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Abstract
A significant proportion of the Doukkala (Western Meseta of Morocco) is composed of
limestone. This rock is susceptible to a rapid evolution to karst in some particular environment
and, hence, a collapse may occur in such a karstic feature. The aim of this study is to develop
a methodology that can predict where future sinkhole collapse will occur in the Doukkala basin
and establish a map with areas more susceptible to this phenomenon. This document could be
a useful tool for decision makers.
The data was integrated into a geographical information system (GIS). Combining the most
important factors that play a role in the dissolution process of rock; lithology, geomorphology
and hydrology enables us to delineate areas of low, moderate and high risk.

1. INTRODUCTION
Sinkholes developed in karstic terrain have
environmental and engineering consequences in
several populated regions of the world, where they
pose hazards to property and the environment(Beck
1984; Waltham 1989; Jonson 1991; Waltham et al.,
2005; Gutiérrez et al., 2008a).Collapse structures in
karst terrains are the most serious geological hazards
because they can damage engineering structures,
settlement areas, natural lakes, and allow infiltration
of contamination into the groundwater (Yilmaz,
2006). Knowing when catastrophic events will occur


is not possible; however, understanding where such
occurrences are likely to take place is possible.
(Kuniansky, 2015).Subsidence from sinkhole
collapse is common in areas underlain by watersoluble rocks such as carbonate and evaporates rocks
(Ford and Williams, 2007). In Doukkala (Morocco)
the presence of both limestone and gypsum, in
addition to other natural factors mainly existing in
water depressions have caused the development of
important surface and subsurface karstic features.
Hydrogeological data and geological mapping
informations were used to create a geo-hazard map.
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Records of former collapses were also investigated.
(Lamelas, 2008).

Fig. 1‐ Examples of the mapped sinkholes in the study area. A. Sinkhole collapse formed as a result of
limestone dissolution near Sebt‐Saïss Commune, Doukkala. The collapse feature (15 m wide and 20 m
deep).B. New sinkhole collapse formed as a result of gypsum dissolution in Beni‐Hilal Commune,
Doukkala. The collapse feature occurred in 16 February 2016 (8 m wide and 15 m deep).
According to Paukstys et al. (1999), the most costeffective way of planning in these areas lies in
avoiding existing dolines and most subsidence prone
areas. The application of this preventive philosophy
requires the recognition of the areas affected by
subsidence and the production hazard-maps
(Guerrero et al. 2004).
In this paper, Geospatial techniques are used for the
task of evaluating sinkhole susceptibility map.
Causative factors for soluble rock instability namely
lithological properties of individual units in the cover
and hydrological conditions such as lakes and water
flow are integrated in a geospatial model and generate
the susceptibility map. This map, showing the place
where the future sinkhole will be occurring,
constitutes useful tool for hazard avoidance that have
relevance to planning and engineering.

2. THE STUDY AREA
The studied field called Doukkala is located between
latitude (31˚N -32˚N) and longitude (9˚W - 8˚W), and
lies to the W of the Atlantic Ocean. It is limited by the
Rehamna Massif to SE, OumEr-RbiaRiver to NE and
Abda plateaux to SW (Fig.2).

Fig.2‐ Location of the study area.
Geomorphologically, three natural areas are
distinguished and generally arranged as parallel
bands to the shoreline: the Oulja is a coastal strip,the
Sahel coastal endorheic basin and the plain
ofDoukkala to the east (Gigout, 1947; Gigout, 1951;
Choubert, 1955; Ferreand Ruhard, 1975; Akil 1990,
Ouadia, 1998; Fig.3).
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The Miocene–age is described at a small outcrop in
El-Jadida Cap (Gigout, 1965). It is also described
inward Doukkala by (Khatmi, 1999). In general, it is
strongly eroded and consists of yellow marl, sand and
in places red or brown clay with basal conglomeratic.
The Pliocene-age is formed by sandy limestone.
These consolidated marine sediments, which were
taken in the dunes, form the bulk of the Sahel.
The Quaternary is made up of three formations
groups:1) Coastal formations in the Sahel 2) River
terraces 3) Colluvium filled within the plain.

2.2. Karst
Fig. 3‐ Simplified geological map of the study
area (red line), After the geological map 1/200
000 (Gigout, 1951), modified (Laaziz, 2004).

2.1. Geology
Lithostratigraphically, the Doukkala basin consists of
diverse outcrops, which are:
The Paleozoic-age: throughout the region is covered
by Meso-Cenozoic layers, it is flush in the Rehmna
region and in Oum-Rbia Valley; elsewhere, it is
overlaid by later deposits, except small outcrop of ElJadida. The primary-age essentially made schists and
quartzite.
The Permo-Triassic-age crops out in the Oum-ErRbia valley (between Talmest and Sidi Said
Maachou). It is represented by deposits of red clay
and mudstone with basalt flows. In M’tal, these
formations are associated with red Carboniferous
conglomerates. The Paleozoic basement that is folded
and deformed during the Hercynian orogeny consists
of a varied lithology (sandstones, quartzite, shale,
limestone, dolomites and rhyolite) belonging to the
Cambrian, Ordovician, Silurian and Devonian. This
set is also described in several boreholes drilled in the
Doukkala region.
The Jurassic-age is present South Doukkala; deposits
consist of limestone and yellowish calcareous marl
interlaced with gypsiferous clays (Ferreand
Ruhard,1975).
The Cretaceous-age is extremely important in the
region and is almost continuous substratum of
Pliocene-Quaternary deposits, which are composed
of calcareous marl and sandstone.

The study area is affected by a high degree of
karstification (Gigout 1951; Ferre and Ruhard 1975;
Ouadia1998).
The geological unit where karstification likely occurs
is:
- Upper Jurassic limestone and gypsum.
- Hauterivian limestone, dolomitic more or less.
- Low and middle Cretaceous Gypsum marls.
- Cenomanian limestone.
- Plio-Quaternary clastic limestone.
They do not all have the same ability to karstification;
the most important is upper Jurassic. Further north,
where the Jurassic disappeared, the most spectacular
phenomena mainly from occur in marl Lower
Cretaceous (Ferreand Ruhard1975).

2.3. Hydrology
The river system is well organized upstream (Oued
Aouja, Oued M'tal, Oued Bouchane ...), on arrival in
the plain, itbecomes disturbed and anarchic.
The Sahel-Doukkala Basin is naturally poorly
drained. The natural barrier that prevents the surface
runoff to the ocean Rain water is collected in dune
slacks or karst origin; they are then evaporated or
percolate into groundwater (Ouadia, 2000; El
Achheb, 2002).
The major outfalls are constituted by:
- Oued Faregh which drains the northern part of
Doukkala and joins the Oum Er-Rbia.
- Oued Fel Fel-which collects the western slope of the
run off Rhamna, and the central part of the plain of
Doukkala.
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3. MATERIALS AND METHODS
3.1. Data collection
The data used in this study comprises:
Three Geological maps 1/200000: 1) Geological map
area in Casablanca, 2) Geological map between
Mechraa Ben Abou and Safi (Abda-Doukkalaand
massive Rehamna), 3)Geological map between Settat
and Mazagan (Doukkala and Chaoui West) and
Shuttle Radar Topography Mission (SRTM) DEM.

3.2. Susceptibility map generation

Fig.4‐ Synthetic stratigraphic
log of the Doukkala basin.

Fig.5‐ Hydrologic map of the Doukkala area (After
Ferre and Ruhard1975).

In order to predict collapse, it is necessary to assume
that collapse occurrence is determined by collapse
related factors, and that future collapses will occur
under the same conditions as past collapses. On this
basis, the relationship between areas where a collapse
has occurred and collapse related factors can be
distinguished from the relationship between areas
without past collapses and collapse related factors
(Yılmaz, 2006).The lithology is the principal
predisposing factor to collapse. In fact, dolines are
especially common in terrains underlain by carbonate
rocks, and are widespread on evaporate rocks
(Williams, 2006).The development of all karst
requires the presence of rock which is capable of
being dissolved by surface water or underground
water.
Hence, the most important factors that cause the
sinkhole collapse are lithology (rock type),
geomorphology and hydrology (accumulation of
water).To map the areas susceptible to this
phenomenon in the future, each of these factors, are
represented in GIS as a separate layer. Each of these
layers is categorized and given a score, to give an
indication of the contribution it might make to the
overall degree of soluble rock hazard. Those with a
strong influence will have a high score; those with a
slight influence will have a low score.
The karst geohazard layer is created in GIS by
intersecting all datasets into one, creating a mosaic of
intersected polygons. For each resulting polygon, the
sum total of each of the contributing factors is then
used to give an overall potential hazard score.
The karst geohazard layer is created in GIS by
intersecting all datasets into one, creating a mosaic of
intersected polygons. For each resulting polygon, the
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sum total of each of the contributing factors is then
used to give an overall potential hazard score.

3.3. Geology
In this part, maps five classes that reflect the
lithological behavior of geological formations
overlooked water are created from geological maps.
After georeferencing the three geological maps that
cover the study area, all geological units have been
digitized in addition to their lithologic facies.
All kinds of lithological units identified on geological
maps were grouped into 5 classes according to

degrees of dissolution (Table 1). Furthermore, a map
grid with the retained classes was made (Figure 6).
clue
facies
1
Clays and silts
2
Conglomerates, sandstones, shales
3
Sandstone
4
Marl andMarlylimestone
5
Limestone and Gypsum
Table 1‐ Facies classes.

Fig.6‐ Geological map of the Doukkala region.

3.4. Geomorphology
Topography plays a crucial role in the dissolution of
the rocks via accumulation water in depressions.
The Low areas were extracted starting from the
DEM according to following methodology made by
Minelli 2007:
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The result is a map Grid with different
polygons that may correspond to water
receptacles. They are grouped into 5 classes
according to the water retention capacity.
depth
classes
No depression
0
< 0.5m
1
0.5m< and <1m
2
1m <and< 2m
3
>2 m
4
Table 2. Depression classes.

Fig.7‐ Methodology for the determination of
low areas.

Fig. 8‐ Depressions Map.

3.4. The Drainage density
Temporary watercourses as ditches, basins and
torrents, or permanent watercourses as rivers and
creeks, provide both rock erosion and corrosion, and
also infiltration in erosive or accumulative bedrock.
Between the karstification processes intensity and

drainage density, in equal rainfall conditions, ratios
are proportional (Ilie, 1970).
This step aims to determine the density classes
based drainage; it is estimated from the river
network and wetland following the steps (fig.9).
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Fig.9‐ Steps to achieving the 3 classes of wetlands.
The grid generated contains three polygons
according type of drainage: 1) permanent streams2)
semi-permanent streams3) temporary streams. For

each one we attribute a value depending on the
importance in the process of dissolution.

Fig.10‐ Drainage system map.
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Fig.11‐ Methodology developed to generate the risk map collapses.

4. RESULTS
The three generated products 'Grid' (Lithology,
Depression, and Drainage density) will be
introduced to our model. The result "output" is a
synthetic risk map of collapse showing three areas
(low, moderate and high risk).

The resulting map generated shows the areas where
sinkhole will be in the future not the existing
sinkhole (even if some areas can contain the existing
sinkhole).
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Fig.12‐ Collapse risk map.
The sinkhole probability map is consisting of three
main areas:
1) The first one in the south of the study area at the
plain of Doukkala: In this area, the collapse
sinkholes are scarce and small, this can be explained
by the lack of depression which is a water container
needed to dissolve the rocks.
2) The second part which is located in the North
East and South west of the region characterized by
an abundance of wide sinkhole and high risk; this
reflects a combination of three main factors with
high degrees.
3) The third part in the middle of the Sahel: in this
region sinkholes are numerous, but small sized and
aligned; it’s probably related to depressions which
are located in the inter-dune areas.
The difference observed between the three areas is
mainly due to the topographic difference,
morphological contrast between the plain and the
Sahel, Upstream, in the Massif Rehamna, the slope
is relatively dip in its foothills. However, when you
arrive at the plain, the slope falls rapidly.
Meanwhile, towards the coast, the slope of the bed

increases slightly because of the presence of dune
relief Sahel (Ouadia and Aberkan 1996). Lithology
also has an important role in this difference since in
the Plain silts less soluble are dominant and cover
all the susceptible rocks dissolution, while at the
level of the Sahel the limestone and gypsum marl
are dominant.

5. CONCLUSION
The aim of this study is the mapping of areas
exposed to collapses sinkholes in the Doukkala
using fundamental factors controlling dissolution of
rocks
mainly
lithology,
hydrology
and
geomorphology. The synergies among these three
parameters in GIS environment were used for
collapses sinkholes mapping. Certainly, this map
could be an important tool for land use managers,
and decision-makers especially in our study area.
This working hypothesis may be used to derive,
through the relationships between conditioning
factors, a model that provides predictions on the
location and size of occurrence of future sinkholes.
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This study introduces three main factors in the
subsidence hazard, but there are other influence
factors: 1) geological factors (texture, porosity and
permeability, thickness structure of formations,
faults.) 2) Hydrogeological (flow velocity and
regime, water infiltration, hydraulic gradient, depth
and seasonal variations of the water table, thickness
of the saturated, Quaternary deposits, chemical
composition of the groundwater...). 3) Climate
(existence of stormy events and high temperatures...)
4) Anthropogenic factors (irrigation, pumping, and
constructions...) (Soriano and Simon, 1995).
All these factors make the model stronger but
collecting data and treatment will be harder and
need more time.
The performance’s results of the methods used as
well as the work described in this document may be
considered satisfactory, especially for a fairly large
area where there aren’t maps showing the
distribution of sinkhole, and where the data required
is difficult to get.
References
Akil M., 1990. Les dépôts quaternaires littoraux entre
Casablanca et Cap Beddouza (Meseta côtière marocaine) Etudes géomorphologiques et sédimentologiques. Thèse
Doct. es. Sci., Fac. Sci,Rabat, 417 p., 126 fig., 22 tab.
Beck BF., 1984. Proceedings of the First Multidisciplinary
Conference on Sinkholes and the Engineering and
Environmental Impacts of Karst, Orlando, Florida, October
15–17, 1984. Balkema, Leiden, The Netherlands.
Choubert G., 1955. Note sur la géologie des terrains récents des
Doukkala. Notes Serv. géol.Maroc, t. 13, 128, 9-46.
El Achheb A., 2002. Contribution à l’étude de la minéralisation
et identification des sources de contamination des eaux
souterraines. Application au système aquifère du bassin
Sahel Doukkala (Maroc). Thèse de Doctorat d’Etat es
Science. Univ. ChouaibDoukkali, El-Jadida.
Ferre M., Ruhard J.P., 1975. Ressources en eau t. 2, (Plaines et
bassins du Maroc atlantique) ; les bassins des AbdaDoukkala et du Sahel d'Azemmour à Safi. Notes et Mém.
Serv. géol. Maroc., 231, 261-298.
Ford DC., Williams P., 2007. Karst hydrogeology and
geomorphology. Wiley, Chichester, UK.
Galve JP, Bonachea J, Remondo J, Gutiérrez F, Guerrero J,
Lucha P, Cendrero A, Gutiérrez M, Sánchez JA. 2008.
Development and validation of sinkhole susceptibility
models in mantledkarst settings. A case study from the Ebro
valley evaporite karst (NE Spain).Engineering Geology 99,
185–197.
Gigout M., 1947. Quaternaire du Littoral atlantique du Maroc.
Les dunes quaternaires du Sahel. C. R. Somm. Soc. Géol.,
France, 5, 71-73.

Gigout M., 1951. Etudes géologiques sur la Méséta marocaine
occidentale (arrière-paysde Casablanca, Mazagan et Safi).
Notes et Mém. Serv.géol. Maroc., 86, 507 p.
Guerrero J, Gutierrez-Santolalla F, Lucha P.,2004.
Paleosubsidence and active subsidence due to evaporite
dissolution in Zaragoza area (Huerva River valley, NE
Spain): processes, spatial distribution and protection
measures for transport routes. EngGeol 72 (3, 4):309–329.
Gutiérrez F., Cooper A.H., Johnson K.S., 2008. Identification,
prediction and mitigation of sinkhole hazards in
evaporitekarst areas. Environmental Geology53, 1007–
1022.
Ilie, I., 1970. Karst Geomorphology. Centrul de multiplicare al
Univ. Bucureşti, 348 p., (In Romanian).
Kuniansky E.,Weary L., Kaufmann D. JE., 2016. The current
status of mapping karst areas and availability of public
sinkhole-risk resources in karst terrains of the United
States. Hydrogeol J, 24: 613–624.
Laaziz Y., 2004. Synthèse des études relatives aux formations
Sahel-Doukkala (lithostratigraphie et géologie). Rapport
inéd. D.E.S.A., Faculté des Sciences, El Jadida.
Lamelas M.T., Marinoni, O., Hoppe, A., De La Riva J., 2008.
Doline probability map using logistic regression and GIS
technology in the central Ebro Basin (Spain).
Environmental Geology 54, 963 977.
Minelli F., 2007. Méthodologie pour la localisation
automatique des zones humides et des creux potentiels à
partir d'une modélisation hydrologique sous ArcInfo
Workstation 9.1 : Cas du Parc Naturel Régional des Caps et
Marais d'Opale.
Ouadia M., 1998. Les formations plioquaternaires dans le
domaine mésétien occidental ente Casablanca et Safi:
Géomorphologie, Sédimentologie, Paléoenvironnements
quaternaires et Evolution actuelle. Thèse Doct. d'Etat, Univ.
Mohammed V, Rabat, 319 p.
Ouadia M., Aberkan M., Boualla O., 2008. The
karstificationmarvels and the risks in the Plioquaternary
formations of the inshore zone of the Doukkala-Abda
(Morocco) Actes RQM4, Oujda, 2008,40-48.
Pauksatys B., Cooper A.H., Arustiene J., 1999. Planing for
gypsum geohazard in Lithuania and England. EngGeol
52:93–103.
Remondo J., González A., De Terán J.R.D., Cendrero A.,
Fabbri A., Chung, JoF.,2003. Validation of landslide
susceptibility maps; examples and applications from a case
study in Northern Spain. Natural Hazards 30, 437–449.
Soriano MA.,Simon JL., 2002. Subsidence rates and urban
damages in alluvial dolines of the Central Ebro Basin (NE
Spain). EnvironGeol 42:476–484.
Waltham A.C., 1989. Ground Subsidence. Blackie: Glasgow,
202pp.
Waltham T., Bell, F., Culshaw, M., 2005. Sinkholes and
Subsidence, Karst and CavernousRocks in Engineering and
Construction.Praxis Publishing, UK3-540-20725-2.
White WB., 1988. Geomorphology and hydrology of karst
terrains. Oxford University Press, Oxford and New York.

15

Williams P., 2004. Dolines. In Encyclopedia of Caves and Karst
Science, Gunn J (ed.). Taylor and Francis: New York; 304–
310.
Yilmaz I., 2007. GIS based susceptibility mapping of karst
depression in gypsum: a case study from Sivas basin
(Turkey). Eng Geol 90:89–103.

16

