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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

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

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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