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ABSTRACT

Integrated gravity, two dimensional (2D) seismic and field data (lithos-
tratigraphy and tectonic deformations) help to understand the structural
setting of the Triassic evaporites in the Atlas Mountains of northern
Tunisia. In the Medjerda Valley plain, Triassic outcrops are bounded by
NE-, ENE-, and NW-trending faults. These faults have been reactivated
and have controlled the basin framework. The gravity analysis included
the construction of a gravity anomaly maps, and 2D gravity model. Cor-
responding gravity responses of the complete Bouguer anomaly, the resid-
ual gravity anomaly, and upward continued maps reveal that the Triassic
evaporites do not have a neat gravity signature. 2D seismic profiles show
rising structures of Triassic strata associated with Mesozoic and Ceno-
zoic tectonic edifices. The seismic hotizons, calibrated to outcrop and well
data, reveal paleohighs and diapirs of Triassic strata that were existed
during the Jurassic and Early Cretaceous. These structural features in-
duced a lateral outpouring of evaporitic strata within Late Cretaceous
strata. A NW-SE-trending gravity model, which crosses the Medjerda
Valley plain, highlights geometry identified on seismic lines. In the Med-
jerda plain, Mesozoic extensional and transtensional movements were
associated with rising of Triassic evaporites, thus resulting in diapiric
structures. The Late Cretaceous-Eocene structural setting was marked by
outpouring of locally extruded Triassic evaporites. The Tertiary and
Quaternary times are marked by major contractional events, causing in-
version of pre-existing tectonic edifices. This integrated geophysical study
provides a greater understanding of the Thibar deep structure, and a new

geometry model of the Triassic evaporite bodies in the North Tunisia.

1. Introduction

The Atlas Mountains of northern Tunisia are char-
acterized by numerous NE-trending outcrops of Tri-
assic evaporites that are bordered by Cretaceous and
Cenozoic strata. The Cenozoic strata are preserved in

basins that trend generally NW, whereas the major
structures (synclines and anticlines) trend generally
NE [e.g., Ben Ayed 1993, Chihi and Philip 1998, Abbés
2004, Melki et al. 2010, Melki et al. 2011, Zouaghi et al.
2011]. Some authors have explained the formation of Tri-
assic evaporite outcrops by a “diapiric” ascensional mech-
anism [e.g., Perthuisot 1978, Hammami 1999, Chikhaoui
2002, El Ouardi 2002, Ben Assi et al. 2006, Hamdi-Nasr
et al. 2009], whereas others consider the Triassic evap-
orite outcrops as “salt glaciers” interbedded within
the Cretaceous strata [e.g., Vila et al. 1994, Vila 1995,
Ghanmi et al. 2000, Ghanmi et al. 2001]. Zouaghi et al.
[2013] show that interaction of normal faulting and
evaporite diapirism caused lateral outpouring of sur-
face-piercing evaporites in the Sbiba graben in central
Tunisia. Several autochthonous Triassic evaporites and
associated fault escarpments have induced salt canopy
structures [Zouaghi et al. 2013]. The aim of this study
is to constrain the structural setting of Triassic evapor-
ites in the Medjerda Valley-Thibar area of northern
Tunisia (Figure 1), based on gravity, two dimensional
(2D) seismic, and well data. In addition, the interpre-
tation and correlation of seismic facies are used to de-
lineate Jurassic to Quaternary seismic stratigraphic
intervals, bounded by unconformities identified by
downlap, onlap, and toplap discontinuities. Several pre-
vious studies have shown that northern Tunisia has un-
dergone successive tectonic episodes. The Middle to
Late Triassic deposits, described in the northern Atlas
of Tunisia and particularly at the Triassic diapir zone,
fossilized an extensional event related to the Tethyan
rifting [e.g., Perthuisot 1978, Turki 1985, Adil 1993,
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Figure 1. (A) Location of the Thibar area in the Atlas Mountains of northern Tunisia. (B) Geological map of the study area, extracted from
1/50,000 geological maps of Beja [Beily et al. 1982], Oued Zarga [Banjanik and Beily et al. 1985], Teboursouk [Perthuisot 1978], Jendouba
[Ben Hadj Ali et al. 1994] and Bou Salem [Rouvier 1995]. This map shows the position of the Mej-1petroleum well and seismic lines (L1 and

L2) used in this study.

Chikhaoui 2002, Soussi 2003]. The rifting was contin-
ued during the Jurassic and Early Cretaceous, induc-
ing genesis of synclines, grabens and half-grabens
separated by horsts [e.g., Boukadi 1994, Ghanmi et al.
2000, Bédir et al. 2001, Melki et al. 2010]. During this
period, the El Alia-Teboursouk, Tunis-Ell¢s, and Za-
ghouan master faults (Figure 1A) controlled the distribu-
tion of sedimentation [e.g., Jauzein 1967, Zargouni 1977,
Perthuisot 1978, Turki 1985, Hammami 1999, Chikhaoui
2002, Ben Chelbi et al. 2006]. Compressional tectonic
episodes, which occurred during the Late Maastricht-
ian, the Middle and Late Eocene (Lutetian- Priabonian),
the Miocene (Tortonian and Langhian-Serravalian), and
Late Pliocene to Quaternary [e.g., Bouaziz et al. 2002,

El Euch et al. 2004, Zouaghi et al. 2005, Khomsi et al.
2006, Ould Bagga et al. 2006], have resulted in the for-
mation of NE-trending folds with reverse faulting.
These compressional events have been separated by
long extensional events during the Oligocene to Early
Miocene (Aquitanian) [e.g., Perthuisot 1978, Ben Ayed
1993]and the Late Miocene (Messinian) to Early Pliocene
[Melki et al. 2010, 2011]. The major compression during
the Miocene is considered to be part of the Alpine/At-
lasic Orogeny. In northern Tunisia, this compression
formed NE-trending folds associated with NW—trend-
ing faults with oblique slip [e.g., Rouvier 1977,
Zargouni 1977, Turki 1985, Ben Ayed 1993, Boukadi
and Bédir 1996, Bouaziz et al. 2002, Zouaghi et al. 2005,
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Mzali and Zouari 2006, Melki et al. 2010, Melki et al.
2011, Zouaghi et al. 2011]. Other studies in northern
Tunisia have highlighted the role of NE-SW, N-S, and
NW-SE trending faults that were active during the
Miocene [e.g., Burrolet 1956, Jauzein 1967, Ben Ayed
1993, Dlala 1995, Chihi and Philip 1998, Ghanmi et al.
2001, Bouaziz et al. 2002, Abdessalem Gharbi et al.
2005, Ben Mehrez et al. 2009, Amiri et al. 2011, Melki et
al. 2010, Zouaghi et al. 2011]. The Late Permian-Early
to Middle Triassic period of deformation was contem-
poraneous with the breakup of Pangea, characterized
through a general NE-SW rifting. During the Jurassic,
a N-S to NNW-SSE strong extension caused the dislo-
cation of the initial continental platform and develop-
ment of horsts and grabens, associated with subsiding
basins [e.g., Turki 1985, Ben Ayed 1993, Bédir et al. 1996,
Ghanmi et al. 2001, Bouaziz et al. 2002, Soussi 2003].
After a short Cretaceous (Aptian-Early Albian) trans-
pressional period, NE-SW to ENE-WSW trending
extensional events were marked during the Late Creta-
ceous, in relation with the general tectonic evolution
of the northeastern African plate [e.g., Ben Ayed 1993,
Ghanmi et al. 2001, Bouaziz et al. 2002, Ben Slama et al.
2009, Melki et al. 2010]. This period was accompanied
by the intensive halokinetic and magmatic activities
[e.g., Laaridhi-Ouazai 1994, Boukadi and Bédir 1996,
Zouaghi et al. 2005]. During Cenomanian times, a sec-
ond extensional event with ENE-WSW extension con-
tinued in the study area and has induced Triassic
extrusion. [e.g., Zargouni 1977, Ben Ayed 1993, Boukadi
1994, Bédir et al. 1996, Hammami 1999, Ghanmi et al.
2001, Bouaziz et al. 2002, El Ouardi 2002, El Euch et al.
2004]. The Late Cretaceous extensions evidenced in
Tunisia are characterized by a main near NE-SW com-
ponent and affected the whole northeastern African
margin, originating NW-SE to NNW-SSE striking
basins [e.g., Chikhaoui et al. 1998, Bouaziz et al. 2002,
El Euch et al. 2004]. North eastward, this extension ex-
tended only to northeastern Algeria [Bracéne and
Frizon de Lamotte 2002], whereas it was not reported
farther west in the Maghreb. From Cenomanian to
Early Maastrichtian times, the tectonic evolution in
Tunisia was characterized by the same regional NE—-
SW extension known eastward in the whole north-
eastern African plate. Tectonic inversions, in Tunisia,
was started at Late Maastrichtian-Paleocene, which
constitutes a first compressional event probably in re-
lation with the beginning of the Africa-Eurasia conver-
gence [e.g., Zargouni 1977, Ben Ayed 1993, Boukadi
and Bédir 1996, Guiraud 1998, Frizon de Lamotte et al.
2009, Aridhi et al. 2011, Zouaghi et al. 2011]. These
compressional tectonic events were continued to Late
Eocene [e.g., Perthuisot 1978, Turki 1985, Masrouhi et

al. 2008] were considered as the major phases of the in-
stallation of the halokinetic structures. The complete
inversion of the northwestern African continental mar-
gin was developed during the Miocene in relation with
a NW-SE compression achieved in Tunisia at the Late
Miocene Tortonian Atlasic phase [Rouvier 1977]. These
compressional phases with NW-SE directions of short-
ening are responsible for the folding of the Cretaceous
and Paleocene series. The N120E faults were reacti-
vated in dextral strike-slip, and the N45E faults were still
activated as reverse faults.

2. Geological setting

2.1. Lithostratigraphy

The Medjerda Valley-Thibar area is located in the
“zone des domes” dominated by NE-trending Triassic
outcrops [e.g., Burrolet 1956, Zargouni 1977, Perthuisot
1978, Ben Ayed 1993, Vila 1995, Chikhaoui et al. 1998].
In this area, Triassic outcrops are located on the south-
eastern side of the Medjerda Valley and on the south-
eastern side of the Khalled plain and are recognized in
the Mej-1 well (Figure 1B). The Triassic strata are gen-
erally consist of chaotic rocks including evaporites with
thin beds of clay, sand, and dolostone with some meta-
somatized basalt sills and dikes [e.g., Adil 1993, Kam-
moun et al. 2001, Bouaziz et al. 2002]. The Jurassic
strata, which outcrop at Jebel Sidi Abdelaziz, Jebel Tam-
rhoura, and Jebel Ahmar, consist of spotted limestone
and marl that are overlain by Lower Cretaceous black
marl and limestone interbedded with sandstone [e.g.,
Bajanik and Salaj 1970, Bouaziz et al. 1999, Bracene and
Frizon de Lamotte 2002, Soussi 2003]. The black marl
and limestone are overlain by Upper Cretaceous marl
and limestone, which are overlain by Paleocene marls,
followed by Eocene nummulitic limestones and
Oligocene sandy strata [e.g., Chikhaoui 2002, Masrouhi
et al. 2008, Ben Mehrez et al. 2009]. The Oligocene
strata are overlain by thick Miocene marl, shale and
sandstone, followed by Pliocene conglomerate and
Pliocene to Quaternary sandy clay [e.g., Solignac 1927,
Perthuisot 1978, Daly 1981, Chihi and Philip 1998].

2.2. Tectonic setting

The study area is subdivided into distinct domains
bounded by structural lineaments and major faults
(Figure 2). One important fault recognized in the study
zone is NE trending El Alia- Teboursouk master fault
(Figure 1). Thickness and facies variations of Creta-
ceous to Miocene strata (Figure 3) highlight the major
effects of this fault during this time [e.g., Bouaziz et al.
2002, Khomsi et al. 2006, Masrouhi et al. 2008, Frizon
de Lamotte et al. 2009, Melki et al. 2010, Aridhi et al.
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Figure 2. Structural map of the Thibar area at northern Tunisia, showing location of the main outcropping tectonic features (after Ben

Ayed [1986], modified).

2011, Melki et al. 2011]. In addition, distribution and
structuring of Upper Cretaceous strata (Cenomanian-
Early Campanian) highlight structural differentiation
into high and low domains with tilted blocks. Within
the study area, Triassic evaporites have tectonic contact
with Cretaceous strata at several locations, such as Jebel
Melah, Jebel El Koudoua Safra, and Jebel Matria (Fig-
ure 1B). On the northwestern side of Jebel Melah, a
NW-trending basin contains NW-dipping Miocene
strata that have tectonic contact with Triassic evapo-
rates (Figure 4, Section AA"). These Miocene strata are
capped by unconformities, above which lie Pliocene
strata. However, on the southeastern side of Jebel
Melah, the same Triassic evaporites have tectonic con-
tact with SE-dipping Lower Cretaceous (Barremian-
Aptian) marly limestones capped by an unconformity,
above which lie Pliocene strata. At Jebel El Koudoua
Safra (south of Jebel Melah), Cretaceous (Aptian) car-
bonate beds are affected by several minor faults sealed
by Cretaceous (Albian) clay. These N30E-N40E trend-
ing normal minor faults reveal an extensional tectonic
phase that induced the tilting of blocks during the Al-
bian. Moreover, previous authors have proposed the ini-
tiation of halokinesis in the Atlas Mountains during this
period [e.g., Jauzein 1967, Zargouni 1977, Adil 1993,
Vila et al. 1994, El Ouardi and Turki 1995, Ghanmi et al.
2001, Ben Slama et al. 2009]. At the Jebel Matria area
unconformity is marked by a direct contact of Triassic
evaporites with Cretaceous (Aptian) strata (Figure 4,
Section BB'). The Aptian strata are overlain by Albian to
Paleocene strata, all of which dip towards the north-

west. Marls of the Paleocene El Haria Formation are
capped by an unconformity (Figure 3). In the Jebel
Rhédir El Kelba area (Figure 4, Section CC"), that con-
stitutes the southern part of the Thibar structure, Tri-
assic anticline structures are separated by synclines
filled by Neogene deposits at the northwestern part of
the section, and Cretaceous deposits of Goraa syncline
at the southeastern part.

3. Data and methods

This study is based on the gravity processing and
2D seismic interpretation in order to establish 2D geo-
metric model for the Triassic structures of the Med-
jerda Valley plain area. The gravity data were acquired
by the Office National des Mines (ONM) of Tunisia
with a grid of one station per km?. They were gridded
at a spacing of 0.5 km using a minimum curvature tech-
nique [Briggs 1974] and contoured at a 1 mGal interval
to map the complete Bouguer gravity anomaly. The ac-
quired data include the responses of deep structures
and enable calculations of a residual gravity anomaly,
which should be distinguished from a regional back-
ground gravity anomaly. The horizontal gradient tech-
niques coupled with the upward continued maps [e.g.,
Everaerts and Mansy 2001, Khattach et al. 2004, Vanié
et al. 2005, Ayed et al. 2006, Ayed-Khaled et al. 2012]
show density contrasts and provide information allow-
ing to delineate geological units [Cordell and Grauch
1982, Blakely and Simpson 1986]. The effects of high
wave lengths were assessed from upward continued
maps at altitudes of 3 km, 5 km, 10 km, and 20 km. The
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Figure 3. Lithostratigraphic correlation of the Mej-1 well and Mesozoic and Cenozoic outcropping strata, showing thickness and facies vari-

ations and subsidence inversions related to tectonic deformations in the Thibar area.

Triassic outcrop patterns were digitized using a
1/50,000 scale map and superimposed on the contours
of the complete Bouguer gravity map.

In order to accentuate the shallow source anom-
alies, a continuation filtering process was applied which
is designed lead to a separation of long wavelength anom-
alies from short wavelength ones. In this study, the sep-
aration of regional and residual anomalies constitutes
an essential part of potential field interpretation [Blakely
1996]. The present case study regional component
[Blakely and Simpson 1986] was computed through up-
ward continuing the Bouguer gravity grid to 20 km. It
is relevant to indicate that for higher continuation lev-
els, the extracted map shape is almost unchanged.
Thus, the residual gravity map was computed by sub-
tracting the regional grid from the Bouguer gravity grid
in order to enhance the short wavelength features that
usually correspond to shallow elements of geology. In

order to determine gravimetric lineaments, the map of
maxima of horizontal gradient was established. The
Euler Deconvolution was generated to determine the
location and the depth of the sources. A quantitative
approach of 2D modeling aims to deduce geometry of
the Triassic bodies in the Medjerda plain.

The 2D seismic lines were acquired by Carthago Oil
Company, and were donated to the authors by the ETAP
petroleum company of Tunisia (Entreprise Tunisienne
d’Activités Pétrolieres). 2D-seismic profiles were cali-
brated using time-depth conversion of lithologic data
from the Mej-1 petroleum well. This well was drilled at
the western part of study area and it encountered Trias-
sic evaporites beneath Pliocene and Quaternary strata in
the Medjerda plain (Figure 1).The gravity and 2D seis-
mic data were used to identify geological structures.
Seismic horizons allowed the recognition of seismic
stratigraphic units bounded by major unconformities
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identified by downlap, onlap, and toplap surfaces.

The seismic study was completed by a quantitative
approach of 2D gravity modelling, which is constrained
to deduce geometry of the Triassic bodies in the Med-
jerda plain.
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Figure 5. Complete Bouguer gravity anomaly map of the Thibar
area (northern Tunisian Atlas).

4. Gravity study

The gravity data used in this study cover the
1/50,000 scale geological maps of Beja [Beily et al. 1982],
Oued Zarga [Banjanik and Biely et al. 1985], Tebour-
souk [Perthuisot 1978], Jendouba [Ben Hadj Ali et al.
1994] and Bou Salem [Rouvier 1995]. Products derived
from the gravity data include a complete Bouguer grav-
ity anomaly map (Figure 5), a regional anomaly map
(Figure 6), a residual gravity anomaly map (Figure 7), a
map of maxima of the horizontal gravity gradient (Fig-
ure 8A) and Euler Deconvolution (Figure 8B). On the
Bouguer gravity anomaly map (Figure 5), the isoanom-
aly curve varies from —13.29 mGal to the southest to
12.07 mGal to the east and the west. Positive anomalies
are located in the eastern, western and southern parts
of the map. The most important anomaly is slightly to
the east, and corresponds to Jurassic outcrops of Jebel
Tamrhoura (Figure 5). At the southeast, a positive
anomaly distinguishable by high amplitude coincides
with Tabet Cherif syncline; at the southwest, a positive
anomaly coincides with Triassic and Cretaceous out-
crops of Jebel Zitoun-Jebel Mahdi (the southern part of
the Thibar structure), Jebel Argoub Naoua, and Jebel
Sta Boubakrer (Figures 1B and 5). The maximum am-
plitude occurs over outcrops of Lower Cretaceous
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Figure 6. Upward continuation maps
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limestone and marl, which are characterized by signifi-
cantly high density values (Figure 5). Negative anom-
alies are located mainly at the south, corresponding to
the Khalled plain and at the west, corresponding to the
Medjerda plain (Figure 5). These negative anomalies in-
dicate that all this area is covered by the unconsolidated
Quaternary sediments of the Medjerda River (Figure
1B). The Bouguer gravity anomaly map highlights a
variable response of the Triassic strata (Figure 5). The
northern part of the Triassic outcrop at Thibar cannot
be characterized by a particular signal (Figures 1B and
5), and it occupies a zone of transition between two
fields of positive and negative amplitude. In contrast,
the southern part expresses strong positive response at
Jebel Zitoun, and a slightly negative response at Jebel
Rhédir el Kelba (Figures 1B and 5). This variety of grav-
ity responses can be explained by the influence of struc-
tures neighbouring of the Triassic outcrops.

The observed complete Bouguer anomalies pres-
ent the effect of all density heterogeneities under the
topographic surface. To determine deeper structures
associated to Triassic bodies, we must remove the re-
gional gravity anomaly that highlights the effect of
deeper densities contrast. Thus, we use the decompo-
sition of Bouguer anomalies on regional and residual
anomalies, based on the upward continuation method
that classifies the sources according to their depth; su-
perficial and deep sources [Jacobsen 1987, Blakely 1996,
Jacoby and Smildes 2009]. The regional anomalies of
study zone are defined as the upward continued field
to 20 km (Figure 6A). The gravity values decrease to-
wards the SE (Figure 6B); these are certainly in relation
with deep crustal structure.

The residual gravity anomaly map displays shorter
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Figure 7. Residual gravity anomaly map of the Thibar area (north-
ern Tunisian Atlas).

wavelength anomalies with values ranging between
—7.21 and 15.88 mGal (Figure 7). The northern part of
the Thibar structure occupies already a transition zone
between positive and negative anomalies. High ampli-
tude maxima are located in the eastern and southwest-
ern parts of the map, and they occur over Jurassic
deposits at Jebel Tamrhoura, over Triassic and Lower
Cretaceous outcrops at Jebel Zitoun and Jebel Mahdi
(Figure 7). In contrast, NE-trending curves indicate a
gravity gradient decreasing laterally towards the north-
western and the southeastern parts of the study area,
superimposed respectively on Neogene deposits and
the Khalled and Gaafour plains (Figure 7).

Maxima of the horizontal gravity gradient reveals
a variety of thin but stretched out alignments, the most
significant of which is surrounding the Triassic out-
crops (Figure 8A). Thus, there is tentative evidence that
these maxima of the horizontal gravity gradient might
reflect lateral density contrast between the Triassic
evaporite strata and the surrounding rocks. In the max-
ima map of the horizontal gravity gradient, the major
NE- and NW- trending features correspond to regional
faults (Figure 8A). This map also shows NE- and NW-
trending features that delimit the Thibar Triassic out-
crop to NW and SE (Figure 8A).

Figure 8B presents Euler solutions obtained for a
structural index of 0.25, a window size of 11Xx11 cells
and tolerance of 10. The colored dots show the source
edges, and each color is in relation to one of the esti-
mated depths which are spread out in eight ranges. In
the Beja area, the solutions indicate the presence of
deep geological structures. The eastern part of study
area shows major E-W- trending features that delimit
the region of Tamrhoura (Figure 8B). At the western
part, the Medjerda valley domain is limited by an im-
portant and deep E-W and NW-SE fault system. In the
other hand, the north part of Thibar Triassic structure
highlights a NNW oriented aligned solution which ex-
presses a fault system in the same direction (Figure 8B).
In the southwestern part of the study area, a positive
anomaly is bordered to the north by aligned solutions
corresponding to the northern limit of the Triassic out-
crop of Jebel Mahdi (Figure 8B). The Triassic body of
Fej El Hdoum is limited by a NS fault system marked by
the alignment of solutions (Figure 8B).

The cumulative lineament map (Figure 8C) is ob-
tained by superposition of lineaments that are evi-
denced by different Gravity component maps. This map
reveals the existence of NE-SW and NW-SE major lin-
eaments bordering the Triassic structures of Thibar- Jbel
Mahdi- Jbel Zitoun. In the central-western part of the
map, two NE-SW lineaments were detected and lim-
ited the Triassic outcrop of Jbel Rharmouria (Figure 8C).
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Figure 8. (A) Maxima of the horizontal gravity gradient map; (B) Euler deconvolution map superimposed on residual gravity map. The so-
lutions were found using a structural index of 0.25; (C) Structural map showing lineaments deduced from gravity analysis.

To the southeastern part, a NS fault system limits the
Triassic outcrop of Fej El Hdoum to the east. The fre-
quent E-W, NW-SE and N-§ direction has an important
role in the geometry of the study zone (Figure 8C).
These faults limit the Bou Salem plain to the north-
western part of the map and Triassic structures in the
south part.

5. 2D seismic analysis

The seismic line L1 crosses the Medjerda Valley
longitudinally from northeast to southwest (Figure 1B).
Analysis of seismic reflection profile L1 shows asym-
metric synclines and half-grabens that are bounded by
uplifted structures and by cross-cutting faults trending
NW (Figure 9). Variations of strata thicknesses are no-
table, and there is a stratigraphic gap between Triassic
strata and overlying Jurassic, Cretaceous and Tertiary
strata. On the western flank of the grabens, Upper Cre-

taceous (Campanian-Maastrichtian) and Paleocene-
Eocene seismic reflectors structures are bounded by an
angular unconformity on the uplifted flank to the west
and on the salifereous outpouring to the east (Figure 9).

The seismic profile L2 crosses the Medjerda Valley
transversally from northwest to southeast (Figure 1B).
This seismic line shows the NE-trending folds and as-
sociated reverse faults. The NE-trending Jendouba fault
(Figure 10), which borders the Medjerda Valley to the
NW, displays reverse movement. The geometry of other
major faults and folds also argue for reverse faulting, as
well as folding by shortening (Figure 10). The borders
of the depocenters are marked by a chaotic seismic fa-
cies, which correspond probably to Triassic evaporites
(Figure 10).

On the two seismic lines (L.1 and L.2), the Neogene
strata display great variation of seismic facies and wide
hiatuses on the tops of paleohighs. The subsiding zones
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Figure 9. Interpreted seismic line L1 across the Medjerda Valley Plain (location shown in Figure 1), illustrating distribution of the Mesozoic
and Cenozoic strata depositions and their relation with the NW-trending faults and associated Triassic evaporites.

show thick deposits that thin and pinch out laterally on
the margins of the basins (Figures 9 and 10). The seis-
mic lines L1 and L2 reveal a tectonic contact between
the Triassic evaporates and the Jurassic and Cretaceous
strata (Figures 9 and 10). Outcropping Jurassic strata
show a thinning near Triassic diapiric structures [Bis-
muth et al. 1981]. The Early Cretaceous strata also
show a reduction of thickness near the Triassic evapor-
ites (Figure 9). In the depocenters, the Triassic evapor-
ites have a contact with Jurassic, Early Cretaceous,
Upper Cretaceous, Cenozoic, and Quaternary deposits.
Correlation of seismic reflectors shows an Upper Cre-
taceous layer below the Triassic evaporites of the Med-
jerda Valley plain (Figure 9). The boundary between the
Triassic evaporites and the Upper Cretaceous strata is
marked by a change of the seismic facies. The Triassic
deposits are represented by chaotic reflections. The
seismic facies shows the allochtonous character of the
Triassic deposits, few kilometres away from the high di-
apiric structure (Figures 9 and 10). The Triassic strata
are concordant with the underlying Upper Cretaceous
strata. Moreover, the geometry observed on the two

NW

Jendouba fault Bou Salem Plain Domain

Pliocene

Miocene

Triassic

Late Cretaceous

TWT (sec)

Early Cretaceous

Jurassic

seismic lines highlights a sedimentary instability as-
cribable to a pre-existent slope and a stratigraphic po-
larity on both sides of the Thibar and neighboring high
structures (Figures 9 and 10). The subsurface data re-
veal that a blade of Triassic evaporites is overlain by an
unconformity, above which lies Upper Cretaceous and
Eocene strata.

6. Gravity forward modelling

While the seismic profiles have revealed the pres-
ence of 2D geometries of the Triassic evaporite struc-
tures at northern Tunisia, informations about their
density, lithology and thickness is needed to establish
an integrated geological model based on outcrop and
geophysical data (Figure 11).

The GM-SIS software has been used for modelling
of gravity data (Figure 11). In our case, interpretation
of the observed gravity anomaly is constrained by ge-
ological observations (outcrops and well data) to de-
termine lithologies and limits of the sedimentary
layers. To constrain the model, the sedimentary strata
were subdivided into different units based on their rock
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Figure 10. Interpreted seismic line L2 across the Medjerda Valley Plain (location shown in Figure 1), illustrating distribution of the Meso-
zoic and Cenozoic strata and their relation with the NE—trending faults, E-W faults, and associated Triassic evaporites.
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type (Figure 3). Average values of densities used in this
study have been derived and estimated from published
studies and from ONM (National office of Mines of
Tunisia) (Table 1).

In the present study, the 2D gravity modelling
along NW-SE seismic profile (1.2) (Figure 11) highlights
diapiric structures models with a lateral outpouring,
emphasized at the center of the Medjerda Valley plain.
To the NW part, a Triassic structure (2.51 g/ cm?) shows
anomaly of 6 mGal and to the SE part, the model indi-
cate a diapiric Triassic structure with lateral outpour-
ing and reveals anomaly (1 mGal to 6 mGal) (Figure 11).
The average value of the density corresponds to the
Triassic evaporites of northern Tunisia, which outcrops
as extrusion structures of gypsum, clay, marl, dolomite
and sandstone, with occasional fossiliferous carbonate
levels. In this model, diapiric bodies were surrounded
by thick layers of Cenozoic sediments; at depth, Trias-
sic bodies are surrounded by the Jurassic dense series
(2.6 g/cm?) and Cretaceous (2.32 g/cm? for Barly cre-
taceous series to 2.35 g/cm? for Late Cretaceous).

7. Discussion

Structural and stratigraphic observations carried
out on seismic sections crossing the Medjerda Valley
and surrounding areas show a diapiric original struc-
ture associated with lateral outpouring of Triassic evap-
orites, which could be related to the “salt glacier”
mechanism. Several hiatuses near Triassic evaporite
outcrops at the northern Atlas Mountains suggest that
sediment accumulation and erosion were controlled by
tectonic and halokinetic movement (Figures 9 and 10).
The reactivation of the deep basement faults caused

Lithostratigraphic Density
series (g/cm?)
Quaternary 2.15
Pliocene 2.1
Miocene 2.35
Eocene 2.4
Late Cretaceous 2.35
Early Cretaceous 2.32
Jurassic 2.6
Triassic 2.51

Table 1. Average density for different lithostratigraphic series in the
Thibar area.

Triassic evaporite movement and rising along faulted
border of basins from the Jurassic rifting. The thinning
of Jurassic strata on the flanks of Triassic diapirs could
indicate a pillow stage that was recorded at the central
and southern Atlas of Tunisia by other authors [e.g.,
Chikhaoui et al. 1998, Hlaiem 1998, Hammami 1999,
Bédir et al. 2001, Zouaghi et al. 2005, Melki et al. 2010,
Zouaghi et al. 2013]. Halokinesis seems to have con-
tinued as domes and diapirs during the Cretaceous ex-
tensional tectonic events [e.g., Perthuisot 1978, El
Ouardi and Turki 1995, Hammami 1999, Jallouli and
Mickus 2000]. Strata show a reduction of thickness near
the Triassic evaporates. The thickness reductions of the
Jurassic deposits associated with onlap and toplap struc-
tures on the sides of the Triassic bodies, and the blades
enclosed within the Upper Cretaceous series (Figure
10), lead us to deduce an old rising since the Jurassic pe-
riods (Figures 9 and 10). The geometry of the Thibar
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Figure 11. Two dimensional model (2D) along NW-SE section in the Medjerda Valley Plain, showing a diapir Triassic structure with lateral

outpouring at the center of the basin.
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“salt glacier” structure and their sedimentary contacts
far from the main diapiric source, could be related to
their underwater spreading out at the Late Cretaceous
(Figures 9 and 10). This extensional period seems to
have induced subsidence, as shown by thickness
changes within depocenters and locally accompanied
by volcanic extrusions. The Late Eocene tectonic event
is expressed on the studied seismic lines by a clear dis-
cordance of Eocene series on the Late Cretaceous
(Abiod Formation) (Figure 10). This shortening phase
generated the Atlasic structures, among them the
Thibar diapiric anticline. Based on the classifications
proposed by several studies [e.g., Wu et al. 1990, Diegel
etal. 1995, Hudec et al. 1995, Zouaghi et al. 2013], out-
pouring of the Thibar Triassic material shows uniform
wall of age and therefore it is considered as a simple
spreading. The effect of the Atlasic compression is high-
lighted by the Oligocene angular unconformity on the
Paleocene marls showing the gap of the Eocene (Figure
4, Section BB').

8. Conclusions

Study of the Thibar evaporite structure and neigh-
bouring structures of the Medjerda Valley plain integrates
surface and subsurface data to explain salt tectonics of
the northern Atlas Mountains of Tunisia.

Based on gravimetric data, the northern part of
the Thibar Triassic structure occupies a transitional po-
sition between positive and negative anomalies, whereas
the southern part of the structure is expressed by a pos-
itive anomaly of high amplitude corresponding to the
Jebel Mahdi-Jebel Zitoun diapiric outcrop. These results
are confirmed by the residual anomalies map. The hor-
izontal gradient and upward continued maps show that
the Thibar Triassic body is limited by maxima of hori-
zontal gradient trending NE, indicating the abrupt
change of density between the Triassic evaporites and
the adjacent strata.

Analysis of seismic sections documents several NW-—
trending faults, in addition to the NE- trending major
structures that delimit highs and asymmetric subsiding
lows. At the center of the basin, seismic facies shows
outpouring of the Triassic deposits away from the high
diapiric structure. The identified geometry highlights a
sedimentary instability related to a pre-existent geom-
etry. The blade of Triassic evaporites is overlain by a
major unconformity, above which lies Upper Creta-
ceous and Eocene strata.

The presented study emphasizes how 2D seismic
lines and gravity surveys can be employed, integrated,
jointly processed and modelled in 2D to characterize
the subsurface in complex Triassic setting. The geo-
physical model highlights the presences of diapiric
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structures that produce positive anomalies and are fol-
lowed by lateral outpouring at the center of the basin.
Our work in the North African Atlas domain con-
sequently suggests the existence of several models for
the Triassic evaporites. From this study, we deduce salt
pillows represented by high Triassic salifereous associ-
ated with Jurassic thickness variations, sealed domes
and exposed diapirs during the Lower Cretaceous as-
sociated with salt outpouring during the Late Creta-
ceous and the Paleogene. The Triassic rising is generally
controlled by extensional regime; the inverted struc-
tures are related to the local or regional compressional
stresses recognized at the North African margin.
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