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a b s t r a c t

Understanding the processes that drive fluid flow in sedimentary basins has important implications for
models of metallic ore and petroleum migration and accumulation in the subsurface. Potential drive
mechanisms include gravity-driven flow, compaction-driven flow, and density-driven convection. In this
study, we demonstrate that the brine hosted in Ordovician sandstone in the Illizi Basin in Algeria is
genetically linked to Triassic-Liassic evaporites deposited >400 km to the north in the Berkine Basin. This
observation confirms that long distance, lateral, brine migration has occurred within the basin in the
past. We assess the hydrogeologic record preserved in aqueous fluid inclusions within the Ordovician
sandstone, document a marked increase in formation water salinity during cooling and exhumation, and
evaluate the drive mechanisms for late-stage remobilization of deep brines within the basin. It is hy-
pothesized that the release of overpressure during exhumation of the Illizi Basin may have been a critical
contributor to updip fluid flux. This model could be applicable to other exhumed basins worldwide.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Understanding the processes that drive fluid flow in sedimen-
tary basins has important implications for models of metallic ore
and petroleum migration and accumulation in the subsurface. A
number of different mechanisms have been proposed for driving
regional fluid flow in sedimentary basins (e.g. Bethke, 1985, 1989;
Bjørlykke, 1993, 2015; Cathles and Adams, 2005; Chi and Xue,
2011; Frazer et al., 2014): (1) topographic or gravity-driven flow,
(2) sedimentary or tectonic compaction-driven flow, and (3) ther-
mal- or salinity-driven convection. In this study, we present new
compositional analysis of formation water hosted in Ordovician
sandstone in the Illizi Basin in Algeria, and demonstrate that this
brine is genetically linked to Triassic-Liassic evaporites deposited in

the Berkine Basin to the north (Fig. 1). Building on previous thermal
history modelling of the area (English et al., 2016b, 2016c), we
assess the hydrogeologic record preserved in aqueous fluid in-
clusions in order to constrain the timing of brine migration into the
Ordovician sandstone in the Illizi Basin, and we evaluate over-
pressure dissipation during exhumation as a potential drive
mechanism for late-stage remobilization of deep brines. This model
could be applicable to other exhumed basins worldwide and has
implications for the timing and direction of major fluxes of deep
basin brines in the geological record.

2. Geological history of the Illizi Basin

Following the Late Neoproterozoic Pan-African orogeny, the
northern margin of Gondwana was characterized by a vast clastic-
dominated Paleozoic sedimentary basin on the edge of the Proto-
Tethys (Beuf et al., 1971; Stampfli and Borel, 2002; Guiraud et al.,
2005). During the collision of Gondwana with Laurasia, the Late
Carboniferous-Early Permian Hercynian (Variscan) Orogeny caused
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extensive uplift and erosion along northesouth trending arches in
northwest Africa (Aliev et al., 1971; Burollet et al., 1978; Boote et al.,
1998; Acheche et al., 2001). Erosion removed the post-Cambro-
Ordovician sequence on some of these uplifted arches, but the
majority of the Paleozoic sequence was preserved in the Illizi Basin
(Galeazzi et al., 2010; English et al., 2016c, Fig. 2). Renewed depo-
sition of the Mesozoiceearly Cenozoic “Tethys Supersequence”
(Boote et al., 1998) in North Africa followed the opening of the

Tethyan seaway, and a Triassic salt basin developed to the north of
the Illizi Basin in the Berkine and Oued Mya basins (Turner and
Sherif, 2007; Galeazzi et al., 2010). Mesozoic-Cenozoic deposition
in the region was punctuated by Early-Mid Aptian transpression
and strike-slip deformation during the Austrian event (Boudjema,
1987; Galeazzi et al., 2010), and by Mid-Late Eocene inversion
that caused growth of the Atlas range to the north (Echikh, 1998).
Intraplate uplift and magmatism also initiated in North Africa
during the Mid-Late Eocene (Wilson and Guiraud, 1992; Wilson
et al., 1998; Li�egeois et al., 2005) leading to the development of
numerous topographic swells and large-scale exhumation of
flanking sedimentary basins such as the Illizi and TimMersoï basins
(English et al., 2016b).

The new data in this study comes from an Ordovician sandstone
reservoir in a gas-condensate field located in the southern Illizi
Basin (Fig. 1). Previous studies have constrained the burial and
thermal history of the study area through integration of regional
stratigraphy, sonic compaction analysis, biostratigraphy, thermal
maturity, fluid inclusion microthermometry, and apatite fission-
track data (English et al., 2016b, 2016c). These studies confirmed
that the preserved Paleozoic sequence in the Illizi Basin was sub-
jected to elevated temperatures in the past, initially because of
additional burial prior to Hercynian exhumation, and again during
reburial in the Mesozoic and early Cenozoic (Fig. 2). The available
data indicate that maximum burial most likely occurred during the
early Eocene, prior to uplift of the Hoggar massif and northward
tilting of the Illizi Basin (English et al., 2016b). Based on 1-
dimensional (1D) modelling, maximum burial depths for the Top
Ordovician are estimated at 2.95 km in the northern part of the field
(Well A) and 3.37 km in the southern part of the field (Well G), and
the corresponding estimates of maximum paleotemperature are
140 �C and 156 �C respectively (English et al., 2016c). The magni-
tudes of subsequent Cenozoic exhumation are estimated at 1.0 km
and 1.4 km for the northern (Well A) and southern (Well G) areas
respectively. Based on the modelling of English et al. (2016c), hy-
drocarbon generation from the lower Silurian source rocks is
interpreted to have started during the Carboniferous, ceased
temporarily during Hercynian exhumation, and subsequently

Fig. 1. Location of the study area in the Illizi Basin, Algeria. Extent of Triassic-Jurassic
evaporitic basin and clastics adapted from Turner and Sherif (2007) and Galeazzi et al.
(2010). Regions of present-day high pressured Triassic and Ordovician systems from
Chiarelli (1978). Transect line corresponds to Fig. 5.

Fig. 2. 1D burial history model (Well G) for the study area in the Illizi Basin (modified from English et al., 2016c).
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