to be undercut, 
eventually falling off, and the 
remaining cone is then quickly 
eroded.



Landlocked body of water 
(endorheic basin): closed 
drainage basin that retains 
water and allows no 
outflow to other external 
bodies of water (rivers or 
oceans), but converges 
instead into lakes or 
swamps (permanent or 
seasonal), that equilibrate 
through evaporation

Suffers a concentration of 
salts (typically sodium 
chloride) and other 
dissolved minerals 
significantly higher than 
most lakes (often defined 
as at least 3 gr/m3).

Salares (salty lakes)



Formation
1. Water flowing into the lake, containing salt or minerals, 

cannot leave. 
2. Water evaporates, leaving behind dissolved salts. 
3. If the amount of water flowing into a lake is less than the 

amount evaporated, the lake will eventually disappear and 
leave a dry lake (also called playa or salt flat).

Salares



High salinity will also lead to a unique halophilic flora and fauna 
in the lake in question; sometimes, in fact, the result may be an 
absence or near absence of life near the salt lake.

Artisan salt-minning during the XVII-XVIII centuries

Salares



RESOURCES









SOLAR RADIATION



WIND FARMS





https://www.youtube.com/watch?v=Fz32nY6wKv4&nohtml5=False

https://www.youtube.com/watch?v=QnIXrPDdAeU&nohtml5=False

https://www.youtube.com/watch?v=vXNW_yhHl5o

https://www.youtube.com/watch?v=x5HLKwOhWjU

https://www.youtube.com/watch?v=NJ4bnrDiV5I

https://www.youtube.com/watch?v=jGM7yx45cbU


