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Abstract. Exploiting of phosphate mines in South West of Tunisia had a strong development, particularly since the application of new methods of mining extraction. These methods consist in
clearing up the outcrops of neogenes and upper eocenic layers, considered as mining waste, to
reach the eocenic mineralized layers. Supported by the introduction of a wide range of hydraulic
equipment, this «open sky mining» method in some years could substitute the underground mines
developed since the colonial period at the end of the 19th century. This general implementation
has led to remarkable changes in the landscapes of these areas. Consequently, wide surfaces of
abrupt mountainsides are deeply unsettled and completely disfigured.Moreover, the overall of sites
of phosphate extraction, particularly on the northern side of jebal Sehib, led to many consequences
that can be observed in the landscape [8]. In most cases it consists in the piling up of a huge volume of mining waste in the areas that adjoin the open sky mines of jebels M’zenda, Jellabia and
Sehib. These almost ubiquitous slag heaps in these places do not cease imposing hindrances on the
natural dynamics of the environment.
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1. Introduction
The contribution of geographical approach and particularly the Geomorphological Mapping in
the study of this phenomenon proves to be of a big importance. Besides its holistique vision, this
approach stresses the interdependence of the elements of the environment considered as a whole. In
this context, the present work consists in clarifying the details of these dynamics of degradation and
the foreseeable threats to the environment. From a practical point of view, this study tries to conceive resolutions to provide a remedy for this threats.
2. A well contrasted landscape:
Located in the western area of the low southern plains, South West of Tunisia (Fig. 1), Jebal Sehib and its vicinity is the area of investigation of this research: the landscape has a remarkable diversity. Overall, we notice different modellings related to the action of the streaming particularly at
the piedmont level. On the contrary, aeolian phenomena are much more represented at the level of
plains. One can roughly distinguish the following orographic systems:
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Figure 1. The SouthWest of Tunisia, the Gouvernorat of Gafsa and the vicinity of Jebal Sehib

- A system of atlasic chains relatively juxtaposed from the East to the West. They are located
between the chain of Metlaoui on the northern side and the North chain of Chotts in the southern
side. They are respectely the chains of Sehib, M’zenda and Jellabia. These elements roughly draw
an ovoidale shape which widens in its central party. The jebal Sehib spreads from the East to the
West on more than 10 Km with a width of about 5 km. Its maximum altitude is 569 m in its central
party. It is characterized by its relatively convex summits and by an altitude that decreases progressively from the centre towards the western border, where its respectively 569 m and 405 m. The
surface is often unsettled. In fact, the arch it is rip opened in several places by many cuts, the deepest of which (20 - 50 m) are visible in the western ending (Wadi Hachana, Wadi Jellabia).
- The piedmont is fulfilled by straps relatively glide and lengthened often from the sides of the
mountain system towards the plains. They are characterized by numerous wadis that are often dry;
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Gasmi et al.: Provision of the Gemorphology Mapping in the study of environmental impact of the roofless mines of the
vicinity of jebal Sehib - Southwest of Tunisia

their cuts often extend to 30 m, particularly near the zones of contact close to the mountainsides.
This feature of dividing up the surface is visible throughout the piedmont of jebal Sehib.
- A significant part of this unit is located between the North chain of Chotts on the southern side
and the links of Sehib and El Berda on the northern side. It is characterized by comparatively narrow coloured shape, which is 30 km long and 6 Km large. The altitude varies between 184 m in El
Mgadmia in the eastern end and 14 m in El Oudia in the western border where one can record a
rather weak inclination (2%) generally directed towards the Chott El Gharsa. This wide plain has a
perfect continuity of surface. Nevertheless, one can remark a discontinuty following the passage of
the hydrographic arteries or / and the development of aeolian accumulations.
The layout of these system of reliefs creates a configuration of convergence of two topographical corridors towards the plain of Segui el Guebli (Fig. 3). Indeed, the extension from the East to the
West of Jebels Zitouna, Asker and Kebriti is a real barrier against the winds of the northern area.
The pipe of air is reinforced by the front line position of the two chain El Atra and Sehib, almost
lined up in the same direction of the North chain of the Chotts [3].
3. A typically arid bioclimatic environment:

Figure 2. Configuration of the Segui and Guebli corridor

Figure 3. Area of convergence of the two corridors

The panoply of the actual morphological dynamics noticed in the area of study is in most cases
determined by the agents (climatic, hydric and biogeographical) that are typical of dry arid environment. This severity of the conditions of the area shows itself by a climatic environment deeply
marked by Saharan influence:
3.1. High temperatures
The station of Tozeur records high temperatures (the climatic station is about 40 km away). The
annual average temperature is about 21.6°C. Monthly, the average temperature reaches 32.1°C in
July, which it is the hottest month. On the contrary, the coolest month, January, records only 11.4°C.
The analysis of the temperatures values in the area of study shows the existence of a simple thermal
regime which translate itself in a remarkable contrast between the two seasons.
The hot season, the temperatures of which are higher than the annual average, extends itself
from May to October. Indeed, it is the longer season and among the hottest of Tunisia (Henia L,
1993). In this area the average highest temperature is near 39.2°C during the month of July. This
hot temperature record in the month of July is most of the times of advectif type (Bousnina A, on
2001). The temperature values have a considerable decrease between November and April with an
average temperature that varies between 11°C and 20°C. Refreshment reaches its paroxysm in
January with an average minimum temperature of about 6.2°C. Minimum absolute temperatures are
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in January too. This official report, confirms that refreshment of temperatures is of advectif and radiatif origin (Bousnina A, on 2001).
3.2. Weak pluviometries
The rains in region of Sehib and its vicinity are very irregular, sometimes abounding, sometimes
scarce (Tab. 1). Dry years are, however, more frequent that the agrarian campaigns favourable to a
high productiveness of the ecosystem. With one annual average of 128.1 mm the quantities of annual rains varied in Métlaoui1 station - the nearest to the area discussed - from a record maximum
value of 261 mm in 1989-90 to a record minimum value of 37.8 mm in 1987-88. Therefore this region on average doeas not receive much rain, and this confers it an arid climate.

Table 1. The variations of the annual rains in Métlaoui, 15 km from the area of jebal Sehib (Source of data: National
Institute of Meteorology).

Rains are moreover subjected to a big variability. Expressed by coefficient of variation, this
variability attains 39 %. The average rains are almost equitably divided in the three seasons of the
agrarian year with a light increase in Autumn (42.6 mm) and a relative decrease in spring (36.6
mm). Winter is in a intermediary position with 40.1 mm on average. In summer, rains record an accentuated decrease and average limits itself to 8.8 mm.
3.3. A strong frequency of the active winds
The region of study is strongly marked by the action of the wind. This phenomenon distinguishes itself by a remarkable fluctuation of the frequencies of wind between the eastern area during the seasons of spring, summer and autumn and the western area during the winter, and this generates specific climatic phenomena. Indeed, when the wind blows from the western side during the
winter, one can often remark dry and cold continental winds with sandstorm, particularly during the
second half of the day.
During the rest of the year, in most cases the wind blows from the eastern area and generates a
flux of dry and hot air. Therefore the phenomenon of the wind of sand becomes very frequent, particularly during spring and summer. In total, the region of study records between 50 and 60 days /
year of wind of sand. Their distribution shows a persistence of the phenomenon during spring and
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Gasmi et al.: Provision of the Gemorphology Mapping in the study of environmental impact of the roofless mines of the
vicinity of jebal Sehib - Southwest of Tunisia

the summer with sequences of 9 and 10 days successive of winds of sand. During the summer the
wind is accompanied by a remarkable increase of temperature, which causes the drying and harmful
character of this type of wind, called at the local level "Chhili". This analysis shows to a great extent the importance of the hot advections responsible for the scorching temperatures recorded during the summer.
3.4. A significant precariousness of vegetation cover
It consists principally in steppiques systems, often very degradated. Vegetation cover of local
type are very degradated. They are sparse steppiques systems and they considerably reduce their
aerial part. The cover of the surface by thérophytes at the level of the alluvial plains and bottom of
valleys is strictly dependent on the abundance of rains. The biological spectre shows a dominance
of thérophytes at the expense of chaméphytes. This distribution expresses the difficulties of a good
proportion of biological species in front of pressures generated by climatic factors. Nevertheless,
one can remark that the steppiques systems in the best conditions are in most cases visible at the
level of the hydrographic arteries.
4. A young geological structure very rich in phosphate
The jebal Sehib corresponds to an anticlinal crease of which the axix orientated eastward (80°N)
[1] keeps approximately the orientation of the anticlinal megastructure located in the South (north
chain of chotts). The overall values of inclination show the asymmetrical aspect of the anticlinal
( fig 4) [7]. One can remark values of inclination that vary from 10° to 15° in the northern side and
from 40° to 60° in the southern side. The deflection is then made southward. This crease has a space
extension in arch configuration, the convex side of which is directed southward. This feature is
probably explained by the movement of the fault, visible on the western border of the hill of
M’zenda [9], [6].
Moreover, the geological outcrops of this structure extend from the Cretaceous up to Neogene.
During this period they recorded a little more than a thickness of 1300 m [6] of sediments of different origin. Indeed, sedimentary cycles of lagunes, lake and marine (Campanian and Maastrichtien)
explain to a big extent different sedimentary phases [2]. Nevertheless, the sedimentary series of
Neogene (Beglia and Segui formations) is in most cases marked by one fluvio-deltaic sedimentary
environment [4]. Outcrops attributable to the Paleocene – Eocene are well represented on the sides
of the anticlinal of Jebal Sehib-M' zenda and Jellabia. The terms of this series are really rich in
phosphates (Fig. 4 & 6) and this led to development of an intensive mining for decades.

Figure 4. Phosphatic layers of the Eocene
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Figure 5. Geological section in the Segui and Guebli plain from geological map 1/100.000 Ksar-El Asker n° 72

5. The impacts of open-sky phosphate exploiting
Open sky exploiting of phosphates outcrops in Jebal Sehib requires the clearing of gypsum and
marly layers of the upper Eocène (Fig. 7). These debris are stocked in form of slag heaps in the upper part of the southern mountainsides of Jebels Sehib, Jellabia and Mzenda (Fig. 8, 9, 11 et 12).
The hydrographic network is widely unsettled by this disposition of slag heaps, or even partly obstructed and / or faded (fig 10). Besides their impact on the draining of waters, at present these
sediments constitute significant sources of dust (dusty gypsum) in an area where the wind is very
active.

248

Gasmi et al.: Provision of the Gemorphology Mapping in the study of environmental impact of the roofless mines of the
vicinity of jebal Sehib - Southwest of Tunisia

Figure 6. Stratigraphic logs on the jebal Sehib from the geological map Ksar El Asker n°72

Figure 7. A burst open mountain! (Exploiting licence obtained from the end of the eighties)

Figure 8. Disturbance of hydrographic network by the establishment of slag heaps and “tabias” structured in the form
of dam on the piedmont of jebels Sehib and Jellabia
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Figure 9. Blockage of the hydrographic artery by slag heaps located between jebels Sehib and
Jellabia (September, 2009)

Figure 10. Layout distribution related to hydrograpic network
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Figure 11. Front view of the slag heaps of the mine of Sehib (January, 2013)

Figure 12. Side view of the slag heaps of the mine of Sehib (December, 2009)

Figure 13. A plain more and more deprived by hydric supply (Janvier 2013)
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Figure 14. Serie of Tabias at the level of jebal Sehib piedmont

6. A recent evolution to the detriment of forms of symbiosis
The works of conservation of waters and soil, in most cases realized as part of programs of regional development, led to deep changes in the landscape of the region. The realization, since the
end of the nineties, of about 50 kilometres of "Tabias" on the piedmonts of jebal Sehib (Fig. 14),
Jellabia and El Atra, left the Segui and Guebli plain without a significant part of the waters coming
from the streaming. According to witnesses, when a blade of water covers the arable surfaces at
least once during the beginning of the agrarian year « Y’saïl », the crop proves to be promising. One
can remark that this "Tabias", which consist in slowing down the streaming to ameliorate the recharge of the phreatic table, are drastically in contradiction with the strategy of the peasants which
aims rather at the spreading of waters. Indeed, the proliferation of these land "Tabias" significantly
disturbed the dynamics of streaming, which constitute a signficiant provision of water in order to
allow the development of seasonal cereal crop in the Segui and Guebli plain. Currently the plain is
totally deprived of water provision. Even the Tabias have rarely worked since their setting up
(photo 8). This is largely due to the obstruction of the upper part of the impluvium because of the
development of sterile slag heaps related to mining activities. This remarkable reduction in the level
of fluid intake is accompanied by an acceleration of aelolic action. In fact one can remark processes
of silting-up, particularly in the plain (picture 9 and 10). (Fig. 13).
7. Conclusion
The study of this region is particularly interesting, because it provides a concrete comparison
between two kinds of human activity on the natural environment. The ancient form of access to resources is federated by the concept of « heritage resource » and the utilization of the environment
obeys to the laws of scarcity. This type of relation allowed the region of Segui and Guebli to keep a
form of equilibrium as well for the favourable years as for difficult years.
Unfortunately, since some years this region has knows a proliferation of hindering actions. They
are generated in most cases by new landscape uses, notably the development of CES works at the
level of piedmonts and practices of agrarian enhancement emphasizing at the level of the plain. The
extension of mining activity, at the level of jebels Sehib and Jellabia, also manifests itself with the
disturbance of the hydrographic network, necessary to lead water provisions to the Segui and Guebli plains. This deterioration problems are an important stake. They can cause deep distorsions at
socioeconomic level and unsettlement or even breaks of environmental systems.
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