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Abstract 
The high Ziz’s basin, which is part of the Central High Atlas, contains Jurassic superficial and deep 
aquifers. The information sheets are still fragmentary and insufficient because of the basin’s large 
size and its complex geological structure. In order to improve the knowledge of these aquifers and 
the determination of the structure of aquifers, a 3D geological model was developed in this study. 
It was constructed from information provided by 200 mechanical soundings and 81 electrical 
surveys and geological maps. Compiled holes were analyzed, coded and integrated in the software 
Groundwater Modeling System 6.0 (GMS 6.0). For doing this, five lithostratigraphic units were 
considered: the Domerian, the Toarcian, the Aalenian, the Bajo-Bathonian and the Quaternary. 
The operation of the 3D stratigraphic model allowed making it closer to the geometry of Jurassic 
aquifers. 
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1. Introduction 
The study area extends from the far east of the Central High Atlas to the western part of the High Atlas Oriental. 
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It is bounded to the north by the High Moulouya (Eastern Plateau), to the south by the Anti-Atlas Oriental. It 
contains surface and deep Jurassic aquifers. Groundwater from captive and superficial aquifers is water re-
sources exploited by man for various uses [1]. 

The management of the aquifer requires a good knowledge of the aquifer, particularly its geometry. 
The construction of a 3D geological model from field data and the basement can be a vital contribution to the 

understanding of the spatial organization of basement structures. 
This paper presents a 3D geological model the height of Ziz basin by integrating all geological data from dril-

lings, electrical surveys and geological maps. 

2. Geological Setting and Hydrogeological 
The study area extends from the extreme east of the Central High Atlas to the western part of the Oriental High 
Atlas. It is bordered to the north by the High Moulouya (Eastern Meseta), to the south by the oriental Anti-Atlas; 
generally have a secession of wrinkles and depocentre (Figure 1). It contains shallow and deep aquifers. 

The geological map of the study area (Figure 1) was developed from the geological map Midelt 1/200,000 [2] 
and the geological map of Rich and Boudnib 1/200,000 [3]. Triassic, composed of detritus, basalt diabase and 
sometimes evaporites, depends in angular unconformity on the deformed Paleozoic basement and structured by 
several tectonic phases [4]-[6]. The Jurassic series form the major part of Mesozoic land of the High Atlas.It is 
based conformably on the red formations Triassic-Lower Lias. Their lithology consists essentially of dolomite, 
limestone, calcareous marl alternations and silico-clastic detritus [6]-[9]. 

Structurally, the expansion plan NW-SE, who reigned during the Triassic-Jurassic time, controlled the forma-
tion of the Atlas basins. Rifting is initiated from the Triassic, while the individualization of these basins and 
contemporary subsidence sedimentation took place during the Jurassic. The paleogeographic and morpho- 
structural part is dominated at the time by a system of blocks tilted largely towards the NW and to the SE. These 
are limited by major NE-SW normal faults with ENE-WSW as separate from the WNW-ESE transfer faults 
 

 
Figure 1. Geological map and location of the study area.                                             
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[10]-[12]. Tertiary, a two episodic compression phase, first NW-SE and NS, took the old NE-SW normal faults 
as reverse faults or sinistral detachment-duplication. The transverse faults WNW-ESE trending dextral offsets 
are reactivated. This compression that initiates the closing of the Atlas basins from the Eocene materializes dur-
ing the Oligo-Miocene and Pliocene-Quaternary [4]-[12]. 

Hydrologically, High Atlas contains a set hydrogeological units of communicating with each other: The Lias 
forming a relatively continuous system, Aalenian and Dogger. The Aalenian form and Dogger aquifer systems, 
fragmented into separate basins in each synclinal basin and usually without communication, sometimes with 
multiple aquifer levels. The waterproof series Toarcian-Aalenian separates between aquifers sets of lower Lias 
Domerian and those of the Aalenian Dogger. Communications between aquifers are only possible thanks holes 
[13]. 

The depth of the water, according to a survey conducted in February 2014 at twenty points of water varies 
from a few meters to more than sixty meters. Productivity can exceed 100 l/s in the Liassic formations fractured 
(FoumTillicht, Tazmamert, Kheng∙∙∙) with a mineralization generally less than 2 g/l. These aquifers give rise to 
several sources, the most important are those of Sidi Hamza Zaouiet. 

3. Data and Methods 
Like any model, the 3D structural model is at best a simplified view of reality that depends on the choice of the 
scale, prior assumptions about the characteristics of geological objects, quantity and quality of the information 
available and also limits on the software. Namely, the 3D geological model of the High Ziz basin was carried 
out on based of geological data from geologic maps [2], and recognition surveys in the study area. Indeed, the 
database used to build the model contains 81 electrical soundings [14] on behalf of the Directorate of Research 
and Planning Water were included in this study, 200 boreholes (Figure 2), executed from 1956 to 2014, includ-
ing, the borehole N˚ TMT1 is the deepest. 

It is run Timetroute to a total depth of 1831 m and intercepted the roof of the aquifer Domerian 1100 m and 
400 m in Aalenian aquifer. The borehole did not reach the base of the Jurassic; we then took the maximum 
drilling depth considered for this limit. The acquired data were analyzed and selected, and then integrated into 
the software GMS 6.0 (Groundwater Modeling System 6.0). Thus, to construct the model we considered four li-
thostratigraphic units: Quaternary (code 1), Batho-Bajocian (code 2) Aalenian (code 3) Taoarcian (code 4) and 
Domerian (code 5). The modeling process includes the following steps: inventory of available boreholes; analysis 
 

 
Figure 2. Distribution of the studied boreholes and vertical electrical soundings.                          
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of boreholes data; selection of boreholes to operate; realization of a database containing the details on the infor-
mation (x, y, z) of drilling, geological and Z coordinate encoding horizons; information integration in the GMS 
6.0; model construction and exploitation of the model. GMS 6.0 allows for correlations between the different 
data and generate interpolated a conceptual model of geological horizons. It provides the possibility of realizing 
cuts in any location of the solid 3D model. It also allows you to view any stratum separately. 

4. Results 
3D Geological Model 
The elaborated three-dimensional model (Figure 3), based on the of available geological data and electrical 
surveys allowed us to visualize the architecture of the High Ziz basin, to realize out geological sections in all di-
rections and at any location of the model and to monitor changes in depth Jurassic aquifers (Figures 3-8). 

This 3D geological model has the advantage of being based on a number of exploratory boreholes. It allows to 
specify the geometry and structure of the High Ziz basin: 

The model shows a series of anticlines and synclinal structures in the Jurassic basin with brittle structures of 
horst and graben and subsidence. The formations above the Domerian showing a very variable thickening af-
fected by the deep tectonic (horst and graben structures) and subsidence very important, there is usually a bevel 
training in approaching outcrops Domerian. The Bajocian-Bathonian limestone-marl formation is predominantly 
 

 
Figure 3. 3D geological model the height of Ziz basin.                   

 

 
Figure 4. Location of geological sections.                                                         
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Figure 5. The Domerien structure.                                    

 

 
Figure 6. The Aalenien structure.                                     

 

 
Figure 7. Sections North-South.                                      

 
marl with variations of thickness 14 to 291 m. It is waterproof level between the aquifers of the Quaternary and 
deep aquifers that start charging. 

The Aalenian is predominantly limestone-marl limestone with thickness variations with depth roof varies 
from a few meters to 471 m (Figure 3, Figure 4, Figures 6-8). The Toarcian marly limestone is dominant and 
usually quite thick marl (up to 300 m thick on average). It is the bedrock (waterproof) of Aalenien and start 
charging the land underlying Domerian (Figure 3, Figure 7, Figure 8). The Domerian is limestone and marl- 
limestone and is a very important aquifer, its depth is variable from one sector to another, it gradually decreases 
along outcrops and reaches its maximum at the center of 1015 m basin and in the south about 10 to 30 m, then  
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Figure 8. Sections West-East.                                       

 
Domerian formations gradually sink to the south by the formations of Cretaceous basin (Figures 3-5, Figure 7, 
Figure 8). The model was used to identify potential areas of water evidence stokages or favorable areas for the 
implementation of useful prospecting boreholes according to area and according to the targeted aquifer. 

5. Discussion 
Any 3D geological modeling studies done so far in this area are only the work of structuralist advanced in these 
N-S sections [4] [7] [9] [11] [15], generally these studies have shown good agreement between the NS sections, 
but without details of Mesozoic strata especially those which close the aquifer, their thicknesses, shapes. Thus 
our study developed a 3D-Geological model allows to visualize the overall geometry of the basin and especially 
those of Jurassic aquifers, and benefit to make cuts in any location. This study has shown good agreement be-
tween results [16] [17] that records reductions of the thicknesses from north to the south and remarkable subsi-
dence (Rich Errachidia). 

Our results are in agreement with the results obtained by many authors [18], they were used to model the ba-
sins showed the modeling input to the recognition and geometry of tanks. The 3D model is the basis for future 
studies especially hydrodynamic modeling of aquifers and the numerical simulation and the vulnerability of the 
aquifer to pollution and its management. 

6. Conclusions 
The main results obtained in this study will improve the knowledge on the structure and the geometry of the top 
of Ziz basin. The 3D geological model of the basin is developed on the basis of data provided by 200 boreholes, 
81 electrical surveys, and geological maps. Although the model does not include faults, it can, however, view 
the general architecture of the basin. Thus, the 3D geological model showed the structure of the Central High 
Atlas manifested by successive structures anticlines and synclines. 

The area is affected by a very turbulent tectonic ductile and brittle. The model allowed us to approach the 
depth of the deep aquifer of high Ziz anywhere within the study area, and to follow its evolution in depth. In-
deed, the Domerian which is a deep and continuous tank flush with crests (anticlines) and gradually sinks under 
the latest formation , depth of their roof varies from one sector to another and usually it’s deep in heart synclines 
(10 to 1015 m). 

The Toarcian marl which is dominant, usually quite thick, is a generally continuous formation (300 m thick 
on average). 

The formation of the Aalenian, Bajocian-Bathonian is discontinuous and generally occupies the synclinal 
structures and bevel by approaching Domerian formations at the anticlines, these courses may have reduced 
their thicknesses near the Domerian (anticlines). The limestone formations Aalenian are fragmented into sepa-
rate pools in each synclinal basin and generally without communications, the depth of the roof varies between 
approximately 471 m meter. 

The results of this study show the importance of the integration of geological and boreholes and electrical 
soundings data into a 3D model to explore the deep aquifer systems. 
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