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Abstract
Apart from the Triassic salt bodies, there are several structural elements that characterize the Oued Zarga
area. The new field data allowed us to deduce that the structural evolution of this region is essentially based on two
generations of dextral strike-slip faults: an E-W direction to WNW-ESE and a later NW-SE second trend. In the study
area, the Triassic material of J. El Matria is framed by two sedimentary contacts. Lower contact in clansayesian clays
characterized by a glauconic to Triassic insoluble conglomerates and an upper contact where the Triassic material is
covered by a thick pelagic series attributed to the lower Albian. This configuration results from a rapid lateral outpouring
during the Lower Cretaceous in an extensive tectonic context and re-folded during the tertiary compressive phases,
interpreted like most Triassic structures in northern Tunisia, in terms of the "salt glacier" with Lower Cretaceous age.
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Introduction
The geological history of Tunisian Atlassic chain is part of the
structural and geodynamic evolution of the SE margin of the Maghrebian
Tethys (Alpine chain) (Figure 1) and the northern extremity of the
African mound [1,2]. During the convergence of plates between Africa
and Eurasiatics, which ended with the Tethysian closure, the Tunisian
margin was submitted to a compression constraint. This period
characterized by 2 miocene effects have contributed to the deformation
of the study area [3], which is part of the “salifereous province” [4]
(Figure 2) and corresponds to the 1/50,000 map of Oued Zarga. Ghanmi
[5] agree that this area corresponds to a deep furrow domain during
the Lower Cretaceous, and is characterized by diapiric movements
from the Aptian interpreted as "dome" or "diapirs". The nature and
age of evaporite deposits have been widely studied and discussed in
the Tunisian geological literature since the beginning of the previous
century [6,7]. An idea of a Lower cretaceous age was developed by Bolze
[6], based on the continuous upward passage of saliferous deposits at
the lower Aptian. This proposition was subsequently disapproved by
other geologists [8-10]. Recently Kamoun [11] confirmed the age of
these outcrops by discovering a Triassic ammonoid. The development
of a Triassic facies in outcrop has been studied seriously in Tunisia in
the "diapiric zone" at which the Triassic deposits occupy a NE- SW

alignment. The models previously presented show that the geometry
and the mechanism of formation of Triassic structures in northern
Tunisia are geological problems which raise serious challenges.
Northern Tunisia, in which the Triassic intumescences are well
manifested (Figure 2), presents a singular paleogeographic evolution
controlled by the interaction between regional eustatic variations and
local tectonic deformations. It is characterized by several extensional
and shearing events associated to Triassic ascensions [12]. Three
essential models have been proposed which have explained the rise
and the setting of the Triassic material: the model of domes, inducing

Figure 2: Geographical and geological location of the study area in the
Mediterranean area.
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Figure 1: Tectonic model of the western Mediterranean domain.
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“dome structures”, from which the name of the "zone of the domes"
[6,9], the diapiric model [4,13-15] and the "salt glacier" model proposed
by Vila and Charrière [16], which imposes a new interpretation of the
Triassic outcrops on the Algerian-Tunisian confines. This leads to a
systematic review of Triassic outcrops in this area. Vila [12]; Ghanmi
[4] highlight two zones separated by the “Téboursouk” accident
(Figure 2), the northern one, the "salt glacier" zone and the southern
one known as "real diapirs" [5,12,16]. The mechanism of these Triassic
bodies is controlled essentially by a system of faults (Fig.2) from EW
and NS to NE -SW directions [3,17]. These lineaments contribute to the
deformation of the study area as well as the north of Tunisia. Thus, they
are organized in conjugate fault systems reactivated during Miocene
compressions. The aim of this work is to study and discuss the concept
of the setting of Triassic material in the Oued Zarga region (J. El Matria
area) (Northern Tunisian Atlas) in relation to the different generations
of faults responsible for the structuring of our studied area, in order to
apprehend, therefore, a model of structural and geodynamic evolution
of the study region.

Geological Setting
Tectonic directions
The tectonic directions governing the geology of the study region
have long been defined. These are essentially E- W, N-S and NE-SW.
However, it can be pointed out that the meridian direction and the E-W
direction are the two main directions which have shown an influence
in the structuring of this zone during the different tectonic phases. The
meridian direction is manifested in the first place by the outcrop of the
Triassic material of this zone " Salifereous structure of Thibar", in fact
one of the great saliferous structures of Tunisia. This structure takes a
meridian direction. But this tectonic direction is manifested by NE-SW
faulting, the most spectacular of which is the "Téboursouk" overlap that
extends from El Alia to the Teboursouk region and continues towards
the southwest (Figure 3) [9,18,19]. It constitutes "the eastern boundary
of the zone systematically affected by tangential accidents of the type"
bed load "[9]. The EW direction is marked by the Zeldou accident limits
the Zeldou massif to the north (Figure 3), which reverts to the dextral
strike-slip fault [14,15]. In the study area, the normal inherited faults
were at the origin of the first Triassic salt extrusion with a N40-50 and
N 110-120 direction which are at the origin of the tilted block layout
during [20,21].

Figure 3: Structural map on the study region (Oued Zarga).
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Position of triassic material
The sedimentary series that are outlined in the study area range
from the Triassic to the Quaternary (Figure 4), and the Jurassic display
no outcrops in the area. The stratigraphic study of these series is based
on several lithostratigraphic sections. This study mainly concerns the
Mesozoic and Cenozoic series, recording the different tectonic phases
known in the region. In fact, these are essentially extensive Mesozoic
phases and then compressive from the Tertiary to the present. The
Triassic material outcrops occupy a very important surface (Figure
2) [18,22,23]. The Triassic rocks are composed of evaporites with thin
layers of clay, sands, limestone, dolostones, detrital rocks, and minerals
of neoformation. This material is marked by the existence of magmatic
rocks (ophites) which are volcanic rocks associated to Triassic material
and spreaded in the western part of our study area. Some authors
describe it as a "Triassic complex" [14,24,]. Because of the chaotic
organization and the lack of original stratification often explained by
the ascension movements of Triassic masses and by the intervention
of tectonic activity. During this period, 5 Tunisia is in the form of a
shallow platform located between the African craton and Thetys in the
NE [25]. Regionally, Laaridhi-Ouazza demonstrates basaltic emissions
in the salt-producing mass of the study region (Thibar), showing at least
during the Triassic period a distensive regime.

Stratigraphic Study
In the J. El Matria area (Oued Zarga, northern Tunisia) (Figures 5

Figure 4: Geological map of the study area.
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Figure 5: Synthetic stratigraphic log showing the different sedimentary series that outcrop in the study area.

and 6), below and above the Triassic material, we have been able to show
two sedimentary contacts. The lowest contact is marked by glauconous
conglomerates of Triassic insoluble matter; the lowest is characterized
by similar conglomerates, which relate small lenses of reef limestones. To
the north of Matria (Figure 6), under the lower contact appears a thick
series of green marls and soft limestone with quartzitic intercalation
(fine sandstone). These are deposits of unstable slope at the bottom of
slopes. These marls deliver from Planomalina Chenourensis with often
abundant microfauna of Lenticulines and Ticinelle. This association
corresponds to the terminal Aptian (Gargasian-Clansayesian). On the
upper contact (Figure 6) marked by discontinuous conglomerate levels
lie gray marls with small pelagic or benthic foraminifera at Hedbergella
roberti, Hedbergella trocoidea, a total association corresponding to
the lower Albian. This series continues with a series of a few meters
thick gray to blackish marls containing barite nodules and also deliver
radiolaria of various shapes, Ticinella primula, Cytherella sp. (Many)
attributed to the middle Albian. This series is surmounted by a bar
of thick limestone (80 m) and formed by decametric and metrical
calcareous beds, laminated, black alternate with laminated marls and
J Geol Geophys, an open access journal
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limestones in platelets of gray or beige color containing ammonite prints
and an epifauna Probable to a condensed level of belemnites. The upper
Albian is dated in black marls by: Rotalipora appenninica, Rotalipora
preticinensis, T. roberti, Lenticulina nodosa. The Albian series having
a dip of 80° with the chaotic Triassic series, shows a clear concordant
stratification. To the SE of the study area, Mio-Pliocene series formed
of sand and red clay in discordance on the vertical Oligocene series
on the one hand and on the other hand in discordance on the Triassic
material. Towards the west, the Oligocene is discordant on the
Paleocene clays having an inverse dip of 70° and plunging towards the
SE with a ravining base and conglomerates reworked various elements
of the previous series. At the J. Sidi Aiadi, the sandy Oligocene formed
by deltaic deposits such as siliceous sandstones sedimentary features
(sandstone nodules) is in discordance of 30° with the Lower Cretaceous
series (Albian). This arrangement suggests a cretaceous axial part
showing a near parallelism of the Triassic with its surrounding series.
Our mapping shows that this device is affected by NW-SE dextral and
late strike-slip faults. The presence of glauconic and conglomerate clays
below and above saliferous material and his interstratification in the
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Figure 6: Geological sections at J. El Matria and J. Sidi Aiadi, located in Figure 5, showing the geometry contact of Triassic material with his surrounding series.

surrounding series demonstrate the sedimentary character of the two
contacts: lower and upper of the "Triassic" material with the series of
Lower Cretaceous.

Discussion and Conclusions
Geometry, nature of the contacts and new dating make it possible to
observe and explain the interstratified character in the lower Cretaceous
of the Triassic material of the "Diapir" of J. El Matria on the basis of the
characteristics of the proposed positioning for most Triassic structures
of the Algerian-Tunisian confines and Northern Atlas. These data
confirm the hypothesis of interstratified Triassic material as previously
reported in the field [26] and subsurface [27,28]. The Cretaceous series
show “slumps” associated with arbonate nodules and packaged in the
Lower Cretaceous marls. They are figures of a sedimentary instability
of a margin in extension; this is in agreement with the majority of the
work that has been done on this area. The discrepancies observed in
the study area are those of the Oligocene and the Mio-Pliocene. In Sidi
Aiadi area, the Oligocene is still discordant on underlying series. It is
discordant at a low angle (20°) on the Lower Cretaceous which occupies
the heart of an Atlassic anticline. The flattening of this Oligocene makes
it possible to find an ante-Oligocene device weakly folded (20° to 25°),
the verticalization of the oligocene series and the deposition of the
J Geol Geophys, an open access journal
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mio-pliocene series in angular discordance in this area on the Triassic
material, allows us to interpret the current structure from a tectonic
inversion corresponding to the tertiary compressive event (the intraTortonian alpine phase), well known regionally and which allowed
the Neogene to be deposited on the Triassic rocks. In addition, both
regional and North African literatures confirm these observations
[4,13,14,20,29]. These field data are included in the evolution of
the margin of the North of Africa [25,30]. From the new elaborated
map, two main generations of faults can be distinguished: The first
generation is E-W to WNW-ESE, it is dextral strike- slip faults (Figure
7). The second generation is dextral NW-SE faults that affect all the
more recent series. N-S accidents are still active to this day [25]. At
the Oued Bou Smah area, located in the south of our study area, the
presence of "slumps" that affect the Lower Cretaceous series, suggest
the existence of a paleopente responsible for these deposits, remaining
after the rapid outpouring of the saliferous material. This publication
presents a detailed study of the J. El Matria region, based mainly on
field data. The type of evolution that we propose is in opposition of
purely compressive "classical" diapirist conceptions, which would
be manifested in particular by a reversal of the substratum of the
saliferous material when it is put in place. We have observed nothing of
this kind in our study area, but on the contrary, a normal stratigraphic
polarity of the floor of the saliferous material is demonstrated thus,
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Figure 7: Field photographs showing the structural elements in the study area.

the presence of a source of fresh water in full Triassic rocks in Aïn
Melliti area avoids the hypothesis of rooting Triassic material. These
data show that, as in all neighboring regions, the halokinetic movement
initiated in the Jurassic and continued in the Cretaceous. It controlled
the distribution of sedimentation and the location of the associated
structures during the deformations in extension. After a distensive
period from the Aptian to the Turonian, this has favored the effusion
of Triassic material, successive tertiary compressions fold and flake
the interstratified Triassic blade. These changes of tectonic regime are
faithfully recorded regionally in the magmatic activity which signs
distension to the lower Senonian [31]. Regionally, the Triassic material
of J. El Matria area seems to be interpretable from the tertiary folding of
a submarine "salt glacier" included in the Upper Aptian with a scenario
similar to those of the " Glaciers "of Kebbouche, Ben Gasseur and Fej
el Adoum in the diapiric domain of northern Tunisia [4,5,29]. As well
as other examples that include the submarine "salt glaciers" of the Golf
Coast of Mexico and North America [32,33] and the salt glaciers of
Northwestern Germany [34-36].
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