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ABSTRACT

The present study aims at investigating the role of tectonic activities in and
around the east Arabian hydrocarbon province in defining the regional and

local hydrodynamics of the Upper Jurassic Arab-D reservoir.

The tectonic activities in eastern Saudi Arabia have resulted in the
generation of geologic structures that have affected all reservoirs.
Eastward and northeastward regional dipping, faults, and folds are the
main structures that can be observed on surface and subsurface geologic
maps. The published hydrogeologic maps indicate that such structures
have probable effects on the groundwater flow in the Tertiary aquifers;
however, such effects were not studied for any reservoir in Saudi Arabia.
This observation has inspired the interest in evaluating the effects of these
structures within the context of the tectonic phases that generated them on
the groundwater flow in the Arab-D reservoir; the main oil-producing
zone in Saudi Arabia. To conduct this evaluation, the present study
followed a structured methodology based on mapping and characterizing
these structures and reservoir hydrodynamics of the Arab-D at regional
scale and in selected local areas and interpreting the groundwater flow in
the light of the characteristics of the mapped structures. Specifically, the
study included review of all published literature on the stratigraphic and
structural settings of the Arab-D reservoir within the context of the
geologic framework of the Arabian plate, generation of regional maps
showing major structures, conducting field work on selected structures,
using the available subsurface data to generate maps for local structural

models, constructing regional and local hydrodynamic maps, and



interpreting all generated maps in an integrated approach to reveal the

relationship between the structures and groundwater flow.

The present study establishes the regional hydrodynamic characteristics of
the Arab-D reservoir in eastern Saudi Arabia for the first time. The
hydrodynamic maps show that the groundwater in the Arab-D reservoir
flows from the west margins of the Arabian basin at central Saudi Arabia
and the eastern margins at Zagros Mountains towards the deeper parts of

the basin in and near offshore Saudi Arabia.

Two tectonic phases have affected the reservoir hydrodynamics of the
Arab-D; the Late Jurassic extensional phase and the Late Cretaceous to

present compressional phase.

During the Late Jurassic extensional phase, the Arabian intra-shelf basin,
which extends over eastern Saudi Arabia, was created and became the
primary controller of the cyclic deposition of the carbonate and anhydrite
units of the Arab Formation of which the Arab-D reservoir is the lower
member. The non-permeable anhydrite at the top of the Arab-D member
became a top seal for the underlying permeable carbonates resulting in the
formation of a regional flow unit known as the Arab-D reservoir. The
deeper parts of the Arabian intra-shelf basin have continued to exist in
eastern Saudi Arabia since it was created. This has caused the groundwater
to flow from the flanks of the basin in central Saudi Arabia in a down-dip

direction towards eastern Saudi Arabia.

During the Late Cretaceous to present compressional phase, the uplifting
of the Zagros and Oman mountains, the regional eastward tilting of



Arabian Plate, the reactivation of the existing north-south faults, and the
formation of the Central Arabian graben system have impacted the Arab-D
hydrodynamics in several ways. The formation of the Zagros and Oman
mountains and eastward tilting of the Arabian Plate created the present-
day shape of the hydrogeologic basin in eastern Saudi Arabia. In this
basin, the groundwater flows from the structurally and topographically
high lands in central Saudi Arabia, Zagros and Oman mountains to the low
lands in eastern Saudi Arabia. The reactivation of the north-south faults
has generated faults in the Arab-D reservoir. These faults have fault core
zones with calcite-filled fractures or fault breccia that act as barriers to
groundwater flow surrounded by damage zones with open fractures that
act as conduits for groundwater flow. These fault characteristics are
responsible for the deflections in groundwater flow directions along the
north-south faults such as the Ghawar and Khurais fields, the connectivity
between the Arab-D and deeper reservoirs such as in south Haradh and
Abgaiq field, and the flow of groundwater in the transfer zones between
faults in west Khurais and Ghawar fields. The Central Arabian graben
system formed an east-west corridor of intensively fractured rocks which
became a fast track for groundwater flow from the Arab-D outcrops in
central Saudi Arabia towards deep areas of the hydrogeologic basin in

eastern Saudi Arabia.
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