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Abstract  

The sequence stratigraphy of mixed succession with evaporitic intercalations has already reported in several works around the 
world. The present work aims to study the sequence stratigraphy of the mixed succession of the Zebbag Formation (Albian–

Cenomanian) in Central Tunisia. This study is based on the measuring of a 140 m-thick section of the Zebbag Formation with a tight 

sampling of the carbonate rocks, completed by the microscopic observation of thin sections and the analysis of the chemical 
composition of the carbonate rocks. According to the vertical changes of the depositional facies notably the carbonate facies on one 

hand, and the vertical variation of the chemical composition of the carbonate levels on another hand, the Zebbag Formation can be 

subdivided into 22 mixed depositional sequences that developed in a marginal setting at the southern Tethyan border. The 
depositional sequences were controlled by the fluctuation of sea level and recorded the alternating marine regression and 

transgression and the resulting continental and marine influences, respectively. All the depositional sequences show at the base an 

evaporite succession representing the lowstand system tract, whereas the transgressive and the highstand system tracts are occurred 
by different deposits according to the depositional environment. Indeed, in the inner part of the platform these system tracts are 

represented by bedded limestones, whereas in the outer parts are indicated by marls. In the middle part of the platform, the 

transgressive and highstand system tract are recorded by interbedded marls and limestones. 
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Introduction 

The Zebbag Formation is a Late Albian–Cenomanian 

sedimentary series (Burollet 1956; Gargouri-Razgallah 1983; 

Fournie 1978; Abdallah 1987; Ben Ferjani et al. 1990; Touir et al. 

2017) that developed in the most of central and southern 

Tunisia and overlying the Aptian carbonate platform that 

emerged during the Late Aptian–early Albian interval. 
(Chihaoui et al. 2010; Masse 1984; M'rabet 1987; Khessibi 1978; 

Memmi 1999; Bismuth et al. 1982; M´Rabet 1987; Touir et al. 2015 ; 

Trabelsi et al. 2010; Latil 2021). The Zebbag Formation 

generally consists of interbedding limestones, marls and 

evaporites. It developed in a restricted marginal-littoral 

evaporitic environment under fairly arid conditions (Burollet 

1956; Marie et al. 1984; Gargouri-Razgallah 1983; Abdallah 1987; 

Ben Ferjani et al. 1990). 

Towards north Tunisia, this marginal environment passes 

gradually into an open marine outer ramp where a 

predominantly marly interval with limestone intercalations 

called the Fahdene Formation occurred (Bismuth 1973; Dali-

Ressot 1987; Ben Ferjani et al. 1990; Marie et al. 1984; Bismuth et 

al. 1973; Ben Ferjani et al. 1990; Chihaoui et al. 2010). In the 

middle of this ramp a rudist-bearing reef complex occurred, it 

corresponds to the called Isis Formation (Gargouri-Razgallah 

1983; Marie et al. 1984). Towards South Tunisia, the marginal 

evaporitic environment extended while being more restricted 

and evaporitic and passes gradually into the continental 

environment called the Saharan Platform (Bodin et al. 2010). 

In the study area (Khanguet Zebbag), the Zebbag Formation 

includes three distinct lithostratigraphic units: a lower unit 

dominated by limestones, a middle unit represented by 
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limestones, marls as well as interbedded evaporites, and an 

upper unit dominated by marls. 

In terms of sequence stratigraphy, the mixed carbonate-

evaporite sedimentary successions with intercalations of 

evaporites have already reported by several workers (Beigi et 

al. 2017; Husinec et Harvey 2021; Xiao et al. 2021; Sarg 2001; 

Tucker 1991). According to these studies such mixed 

successions are regarded as constituting depositional 

sequences called carbonate-evaporite mixed sequences linked 

to 3rd-order sea-level fluctuation. These researchers consider 

the evaporitic intercalations due to the lowstand system 

tracts, while the carbonate levels represent the transgressive 

and the highstand system tracts. The same workers assert that 

evaporites can also be developed at the top of the highstand 

system tracts (late highstand system tracts) in an inner part of 

the platform. 

As for the Zebbag Formation, the evaporitic 

intercalations are alternating not only with carbonate levels, 

as in the examples reported by Sarg (2001) and Tucker 

(1991) in particular, but also with marls layers. These marls 

are considered by earlier studies as marine lagoonal deposits 
(Burollet 1956; Gargouri-Razgallah 1983; Abdallah 1987; Newport 

et al. 2017). 

The present work aims for the first time to conduct a 

thorough study of depositional facies of this mixed 

carbonate-evaporite succession, particularly the carbonate 

microfacies, and reconstruct the depositional environments of 

the Zebbag Formation in its type section (Khanguet Zebbag). 

This work aims in addition for the first time establish the 

sequence stratigraphy of this mixed carbonate-evaporite 

succession. Furthermore, the presence of marls intercalations 

in the studied sequences compared with the depositional 

sequences already reported in particular by Tucker (1991) 

and Sarg (2001) will be as well discussed. 

 

Geological background 

The study area corresponds to the Khanguet Zebbag, a pass 

crossing Jebel Meloussi from north to south (Fig. 1). This 

area is located in the low steppes region (Sidi Bouzid, Central 

Tunisia) between longitudes 34°45'39'' and 34°46'32'' and 

latitudes 9°27' 27'' and 9°27' 00''. The Jebel Meloussi located 

approximately 30 km south of Sidi Bouzid city corresponds 

to a NE-SW oriented anticline with a core formed by the 

Berriasian successions and covered with the Aptian 

successions; in addition, the Turonian series occur on the NW 

flank. 

The Zebbag Formation is well exposed on the NW flank 

of the Jebel Meloussi (Fig. 2). The Zebbag Formation is 

unconformably underlain by the Serdj Formation (Aptian) at 

the base and passes gradually to the Gattar Formation 

(Uppermost Cenomanian–Lowermost Turonian) at the top 

(Fig. 3) (Touir et al. 2017). The Zebbag Formation is attributed 

to the Late Albian–Cenomanian interval (Fournié 1978; 

Gargouri-Razgallah 1983; Abdallah 1987; Ben Ferjani et al. 1990).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1- Location map of the study area (modified from Bouaziz et al. 2002). 
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Fig 2 - Satellite image of the Jebel Meloussi showing the Khanguet Zebbag and the stratigraphy of Zebbag 

Formation between the Orbata Formation (Aptian) and the Gattar Formation (Early Turonian). 

 

Fig 3 - Field view of the Khanguet Zebbag section showing the Zebbag Formation  

 
Methods 

The study of the mixed carbonate-evaporite-marls succession 

of the Zebbag Formation is based on the field examination of 

the outcropping succession at the Khanguet Zebbag, 

complemented by the survey of a geological section 144 m 

thick with a tight sampling of all the carbonate intercalations. 

In this study, a total of 49 samples were collected every 20 

cm through the carbonate beds. The thicknesses of the 

intercalations are measured, and the vertical lithofacies 

change, the surfaces of unconformities and the sedimentary 

structures are recorded. The carbonate samples were the 

subject of thin sections microscopic of observation with the 

aim of the identification of the carbonate microfacies, while 

considering Dunham´s classification (1962) as well as the 

works of Purser (1973) and Flügel (2010). The depositional 

environments were reconstructed taking into account the 
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classification of Wilson (1975, 2012) and the works of Flügel 

(2010) and Milliman et al. (2012). Nineteen carbonate 

samples representing the different carbonate microfacies 

were selected for a chemical analysis on rock powder by X-

ray fluorescence spectrometry using the “Thermo Scientific 

Niton FXL FM-XRF Analyzer” model in the Laboratory of 

Mineralogy at the Faculty of Sciences of the Sfax University. 

Such analysis allowed us to determine the concentrations of 

some chemical elements (Ca Mg, Si, Al, Fe, K, S, Ti, Mn). 

The results of observation and analyses are used first to 

interpret the depositional environments and reconstruct their 

change over time, then to establish their sequence 

stratigraphy framework based on the principles of Vail et al 

(1977, 1991), while taking into account the model of the 

sequence stratigraphy of mixed successions as already 

established in particular by Tucker (1991) on the Upper 

Permian NE of England in the North Sea. The work of Sarg 

(2001) on mixed carbonate-evaporite deposits was also 

considered with the aim of interpreting the mixed sequences 

of the Zebbag Formation according to the 3rd-order sea-level 

fluctuation. On another hand, the analysis of the vertical 

variation of the depositional facies and environments 

considers Walther's law (1894). 

 

Results 

Depositional facies and environments 

The study of the outcrop section of the Zebbag Formation 

(144m) (Fig.4a, 4b et 4c) measured at the Khanguet Zebbag 

locality made it possible to subdivide this formation into 

three distinct lithostratigraphic units: interbedding limestone 

dominated and accessory evaporites (lower unit) (Fig.5), 

interbedding marls, limestones and evaporites (middle unit) 

(Fig.6) and interbedding marls and limestone (upper unit) 

(Fig.7). The Zebbag Formation is thus characterized by three 

interbedding types of lithofacies: carbonates, marls and 

evaporites. 

 
Carbonate lithofacies 

These lithofacies are represented by centimetric to metric 

intercalations of limestone beds. Based on the field 

examination and the microscopic observation of thin sections, 

while considering the classifications of Dunham (1962) and 

Flügel (2010), six distinct carbonate microfacies (F1 to F6) 

have been identified. According to the sedimentological 

analysis taking into account the works of Wilson (1975, 

2012) and Flügel (2010), these carbonate microfacies indicate 

different depositional environments.  

Microfacies F1: bioclastic mudstone-wackestone with 

debris of various benthic fossils (lamellibranchs, 

foraminifera, ostracods) (Fig. 8a-b). This facies corresponds 

to a shallow marine subtidal environment with medium to 

low hydrodynamic energy. It is a fairly open marine 

environment as evidenced by the presence of various benthic 

microfossils and bioclasts. 

Microfacies F2: mudstone–wackestone rich in pellets 

associated with rare debris of echinoderms and phantoms of 

dissolved ostracods and fine detrital quartz grains (Fig. 8c). 

The limestone beds generally show at the surface desiccation 

cracks (mud-cracks and sheet-cracks) which are sealed by 

silica cement. These cracks are observed both in the field 

(Fig. 7b) and in the thin sections (Fig. 8d). The surfaces show 

local desiccation breccias (Fig. 7b). Such a microfacies rich 

in pellets and poor in microfossils and bioclasts against the 

presence of desiccation cracks and breccias suggests to a 

lagoonal environment exposed to tidal currents, with 

alternating episodes of low hydrodynamic energy giving rise 

to pellet-rich limestone and episodes of relatively high 

hydrodynamic energy reworking this material into 

desiccation breccias (Bathurst 1973; Flügel 2004). The 

brecciation of the limestone was necessarily preceded by 

episodes of temporary emersion of the sedimentary 

environment followed by transgressive episodes. On another 

hand, this depositional environment should have been 

exposed to continental influences as evidenced by the 

presence of terrigenous detrital quartz in this limestone 
(Razgallah et al. 1994). 

Microfacies F3: wackestone rich in coarse debris of 

oysters with subordinate debris of lamellibranchs and 

ostracods and scarce phosphatic pellets (Fig. 8e-f). The 

dominance of oyster debris in this limestone associated with 

phosphatic grains generally characterizes more or less 

restricted subtidal marine environments, likely a lagoon (Beji-

Sassi 1984; Jarvis et al. 1994). 
Microfacies F4: oolithic grainstone, the ooids in this 

microfacies are small and well sorted (Fig. 9a-b) with a 

diameter of 100 to 150 µm. The ooids are dominated by the 

type β of Bathurst (1973). The core of the ooids often 

consists of a bioclast, particularly foraminifera. The oolithic 

limestones generally characterize warm and shallow coastal 

waters for example in the Bahamas or in the Persian Gulf 

(Purser 1973; Sipos et al. 2018). Furthermore, the grainstone 

texture and the good sorting of the ooids indicate a 

sedimentary environment located above the lower limit of 

wave action, with fairly high hydrodynamic energy linked to 

waves and tidal currents. 
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Fig 4a - Lithostratigraphy and depositional facies of the Lower Unit of the Zebbag Formation (Khanguet Zebbag). 

 

https://doi.org/10.22108/jssr.2024.141331.1285


Journal of Stratigraphy and Sedimentology Researches, Vol. 40, Issue 4, No. 97, Winter 2024 

 
https://doi.org/10.22108/jssr.2024.141331.1285 

 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4b- Lithostratigraphy and depositional facies of the Middle Unit of the Zebbag Formation (Khanguet 

Zebbag). 
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Fig 4c- Lithostratigraphy and depositional facies of the Upper Unit of the Zebbag Formation (Khanguet Zebbag). 
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Fig 5- Field view of the Lower Unit of Zebbag Formation: a: Serdj-Zebbag boundary formations, b: 

chicken wire evaporites structure, c: limestone-evaporites alternation, d: stromatolitic limestone, e: 

stromatolitic limestone-evaporites alternations, f: stromatolitic limestone with desiccation cracks. 
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Fig 6- Field photograph of the Middle Unit of Zebbag Formation: a :clayey limestone with oblique 

stromatolites, b: massive and bioturbated limestone. 
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Fig 7 - Field photograph of the Upper Unit of Zebbag Formation: a :evaporites at the bottom of the 

photo and stromatolite at the top, b : laminated limestone with desiccation breccias. 
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Fig 8- Microphotographs  of the carbonates microfacies (F1–3): a and b: bioclastic mudstone-wackestone with debris of benthic 

fossils (F1), c: pellets-rich mudstone-wackestone (F2), d: desiccation cracks (F2), e and f: oysters debris-rich wackestone (F3). 
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Microfacies F5: stromatolitic mudstone, showing 

laminated structure with undulating thick clear sedimentary 

laminations alternating with thin dark organic laminations 

(Fig. 9c). In addition, this microfacies shows numerous 

birdseye currently enlarged by later meteoric dissolution (Fig. 

9d). This limestone is visibly poor in bioclasts and 

microfossils. The depositional environment relating to this 

microfacies is the shallow-water intertidal environment that 

was intermittently exposed to aerial conditions (Perkins 1963; 

Laporte 1967). Birdseyes and laminated stromatolitestructures 

are largely described in recent dolomitic sedimentation (Shinn 

et al. 1965) and are considered to indicate supratidal to 

intertidal zones that experience arid conditions (Shinn 1969, 

Reineck et al. 1990). 

Microfacies F6: mudstone with birdseye, desiccation 

breccias and dissolved gypsum nodules. This microfacies is 

almost devoid of bioclasts and microfossils (Fig. 9f). At the 

top limestone beds show laminated levels crossed by 

desiccation cracks which are frequently sealed by iron oxides 

and hydroxide residues. The limestone levels crossed by 

desiccation cracks are locally transformed into desiccation 

breccias (Fig. 9e). This birds-eyes-rich mudstone with 

desiccation cracks and breccias and abundant dissolved 

gypsum modules indicates a supratidal to upper intertidal 

zone (Purser 1980; Flügel 2004, Wilson 2012). 

  

Evaporitic lithofacies 

The evaporite intercalations in the Zebbag Formation consist 

of centimetric to metric thick layers of anhydrite currently 

transformed into stratified laminated gypsum. These 

evaporite layers are interbedded with marl and limestone 

beds. In some layers, the gypsum is organized into chicken-

wire disseminated within carbonate beds. The relatively 

thickbedded and laminated evaporite layers are indicative of 

evaporitic sedimentary environments that developed under 

arid to semi-arid conditions (Purser 1975; Wilson 1967; Flügel 

2004). Such an assumption is consistent with Hallam's (1985) 

climate chart according to which the Cenomanian interval 

was marked by an arid climate. The fairly significant 

thickness of the evaporitic intercalations suggests on another 

hand a relatively subsiding marginal environment which 

could have been a semi-closed evaporitic basin. Furthermore, 

the possibility of arid conditions is compatible with the 

paleogeography of Tunisia during the Cenomanian according 

to which the study area corresponds during the Cenomanian 

to a restricted evaporitic margin (Burollet 1956; Marie et al. 

1984; Gargouri-Razgallah 1983; Abdallah 1987; Ben Ferjani et al. 

1990). 
 
Marls lithofacies 

In the Zebbag Formation, the marls are arranged into 

centimetric to metric intercalations formed with dark greyish 

detrital clays generally poor in fossils, and contain some 

fossil organic matter. Given the marginal-littoral 

palaeogeographical setting of the study area during the 

Cenomanian, and according to the analysis of the associated 

carbonate microfacies, such clays would have been 

transported from the continent before being deposited in a 

fairly restricted lagoonal environment during regressive 

episodes. In addition, the presence of fossil organic matter in 

these marls confirms the assessment of restricted conditions 

and refers to suboxic marine waters (Noffke et al. 2001; Zink et 

al. 2004; Lakhdar et al. 2006). 

 

Geochemistry 

The results of the chemical analysis of the carbonate 

intercalations of the Zebbag Formation are presented in Table 

1. According to this table, the concentrations of the analyzed 

chemical elements vary vertically from bottom to top of the 

Zebbag Formation depending on the depositional facies (Fig. 

10). 

According to several works (Pearce and Jarvis 1992; Banner 

1995; Sageman and Lyons 2003; Algeo and Maynard 2004; Harris et 

al. 2013; Turner et al. 2015) the chemical composition of the 

sedimentary rocks can be used to interpret the sedimentary 

environments; such as in the marginal settings in particular 

some chemical elements are considered as indicating 

dominant marine influences (Mg, Ca) against others that are 

rather indicating dominant continental influences (Si, Al, Fe, 

Ti). It is worth noting that in the present study, the chemical 

composition of the analyzed carbonates varies with the 

depositional microfacies which confirms and enhances the 

interpretation of the sedimentary environments. 
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Fig 9- Microphotographs of the carbonates microfacies (F4-6): a and b: oolithic grainstone in that the ooids are 

affected by micritization (F4), c: laminated stromatolitic mudstone (F5), d: birds eyes enlarged by dissolution (F5), e: 

mudstone with desiccation breccias (F6), f: birds eyes associated with gypsum nodules. 

 

https://doi.org/10.22108/jssr.2024.141331.1285


Journal of Stratigraphy and Sedimentology Researches, Vol. 40, Issue 4, No. 97, Winter 2024 

 
https://doi.org/10.22108/jssr.2024.141331.1285 

 

14 

Table 1- Major and minor oxides (in wt%) compositions of the carbonates of the Zebbag Formation, Tunisia. 

 

Deposit facies 

 

Samples 

Chemical elements 

%SiO2 %Al2O3 %Fe2O3 %TiO2 %MnO %MgO %CaO %K2O %SO3 

Bioclastic  

mudstone-

wackestone 

(F1) 

Zb1 1.71 0.53 0.88 0.02 0.03 11.47 39.9 0.19 1.32 

Zb14 0.72 0.2 0.42 0.01 0.03 13.6 33.89 0.1 9.29 

Zb48 1.21 0.28 0.11 0.01 0.02 0.41 60.47 0.2 0.34 

 

 

 

 

 

Pellets-rich 

mudstone-

wackestone 

with desiccation 

cracks 

(F2) 

Zb7 3.15 0.87 0.9 0.04 0.06 4.48 32.86 0,49 32,14 

Zb8 4.14 1.54 0.95 0.05 0.06 9.28 32.51 0.48 14.28 

Zb11 3.6 0.82 0.57 0.05 0.06 0.9 58.37 0.6 0.4 

Zb25 0.92 0.4 0.54 0.01 0.02 6.23 31.2 0.1 37.15 

Zb31 4.4 1.63 1.11 0.06 0.03 12.9 36.14 0.51 0.23 

Zb35 1.33 0.43 1.73 0,01 0.03 13.57 37.85 0.17 0.34 

Zb39 1.94 0.53 0.54 0.02 0.02 9.2 34.54 0.29 13.38 

Zb44 1.73 0.41 0.75 0.01 0.03 0.6 37.78 0.22 0.39 

Zb45 1.75 0.57 2.76 0.02 0.05 0.6 34.43 0.15 0.13 

Oysters debris-rich 

Wackestone (F3) 

Zb6 1.9 0.52 0.55 0,02 0.04 15.54 35.9 0.27 0.13 

Oolithic grainstone 

(F4) 

Zb29 4.8 0.74 1.22 0.06 0.15 1.8 28.52 0.54 0.23 

 

Laminated 

stromatolitic 

mudstone with 

birds eyes (F5) 

Zb19 0.83 0.3 0.3 0.01 0.03 7.6 34.83 0.05 20.56 

Zb40 1.7 0.43 1.64 0.02 0.07 6.98 44.1 0.22 2.83 

Zb41 7.48 2.43 0.66 0.1 0.01 14.43 32.66 1.07 0.7 

Zb43 1.71 0.48 1.22 0.02 0.05 0.63 34.25 0.21 0.29 

Musdstone with 

desiccation 

breccias and 

gypsum nodules 

(F6) 

Zb10 

 

3.62 1.06 0.95 0.03 0.04 7.29 33.24 0.41 14.28 
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Depositional microfacies with dominant Mg, K and Ca 

They include the microfacies F1 (bioclastic limestone) and 

F3 (limestone with oyster debris) where the concentrations of 

Mg, K and Ca are fairly higher compared with the other 

microfacies (Fig. 10). 

In the F1 microfacies, the Mg values vary from 0.41% to 

13.6% and Ca values from 34% to 60.5%. It is the same for 

microfacies F3 with Mg 15.54% and Ca approximately 86%. 

On the contrary, the group of chemical elements (Si, Al, Fe, 

Ti) is characterized by relatively low values. Indeed, the 

microfacies F1 shows averages of 1.2% for Si, 0.33% for Al, 

0.45% for Fe and 0.013% for Ti. It is the same for the 

microfacies F3 with 1.9% for Si, 0.52% for Al, 0.55% for Fe 

and 0.02% for Ti. 

Such a chemical composition dominated by Mg, Ca and 

K characterizing the depositional microfacies F1 and F3 are 

considered as rather indicate the dominance of marine 

influences in the depositional environment (Pearce and Jarvis 

1992; Banner 1995; Sageman and Lyons 2003; Algeo and Maynard 

2004; Harris et al. 2013; Turner et al. 2015), and confirms 

therefore the marine subtidal conditions already indicated by 

the limestones with various marine microfossils and 

bioclasts.  

 

Depositional microfacies with dominant Si, Al, Fe and Ti 

This association of chemical elements is considered to 

indicate rather the dominance of continental influences in the 

depositional environment (Pearce and Jarvis 1992; Banner 1995; 

Sageman and Lyons 2003; Algeo and Maynard 2004; Harris et al. 

2013; Turner et al. 2015) characterizes the microfacies F2 

(limestone with pellets and desiccation breccias), F4 (oolithic 

limestones), F5 (Stromatoliticlimestones with birds eyes) and 

F6 (limestones with desiccation breccias and gypsum 

nodules) (Fig. 10). 

Compared with the previous microfacies F1 and F3, the 

carbonates of microfacies F2, F4-6 are relatively richer in Si, 

Al, Fe and Ti and poorer in Ca and Mg. Indeed, in these 

limestones the Si varies from 0.83% to 7.48%, the Al 

between 0.3% and 2.43%, the Fe between 0.3% and 2.76 %, 

and Ti vary from 0.03% to 0.1%. On the contrary, the 

concentrations of Mg and Ca in these carbonates are 

relatively low and vary between 0.6% and 14.4% for Mg and 

between 31.2% and 58.37% for Ca. 

Such chemical compositions of limestones dominated by 

Si, Al, Fe and Ti characterizing the depositional microfacies 

F1 and F4–6 are compatible with and support the 

sedimentological interpretation according to which the 

depositional environment relative to these microfacies 

corresponds to a marginal peritidal lagoonal environment 

which was episodically subject to continental detrital inputs. 

Indeed, the presence of detrital quartz particles, added to the 

presence of stromatolites, desiccation breccias, birds eyes and 

gypsum nodules support the assumption of a marginal 

sedimentary environment exposed to continental influences.  

 

Sequence stratigraphy 

Based on the vertical variation of the depositional facies from 

bottom to the top of the Zebbag Formation and their 

corresponding depositional environments on one hand, while 

taking into account the principles of the sequence 

stratigraphy of mixed “carbonate-evaporitic” deposits 

according to Tucker et al. (1991) and Sarg (2001) on the 

other hand, it was possible to distinguish 22 mixed 

depositional sequences in this formation which can be 

regrouped into three distinct types  (i) “evaporites-carbonate 

sequences”, (ii) “evaporites-carbonate-marls sequences” and 

(iii) “evaporites-marls sequences”. 

 

Evaporites-carbonate sequences  

This type is represented by the sequences S5, S7, S12 and 

S18 (Fig.11). A sequence occurred above an unconformity 

generally characterized by a subaerial exposure surface. This 

surface is overlain by a stratified laminated gypsum layer 

which developed in a marginal restricted evaporitic 

environment; it represents the lowstand system tract. The 

sequence continues with a bedded limestone succession 

characterized by different carbonate microfacies; this 

limestone which is directly overlained by the evaporites of 

the overlying depositional sequence should correspond to the 

transgressive and the highstand system tracts. The vertical 

change of the carbonate microfacies allows sometimes 

identifying the boundary between these two system tracts. 

Indeed, in the sequences S5 and S7, the transgressive interval 

consists of bioclastic and oo-bioclastic packstone, indicating 

a subtidal to intertidal environment with medium to high 

hydrodynamic energy, whereas in the sequences S12 and S18 

the transgressive system tracts are characterized by oolithic 

packstone indicating an intertidal environment with warm 

and shallow coastal waters. The highstand system tracts are 

generally marked by stromatolitcmudstone showing birdseyes 

and gypsum nodules. The identified depositional sequence 

shows at the top desiccation cracks and breccias indicating 

the temporary subaerial exposure of the sedimentary 

environment and the end of the sequence. 

 

Evaporites-marls-carbonate sequences 

This type of depositional sequence is represented by S1, S2, 

S4, S6, S8, S10, S11, S13, S15, S16, S17, S21 and S22 

(Fig.11). A sequence is generally unconformably overlying a 

subaerial exposure surface which supports a relatively thick 

evaporitic layer with stratified laminated gypsum greyish in 

color due to the presence of clay particles. These thick 

evaporites that developed in a subsided evaporitic marginal 

zone correspond to the lowstand system tract. The evaporites 

are overlain by interbedded thick-bedded limestones and thin- 

to medium-bedded marl levels which represent the 

transgressive system tracts. The marls include scarce benthic 

foraminifera and display a relatively dark color due to the 

presence of organic matter; it refers to a restricted lagoonal 

condition. The limestone intercalations show bioclastic 

wackestone indicating episodes of relatively open marine 

subtidal environments. The maximum flooding surface is 

recorded within the limestone level the richest in marine 

fossils (foraminifers, oysters, echinoderms). The uppermost 

limestone levels which consist of wackestone poor in fossils 

but rich in pellets with desiccationdesiccation breccias at the 

top indicate a shallowing-up and represent therefore the 

highstand system tract. 

These depositional sequences never end with a subaerial 

exposure surface like the first type of sequences described 

above; their upper boundary is marked by a brutal change 

from shallow- to deep-water depositional facies. 
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Fig 10- Diagrams of the distribution of chemical element concentrations with the different carbonate microfacies of the 

Zebbag Formation. 

 
Evaporites-marls sequences 

This type of depositional sequence is represented by S3, S9, 

S14, S19 and S20 (Fig.11). The lower sequence boundary is 

generally characterized by a subaerial exposure surface above 

which a relatively thick stratified laminated gypsum layer 

occurs; it represents the lowstand system tracts. The marls 

overlying the evaporites represent the transgressive and the 

highstand system tracts. At the base, the marls show scarce 

marine fossils (oysters) and display a dark greyish color due 

to the presence of organic matter content; these marls 

represent the transgressive system tract, and the maximum 

flooding surface can be placed at the level the poorest in 

fossils and the darkest in color. To the top, the marls become 

less dark and less poor in marine fossils with the presence of 
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benthic foraminifera, lamellibranches and oysters, these 

marls should correspond therefore to the highstand system 

tract. According to such features, while taking into account 

the sedimentological study, it seems that both the 

transgressive and highstand system tracts developed in a 

lagoonal environment which became less restricted with the 

end of the depositional sequence. 

 

 

 
Fig 11- Depositional mixed sequences of the Zebbag Formation at Khanguet Zebbag, Central Tunisia 

 
Discussion 

Based on the field examination of lithofacies, and according 

to previous works, the Zebbag Formation can be primarily 

attributed to a marginal-littoral evaporitic environment 
(Burollet 1956; Fournier 1973; Gargouri-Razgallah 1983; Marie et 

al. 1984). The presence of thick intercalations of stratified 

laminated evaporites in this formation supports such an 

assumption. The fairly significant thickness and the bedding 

of the evaporitic intercalations in this formation suggest on 

another hand a fairly subsided sedimentary basin which is 

compatible with an evaporitic lagoonal environment 

developed in a passive margin and suggests abrupt eustatic 

sea-level changes (Zamannejed et al. 2013).  

Considering the palaeogeography of Tunisia during the 

Late Albian–Cenomanian interval, the formation of a 

restricted lagoonal evaporitic environment can be linked to 

the presence of the rudist-bearing reef complex called the Isis 

Formation that occurred at the NE of Central Tunisia; it 

displayed a barrier reef within the Cenomanian carbonate mid 

ramp (Gargouri-Razgallah 1983; Marie et al. 1984).  

The presence of fossils poor limestones and marls, which 

are commonly interbedded with the evaporitic layers of the 

Zebbag Formation, supports the assumption of a restricted 

lagoonal sedimentary environment in the study area. In 

addition, the relatively dark greyish color of the marl 

intercalations refers to the conservation of organic carbon 

within an oxygen-poor (hypoxic) environment. 

According to several workers (Gargouri-Razgallah 1983; 

Marie et al. 1984; Abdallah 1987 and Ben Ferjani et al. 1990), the 

interbedded evaporites-limestone-marls of the Zebbag 

Formation correspond to a marginal-littoral evaporitic 

environment. Indeed, the stratified evaporites which are 

alternating with fossil-poor limestone are already considered 

by these workers as a shallow-water inner ramp with lagoonal 

restricted conditions. This lagoonal environment passes 

towards South Tunisia into a more evaporitic environment, 

while towards North Tunisia it passes into a deep-water open 

marine outer ramp (Marie et al. 1984; Ben Ferjani et al. 1990). 

In terms of palaeoclimate, the development of fairly thick 

evaporitic layers in the Zebbag Formation indicates a 

relatively arid climate. Such an assumption is compatible 

with the climate chart of Hallam (1985) according to which, 

on a global scale, the Cenomanian is marked by an arid 

climate. This is also supported by the works of Newport et al. 

(2017) on the Zebbag Formation in south Tunisia, according 

to whom the Cenomanian–Turonian interval was marked by 

equatorial conditions that resulted in sufficient evaporation of 

sea water leading to a mesohaline reflux dolomitization of the 

carbonate intercalations of Zebbag Formation in South 

Tunisia. 

The interpretation of the depositional environment is 

furthermore clearly supported by the results of the carbonate 

microfacies analysis. Indeed, both the mudstone-wackestone 

with pellets and rare bioclasts, as well as the oolithic 

packstone are compatible with a marginal-littoral 

environment. Accordingly, the limestone with pellets and 

poor in fossils and bioclasts refers to a restricted subtidal 

lagoonal environment, while the oolithic limestone is 
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characteristic of warm and shallow coastal waters (Purser 

1973; Sipos et al. 2018). The marginal-littoral setting can also 

be testified by the frequent presence of desiccation cracks and 

breccias associated with gypsum nodules (Purser 1973; Wilson 

1975; M Rabet 1987; Flügel 2010). 

According to Tucker (1992), the marginal-littoral setting 

is the most sensitive to sea-level fluctuation, and it therefore, 

best records the variation of continental influences and 

marine influences linked respectively to marine regression 

and transgression. Accordingly, the fluctuation of sea level 

and its impact on the variation of depositional facies are 

rather more sensitive in the marginal-littoral environment 

than in the infralittoral to basin environment.  

In the Zebbag Formation, the alternating marine 

influences and continental influences recorded in the 

depositional environment can be highlighted by the vertical 

variation not only of the depositional facies but also of the 

chemical composition of the carbonate intercalations. Indeed, 

in microfacies F1 and F3 which refer to subtidal open marine 

environments, the limestone is marked chiefly by Mg, K and 

Ca which are rather known as indicating dominant marine 

conditions. On the contrary, the limestones rich in ooids 

associated with desiccation breccias and detritic quartz 

particles representing the microfacies F2 and F4–6 are 

basically marked by Si, Al, Fe and Ti known as indicating 

dominant continental conditions (Pearce and Jarvis 1992; Banner 

1995; Sageman and Lyons 2003; Algeo and Maynard 2004; Harris et 

al. 2013; Turner et al. 2015). It is then clear that the 

sedimentological features of the studied succession are 

compatible with the chemical analytical results, which 

confirms the interpretation of the sedimentary environment.  

The vertical changes in both depositional facies and 

chemical composition through the Zebbag Formation are 

controlled by the fluctuation of sea level that controlled the 

change of the depositional environment. Consequently, the 

environment was episodically subject to dominant continental 

influences during the regressive stages and to dominant 

marine influences during the transgressive ones. As a result, 

the Zebbag Formation was arranged into a succession of 

depositional sequences that were controlled by the variation 

of sea level in a marginal-littoral setting. It consists of mixed 

sequences with evaporitic intercalations. 

According to the vertical variation of the depositional 

facies, taking into account Walther's law (1894), the mixed 

sequences of the Zebbag Formation occurred in different 

environments and are therefore composed of different system 

tracts.  

Compared with the mixed sequences with evaporitic 

intercalations as already described by Tucker (1991) and Sarg 

(2001), those identified in the Zebbag Formation begin as 

well with evaporites at the base which represent the lowstand 

system tract, but they never end with limestone as for the 

transgressive and highstand system tracts; they end in 

addition either with interbedded limestone and marls or by 

marls.  Several other authors, working on mixed sequences, 

identified only interbedded evaporites-carbonate succession, 

as for example Xiao et al. (2021) working on mixed 

sequences in the Ordos Basin of China during 

the Ordovician, Husinec and Harvey (2021) working on Late 

Ordovician in a mixed carbonate-siliciclastic-evaporite 

lithofacies in Williston Basin (USA); all these workers 

attribute the evaporitic intercalations to the lowstand system 

tract of third-order depositional sequences and the carbonate 

levels to the transgressive and highstand system tracts.  

In fact, the Zebbag Formation includes three types of 

mixed sequences that developed in three distinct settings 

formed along the marginal-littoral environment in Central 

Tunisia (Fig.12). Indeed, the evaporites-carbonate sequences 

should have been developed in the shallow water inner part 

of the margin, while the evaporites-marls sequences seem to 

have been occurring in the deeper water outer part of the 

margin. Accordingly, it seems plausible that the evaporites-

carbonate-marls sequences represent a transitional zone 

between the two previous zones. 

Considering Walther's law (1894) the three marginal 

zones cited above are alternating vertically depending on the 

alternating marine regression and transgression. Indeed, 

during the lowstand of sea level and resulting marine 

regression, the evaporites developed in a shallow water 

evaporitic lagoonal environment under arid conditions. 

During the beginning of sea-level rise, the sedimentary 

environment received and accumulated detrital clayey inputs. 

During the transgressive stage, the sedimentary environment 

became deep enough to allow the carbonate precipitation. 

Such a spatial distribution of the sedimentary environments 

determines the spatial distribution of the three types of mixed 

sequences as shown in Figure 11.  

Although the models of the sequence stratigraphy of 

mixed successions as established by Tucker (1991) and Sarg 

(2001) are applicable to the studied formation, the mixed 

sequences already identified in this formation are basically 

different from those reported by the previous workers by the 

presence of marl intercalations interbedded with limestones 

and evaporites. According to the present study while 

considering the previous works (Burollet 1956; Gargouri-

Razgallah 1983), the clays forming these marls have been 

transported from the neighboring continent before being 

deposited in a restricted marginal lagoonal environment. 

Furthermore, the presence of terrigenous detrital clays is 

generally interpreted as indicating a significant continental 

weathering linked to rather humid conditions (Millot 1964; 

Bougeault et al. 2017; Zhong et al. 2018; Liu et al. 2020). Then the 

presence of marl intercalations in the studied mixed 

sequences can be linked with a climatic fluctuation during the 

Cenomanian, with not particularly prolonged episodes during 

which the humid episodes generated clays and the arid 

episodes generated evaporites. In this regard, the absence of 

clayey intercalations in the Permian mixed sequences of 

Tucker (1991) and Sarg (2001) can be explained by a rather 

arid climate that prevailed during the Permian in the area 

studied respectively in North England and Michigan (USA) 

as well as in the Gulf of Mexico. 
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Fig 12-Types of mixed sequences forming the Zebbag Formation in Central Tunisia 

 
Conclusions  

The Late Albian–Cenomanian interval is represented in 

Central Tunisia by a mixed succession called the Zebbag 

Formation. It consists of interbedded stratified evaporites, 

oolithic and bioclastic carbonates, and fossils-poor marls. 

The Zebbag Formation occurred within a margino-littoral 

setting at the southern border of Tethys. The carbonate 

intercalations include different depositional microfacies that 

developed in different depositional environments, varying 

between the open marine subtidal and the restricted inter- to 

supratidal environments. The evaporite intercalations 

occurred within an evaporitic environment, while the marls 

refer to a restricted lagoonal environment. 

The carbonate depositional environments as already 

interpreted based on the identified microfacies are confirmed 

by the chemical composition of the carbonates. The vertical 

variation of both depositional microfacies and chemical 

composition from the bottom to the top of the Zebbag 

Formation records the role of the sea-level fluctuation and the 

influences of the marine transgressions and regressions on the 

depositional environment. 

According to the vertical distribution of the depositional 

facies and chemical composition, while taking into account 

the presented models for mixed depositional sequences1, the 

Zebbag Formation includes three types of mixed sequences: 

evaporites-carbonate sequences developed within the inner 

part of the margin, evaporites-marls sequences in the outer 

part of the margin, and the evaporites-carbonate-marls 

sequences in the middle part of the margin. 

In comparison to the proposed mixed depositional 

sequences model elsewhere, those of the Zebbag Formation 

include in addition marl interclations, which suggests a 

fluctuating climate with humid episodes giving rise to marls 

and arid episodes generating evaporites and carbonates. 
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