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Abstract-In this study, the problems of parameter estimation for systems with scarce measurements are examined. In this case, an
original geostatistical methodology is applied to generate bathymetric surface models of a faulted aquifer system within the Jeffara
Basin in southeastern Tunisia. The modelling workflow is based on i) the spatial analysis of the data configuration and ii) the
conceptual stacking pattern. This allows provision of key concepts and geostatistical approaches to be undertaken during
geomodelling procedures. In fact, two constraints have been integrated: i) inequality data provided by the end of the boreholes and ii)
the faults that compartmentalize the aquifer system. First, kriging with inequality was used for depth estimation of the Turonian
reservoir Top. The results are compared with those from classical kriging and evaluated through the estimation quality, the adopted
assumptions and the method limitations. Validation analyses show that the model developed with the inequality data leads to a
significant gain in mapping accuracy and geological realism. In the second step, the geostatistical approach was used to model the
successive bounding surfaces of the aquifer system units. Consequently, the kriging constrained by inequality data could be applied
in a variety of hydrogeological parameters interpolations to provide significantly better informative maps that are useful for
hydrodynamic modelling.
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I. INTRODUCTION

Arid climate conditions and complex geological settings within aquifer systems are at the origin of uneven spatial
distribution of water resources. Innovative methodologies for accurate assessment of water availability and quality are required.
This necessitates thorough investigation of subsurface structures in order to build conceptual and numerical models related to
the stacking pattern that describes the geometry and the extent of reservoir units, as well as how they are organized and relate
to each other.

These models provide efficient means for a complete understanding of the hydraulic connectivity distribution that is needed
for hydrodynamic modelling. In this case, one of the main concerns is to estimate the bounding surfaces of aquifer system units
in order to build a 3D architectural model. Traditionally, these estimations are performed using classical linear estimation or,
better, the geostatistical kriging method. However, sparse data measurements and geological constraints often limit the
accuracy of the model.

The quality of the generated 3D architectural model depends on the quantity and quality of available information, the
definition of geological hypotheses or constraints about the aquifer system geological setting and the modelling approach.

In this paper, we present an original methodology for modelling the geological interfaces of the Jeffara de Medenine
aquifer system (Fig. 1). The workflow integrates the management of data inequalities or constraint intervals as well as
geological discontinuities such as faults constraints in order to improve the prediction accuracy using geostatistical tools.
Various interpolation procedures are applied and compared, including Common Linear Estimation (CLE), Ordinary Kriging
(OK) and Kriging with Inequality constraints (KI). Evaluation of the modelling procedures is undertaken by analyzing spatial
accuracy measures such as the kriging variance and geological realism of the modelled surfaces. Furthermore, we discuss the
limitations of KI and the developments that were needed to overcome them. The discussed tools and methods are illustrated
with reference to two bounding (Turonian and Jurassic) surfaces.
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Fig. 1 Study area, geologic setting and data (seismic sections, petroleum wells and boreholes) location

II. GEOLOGY OUTLINES

The “Jeffara de Medenine” multilevel aquifer system lies in the Jeffara basin, situated in southeastern Tunisia (Fig. 1). The
most significant water reservoirs are hosted within the Jurassic, Albo-Aptian, Turonian and Senonian series (Fig. 2) [1-4]. The
Mio-Plio-Quaternary geological cover lies directly over these aquifer formations by means of an erosional contact [5-6]. The
area has been altered by intense and repeated tectonic activity [7-12] that resulted in a complex geological framework.

A thorough stratigraphic and structural framework reconstruction of the study area was accomplished in order to highlight
the existing relations between the aquifer system units [4, 13-14].

Sixteen seismic sections and four petroleum exploration wells (Fig. 1) were acquired for a seismic structural study of the
area [13]. The locations and lineaments of the faults interpreted from seismic data were drawn on the geological map to build
the fault network on a large scale (Fig. 3). 49 boreholes were also used for lithostratigraphic correlation, to construct seventeen
geological cross-sections (Fig. 4) and to interpret the small-scale faults [4, 14].

Fig. 5 shows the updated map [4] of the most important normal faults, which strike northwest-southeast and northeast-
southwest.

This faulting system splits the study area into horst and graben blocks and engenders a global downtilting with important
lateral facies and thickness variations toward the northeast direction.
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Fig. 2 Stratigraphic section and neighboring formations of the study area [4]

Fig. 3 East-west oriented seismic section through the southeastern part of the study area showing normal faulting
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