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Abstract
Qualitative climato-genetic geomorphology has 
nearly reached the limit of its contribution. 
Nevertheless, the effect of the climate is real. For 
karst development, the availability of water is the 
key climatic factor. Besides the mentioned karst of 
temperate warm and humid climate, there are two 
extremes of karst development: karst of hot and 
extreme dryness and karst of extreme cold. There are 
differences in the relative influence exercised by the 
various controls. Precipitation is short but violent 
while evapotranspiration is very high. Yet 
evapotranspiration could be reduced due to fast 
underground infiltration, scarce soil cover, 
infiltrating rain-water; the least aggressive of all 
factors. Fast percolation of water and no means to 
enrich it by adding CO2 are the reasons behind the 
phenomenon that on the karst of the arid climate 
there is less of surface karstification and more 
intense underground solution. Returning to the title 
question it can be said that it is not appropriate to 
speak strictly of “arid karst” but of “karst in arid 
region”. Nevertheless, there are karst features which 
are not common or even inexistent in the karst out of 
arid regions and so it is not wrong to say that there 
can be also an arid karst.  
Key words: karst in arid regions, karst 
geomorphology, karst spring, cave. 
When Western researchers started to recognize karst 
out of Europe and United States of America they 
realized that huge differences exist specially 
between karst in tropics and cool regions. 
Concordantly to climatic geography also “climatic 
karstology” developed. One of the first, and the most 
important, was Lehmann [1] who described cone 
karst in Java. Karst geomorphologists used to 
describe types of karst in different climatic regions 
for 40 years. Some detailed work offered evidence to 
suggest that the lithology and structure of karst have 
more important impact on relief forms than had been 
assumed. 
Fairly recently, it has been suggested that qualitative 
climato-genetic geomorphology has reached just 
about the limit of its contribution [2]. Nevertheless, 
the effect of the climate is real although difficult to 
prove as shown by Salomon [3]. For karst 
development the availability of water is the key 
climatic factor. It is certainly the principal variable 
controlling total solution denudation. “Normal” karst 
evolves in areas where water is abundant, but aridity 

constraints development. Therefore, karst has the best 
conditions to develop in temperate warm and humid 
climates, where water is not only abundant, but is at 
disposal all the year round. Temperate or mild climate 
means that there are not such conditions where the 
(mechanical) weathering can prevail over the chemical 
(corrosion). Besides the mentioned karsts of temperate 
warm and humid climates, there are two other extremes 
for karst development: karst of hot and extreme dryness 
and karst of extreme cold. 
In arid countries, where there is less than 400 mm of 
precipitation per year, the determinants of karstification 
are the same as elsewhere, although there are 
differences in the relative influence exercised by the 
various controls: precipitation is short but violent, in the 
form of aperiodic storms; low and erratic in general. 
Although theoretical evapotranspiration is very high (17 
mm per day in Siwa oasis), on the karst terrain in arid 
countries evapotranspiration is reduced due to fast 
underground water infiltration: scarce soil cover, speedy 
rain infiltration  through fissures, and a concentrated 
flow-discharge through ponors. In the Upper Galilee 
percolation can reach 60 - 70 % while in the Hamada du 
Guir (Southern Morocco) where it is 50 - 60 mm of 
precipitation/year the percolation is 85 % even [4]. Soil 
cover is inexistent or very thin and interrupted so that it 
does not function as a regulator of runoff water and as a 
source of the additional CO2. Water, therefore, 
percolates faster and is less aggressive. But the fine 
grained sediment can be an important factor regarding 
water percolation. As mentioned by Hamada du Guir, 
the so-called daya soil covers about 5 % of the whole 
territory. Fast percolation of water, and no means to 
enrich it by additional CO2 are  the reasons that 
generally speaking on the karst of the arid climate there 
is less of surface karstification and more intense or at 
least more possibilities for the underground solution.  
Karst in arid climate is a bare karst by definition. Bare 
limestone is dissected into tectonic blocks and fissures 
where the lines of discontinuity are well seen. 
According to the type of a carbonate rock, karren, grikes 
and grooves can be well developed. Solution dolines are 
less frequent, while collapse dolines are more frequent 
and their proportion is greater. Dayas are common for 
many arid regions, especially in deserts, not at all 
restricted to carbonate rock. By some authors daya in 
carbonate rock is a form equivalent to a doline. 
Impressive collapse dolines may occur above the caves. 
Caves are often truncated, simple cut-off caves; there 
are shaft-and-drain systems, fossil phreatic caves, and 
deep phreatic circulation in mountainous deserts. There 
are two main problems facing studying of karst in arid 
climate:  

- Distinguishing between recent (active) features 
and fossil (inactive) ones, and  

- Distinguishing features of predominantly karst 
origin and features formed by 
geomorphological processes, characteristic of 
the arid climate (desert elements) [2]. 
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Fig. 1: Limestone surface sculptured by combined 
action of corrosion and wind (Gebel al Rouhan, 

Siwa, Egypt) 
 

Direct percolation, and, therefore diminished 
evapotranspiration, can feed large quantities of water 
to deep phreatic channels. This can explain abundant 
karst sources deep in the desert which are of 
primarily importance for its inhabitants. Most of 
abundant springs are located at the foot of vast 
plateaus, at the contact between a plateau and a 
piedmont, in the piedmont or along the coast. 
However in inner basins there are artesian springs 
and as a special case brackish spring along the 
coasts. Clear classification and many examples may 
be found in Nicod [5]. Examples can be cited from 
the arid regions and even deserts all over the world, 
like Todra Gorge (Southern High Atlas), Mzab in 
Sahara, Bottomless Lakes in the Pecos River valley, 
Montezuma Well in the arid Arizona where in the 
region of Carlsbad Cavern there is 360 mm of 
precipitation/year. In the countries around the 
Mediterranean is the best known Ras-el-Ain spring 
in Syria. The surrounding plateaus receive 450 mm 
of precipitation per year, the underground 
percolation is 33% and the mean discharge of the 
spring is 38 m3 per second.  
 

 
 

Fig. 2: An example of karst spring in Siwa oasis – 
Cleopatra Bath 

 

The question: how recent (active forms and processes) 
or how fossil (inherited fossil forms) are either springs 
or deep karst circulation in arid countries in general? is 
frequently asked. The actual forms are often inherited 
from times more favourable for karst genesis when 
more water was available. There are many springs fed 
by “fossil aquifers” where more than 10 000 years old 
water appears. In Libya, the so-called upper aquifers 
contain 2 000 and 8 000 years old water while in lower 
aquifer (Upper Cretaceous rocks) it is 22 000 years old. 
In Arabia there are examples of 22 000 and 33 000 
years old water in deep aquifers [5]. 
The same question about recent or fossil age can be 
asked for caves and for carbonate travertine which can 
be a valuable source for dating. Important evaporation 
of an arid climate is essential for deposition of 
travertine. But often travertine is a remnant of a more 
humid period thus indicating karst springs and surface 
streams which dried long ago. Under present climate 
conditions, there is often a tendency to destroy this type 
of stone by actual geomorphological processes. Such 
process is recently described in the case of Layla lakes 
travertines; south-east of Ryadh [6]. Another good 
example is Tonto Bridge (Arizona) and specially 
Bläskrantz, where a huge mass of travertine at the 
mouth of a ravine in a dry Naukluft Mountains 
(Namibia) is found. Similar, but of much less clear 
origin, and more common in arid and especially in semi-
arid regions, is calcrete or duricrust. Although typically 
found in arid climates, its origins and ages are 
exceedingly complex [7]. In any case, it is formed via 
ascending because of the evaporation [8]. Of different 
origins, that is via descending, is carbonate crust; a 
precipitation from the evaporation of stagnant waters 
where the carbonate rich shallow water floods flat 
surfaces and evaporates before percolating underground. 
Often this is a case of ephemeral streams from 
carbonate terrain ending amidst dunes, in pan-formed 
depressions, like South African vleis. 
 

 
 

Fig. 3: Huge amount of travertine deposited under 
different climatic conditions (Bläskrantz, Namibia). 
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Fig. 4: An example of a thick duricrust 
 

Fig. 5: Recent carbonate deposits in the “vlei” 
(Sossusvlei, Namibia). 

 
In deserts fog and dew or condense water are 
especially important and one can talk about the 
condense water corrosion as a significant factor of 
karstification in arid countries. Russian authors 
emphasize its role the most. In some places, Hamada 
du Guir as the first one, special type of “tube karst” 
was discovered and attributed to the condense water 
of a dew. The “tubes” are vertical tubes, not 
exceeding 20 m of depth and normally less than 2 m 
large, at the bottom often continuing in narrow 
impassable horizontal passages or bedding planes. 
The authors calculated that a tube 10-15 m deep and 
0.5 m large can develop in 500 years [4]. 
 

 
 

Fig. 6: A “tube” – feature made by condensed water 
corrosion [4]. 

 
Of particular interest are closed depressions. They are 
the most typical features of karst often giving the name 
to the type of karst involved, like “smallpox karst” (so-
named by Cvijić [9] already), or a more recent term like 
“cockpit karst”. In arid karsts, closed depressions, are 
not so frequent and often contribute to processes other 
than the karstification . It is, perhaps, at this particular 
point, that the question of whether those depressions 
were formed by karst or by arid (desert) processes, 
reaches its most acute juncture. On the carbonate rocks, 
it is normal to assume that karst processes are in action. 
But the question is; whether or not those are the 
prevailing processes? On Hamada du Guir dayas, large 
shallow (maximum 3-4 m deep) depressions are an 
important part of the landscape; where the sediment or 
soil, which means the flat bottom of dayas, represents 
about 5% of the whole surface of Hamada. Taking into 
account the perimeter, this is the whole daya. The 
surface represented by dayas is much larger than the 
surface covered by dayas’ bottom alone. In such a case 
daya, represents one of the most important 
geomorphological surface features. The same can be 
said for sebkhas, but there are no studies made in such a 
detail. In Sarir Al Qattusah (Central Libya) there are big 
depressions, called qararat, formed by corrosion and 
deflation. They are over 10 km long and up to 100 m 
deep [10]. Existing local terms for similar depressions 
in arid countries are proof that they are an important 
element of the landscape. In Libya it is “balte”, in Kara 
Kum desert (Kazakhstan) “chor” or “sor”, in Australia 
“dongas”, in Niger “kadandamou” and in South Africa 
“vlei”. Some relatively big depressions on carbonate 
rocks are attributed to poljes by the authors such as the 
lakes of “Qattara” or “polje” near Ma’aqla in Arabia. 
They are not typical but, more or less, are big closed 
depressions with flat bottoms covered by loose 
sediments.        
Caves are scarce and their accessibility is even more 
difficult. They require highly motivated and financed 
field-researches. Generally speaking, they are divided 
into truncated, simple cut-off caves, shaft-and-drain 
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systems, and fossil phreatic caves. Climatically 
speaking, it is normal that there are not many active 
water caves. Characteristic for the arid climates, is 
the presence of cave microclimates. These are 
relatively warm and dry; so dry, in fact, that dead 
animals do not decay but are usually mummified 
such as mummies of bats and porcupine in Arnhem 
Cave (Namibia). The sedimentation in caves is 
specific too, varying from deep (few ten metres) 
deposits of sand to dry guano dust. The authors 
reported the effects of wind erosion (sand blasting) 
at the entrance part of some caves. Where the 
surface is flat and karst ground water relatively near 
the surface, a larger cave may reach the water level 
or better to say, may develop at the water level. Such 
caves are the best developed and studied at 
Nullarbor Plain in Australia, but they can be found 
elsewhere. In Namibia in the Dragon’s Breath cave, 
one of the biggest in the country, there is a lake at 
the bottom of the cave; 220 m long by 207 m wide. 
Its surface measures about 2.5 hectares thus being 
one of the largest underground lakes in the world. 
The surface varies considerably regarding the height 
of the water level [11].   
Returning to the title question it can be said that it is 
not appropriate to speak strictly of the “arid karst” 
but of “karst in arid region”. Nevertheless there are 
karst features which are not common or even 
inexistent in the karst out of arid regions. So, it is not 
wrong to say that there can be also an arid karst. 
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