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Abstract—The purpose of this paper is to characterize the configuration of northern Tunisia’s basin during the
Cretaceous on the basis of abundant slump folds and frequent synsedimentary faults. The slump folds are stud-
ied to determine the slumps transport vergence on the synsedimentary submarine paleoslope. The local and
regional stress field is used to characterize the syn-sedimentary deformation. During Valanginian–Aptian times,
the basin is characterized by southward submarine slope. From Albian to Santonian times, the slump folds anal-
ysis provides NNW- to NW-ward sloping topography. The fault kinematic analysis reveals regional NW- to
NNW-trending Cretaceous tectonic extension. Locally, NE- to N-trending extension is characterized. Pertur-
bation of paleoslope orientation is locally observed probably related to salt tectonics hyperactive during Aptian–
Albian. The constructed regional cross-section shows a tilted block geometry governed by major basement faults
associated to other intra-basin growth faults. The basin shows ±5° seaward facing submarine paleoslope. In
addition, some structures are probably dominated by raft tectonics. All these features are fairly consistent with
the conclusion that the basin is very similar to the present-day Atlantic-type passive margins.
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INTRODUCTION
Submarine slumping is considered to be the most

common feature of large-scale gravity-driven sedi-
ment deformations. This deformation feature can
result from the interplay of instabilities related to slope
failure, rheology changes, and sediment layering.
Commonly, soft sediment deformations are recog-
nized particularly in rifts and passive margins contexts
[2–4, 6, 29, 92, 96, 101]. During and/or after sedi-
mentation, non-cohesive or poorly lithified sediments
are translated along the slope (usually from the conti-
nental shelf to the basin) to generate a wide range of
gravity driven structures in successive depositional
events. That is why the investigation made on the
genetic relationship between the slope attitude and the
triggered slumping was the subject of lengthy debates
[6, 23, 51, 52, 92, 93, 99, 101].

Generally, these investigations made on soft-sedi-
ment slump sheets perceive them as gravity driven
cells, which systematically reflect downslope orienta-
tion. Hence, the examination of slump folds yields

a potential opportunity to drawback many meaningful
structural interpretations and paleogeographic recon-
structions [23, 52, 93, 101].

Many techniques have been designed to determine
the paleoslope dip direction from slump sheets. These
techniques are based on the systematic relationship
with slope attitude upon which they were primarily
triggered. The mean axis method (MAM) was the first
approach applying this idea. Jones [51, 52] suggested
this method, which received the greatest application.
This method is based on the assumption that the mean
slump fold axis seems to be normal to the f low orien-
tation. More recently, the study of soft-sediment
deformations received more and more attention and
other techniques have been described to infer
paleoslope vergence from the analysis of slumped sed-
iments [5, 6, 18, 24, 99‒101]. These techniques use
various slump folds components including the fold
axis, the axial plane, and the interlimb angle [2].

Northern Tunisia includes numerous localities that
expose abundant soft-sediment deformation features
85
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Fig. 1. Tectonic map of northern Tunisian Atlas system with the geological map of the study area (after [39], modified). The inset
on the top left (a) shows the location of Tunisia in North Africa; Blue rectangles into the inset (b) indicate the boundaries of the
1 : 50000 geological maps in northwestern Tunisia subject of this study, with: 38: Ouergha [36]; 39: Nebeur [41]; 44: Le Kef [37];
45: Les Salines [40]; 53: Makthar [38]; 46: Siliana [42]; 47: Jebel Bargou [43] and 54: Jebel Serj geologic map areas.
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and exceptional Cretaceous slump-sheet horizons
(Fig. 1). The genesis of this latter is crucially related to
the geological evolution of the southern Tethyan rifted
continental margin. Soft-sediment deformations struc-
tures remain insufficiently characterized or even
unstudied in the aforementioned area, and the basin
geometry and its evolution are still debated.

Various are the purposes behind this present paper.
To begin with, the fundamental aim is to apply the
paleoslope determination approach from slump folds
to the North African passive paleomargin. Another
important goal is to determine the tectonic regime
during Cretaceous from fault kinematic analysis. This
study is based on lithostratigraphic correlations which
allow the assessment of facies and thickness variations
along the study area.

This paper is an extension of the previous synthetic
work that allowed documenting the connection
between the slump folds and the basin’ submarine
paleoslope [74, 75]. The present contribution aims to
enlarge the area of investigation throughout the north
Tunisian Atlassic domain.

The present work introduces some other new tech-
niques. In addition to the previous purposes, this study
intent is to combine all obtained datasets from various
approaches to drawback the structural configuration
of the north Tunisian basin during the Cretaceous in
relationship with the evolution of the Tethyan passive
paleomargin.

GEOLOGICAL SETTING
Meso-Cenozoic Structural Evolution 

of Northern Tunisia

The Atlas chain extending from the western Atlan-
tic coasts of Morocco to the eastern coasts of Tunisia
represents a part of the Alpine chain of Africa. The
northern Tunisian domain corresponds here to the
northeastern part of the southwest-northeast trending
Atlas fold and thrust belt system (Fig. 1). This chain is
formed during the Cenozoic Alpine orogeny associ-
GEOTECTONICS  Vol. 56  No. 1  2022



ATLANTIC-TYPE PASSIVE MARGIN STRUCTURAL STYLE 87
ated with Africa and Eurasia convergence [15, 30, 44,
55, 59]. In Tunisia, the northern Atlas system is usu-
ally divided into two structural units [32, 63, 77, 98]
(Fig. 1):

— the first unit, to the North, is known as the
southeastward Teboursouk thrust unit and located in
the Tunisian part of the northeastern Maghreb salt
province. It exhibits thick Aptian‒Albian deposits dis-
turbed by abundant outcropping salt structures;

— the second unit corresponds to the Zag-
houan‒Ressass thrust unit, bounded to the south by
the present-day Zaghouan thrust fault. This latter has
been described during Cretaceous as a major paleo-
geographic structure separating the northern deep
basin from the southern shallow zone [43, 54, 95].

The Mezo‒Cenozoic tectono-sedimentary evolu-
tion in Tunisia shows two main periods of deforma-
tion. The first one corresponds to the Tethyan and the
Atlantic oceans opening. This stage, from rifting to
passive continental margin, was initiated approxi-
mately during Late Triassic‒Early Jurassic and per-
sists until the Early Cretaceous [31, 45, 79]. It was
responsible for the setting-up of Triassic basin largely
filled with evaporitic deposits across the major part of
Tunisia [53, 91]. As a result, during Jurassic and Early
Cretaceous, a major extensional regime prevailed and
was accompanied in some northern Tunisian localities
with volcanic and halokinetic activities [7, 10, 17, 47,
68, 91]. From Early to Middle Albian seems to coincide
with the final stage of the Atlantic Ocean opening [46].
During Aptian–Albian, the basin underwent rapid
extension [67, 74]. Thus, numerous Cretaceous salt
movements attest of the more intense, mixed thick-
and thin-skinned extension [7]. Concomitantly, the
major syn-sedimentary faulting draws a general tilted
blocks configuration controlling the irregular sea-
floor [47, 75, 87, 90]. These blocks are characterized
by high sedimentation rate, ample slumps folding and
abundant syn-tectonic sequences [46, 47, 60, 75].
Unlikely, the Late Cretaceous period is perceived
here as a post-rift stage since it is mainly dominated
by homogenous carbonate and open marine shale
facies [85]. Following this Mesozoic rifting, the sec-
ond main phase, due to African/Eurasian plate’s con-
vergence, induces the closure of the Tethys seaway [15,
26, 44]. Subsequently, two major compressional tec-
tonic events seem to be recorded in Tunisia from Late
Cretaceous to present-day time [54‒56, 62]:

— the first event corresponds to the Atlassic com-
pressional event which led to the closure of several
Mesozoic basins during the middle to late Eocene;

— the second event is correlated to the middle
Miocene Alpine compression and represents the
major orogenic contractional event in Tunisia.

The second tectonic event is considered to be a key
factor for the establishment of the present-day NE-
trending complex northern Tunisia orogen [35, 56, 67].
It is also important to note that the Alpine compression
GEOTECTONICS  Vol. 56  No. 1  2022
is recognized to be still active until present-day time
[11, 34].

Cretaceous Lithostratigraphy of Northern Tunisia
and Correlation of the Studied Sections

In northern Tunisia, the Jebel Oust locality situ-
ated a few kilometers to the north of the Zaghouan
town, is considered to be the reference type-section of
Early Cretaceous basin sequences [13, 75, 90] (Fig. 1).
In fact, this locality exposes Berriasian‒Aptian basin
series which are estimated to reach more than 2500 m-
thick. The Tithonian‒Berriasian marly series is
mainly composed of mud and debris f low deposits
succeeded by thin-bedded siltstones and sandstones.
The Valanginian deposits, usually referred to as the
Seroula Formation [88], are mainly consisted of silici-
clastic turbidites and slumped quartzite beds overlain
by the Hauterivian series. The latter are made up of
mixed shelf sequences topped by siliciclastic and car-
bonate storm deposits with marls suggesting a platform
facies. The Hauterivian sequences are covered by the
Barremian series, which began with mixed tempestites
and slumped sandstone horizons. The upper Barremian
unit is marked by large black shales sequences [88]. In
the same locality, the Aptian–Early Albian deposi-
tion, with black marls and limestones, is believed to
have occurred under deeper water. The Hauterivian–
Aptian deposition in Tunisia is attributed to the
M’cherga Formation [19]. In northern Tunisia, the
Albian‒Cenomanian Fahdene Formation is made of
deep-water facies [19]. These sequences expose gray to
black marls alternating with abundant metric to deca-
metric limestone beds. Over the Fahdene Formation,
rest thinly laminated organic rich black shales; these
are defined as the Uppermost Cenomanian‒Early
Turonian aged Bahloul horizon [19, 88]. On top of this
reference horizon lie gray shale and marls alternating
with micritic limestone beds, all affiliated to the
Aleg/Kef Formation defined as Turonian–Early
Campanian [19]. This formation is topped by the Late
Campanian–Early Maastrichtian Abiod Formation,
which is essentially composed of two fine-grained
limestone bars intercalated by marl-limestone alterna-
tions. All are overlain by the Maastrichtian‒Paleo-
cene-aged El Haria Formation.

During Late Cretaceous, the siliciclastic and detri-
tal deposits are well restricted and the sedimentation
becomes more and more uniform with pelagic to
hemi-pelagic sequences. As a result, Late Cretaceous
sequences show highly homogeneous facies distribu-
tion composed of marls associated with white lime-
stone beds [13].

An 85-km-long correlation of the Late Cretaceous
series of northwestern Tunisia is drawn from the Jebel
Ballouta-Serj-Bargou area in the southeast, to the
Nebeur‒Mellegue area to the northwest (Fig. 2). It is
based on existent lithostratigraphic sections collected
from previous works that are slightly modified in the
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Fig. 2. Lithostratigraphic correlation of Late Cretaceous series of El Kef–Siliana area. The inset in the midst shows the location
of measured sections.
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current study. This lithostratigraphic correlation shows
no significant facies variation but it sheds light on a con-
siderable thickness change. The Zaafrana and Nebeur
sections belonging to the Kef basin show thick Ceno-
manian‒Maastrichtian sequences compared to the Bled
Doghra restricted section. Similarly, the Serj-Bargou
section seems to be a depocenter with high rate of sedi-
mentation during Late Cretaceous times. In addition to
the thickness variation, the measured sections highly
exhibit abundant nodule reworking, numerous slump
sheets, olistholites blocks and conglomeratic layers.

APPROACH AND METHODOLOGY

The tectono-sedimentary architecture of the North
Tunisian basin is interrelated to the structural evolu-
tion of the Tethyan margin. Thus, our study is based
on slump transport determination and kinematic anal-
ysis of fault datasets that exhibit main information
about the brittle and hydroplastic deformations related
to the basin expansion during Cretaceous times.

Accurate field sections, numerous slump folds and
fault populations were measured. Field datasets were
processed with different software. For plotting and
analysis of slump and fault datasets, Stereonet 9 and
Win-Tensor software were used [1, 25]. The data out
draft and design were made using the Canvas drawing
software. Field work focused on the slump folds,
which allow the orientation drawback of the syn-dep-
ositional slope, and the syn-sedimentary faults, which
yield significant information related to the original
tectonic regime.
GEOTECTONICS  Vol. 56  No. 1  2022



ATLANTIC-TYPE PASSIVE MARGIN STRUCTURAL STYLE 89
The fault kinematic analysis method was mobilized
to quantify the brittle deformation. Such analysis
permits the quantitative restoration of paleostresses
which yield significant information on the exten-
sional, compressional or strike-slip origin of
deformed structures [80]. The paleostress regimes
were reconstituted in the light of the analysis of meso-
scale fault slip data sets. These sets are collected in the
field and include the fault plane dip and direction, and
measurement of the associated striae. The syn-sedi-
mentary fault populations have been specifically sur-
veyed, because they directly provide the date of the
tectonic event. In some cases, the measured fault mir-
rors have, not only one set of striation. In such case,
distinct striae populations have been distinguished
based on structural arguments using the relative
chronological record (crosscutting relationships). The
numerical processing of fault populations was made
according to the Right Dihedron method and the
Optimum methods [8, 25, 94]. These methods allow
the reconstitution of reduced stress tensor, i.e. the
directions of principal stresses (σ1 ≥ σ2 ≥ σ3), and the
stress ratio R = (σ2–σ3/σ1–σ3). As a result, we can
deduce three tectonic regimes, which can be distin-
guished in regard to the vertical principal stress, i.e.
extensional tectonic regime is outlined by vertical σ1,
compressional regime is given by vertical σ3 and
strike-slip regime is characterized by vertical σ2.
Accordingly, this calculated stress tensor reveals evi-
dence of a local state of stress. In order to reconstruct
the original stress tensors, fault datasets need to be
rotated to their horizontal orientation. The study area
exposes abundant faults showing well-preserved tec-
tonic indicators in which fault movement and type are
well expressed on fault mirrors. Thus, to optimize the
structural interpretation, a significant number of stri-
ated fault populations ranging from Albian to Santo-
nian age, is processed.

The orientations of slump folds have been regarded
to be tightly correlated with the submarine paleoslope
dip direction (Figs. 3a, 3b). Therefore, several tech-
niques allowing the determination of the paleoslope ori-
entation from slumps distribution have been already
developed. Jones [51, 52] was the first to apply the struc-
tural relationship between slumps folds and paleoslope
attitude. Recently, other studies have described a variety
of statistical techniques to determine the syn-deposi-
tional slope orientation from these gravity driven slump
sheets [2‒6, 18, 23, 24, 92, 93, 99‒101]. Our approach
is to conduct a rigorous paleoslope reconstitution by
means of two methods (Fig. 3c):

— Mean Axis Method (MAM);
— Axial-Planar Method (APM).

The Mean-Axis Method (MAM)

The MAM, originally established by Jones [51, 52]
and updated by Woodcock [100], assumes that slumps
GEOTECTONICS  Vol. 56  No. 1  2022
fold axes are systematically parallel to the paleoslope
and normal (perpendicular) to the f low of slump
sheet. Consequently, this method yields two diametri-
cally opposed transport directions (Fig. 3c). The most
probable direction is usually defined by geologist on
the basis of the regional consideration and field checks
(paleogeography, probable deepening of the basin,
vergence of the folds, shear features). These slump
folds data, or at least the obtained paleoslope orienta-
tion, needs to be restored to their original direction
before folding, by removing the subsequent compres-
sional tectonics.

One disadvantage of the MAM is that it is statisti-
cally vigorous as it is founded on the mean of slump
fold measurement data. The main deficiency of the
MAM is that it does not consider the downslopes
where fold axes are driven parallel or oblique with
respect to the f low orientation [51, 52, 101].

The Axial Planar Method (APM)
The Axial Planar Method (APM) is based on the

fold axial surfaces (in use as planes) that provide
meaningful kinematic evidences in analogy to fold
axes [99, 100]. According to the APM, poles to axial
planes tend to align in a great circle around the mean
fold axis (Fig. 3c). Subsequently, the best-fit girdle
strike to these poles gives a bidirectional estimation of
the slumps sheet direction [3, 100]. In addition, the
vergence of the mean axial plane considering the gen-
eral slumps f low direction is used to infer the syn-dep-
ositional slope dip direction [100]. These methods are
considered to be the most suitable to our study area,
where layer-parallel shear was dominated and little
sub-sequent fold rotation has induced.

SYNSEDIMENTARY FAULTING ANALYSIS 
(EL-KEF AND SILIANA REGIONS)

Field investigation has been performed to measure
fault planes, thus delivering significant reports about
the paleostress tectonic regime. The study area (El Kef
and Siliana regions) displays evidence for well-pre-
served tectonics indicators on numerous syn-sedimen-
tary fault planes (Figs. 4, 5). Hence, syndepositional
striated faults are especially surveyed. Consequently, a
wide range of fault datasets is compiled from Jebel Serj-
Bargou-Ballouta and Zaafrana regions aiming to infer
the tectonic regime during Albian, Cenomanian‒Turo-
nian, and Coniacian‒Santonian times.

Tectonic Regime
Albian. In northern Tunisia, Albian layers expose

frequent conglomeratic horizons and slump sheets
associated with considerable thickness changes [46,
48]. The Albian deposits reviewed under the current
study exhibit numerous meso-scale sealed normal
faults that originally trend ~NNW‒SSE and ~N‒S.
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Fig. 3. Fold’s patterns in slumping sheet. (a) Model used to relate slump fold geometry to paleoslope attitude (after [100]);
(b) Fold facing direction in schematic illustrations summarizing the relationships between folds vergence, axial plane and up-
ward or downward facing states (after [3]); (c) Equal area plot of hypothetical fold axis and poles of axial planes distribution to
illustrate the mean axis and the axial plane methods. The best fit girdle to axes and poles to axial planes of the slump sheet are
horizontals. The paleoslope dips to south (after [101]).
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Fault measurements were carefully collected from
Albian sequences of the Jebel Bargou structure (Oued
El Kharroub section) and then rotated to their initial
strike and dip to reconstruct the former stress field.

Jebel Bargou is located in the Southeast of the
study area between Siliana and Oueslatia (Fig. 6). This
anticline structure shows large geological series
extending from Aptian to Quaternary and mainly
affected by N140 and N070 trending faults delimiting
various blocks [12, 28, 89]. Two sites, located in Oued
El Kharroub section showing large Lower Cretaceous
series, reveal consistent NNE-trending extensional
regime during Albian time:

— the first site indicates a clear extensional tectonic
regime, for which stress tensor shows horizontal
NNE-trending σ3 (Fig. 6, S1_1);
— the second site expresses an extensional tectonic
regime with very close stress tensor (Fig. 6, S2_1).

Cenomanian‒Turonian. Most of the analyzed
Cenomanian–Turonian faults reveal that the predom-
inant stress regime in northwestern Tunisia corre-
sponds to NW to WNW-trending pure extension. The
Cenomanian‒Turonian fault dataset was collected
from Serj‒Bargou area; it is a large NE-trending
structure along the Zaghouan–Ressas zone.

The Jebel Serj structure is situated a few kilometers
to the southeast of the Bargou structure. Jebel Serj is a
NE-oriented anticline structure with a collapsed
northern limb. The f lexure is drawn in the Aptian
limestone of the Serj Formation defined originally in
this locality. On a larger scale, this structure is affected
by ENE- to NE-trending faults [28]. The present sur-
vey hand in hand with the previous works confirms a
GEOTECTONICS  Vol. 56  No. 1  2022
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Fig. 4. Field photos of normal faults. (a) Sealed normal faults, with growth strata geometry, Cenomanian‒Early Turonian (the
inset in the bottom right illustrates an olistolith structure); (b) Abundant small-scale normal faults, sometimes with tilted-block
geometry–Cenomanian associated to soft-sediment deformations (slump folds and olistoliths blocks).
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considerable westward thickening of the Late Creta-
ceous series of the southern limb of the Serj anticline
[28, 78, 95]. Furthermore, Cenomanian deposits from
the southern limb of this structure show numerous
soft-sediment deformations such as slump folds and
olistholites blocks (Fig. 4b). These syn-depositional
features attest for sedimentation above sloped basin
floor related here to normal faulting acting during
and/or probably before this period. On a mesoscale,
abundant sealed faults are observed, from which the
deduced stress tensors reveal a rather homogenous
stress state along the field area. In details, four sites
GEOTECTONICS  Vol. 56  No. 1  2022
measured from Cenomanian strata of the southern limb
of the Serj structure exhibit a tectonic regime with a
general NNW to NW-trending extension during this
period (Fig. 6, S1_2, S2_2, S3_2, and S4_2). The first
two sites yield a stress tensor indicating a NNW-SSE
horizontal minimum stress axis σ3 (Fig. 6, S1_2 and
S2_2). Similarly, the third and fourth sites show a
close extensional paleostress regime marked by a NW-
trending horizontal minimum paleostress axis (Fig. 6,
S3_2 and S4_2). The last site was analyzed from the
Cenomanian deposits of the northern limb of Jebel
Bargou (Oued El Kharroub locality). After processing,
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Fig. 5. Field photos illustrating the Coniacian‒Santonian faulting. (a)‒(b) Sealed normal faults affected the Coniacian
sequences of the Zaafrana section; (c)‒(d) Well preserved meso-scale synsedimentary normal faults collected from Coniacian-
Santonian sequences of the southern limb of the Serj-Ballouta structure; (e) Synsedimentary sealed normal fault collected from
the Santonian series of the southern limb of the Serj-Ballouta structure.
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the pre-tilted stereoplot of this site illustrates a similar
sub-horizontal NW‒SE σ3 (Fig. 6, S7_2).

Other paleostress tensors were calculated from the
Uppermost Cenomanian‒Early Turonian aged Bahloul
Horizon of the Oued El Kharroub locality on the
northern limb of the Jebel Bargou structure. This area
exposes numerous sealed synsedimentary normal
faults (Fig. 4a). The uppermost part of the Bahloul
horizon is marked by numerous Cenomanian‒Turo-
nian olistolith blocks indicating syn-depositional tec-
tonic activities [9, 89] (Fig. 4a). From this reference
horizon, four sites have been chosen for fault mea-
surement. After rotation to the original orientation,
they show homogenous NNW‒SSE to NNE-trend-
ing extensional tectonic regime (Fig. 6, S5_2, S6_2,
S8_2, and S9_2). More precisely, the back-tilted
fault stereoplots of the first three sites show sub-hor-
izontal minimum stress axis σ3 that trends NNW
(Fig. 6, S5_2, S6_2, and S8_2). On the other hand,
the last fault population collected from the same
horizon reveals sub-horizontal NNE-trending σ3
axis (Fig. 6, S9_2).
GEOTECTONICS  Vol. 56  No. 1  2022
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Fig. 6. Geologic map of Jebel Ballouta, Jebel Serj, and Jebel Bargou (after [9, 43], modified), with the back-tilted stress tensors
diagrams of fault populations collected from this area. Stress axis: maximum σ1 (circle); intermediate σ2 (triangle); minimum σ3
(square).
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Coniacian‒Santonian. In northwestern Tunisia, fre-
quent remarkable synsedimentary extensional features
are exposed in the Coniacian‒Santonian sequences.
Numerous are the Coniacian‒Santonian normal faults
which are collected from Jebel Serj-Ballouta and Zaa-
frana regions (Fig. 5). Thus, an extensional tectonic
regime deduced from fault-slip data sets is considered to
be highly predominant in all sites.

The Coniacian–Santonian deposits of the Serj-
Ballouta structure show abundant striated normal
fault populations (Figs. 5c–5e). Following data pro-
cessing, the back-tilted fault diagrams collected from
these sequences show general ~ENE to ~NNE-trend-
ing extensional tectonic regime (Fig. 6, S1_3, S2_3,
S3_3, S4_3, and S5_3). This is believed to be signifi-
cantly homogenous in the whole area.
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The paleostress tensor computed from the first site
delivers near horizontal NNE‒SSW minimum stress
axis (Fig. 6, S1_3). Similarly, the second site collected
from the same region characterizes a pure extensional
regime with gently plunging NE‒SW σ3 (Fig. 6,
S2_3). Likewise, the following site collected from the
same area displays extensional NNE-trending pale-
ostress tensor (Fig. 6, S3_3). Exceptionally, the fourth
site suggests a little different result with sub-horizontal
NNW-trending σ3 stress tensor (Fig. 6, S4_3).
Unlikely, the last fault population is illustrated by the
back tilted fault diagram S5_3 in Fig. 6, which suggests
an ongoing extension with ENE‒WSW horizontal
minimum stress axis.

Another locality, from which some other fault
datasets were collected, is defined as the Zaafrana
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Fig. 7. Geologic map of Zaafrana area (after [39], modified), with the back-tilted stress tensors diagrams of Coniacian‒Santonian
fault populations collected from this region. Stress axis: maximum σ1 (circle); intermediate σ2 (triangle); minimum σ3 (square).

N

N
Tunis

60 km

Zaa
fra

na
 st

ru
ct

ur
e

Zaa
fra

na
 st

ru
ct

ur
e

Zaa
fra

na
 st

ru
ct

ur
e

0 5 10 km

S7_3

S6_3

S9_3

S10_3

S8_3

N

N

N

N

N

FaultEocene Miocene Wadi

AlbianAptian

40
00

00
0

40
00

00
0

480000

480000

N = 4

N = 4

N = 4

N = 4

N = 5

Late Campanian–Early Maastrichitian (Abiod Formation)
Cenomanian

Oligocene

Cenomanian–Early Turonian (Bahloul Formation)Trias Valanginian–Hauterivian
Late Turonian–Early Campanian (El Kef Formation)
Late Maastrichitian–Paleocene (El Haria Formation)

J. K
bouch

J. K
bouch

J. K
bouch

J. L
orbeus

J. L
orbeus

J. L
orbeus

Mont of Mellegue
Mont of Mellegue
Mont of Mellegue J. Sidi Amor

J. Sidi Amor
J. Sidi Amor

El KefEl KefEl Kef

NebeurNebeurNebeur

Bled Doghra
area. This NE-trending folded zone is located in the
southeast of the El Kef area. The Zaafrana area
exposes the Zaafrana Coniacian-aged core anticline in
the southeast, and the Dyr El Kef Eocene-aged core
syncline in the northwest. To the South, this structure
is limited by the large Nadhour syncline. The thick
Coniacian-Santonian series (~1000 m of thickness) is
composed at the base by marl-limestone alternations
and large gray marls at the top exposing frequent
synsedimentary normal faults (Figs. 5a, 5b). Five
sites calculated from the Zaafrana area show homog-
enous stress field during Coniancian‒Santonian
times (Fig. 7, S6_3, S7_3, S8_3, S9_3, and S10_3).
Subsequently, the resulting back-tilted fault diagrams
display homogeneous minimum stress axis σ3 with
general ~ENE to ~NE -trending during this period.

To be more precise, the pre-tilted fault diagram of
the first site illustrates ~ENE extensional paleostress
regime (Fig. 7, S6_3). As shown in the figure pro-
vided, the paleostress tensor computed from the sec-
ond site commonly provides sub-horizontal NE-SW
trending minimum stress axis (Fig. 7, S7_3). Besides,
the third site located in the same area confirms the
extensional tectonic regime (Fig. 7, S8_3). The mea-
sured parameters indicate sub-horizontal minimum
stress axis (σ3) trending always NE‒SW. The follow-
ing site also exhibits the extensional regime (Fig. 7,
S9_3). Thus, the corresponding back-tilted fault dia-
gram provides horizontal minimum NNE‒SSW stress
axis. The last site of fault population suggests pure
extensional paleostress tectonic regime marked by an
almost horizontal ENE-trending stress tensor (σ3)
(Fig. 7, S10_3).

REGIONAL STRESS REGIME
AND TEMPORAL EVOLUTION 

OF THE DEFORMATION

The determination of the regional stress state is
believed to be highly significant to understand geolog-
ical records of the studied structures and their genesis
in relation to plate tectonics. Striations measured in
the above-mentioned faulted area were used to quan-
tify the regional stress regime in the study area. The
GEOTECTONICS  Vol. 56  No. 1  2022
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Fig. 8. Regional paleostress regime in northwestern Tunisia during Late Cretaceous. Projection of back-tilted major fault data
sets (lower hemisphere).
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efficiency of the local fault populations is sometimes
disturbed by major preexisting faults or diapir growth.
For this, a regional stress regime is calculated. To do so,
graphical methods have been used to separate heteroge-
neous datasets and eliminate non-linear measurements.
This approach gives quite reasonable results in the case
of studying young deformations in a small geological
area [8, 94]. In more complex cases, another approach
is presented when separating the initial data of seismo-
logical and geological indicators of discontinuous dis-
placements [80‒82]. Besides, the regional stress state in
the present work is statistically based on major fault data
according to the right dihedron method and/or opti-
mum methods in order to estimate the temporal evolu-
tion of the tectonic deformation.

From Albian to Santonian time, northwestern
Tunisia seems to be controlled by a persistent exten-
sional tectonic regime related to the Cretaceous rift-
ing. The inversion of eight Albian-aged major striated
faults, usually sealed by limestone beds, indicates
GEOTECTONICS  Vol. 56  No. 1  2022
NNE-extensional regional regime with strike-slip
components. In fact, the corresponding back-tilted
faults diagram illustrates horizontal NE-trending
minimum stress tensor σ3 (07/035) and R = 0.94. The
high angle WNW‒ESE (83/213) σ1 axis and horizon-
tal σ2 (00/305) and σ3 (07/035) define a pure
NE‒SW tectonic extension (Fig. 8a). During Ceno-
manian, the unfolded major faults diagram clearly
illustrates a NW-trending extensional tectonic regime
according to the parameters obtained from 15 fault
data inputs. Subsequently, the regional Cenomanian
stress tensor shows horizontal NW‒SE (03/132) σ3,
horizontal (06/042) NE‒SW σ2, and high-angle
plunging (83/248) ENE‒WSW σ1. This fault popula-
tion shows R = 0.4 (Fig. 8b). Furthermore, 12 mea-
surements are processed from major faulting collected
throughout the Bahloul horizon dated as Uppermost
Cenomanian‒Lower Turonian. These fault popula-
tions exhibit NNE-extension with strike-slip compo-
nents. Thus, the back-tilted fault stereoplot shows
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a sub-horizontal minimum stress axis σ3-trending
NNE (16/006) and a gently plunging WNW‒ESE σ2
(06/098). This site shows a stress tensor with
NNE‒SSW subvertical σ1 (73/208). It should be
also noted that the determined stress ratio is R = 0.88
(Fig. 8c). Besides, Turonian regional stress regime is
also highlighted from the kinematic analysis of 11
major normal fault systems. A pure NNW-extension is
deduced during this period. The computed paleostress
tensor provides an ENE‒WSW σ2 (72/263), a near
horizontal NNW‒SSE σ3 (04/159), and a gently
plunging ENE‒WSW σ1 (17/068). The processed fault
measurements reveal a stress ratio R = 0.54 (Fig. 8d).

The last regional stress state is calculated from
21 large-scale sealed faults collected from Coniacian–
Santonian sequences. The back-tilted fault diagram
shows gently plunging NNE‒SSW σ3 (10/198), near-
horizontal WNW‒ESE σ2 (01/288), and high-angle
plunging NNE‒SSW σ1 (80/024). This diagram pro-
vides R = 0.56. Consequently, all of the mentioned
criteria suggest a pure tectonic extension, which trends
NNE‒SSW (Fig. 8e). This fault diagram clearly shows
two heterogeneous families of fault populations that
may reflect two distinct extensional tectonic events.
Consequently, through the graphical separation of
these different fault datasets, the first unfolded fault
population exhibits a pure NNE-trending extensional
regime in regards to the following parameters of the
stress tensor: a sub-horizontal plunging NNE‒SSW
(04/214) σ3, a gently plunging WNW‒ESE (07/123)
σ2, and a high-angle plunging NNW‒SSE (82/330) σ1.
This fault population exhibits a stress ratio R = 0.53
(Fig. 8e, (1)). Whereas, the second separated fault
population displays a horizontal NNW-trending min-
imum stress tensor σ3 (04/154) and a stress ratio R =
0.5. The σ1 axis of this stress regime has high angle
trending ENE‒WSW (59/057) and the intermediate
σ2 stress trends ENE‒WSW and shows 31/246 stress
axis (Fig. 8e, (2)). This last faults population seems to
be older compared to the first one because its relative
back-tilted faults diagram displays results close com-
pared to the Turonian stress tensor (Figs. 8e, (2), 8d).

SLUMPS ANALYSIS RESULTS
More than 80 slump folds were measured from vari-

ous localities in northwestern Tunisia. Early Cretaceous
slumps folds were measured from the Jebel Sidi-Amor
structure located northeast of the Nebeur area. Other
Albian-aged slump features are collected from Oued
El Kharroub situated in the northwestern limb of Jebel
Bargou anticline. In the same way, 14 Cenomanian-
aged slump features were measured in the southern limb
of the Jebel Serj structure. Besides, more than 40 slump
features were collected from Coniacian‒Santonian
deposits of Zaafrane area, Bled Doghra, Jebel Lorbeus,
and Jebel Serj-Ballouta structure.

In the study area, Early Cretaceous series are
mainly dominated by marly sequences highly affected
by extensional tectonics testifying of a sub-marine
sedimentation above an unstable basin f loor. Under
the aforementioned conditions, the irregularity of the
basin f loor (slope) coupled with a high rate of sedi-
mentation may generate slumping sheets within
deposits before their own lithification. Thus, numer-
ous slump folds have been recognized across the
studied sections in the light of several criteria. These
latter allow the distinction of these gravity driven
deformations from micro and/or mesofolding gener-
ated due to tectonic contractions. The major robust
difference is related to the preexistence of axial pla-
nar cleavage in tectonic folds, compared to its
absence in soft-sediment folding [6]. The second reli-
able criterion indicating slumping is illustrated by the
interbedding of the slump sheets between two unde-
formed layers and the presence of erosional surface at
the top of the sheet and an underlying detachment
plane at the base [5, 52, 99]. Another main difference
between two types of folds (tectonic folds and slump
folds) can be highlighted on the assumption that
during gravity-driven slumping, compression is always
associated with extensional deformation, whereas
during tectonic folding, it is directly connected to the
process of compression [76]. In addition, other criteria
are involved by Elliott and Williams [27] to describe
ductile slump folds such as distorted and overturned
strata, thickening and thinning of strata, striated and
sometimes detached slump folds, rolled up and cha-
otic fragments of strata near the slump sheet.

In the Jebel Sidi Amor locality (Nebeur region),
14 slump folds were carefully measured and were doc-
umented throughout Valanginian-Hauterivian silici-
clastic carbonates deposits. A range of slump fold
shapes (open folds to steeply inclined ones) was
observed in this section (Figs. 9b, 9c, (1)). The back-
tilting datasets of different scales measured slump folds
using MAM and APM methods clearly display very
similar results, with general ~south dipping paleoslope.
Therefore, these methods display respectively ~N193
and ~N189 trending paleoslope (Fig. 9a, (1)).

The Albian epoch is accepted to be the most
important regional extensional period during the
Mesozoic rifting in this area [33, 47, 65, 90]. In the
Oued El Kharroub section, 8 slump fold structures
were rigorously measured within green-black marls
intercalated with thin marly limestone beds classically
attributed to Fahdene formation. Thus, these slump-
ing sheets expose metric to decametric scale folds with
obtuse interlimb angle geometry (Fig. 9a, (2)). While
the measurement of Albian unfolded slump axis
(MAM method) exhibits ~N352-trending paleoslope,
the rotated poles of axial planes (APM method) dis-
play analogous value of a ~N354-trending paleoslope
(Fig. 9b, (2)).

15 km to the southwest, Cenomanian deposits of
the southern limb of Jebel Serj anticline are wholly
formed by gray marls and shales alternating with
GEOTECTONICS  Vol. 56  No. 1  2022
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Fig. 9. Slump folding data and paleoslope reconstruction in Jebel Sidi-Amor and Jebel Bargou. (1) Valanginian‒Hauterivian
paleoslope orientation of Jebel Sidi-Amor area with: (a) Equal area projection of back-tilted slump axis (red box) and poles to
axial planes (blue triangles) with respectively MAM (red arrow) and APM (blue arrow) methods, (b)‒(c) Field photos showing
well preserved slump folds; (2) Albian paleoslope orientation of the Jebel Bargou structure with: (a) Field photo illustrating pre-
served slump fold structure, (b) Equal area projection of back-tilted slump axis (red box) and poles to axial planes (blue triangles)
with respectively MAM (red arrow) and APM (blue arrow) methods.
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micritic limestones (Fig. 10a). This succession is over-
lain by the organic rich platy limestones of the Bahloul
horizon, attributed to the Uppermost Ceno-
manian‒Early Turonian [9, 88]. In this locality, from
east to west, the Cenomanian series clearly show a
considerable westward thickening that was probably
related to synsedimentary normal faulting activity.
These sequences exhibit well preserved meso-scale
slump features associated with numerous soft-sedi-
ment deformations (olistoliths, reworked calcareous
nodules and conglomeratic layers). Consequently,
abundant metric olistostromes and frequent reworked
blocks are believed to be inferred from gravity sliding
along a submarine paleoslope. In this area, 14 slumps
were measured and their analysis shows a persistent
~NW-downslope transport. The rotated slump axis
(MAM method) provides a ~N316-trending paleoslope
and the restored poles of axial planes (APM method)
attest a similar paleoslope direction with ~N320-trend-
ing (Fig. 10b).

In the entire northern Tunisia domain, the Conia-
cian‒Santonian sequences are mainly made of thick
sequences of gray marl and shale embedded with
micritic limestones. In northwestern Tunisia, these
deposits also display evidence of frequent gravity driven
structures classified as soft-sediment deformation.
GEOTECTONICS  Vol. 56  No. 1  2022
Throughout the Zaafrana section, Coniacian strata
expose abundant slumps features and frequent calcar-
eous nodules associated with numerous decametric
normal faults (Figs. 11a, 11b, (1)). The analysis of the
slump folds collected from the Coniacian–Santonian
sequences always gives a general NW-downslope
transport orientation. In more details, the MAM and
APM methods provide ~N319 and ~N322-trending
paleoslope, respectively (Fig. 11c, (1)).

20 km to the southeast, the Bled Doghra locality
is a 5 km2 salt structure described as a submarine
allochthonous salt sheet, formed during Early Creta-
ceous [65]. The oldest outcropping series in contact
with the Triassic rocks corresponds to the Albian
deposits [65]. In the western portion of this structure
corresponding to the Oudiba anticline, the Triassic
salt is exposed under a 1–2 m thick conglomeratic
horizon composed of coarse Triassic insoluble ele-
ments parallel to the planar disposition of Triassic
material [65]. This horizon is covered by stratified
dolomitic layers which show considerable thickness
change ranging from 10 m at the Choua River to ~100 m
in the Oudiba mine area [65]. This remarkable thick-
ness variation is interpreted as indicative of sedimenta-
tion above a topographically rugose or undulating salt
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Fig. 10. Cenomanian slump folding data and paleoslope reconstruction in Jebel Serj. (a) Field photos showing well preserved
slump folds in the nodular Cenomanian strata; (b) Equal area projection of back-tilted slump axis (red box) and poles to axial
planes (blue triangles) with respectively MAM (red arrow) and APM (blue arrow) methods.

(a)(a)(a)

(b)(b)(b)

Cenomanian strataCenomanian strataCenomanian strata

N

N = 14

MAM method: N 316
APM method: N 320

2 m

2 m

1 m
sheet [65]. This dolomitic unit is covered by gray
Coniacian-aged marls with numerous soft-sediment
deformation structures (Fig. 11a, (2)) usually reflect-
ing sedimentation over a submarine slope. Using
MAM and APM methods, the analysis of collected
slump folds clearly exhibits a general ~WNW-dipping
paleoslope of the basin floor during Coniacian–Santo-
nian times. The unfold axis method suggests a ~N291,
and, the unfold poles of axial planes illustrate ~N294
trending paleoslope (Fig. 11b, (2)).

Furthermore, to the southeast, Jebel Lorbeus is
interpreted as being a large diapir structure located a
few kilometers to the northeast of the Sers plain. This
structure exposes Coniacian-Santonian deposits that
are characterized by metric to decametric scale slump
folds associated with conglomeratic layers and calcar-
eous nodules which are classified as soft-sediment
deformations (Fig. 12b, (2)). Computed slump geomet-
ric data collected from the northern limb of the diapir
structure attest a general NNE-downslope transport
direction. Accordingly, the paleoslope orientation
derived from MAM and APM methods are ~N018 and
~N019, respectively (Fig. 12a, (2)). However, this dis-
turbed paleoslope orientation seems to be explained by
the local topography related to the diapir activity.

Coniacian‒Santonian series in the Jebel Serj-Ball-
outa structure are also composed of thick marly
sequences interbedded with micritic limestones. Like
Cenomanian strata, the thickness of these series sig-
nificantly varies from tens to hundreds of meters from
the northeast to the southwest. This considerable vari-
ation is explained by synsedimentary normal fault
activities with an obvious field imprint given by syn-
tectonic deposits, breccia and growth strata geometry.
Coniacian‒Santonian sequences of this area show
abundant soft-sediment deformations and abundant
open hinge mega-slump folds with obtuse interlimb
angle associated with frequent extensive synsedimen-
tary features (Figs. 12b–12d, (1)). The analysis of
14 mega-slump folds attests a persistent general north-
GEOTECTONICS  Vol. 56  No. 1  2022
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Fig. 11. Slump folding data and paleoslope reconstruction in Zaafrana and Bled Doghra during Conician‒Santonian.
(1) Paleoslope orientation in Zaafrana area with: (a)‒(b) Field photos showing well preserved slump folds, (c) Equal area pro-
jection of back-tilted slump axis (red box) and poles to axial planes (blue triangles) with respectively MAM (red arrow) and APM
(blue arrow) methods; (2) Paleoslope orientation in Bled Doghra area with: (a) Field photo showing preserved slump structure,
(b) Equal area projection of back-tilted slump axis (red box) and poles to axial planes (blue triangles) with respectively MAM (red
arrow) and APM (blue arrow) methods.
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Fig. 12. Slump folding data and paleoslope reconstruction in Jebel Serj-Ballouta and Jebel Lorbeus during Coniacian‒Santo-
nian. (1) Paleoslope orientation in Jebel Serj-Ballouta area with: (a) Equal area projection of back-tilted slump axis (red box) and
poles to axial planes (Blue triangles) with respectively MAM (red arrow) and APM (blue arrow) methods, (b)‒(d) Field photos
showing well preserved Coniacian‒Santonian slump folds; (2) Paleoslope orientation in Jebel Lorbeus area with: (a) Equal area
projection of back-tilted slump axis (red box) and poles to axial planes (Blue triangles) with respectively MAM (red arrow) and
APM (blue arrow) methods, (b) Field photo showing well preserved Coniacian‒Santonian slumping sheet.
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westward submarine slope. The rotated axis method
exhibits a paleoslope trend of ~N310, and the
unfolded poles of axial planes provide ~N312
(Fig. 12a, (1)). The Albian–Santonian persistent
northwestward paleoslope apparently attests for a
major NE to ENE-trending inherited fault positioned
just south to the Ballouta-Serj-Bargou complex struc-
ture. This major fault seems to have controlled the
Cretaceous sedimentation in these localities, and may
be a branch of the large-scale Zaghouan fault.
RESULTS AND DISCUSSION

The examination of soft-sediment deformation in
various localities from northern Tunisia during the
Cretaceous time reveals the basin’s submarine
paleoslope using slump folds data and the tectonics
regimes using fault kinematic analysis. Furthermore,
the correlation drawn in the study area clearly reflect
considerable thickness variations of the Cretaceous
series related to synsedimentary normal faults activity
GEOTECTONICS  Vol. 56  No. 1  2022
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probably responsible for tilted blocks basin geometry
[9, 14, 22, 60, 65, 66, 75, 89].

Valanginian–Hauterivian sequences clearly reflect
deep marine environments and show abundant inter-
calated siliciclastic deposits associated with frequent
slump sheets. Using the MAM and APM methods, a
general southward paleoslope associated with a gen-
eral ~N‒S-trending extensional tectonic regime is
highlighted for this period. This southward dipping
slope may be explained by the tilted blocks geometry
which allows two possible transport directions which
are dramatically opposed. The Aptian–Albian period
shows significant thickness variation coupled with
abundant normal faulting and hyperactive salt tecton-
ics. The fault kinematic analysis here displays evi-
dences for NNE to NE-trending extensional tectonic
regime that prevailed during Aptian‒Albian times.
Besides, the rotated slump axes and the poles of axial
planes provide a NNW-verging dominant paleoslope.
These results raise the problem of oblique extension in
regards to the basin evolution. This fact is probably
explained by the crucial role of the inherited major
faults (with a NE to ENE-trending) which are reacti-
vated during Aptian‒Albian period under a NNE-
trending tectonic regime.

We find it obvious that these observations empha-
size an architecture of rifted continental passive mar-
gin characterized by deep listric normal faults associ-
ated with abundant soft-sediment deformations and a
high rate of sedimentation related to increased basin
subsidence. During the Cenomanian time, a high sed-
imentation rate is perceived followed by facies homo-
geneity, coeval with decreasing of salt tectonic activity
in comparison with the Aptian–Albian period [63].
The thickness variations of the Cenomanian deposits
are well correlated to normal faults activity [9, 78].
Using the fault kinematic analysis, a pure extensional
tectonic regime with NW-trending extension is pro-
posed. Moreover, a NW-verging related submarine
paleoslope is inferred from the unfolded slump axes and
poles of axial planes. Concerning the Turonian stage,
it is recognized in north Tunisia as black-shales source
rocks with homogeneous facies on the entire basin.
This fact indicates that the basin is getting deeper.
From Cenomanian to Turonian, a probable reorgani-
zation of the basin seems to be happening with a tec-
tonic regime that oscillates between NNW- and
NNE-trending main regional extensions. The Conia-
cian–Santonian sequences are mainly made of pelagic
to hemi-pelagic slumped large sequences that appear
to seal major faults in the basin. Accordingly, the basin
is believed to be in a post-rifting subsidence stage
during the Coniacian‒Santonian times. Based on the
analysis of slump folds collected from these series,
general paleoslope oscillating between NW- and NNE
is deduced. Concerning the kinematic analysis of the
Coniacian‒Santonian striated fault planes, two suc-
cessive regional extensional regimes are evidenced
with respectively NE and NW orientations. If the first
GEOTECTONICS  Vol. 56  No. 1  2022
one is attributed to Coniacian, the second one is
admitted as Santonian based on cross-cutting rela-
tionship observed in the field.

The Cretaceous paleotectonic blocks’ geometry in
northern Tunisia is complex and has been misreported
in the literature. Rare are the previous studies which
targeted the regional compartmentalization of north-
ern basin of Tunisia with regards to the southern
Tethyan margin framework [13, 21, 47, 75, 87]. These
non-advanced interpretations are also due to the fact
that the basin characteristics were disrupted and over-
printed by the Tertiary Alpine compressions [67]. Tak-
ing into consideration the previous studies, a sche-
matic cross section of the Cretaceous basin in north-
west Tunisia has been constructed (Fig. 13). This
section is built on the basis of the large number of
detailed field surveys of different tectonic blocks
(according to our obtained data sets), the thickness of
sequences [19, 69, 84], the trace of the major fault sys-
tems from the detailed geologic map of Tunisia (Geo-
logical survey of Tunisia maps at 1 : 50000 scale
[36‒43]) and the salt tectonics. At depth, the cross
section is constructed based on the assumption that
the ductile stretching of the lower crust is greater than
the brittle extension of the upper crust [17]. The geom-
etry of each block is drawn following the paleoslope
reconstruction itself inferred from slump folds analy-
sis. Furthermore, the crustal thickness, the continen-
tal lithosphere and the Moho depth are all constructed
based on several studies [49, 73, 83].

During the lowermost Cretaceous, the N-trending
regional tectonic extension seems to be the continua-
tion of the Jurassic regime. In the North African
domain, the Jurassic period is well highlighted as an
active rifting period as well as in Tunisia [10, 17, 61, 67,
71, 72, 79, 86]. This period is characterized by the
development of an E-trending fault system strongly
responsible for half-graben basin geometry associated
with significant facies and thickness variations [79].
During the Early Cretaceous time, the dominant N‒S
to NE-trending regional extension is associated with
individualized sub-basins created due to the reactiva-
tion of inherited fault systems. Besides, during this
period, widespread salt tectonics are identified as
being more active around the Tethyan domain and the
Cretaceous tectogenesis is mainly influenced by the
underlying Triassic salt strata [58, 97]. In the same
way, in northern Tunisia, dozens of structures are doc-
umented as having grown during the Aptian–Albian
period [32, 47, 65, 66, 73, 98]. Some structures were
presented as dominated by raft tectonics on submarine
salt bodies [65, 98]. Subsequently, numerous missing
sequences in the El Kef area (e.g. Bled Doghra, Guern
Halfaya and Nebeur area) are possibly the result of
large raft tectonics especially active during Albian
time, without implications of tertiary thrust systems.

The Cretaceous basin in northwest Tunisia reflects
a basin’s geometry very similar to the present-day
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Fig. 13. Schematic cross section of northwestern Tunisia domain during Cretaceous showing the structural configuration of the basin
with widespread soft-sediment deformation onto north-facing submarine paleoslope related to the Tethyan margin expansion.
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Atlantic–type passive continental margins. This simi-
larity can be seen in the existence of three mains units
classically recognized in this context, i.e. pre-salt
rifted basement, Triassic salt and post-salt (Jurassic–
Cretaceous) sedimentary wedge. In Northern Tunisia,
The syn-rift sediments that are up to 5 km are depos-
ited in half-graben structures which seem to be domi-
nant from Triassic to lower Cretaceous times (Fig. 13).
This geometry is underlain by a series of major faults
(probably listric) creating a basin with seaward facing
submarine paleoslope hypothesized here to be ±5°
northward. From within, the abundant intra-basin
growth normal faults are responsible for a general
northward motion such as raft tectonics. Commonly,
from the tilted basement blocks to the intra-basin
growth faults, the existence of Triassic evaporitic
mobile rocks constitutes an excellent decoupling layer
[58, 70, 71]. The northern Tunisia Cretaceous basin is
predominantly a result of gravity deformation onto a
general northward regional slope [65].

CONCLUSIONS
The Cretaceous basin in northern Tunisia is char-

acterized by:
(1) Considerable sequences thickness variation due

to repetitive depocenters geometry related to active
normal major faults (probably listric) coupled by
intra-basin growth faults.

(2) Abundant soft-sediment deformations.
(3) General N to NW-dipping submarine paleoslope

hypothesized here to be ±5°, inferred here from slump
folds analysis.

(4) Extensional tectonic regime which trends NNE
to NE during Aptian-Albian, NW during Ceno-
manian, NNE to NE during Turonian–Coniacian and
probably NW during Santonian.
All these features are fairly consistent with the con-
clusion that the structural style of this basin is very sim-
ilar to the present-day Atlantic–type passive margins.
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