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Part III-1 World Comparison of Karst Ecosystems 
 

Karst Vegetatin in Málaga, Andalucía, Spain 
 

A. V. Perez and B. Cabezudo 
(1) Departamento de Biología Vegetal. Universidad de Málaga. Campus de Teatinos 
s/n. Apdo. 59. 29080 Málaga(avperez@uma.es) 
 
Abstract 

Flora and vegetation of the karst ecosystems in the province of Málaga 
(Andalusia, Spain) are highlighted in this short study. Original biotopes combined 
with Mediterranean climate and altitude have led to the develop of exclusive species 
in those environments (such as Saxifraga biternta or S. bourgaeana) and to the 
presence of relic vegetation, limited in its distribution. Karst ecosystems have been 
scarcely used by man due to the poor soils, except for "navas", where we can find 
deep soils nowadays cultivated or dedicated to grasslands. Finally, it is outstanding 
the belonging of this karst ecosystems to Natural Protected Areas, although the 
gypsum karst in the Malaga province are not still included.  
Key words: flora, karst ecosystems, Málaga, Spain, vegetation 
 

   
Fig.1, Karst feature of Málaga              Fig.2, Saxifraga biternata 
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 Fig.3, Orchidaceae(orquídeas) growing 
on karstified rocks 
 

 
 

Karst and Natural Heritage 
 

J. J. Durán and P. A. Robledo 
Instituto Geol ó gico y Minero de España, R í os Rosas 23, 28003 Madrid, Espa ň a 
(jj.duran@igme.es) 
 
Abstract 

Karstic landfields, both superficial and subterranean examples are very geodiverse. 
This support several and interesting geologic elements and rich ecosystems where the 
flora and fauna are exceptional. Actually, there is a trend around the world based in 
designing some parts of the territory like natural protected areas. In several countries 
and region, natural protected areas enhanced high rate of the territory (until 25%). In 
these countries where the karstic land-fields are numerous, some of natural protected 
areas are strongly relationated with the karstic landscape, superficial or subterraneous. 
Consequently, there is a relationship between karst and natural heritage. This relation 
can produce in all the scales. There is examples in the world of karstic landscapes 
designed world Heritage site like Skocjanska Jame, in Slovenia, since 1986. In this 
order, there is numerous Biosphere Reserve in karstic land-fields, like Sierra de las 
Nieves (Spain). Between the National parks, Mammouth Cave National Park (EEUU) 
is very interesting. This cave support the biggest subterranean network in the world, 
with 500 km of horizontal developed. The touristic use of karstic protected areas 
contribute to the local economies. In the world are well known places like Stone 
Forest and Guilin (China), Montpellier le Vieux (France), The Halong Bay (Vietnam), 
El Torcal de Antequera and la Ciudad Encantada de Cuenca (Spain). Actually, the 
new management trends to revalorisation and conservation the natural heritage 
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(including geological heritage) propose the analyse of the cave characteristiques and 
karstic land-fields to obtain a correct management and ecological use, social and 
sustainable economy of these.  
Key words: caves, geoconservation, karstic landscapes, natural heritage, natural 
protected areas 
  
 
 
Karsic Springs of the Natural Park Vepssky Forest within Carboniferous 
Plateau(eastern part of the St. Petersburg region) 
 

A. N. Voronov and N. A. Vinograd 
St. Peterburg State University. 7/9 Universitetskaya nab., 199034 St. Petersburg, Russia 
(alex@as1925.spb.edu) 
 
Abstract 

The natural park Vepssky Forest is situated on the very east of the St. Petersburg 
Region, on the border with the Vologda Region. The name of the park derives from 
the name of Ugrian-Finnish tribe, the Vepsians, that settled this area. Remains of the 
Vepsian population still live in a few villages of this region. Due to the very long 
distance from St. Petesburg (more than 400 km), lakes, rivers, marshes and forests are 
preserved in the almost initial state that is not impacted by human activity. The 
numerous water outflows of karstic nature comprise the main value of the national 
park. Vepssky Forest is situated within the Carboniferous Plateau named so because 
the upper part of the geological section consists of Carboniferous carbonate rocks. 
The relatively small Urya-Kanzhaya area, where about 20 karstic springs form the 
outflow of the river Kanzhaya, is of the greatest interest. The very impressive 
high-yielded waterfall Great Cascade is situated here. Opportunities for the 
development of tourist business, for the construction of health resorts, bottled water 
manufacturing and fish farming, cause the necessity of the investigations on the 
formation of the groundwater chemical composition and development of the measures 
for environmental protection of these unique springs. The authors investigated the 
groundwater of this area for several years. It allowed revealing the main peculiarities 
of the formation of groundwater chemical composition. Contaminants have not been 
detected in groundwater. The TDS is about 0.2 - 0.5 g/liter; pH 7.2. Generally, the 
chemical composition is entirely determined by the composition of the host carbonate 
rocks, and the water can be recommended for bottling.  
Key words: chemical composition, environmental protection, groundwater, karst 
springs 

39  

mailto:alex@as1925.spb.edu


Conditions For Karst Development in The Strandja Mountain 
 

Dora Angelova, Yordan Malyakov 
Geological Institute, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria, e-mail:  

 
Karst in the Strandja Mountain is widely distributed. It is represented by natural 

surface karst (karren, gullies, travertine terraces and other karst types) and 
underground karst (caves) and ore-bearing and anthropogenic karst (artificial galleries 
related mainly with ancient mining activities). The karst forms were shaped in 
dolomites, dolomitized limestones and marbles. The rocks and rock complexes are of 
different age (Devonian – Lower Carboniferous, Triassic and Jurassic) and are in 
complex relationships between themselves and the non-karstified rocks. In most of 
the cases the rocks are recrystallized, with massive to not clearly stratified structure 
and strongly variable thickness from 8 to 600 m depending on their tectonic position. 
The rocks had been strongly processed tectonically during four phases of structure 
formation. The karst processes are developed also along the six crack groups in the 
contact zones of the repeatedly over-thrusted old rocks and rock complexes on the 
Upper Cretaceous volcanic and volcanogenic-sediment rocks. The contemporary 
active karst processes take place in the five crack groups and they have faded only in 
the first group. 

The karstified areas in the Strandja Mountain amount to about 500 km2. The 
precipitation in these areas reaches about 400 million m3. Only 20% of the 
precipitation are infiltrated in the surface karst. The atmospheric water feeds directly 
or indirectly the underground karst water. The drainage is realized in more than 150 
springs with very changeable flowrate (for example Golemia Vriz spring -40 l/s), 
fluctuating within the range of 3 to 50 times depending on the season (maximal in 
February and March and minimal in August and September) and the depth of 
circulation. The karst water is with hydrocarbonate content and has good drinking 
quality with no pollution. 

The karst development in this specific geological-tectonic phenomenon, 
influenced by the Mediterranean climate and vegetation, is also closely connected 
with the development of the river-ravine network in the Strandja Mountain and the 
Black Sea basin. The river-ravine erosion network in the investigated territory and the 
affiliated to it springing underground karst water responded to all tectonic and 
eustatic fluctuations during the Quaternary. The continuous and cyclic fluctuations 
combined with the lithostructural control were the reason for the development and 
diversity of the karst. 

Copper, iron, gold and especially mineral and rock lining materials have been 
discovered, extracted and processed in the karst since the Eneolithic till now. This has 
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disturbed the integrity of the karst ecosystems. Some of the natural caves are related 
with the Bulgarian history from the periods prior to and during the Christian times. 

The investigation of the karst in the Strandja Mountain is a very important 
problem from the point of view of preserving one of the most unique natural and 
architectural-historic reserves in Eastern Europe with relict and endemic protected 
surface and underground flora and fauna.   

 
 
Rates of Condensation Corrosion in Speleothems of Semi-Arid Northeastern 
Brazil 

 
Augusto S. Auler*, Peter L. Smart 
School of Geographical Sciences 

University of Bristol, Bristol BS8 1SS, England 
 

The karst areas of northeastern Brazil hold very extensive cave systems such as 
Southern Hemisphere’s longest cave, the 97 km long Toca da Boa Vista. These caves 
show remarkable features of subaerial dissolution by acidic condensation such as 
cupolas, weathered cave walls yielding dolomitic sand, scallops, and corroded 
speleothems. Weathering rinds up to 5 cm thick occur on both dolomite bedrock and 
speleothem surfaces. Unlike the dolomite rock, speleothems do not disintegrate but 
change to a milky white opaque porous calcite. 

Rates of condensation corrosion were derived by determining thickness of 
weathering rind and U-series age of last unaltered calcite. Rates obtained vary over 
two orders of magnitude (0,4 – 0,0008 mm/ka) and appear to be highly site specific. 
These rates represent minimum rates because speleothem growth ceased later than 
age obtained, and also corrosion may not be continuous in time. Much higher 
condensation corrosion rates have been reported from the very different climatic and 
geomorphic setting of coastal Caribbean caves, suggesting that the process in 
semi-arid Brazilian caves may be episodic. 

*Present address: CPMTC – Departamento de Geografia, Universidade Federal de 
Minas Gerais, Av. Antonio Carlos 6627, Belo Horizonte, MG, 31270-901, BRAZIL 
 
 

Karstification in Ultramafic Rocks of Cuba 
 

R. Rodríguez Pacheco(1), S. Fabregat(1) and R. Días-Martínez(2) 
(1)Departamento de Ingeniería del Terreno y Cartográfica. Universidad Politécnica de Catalu
ňa, Gran Capitán s/n, 08034 Barcelona(roberto. rodrfguez-pacheco@ upc.es)  
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(2)Departamento de Geología. Instituto Superior Minero Metalúrgico de Moa. Las Coloradas, 
Moa, Holguín, Cuba(rdmart@ismm.edu.cu) 
  
Abstract 

In this study we present the geological, climatic, tectonic and geomorphological 
factors that control the karst formation in non-carbonate rocks from Cuba. The 
combination of climatic, petrologic and tectonic factors are the dominant causes of 
development of karst features in non-carbonated rocks in Cuba. The forms of the 
karstic reliefs are principally developed in non-carbonated rocks in the areas with 
rainfall higher than 1400 mm/year. The area of most karst development in 
non-carbonated rocks is located within the Moa municipality, where more than 160 
km2 with surface and subsurface karst features are present. The predominant relieves 
correspond to dolines and lapies. Dolines are associated to the fracture zones, whereas 
lapies are located in the walls of the dolines and the most resistant blocks of rock. The 
Batch tests revealed the capacity of harzburgites, dunite and gabro to transfer Mg and 
SiO2 to the hydric medium. The serpentinized harzburgites represents the biggest 
capacity to leach Mg and SiO2 to water. The concentration of Ni, Fe and Mn in 
surface and ground water in Moa show that the geochemical background level in the 
area is high. This is a consequence of the weathering of ultramafic enhanced by high 
rainfall of acidic characteristics.  
Key words: Batch tests, Cuba, karst, ultramafic rocks 
 
 
The Results of Karst Mapping in Northern Part of Yucatán, México 
 
J. Pérez Aguilar and R. González Herrera  
Universidad Aut ó noma de Yucat á n. Facultad de Ingenier í a. Apartado Postal 150. 
Administración de Correos Urbana 10. Cordemex. Mé rida, 97111, Yucatán, México 
(gherrera@tunku.uady. mx) 
  
Abstract 

The cognitive process of the karstic morphology, as an expression of the climatic 
history that has acted on the geologic substrate through its structure, is a consequence 
of the synergy of the exploration with cartographic and photogrametric methods and 
the abstractive and generalized capacity based on the researcher's theoretical thought. 
Thus, the exploration is a scientific tool essential to a certain extent for the 
morphologic knowledge of a region, in a juvenile karst, where positive forms are 
practically nonexistent, as in the case of the North plane of Yucatan, Mexico, the 
negative forms, basically represented by caverns and sinks, are manifestation of the 
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fractures that conform the karstic structure. Considering that these forms of the relief 
are a natural resource with ample possibilities of being touristically exploited, the 
government of the State of Yucatan undertook, in 1997, a survey of caverns in the 
northern plain of the state for a 4 year period (1997-2001): this consisted on 
geopositioning cenotes, through the 106 municipalities of the state. As a result of this 
speleological prospection, 2400 cenotes were located. With the information generated 
by the surveying of cenotes and considering that the karstic forms are the way in 
which the fractures of the rock layers are manifested by the endo- karstic processes, 
this work tries to contribute in the knowledge of the morphology of the northern plain 
of Yucatan by means of the exposition of a structural model that is derived from an 
existing one.  
Key words: cenote, karst, speleodiving, Yucatan 
 
 
 

Explorative Karstological Research on the Island Soqotra (Yemen) 
 

 
P. De Geest1, S. Verheyden2,3, E. Keppens3  and the members of the Soqotra Karst 

Project4. 
1Ottergemsesteenweg 145, 9000 Ghent, Belgium, peterdegeest@hotmail.com 

2Department of Geology, Royal Museum of Central Africa, Tervuren, Belgium 
3Department of Geology, Vrije Universiteit Brussel, Brussels, Belgium 

4http://www.speleo.be/socotra 
 

The Yemeni island Soqotra is approximately 3.600km² large, situated in the 
Indian Ocean at 12°30’N – 53°50’E. The island lies about 240km East of Somalia and 
about 380 km South of Yemen.  

Soqotra is situated in the arid tropical zone, but has a maritime climate with a 
moderate temperature regime and a high humidity. The annual temperature ranges 
between 23.5°C to 35°C in the lower parts of the island (Mies & Beyhl, 1996). At the 
higher plateaus and in the mountains the temperature can drop to 13.5°C in January at 
night (Popov, 1957).  

There are two annual monsoon rainy seasons. The south-west monsoon from 
August to October (up to December) brings occasional heavy rains, while the 
north-east monsoon from April to May delivers a smaller amount of precipitation. 
The annual rainfall varies between 130 to 170mm/a (Wranik, 1996). In the mountains 
the potential for dew-fall and mist precipitation gives another important source for 
freshwater, estimated at 135mm/a (Mies & Beyhl, 1996). 
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The flora and fauna have a high degree of endemism, due to their long 
geographical isolation. This unique biogeography is the subject of international 
UNDP-supported scientific interest in the biodiversity of the island. 

Soqotra is composed of a basement complex of igneous and metamorphic rocks 
of Pre-Cambrian age, overlain by sedimentary rocks. These latter Cretaceous, 
Palaeocene to Eocene and Oligocene to Miocene formations consist mainly of 
limestone and sandstone (Beydoun & Bichan, 1970). Vast limestone plateaus, 
averaging from 300 to 700m masl, are dissected by a number of deep valleys and 
extend directly into the sea or have deep escarpments at most of the coastal plain.  

Especially the Palaeocene to Eocene limestone formation, covering more than 
half the island‘s surface, shows a variety of karstic features indicating an enormous 
cave potential. 

During two consequent winters (December 2000 – January 2001 and February 
2002) one of us (P. De Geest) headed a team that spent in a total period of three 
weeks prospecting several limestone areas throughout the island. We found 15 caves, 
of which 12 were explored. We completely or partially mapped 4 caves and 1 cenote: 

Hoq cave is situated at the north-east side of the island, near the village Terbac. It 
is a fossil to semi-active cave of 3.1km. The main gallery is about 2.4km long, 
sub-horizontal and with an average width and height of respectively 60m and 30m. 
The cave has temperature ranging between 24°C and 27°C and a humidity up to 96%. 
There is an abundance of active and fossil speleothems, some up to 32m high. There 
are still some minor galleries that need further exploration.  

Giniba cave is situated at the south-central part of the island on the Deksam 
plateau near Wadi Berk. It is a sub-horizontal gallery of 3.2km, alternated with vast 
rooms (200m × 150m ×100m). The temperature inside these rooms is approximately 
30°C with a humidity of 98%. Some parts of the main gallery must flood annually 
during the rainy seasons and form gigantic sumps. 1.4km inside the cave we found an 
active waterfall, which drained freshwater deeper inside the limestone formation. 
There are very large, 1m up to 40m high river deposits with an alternation of pebbles, 
sand and mud. There are few speleothems inside this cave. The exploration is not 
finished. 

Pit cave is also situated at the south-central part of the island on the Deksam 
plateau near Wadi Berk north of Giniba cave. It is a cave system of 1.8km, which 
consists of large galleries underneath a dry valley, alternated with entrance pits with 
depths between 60m up to 100m. There are some speleothems and a big calcite river 
dam, but also lots of rounded well sorted pebbles transported by underground rivers, 
which are probably activated annually. The total vertical range of the cave system 
reaches 200m. 

Bat cave is situated near Wadi Ashui at Anhuh village. It is a small, 26m long 
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cave, existing of two chambers. In one of them we found a small colony of longtailed 
bats (Rhinopoma hardwikey). 

Bluedive is a cenote with salty water situated near the seashore at the village 
Ghubbah. It is an almost circular karstic feature with a diameter of 45m. We dived it 
to a depth of 32m. There is a peculiar thermocline at a depth of 25m, which needs 
further research. This phenomenon can give us more information about ancient 
sea-level differences. 

The other explored caves are situated on the karstic plateau of Momi (Kasekas, 
Dahaisi, House cave and two unnamed entrances to which one has to climb), at the 
Deksam plateau (Biocave and Little 2), at the cliffs of the southern Nogeed plain 
(Dejub cave) and near Anhuh at the Wadi Ashui (Bee cave, Goat cave, Pottery cave).  

We assume that the caves visited are just a small minority (estimated only 1%) of 
the total karst potential of the island. 

We are convinced that further, more profound research on the Soqotran 
cave-systems is interesting for several reasons: 

Hydrology: During each year floods are alternated with water scarcity. Mapping 
the caves can bring more inside information about active subterranean freshwater 
drainage and the islands’ hydrogeological systems in general.  

Palaeoclimate: The Indian Ocean Monsoon shows some variability in time, place 
and strength during the Quaternary. Stable isotopic and geochemical studies of 
speleothem records and of the cave environments may lead to a better understanding 
of the palaeoclimatic evolution in this interesting area.  

Some caves harboured remarkable, hitherto undiscovered archaeological finds as 
well as endemic organisms. They can deliver more information about the cultural 
history and the biological evolution on the island. 
 
References: 
.Beydoun Z.R. & Bichan H.R. 1970. The geology of Socotra Island, Gulf of Aden. Q. 
Jl geol. Soc. Lond. vol. 125: 413-446. 
.Mies B.A. & Beyhl F.E. 1996. The vegetation ecology of Soqotra. In Proceeding of 
the First International Symposium on Soqotra Island: Present & Future. Soqotra 
Technical Series, Vol 1: 35-81. United Nations Publications, New York. 
.Popov G. 1957. The vegetation of Socotra. J. linn. Soc. London 55: 706-720. 
.Wranik W. 1996. Faunistic Notes on Soqotra island. In Proceeding of the First 
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Middle Pleistocene Karst Evolution in the State of Qatar, Arabian Gulf 
 
ABDULALI M. SADIQ and SOBHI J. NASIR  
Department of Geology, The University of Qatar, PO. Box 2713, Doha, QATAR 
sobhi@bigfoot.com  
 

Karst is widespread on the peninsula of Qatar in the Arabian Gulf, including 
depressions, sinkholes, caves, and solution hollows. More than 9700 large and small 
depressions, and several exposed sinkholes and caves are known. Field and air-photo 
studies indicate that the depressions, sinkholes, and caves of Qatar are genetically 
related sinkholes representing an early phase in the development of depressions. Karst 
is concentrated mainly within the limestone, dolomite, gypsum, and anhydrite 
horizons of the Eocene Rus and Dammam Formations. Most karst features in Qatar 
show NE-SW and NW-SE orientations, similar to the joint and fracture systems. This 
observation indicates that rock type and the presence of joints and fractures played a 
major role in the development of karst in Qatar. Cylindrical, bottle-shaped, compound, 
and bowl-shaped morphotype karst pits were identified. These forms represent a 
genetic sequence in which the bowl-shaped pits evolved through a series of 
cylindrical and bottle-shaped compound intermediate stages. Most karst of central 
Qatar was formed due to extensive subsurface dissolution of carbonate and sulfate 
deposits under Middle Pleistocene wet climatic conditions and consequent subsidence. 
Joint-flow drainage may account for differential dissolution resulting in the formation 
of a pitted karst terrain in the northern part of Qatar. 

 
 
 
 
 
 
 

Figure 1. Geologic map of Qatar 
(modified after Cavelier 1970) 
showing location of investigated 
sinkholes;                
(1): Alghosheimah,         
(2): Umkareibah, (3): Alsuberiat, 
(4): Hamam,  (5): Duhail,   
(6) Mudhlem, (7): Musfer. 

 

46  

mailto:sobhi@bigfoot.com


Main Stages in Karst Morphogenesis in West and Central North Bulgaria 
 

Dora Angelova 
Geological Institute, Bulgarian Academy of Sciences, Acad. G. Bonchev St., Bl. 24 

1113 Sofia, Bulgaria, e-mail: doraangelova@hotmail.com 
 

The present work represents a part of the systematic study of karst morphogenesis 
in Bulgaria. The investigated territory is a part of the Moezian microplate with craton 
structure since the Paleozoic till now. The geodynamic development of the Moezian 
microplate is connected with the opening and closing of the ocean basins of the 
Tethys and Neotethys and the subsequent collision and post-collision graben 
formation. Under the influence of planetary, global, regional and local 
paleogeographic conditions and repeated changes of marine and continental 
circumstances, the carbonate and rock complexes were formed as well as the different 
types of natural karst. The degree of karstification depends on the duration of the 
effects of combined factors on the limestone complexes. Paleo and neokarst have 
been established in the investigated territory in geohistoric respect. In its turn, karst is 
divided into plain, plateau-like and mountain, fossilized and opened one. The plain 
type of paleokarst was formed during theBerriasian, the Lower Hauterivian, the 
Aptian, the Sarmatian, the Pliocene, the Quaternary and the contemporary stage. In 
many cases it is covered by younger formations. Only in single cases it is opened 
karst (in the valleys of contemporary rivers) and is rejuvenated as a result of the 
neotectonic or contemporary geodynamic processes. 

The oldest karst established on the territory is Devonian (found now at a depth of 
3206 to 4014 m) in NW Bulgaria (the Gomotartsi village, Vidin district). It is 
storrey-structured karst. The karstified zone exceeds 700 m. Moreover, it is ore 
bearing karst type. 

The paleokarst was developed during the Carboniferous and is established at a 
depth of 2435-2516 m in dolomites. Thermal water with temperature t = 90ºC is 
found in it. 

Several paleokarst zones have been established at a depth between-2500 m in the 
Triassic and Jurassic limestone. The karst is of the plain type and is filled with water, 
oil and gas. Plateau-like and moutain ore-bearing karst type is observed to the south. 

As a result of the regression during the Upper Bartonian, a thin karst zone was 
formed (40-50 m) in the Biossian carbonate rocks, because the regression was of 
small duration. This paleokarst complex represents a collector of thermal and 
subthermal water. 

There were favorable conditions in the investigated territory for enhanced 
karstification during the Berriasian. The karstified zone has a thickness of 200-300 m 
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and is situated at present at a depth of 1000-2000 m. The intensive karst erosion and 
denudation was controlled by positive tectonic movements under the conditions of 
Mediterranean climate. 

After this stage of pulsating tectonic movements the investigated territory was 
flooded by marine water and the paleokarst forms were covered everywhere by 
carbonate sediments. 

A paleokarst zone was formed during the Lower Hauterivian too, with a thickness 
of the karstified sediments of up to 300 m – typical plain-type karst, formed under 
similar natural circumstances as during the Berriasian and filled with mineral and 
thermal water. 

At the end of the Barremian the karst terrains in Central and NW Bulgaria were 
completely dried up and a paleokarst zone reaching 500 m was formed due to the 
favorable tropical climate. 

During the Paleogene, Neogene and the Quaternary, the karst development was 
related with the development of the Fore-Carpathian basin, the formation of the Stara 
Planina Mountain, the Fore Balkan and the Danubian Plain. Various karst types were 
formed (plain, plateau-like and mountainous). Each regression and transgression was 
accompanied by changes of the regional and local erosion bases as well as by 
transformations of the basic karst types into transitional ones.   

 
 
 

Toward a Methodology to Quantify Recharge and Behaviour of Mediterranean 
Karst Aquifers from Ground Water Measurements 
 
S.Binet,J.Mudry and Y.Guglielmi 
Research team EA 2642 Geoscience:deformation,flow,transfer.16 route de Gray, F 25030 
Besançon cedex 
 
Abstract 

In the Mediterranean area, the climate is characterized by scarce but intensive 
rainfalls, which are related to quick elevation variations. From a bibliographic 
synthesis, appropriate factors were selected so as to understand the ways of recharge 
and the functioning, and thus a conceptual model of a Mediterranean karst was built. 
For the recharge study, we observe that the average yearly rain value and δ18O 
measurements on springs can be considered as good descriptors of climatic variations 
observed in the Mediterranean area. They can be used to estimate the intake area and 
to approach the infiltration ratio. Secondly, the spring water chemistry gives 
interesting information about the karst functioning. The infiltrated water flows though 
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different rock types, limestones, dolomites and evaporites, that induce contrasts in the 
water chemistry with a distribution that is included between three component rock 
clusters. A conceptual model of the Mediterranean karst aquifer was built, thus 
revealing geometric relations between these components and their behaviours. In 
order to validate this theoretical scheme, the methodology to an actual karstic aquifer 
was applied on the Siou- Blanc area in the Toulon hinterland (Var, Provence). This 
area is made of large plateaus with a complex internal structure. An instant physical 
and chemical analysis of all the springs in this aquifer, during a long low water period, 
displays the same expected functioning and variations that had been forecast with the 
conceptual scheme.  
Key words: component mixture, conceptual model, Karst, Mediterranean climate, 
recharge, Toulon 

 
Conceptual model of Mediterranean karst aquifer: Geometric relation between karst 
components 
  
 
The Underground River of Win Timdouine (Agadir Region, High Atlas): a 
Contribution to the Inventory of the Geological Heritage in Morocco 
 
L. Bouchaou(1), M. Qurtobi(2), Y. Hsissou(1) and S. Boutaleb(3) 
(1)Laboratoire de Géologie Appliquéé et Géo-environnement, équipe d'Hydrogéologie, 
Université Ibn Zohr, Faculté des Sciences, BP 28/S, 80000 Agadir, Maroc (Bouchaoul 
@caramail.Com) 
(2) Section d'Hydrologie Isotopiqiue, CNESTEN, 5 rue Tensift, Rabat, Maroc 
(3)GEOATLAS, BP. 373, Laayoune Sahara, Maroc  
 
Abstract 

The Win Timdouine river constitutes the longest underground river known in 
Africa. It is explored on 19 km and the length of the main arm is about 9 km. Its 
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complex structure shows a perfect adaptation to the regional geological structure of 
the folded zone of the Ida Outananes region. The main karstified formations are the 
chalky dolomite of the Jurassic system. The underground network of Win Timdouine 
is developed on these formations. The waterproof bottom consist of Oxfordian marls. 
In spite of its situation in a semiarid context, this underground river has never dried 
up. Its discharge to the outlet shows considerable variations indicating a karstic spring 
feature showing an immediate response of rainfall event. The recharge of the river 
takes place by the pluvial water infiltration from the surface of the Tasroukht basin 
that present karstic forms like lapiaz, doline and shallow hole. The presence of 
important masses of tufa in the outlet river and the chalky precipitation in the 
underground cave, indicates a considerable dissolution and therefore a development 
of karstic network in the massif. The network of circulation well organised along of 
the faults and fractures and the fast increase of discharge during high waters period 
are the evidence for a fast circulation, which incites to water protection against all 
pollution agent. The study of underground river of Win Timdouine is interesting for 
spelunkers as well as for scientists, to explore several undiscovered lateral galleries 
and to complete hydrogeological and biological observations. In an other side, the 
exploitation of the site present a considerable interest for the development of the 
region. In addition of the exploitation of resource water to supply the surrounding 
population, the site constitute a privileged tourist, that will probably know a 
remarkable flight in the touristic region of Agadir.  
Key words: endokarst, faults, geological heritage, High Atlas, Morocco, underground 
river 
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Morphologic schemes of Win Timdouine zone: important hydrologic network and valley 
through the karstified formations 
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