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The N–E Tu ni sian coast (Bizerte re gion) shows sev eral Qua ter nary sed i men tary ar chives of mid dle to late Pleis to cene age.
Sedimentological anal y ses car ried out (grain size, morphoscopy, exoscopy, pe trog ra phy, min er al ogy, and fos sil con tent) on
12 sec tions re veal a suc ces sion that be gins with infratidal de pos its at trib uted to the last Inter gla cial pe riod, fol lowed by
intertidal, con ti nen tal (palaeosol) and/or ae olian de pos its (aeolianites). The ar range ment of these de pos its, their lithological
char ac ter is tics and their fau nal con tents are the ba sis for a palaeoenvironment re con struc tion and es ti ma tion of palaeo -
climatic con di tions. A warmer cli mate and a high sea level char ac ter ize the be gin ning of this in ter val, fol lowed by a sea level
fall ac com pa nied by an al ter na tion of hu mid and arid cli mate. This al ter na tion is re flected by in ter ca la tions of the palaeosol
lev els be tween the ae olian de pos its.
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INTRODUCTION

Qua ter nary de pos its out crop widely along the Tu ni sian
Coast, from the Tabarka re gion to the Tu ni sian-Lib yan bor der
(>1300 km). The late Pleis to cene de pos its of the Cap Bon,
Sahel, and south-east re gions are well-known (Paskoff and
Sanlaville, 1976, 1983; Mahmoudi, 1986; Oueslati, 1994;
Jedoui, 2000; Jedoui et al., 2002, 2003; Chakroun, 2006;
Temani et al., 2008; Chakroun et al., 2009; Mauz et al., 2009,
2012; Elmejdoub and Jedoui, 2009; Mejri, 2012; Gzam et al.,
2016) due to their lithological and strati graphic di ver sity and fos -
sil con tent.

The clas si fi ca tion and chro nol ogy of these de pos its have
evolved. Issel (1914) at trib uted at Tyrrhenian age to Med i ter ra -
nean Qua ter nary de pos its with Persististrombus latus (a se nior
syn onym of Strombus bubonious). Paskoff and Sanlaville
(1976) were the first to use the term “for ma tion” and pro posed a
com plete Qua ter nary clas si fi ca tion in Tu ni sia by dis tin guish ing
three for ma tions (the Douira-Rejiche and Chebba for ma tions).
Mahmoudi (1986) dis puted this clas si fi ca tion and used the con -
cept of “Re gional Strati graphic Unit” based on sedimentological 
cri te ria to de scribe the lithological changes of the Sahel Pleis to -

cene de pos its. He dis tin guished three units sep a rated by ero -
sion sur faces (Douira unit, Khniss unit, and Rejiche unit).
Oueslati (1994) sub di vided the Qua ter nary de pos its of the Cap
Bon re gion into four morphostrati graphic units (Oued Youssef
unit, Diar Ben Sa lem unit, Douira unit, and Rejiche unit). The
Rejiche and Douira units were cor re lated to the ma rine iso tope
stages (MIS) 5 and 7 based on geomorphological and
biostratigraphic ar gu ments. Later, Jedoui (2000) dis tin guished
two lithostratigraphic units (a lower quartzose unit and an up per
car bon ate unit) sep a rated by a dis con ti nu ity in the Tu ni sian
south-east. Fur ther more, Chackroun (2006), Temani et al.
(2008) and Chakroun et al. (2009) ex tended this clas si fi ca tion
to the Cap Bon and iden ti fied the two units (quartzose and car -
bon ate) based on their sedimento logical and strati graphic char -
ac ter is tics and fau nal con tent. These two units are cor re lated to
MIS 5e.

Based on OSL (op ti cally stim u lated lu mi nes cence) dat ing,
sev eral au thors aban doned the clas si cal clas si fi ca tions and
adopted an iso to pic stra tig ra phy. Elmejdoub and Jedoui (2009)
sub di vided the Pleis to cene into “Pleis to cene ma rine units” and
num bered them from 1 to 5, and they as signed unit 4 (the
Khniss unit equiv a lent) and unit 5 (the Rejiche unit equiv a lent)
to MIS 5. Mauz et al. (2009, 2012) placed the inter gla cial pe riod
be tween 125–75 Ka. Re cently, Mejri (2012) and Balescu
(2015), based on the lithostratigraphy and IRSL (in fra-red stim -
u lated lu mi nes cence) dat ing, re used the term “for ma tion” and
correleted the Douira For ma tion with MIS 7-9.

To wards the north, Pleis to cene de pos its ex posed along the
Bizerte coast ex hibit var i ous lithological and sedimentological
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characterictics. Our pres ent work com prises, a de tailed
sedimento logical study (grain size, morphoscopy, exoscopy,
pe trog ra phy, min er al ogy, and fauna con tent) of these de pos its
from the Ras el Korane re gion, in the west, to the Cap Zbib, in
the east, al low ing palaeoenvironmental re con struc tion, de ter -
mi na tion of sea level vari a tion, and palaeoclimate es ti ma tion
dur ing the late Pleis to cene (MIS 5) along the NE Tu ni sia coast
(Bizerte area).

GEOGRAPHICAL SETTING

The Bizerte area (N–E Tu ni sia; Fig. 1) is char ac ter ized by a
ma rine Me so zoic struc tural suc ces sion of Cre ta ceous-Up per
Eocene age (Rouvier, 1977; Paskoff and Sanlaville, 1983),
over lapped by the Oligo-Mio cene Nu midi an sheet.

The Pleis to cene ma rine de pos its are lo cated a few metres
above the mod ern sea level and rest un con form ably on the ear -
lier sub strate (Tri as sic, Eocene,  Nu midi an, and Plio cene).
Twelve sec tions were stud ied from Ras el Korane, in the west,
to Cap Zbib, in the east, grouped into four sec tors, mak ing eas -
ier the pre sen ta tion and the in ter pre ta tion, which are:

– Ras Angela sec tor: with the Ras el Korane 1 (RK1), Ras el
Korane 2 (RK2) and Ras Angela (RA) sec tions;

– Corniche of Bizerte sec tor: con tains the Ain Damous (AD),
Grottes (Gr), Cap Bizerte (CB), Ras Blatt (RB) and El
Khyem (KH) sec tions;

– R’Mel/Metline sec tor: in cludes the R’Mel (RM), Metline (Me) 
and Metline (MT) sec tions;

– Cap Zbib sec tor: with the Cap Zbib sec tion (CZ).

MATERIAL AND METHODS

Along the NE Tu ni sian coast, from Ras el Korane to Cap
Zbib, the Pleis to cene suc ces sions ex posed at the 12 sec tions
were in ves ti gated by strati graphic log ging, and sam ples were

col lected for a se ries of anal y ses (grain size, morphoscopy,
exoscopy, pe trog ra phy, min er al ogy and fau nal con tent). 

To in ter pret sed i ment trans port mode, grain size dis tri bu tion 
was anlysed us ing an “AFNOR” col umn com pos ite by 9 sieves.
The anal y sis was car ried out on 200 grams of sed i ment dried in
an oven at 105°C. Fol low ing siev ing, weight per cent age fre -
quen cies and cu mu la tive weight per cent age fre quen cies were
com puted. Grain size pa ram e ters such as graphic mean size
(Mz), sort ing (So), skew ness (SK), and kurtosis (K) were cal cu -
lated ac cord ing to Folk and Ward’s (1957) method. 

The morphoscopic anal y sis was per formed on the 0.25 and
0.5 mm frac tions and ob served un der a bin oc u lar mi cro scope
(Nikon, X40). Based on their vi sual ob ser va tion, quartz grains
were clas si fied in terms of round ness, sphe ric ity and su per fi cial
ap pear ance (Pettijohn et al., 1987). This anal y sis al lowed
palaeoenvironmental char ac ter iza tion and in fer ence of trans -
port mode.

For the exoscopic anal y sis, quartz grains were se lected and 
pre pared for anal y sis by scan ning elec tron mi cros copy (SEM).
Or ganic par ti cles were elim i nated by treat ment with 15% HCL
and 30% H2O2. The grains were then ob served un der a bin oc u -
lar mi cro scope, picked out, and coated with gold. Pho to mi cro -
graphs were taken at dif fer ent scales us ing an SEM in stru ment
(JEOL-JSM5400, Tu ni sian Pe tro leum Busi ness – ETAP, Tu ni -
sia). Microtextural fea tures were iden ti fied on the quartz grains
and clas si fied based on pre vi ous stud ies (Mahaney, 2002;
Costa et al., 2012; Vos et al., 2014). A semi-quantitive ap proach 
for each grain was used, based upon the pro por tion of the grain
sur face oc cu pied by each fea ture. Link ing these fea tures ob -
served on the grain sur face to a de fined sed i men tary en vi ron -
ment al lows the re con struc tion of past en vi ron ments. 

Petrographic stud ies (thin-sec tion ob ser va tions) pro vided
in for ma tion on palaeoenvironments and diagenetic trans for ma -
tions. 

Min er al og i cal anal y sis was car ried out by X-ray dif frac tion
(XRD), used to rec og nize the min er al og i cal as sem blage of the
rock. This as sem blage al lowed a com plete de scrip tion of all the
min er al og i cal phases (qual i ta tive de ter mi na tion) and their rel a -
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Fig. 1. Lo ca tion of the re gion stud ied (Bizerte re gion marked by red on the left-hand map) and the sec tors and sec tions stud ied
(right-hand map) with RK 1 – Ras Korane 1, RK 2 – Ras Korane 2, RA – Ras Angela, AD – Ain Damous, GR – Grottes, CB – Cap
Bizerte, RB – Ras Blatt, KH – El Khyem, RM – R’Mel, Me – Metline Me, MT – Metline MT, CZ – Cap Zbib
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tive pro por tions (semi-quan ti ta tive de ter mi na tion). The re sults,
in diffractogram form, show a se ries of peaks be long ing to sev -
eral min er als. The count ing of the diffractograms was car ried
out by the “X’pert Hight Score plus” soft ware. 

These an a lyzes were com pleted by de ter mi na tion of the
ma rine macrofauna and us ing their eco log i cal char ac ter is tics to 
help char ac ter ize the palaeoenvironments. Tax o nomic at tri bu -
tions were based on the World Reg is ter of Ma rine Spe cies Da -
ta base and the Paleobiology Da ta base.

RESULTS – FIELD DESCRIPTION 
AND SEDIMENTOLOGY

RAS ANGELA SECTOR

The Pleis to cene out crops in the Ras Angela re gion (Fig.
2A) lie un con form ably ei ther on Nu midi an siliciclastic de pos its
(Ras Korane 1 and 2) or on the Trias (at Ras Angela). The suc -
ces sion be gins with a thick con glom er atic level (es pe cially in
the Ras Korane 2 sec tion, 20 cm thick) with centi metre-to
decimetre-sized peb bles, of which some are lithophagous. This 
con glom er atic fa cies passes into finer fa cies rep re sented by
clays en riched in small peb bles ar ranged in oblique laminae
and sandy marls. Lo cally, sandy lime stone is ob served (Ras
korane 2 sec tion) con tain ing He lix shells and fos sil ized root
traces (Fig. 3A). A sec ond con glom er ate ap pears ei ther in di -
rect con tact (Ras Korane 1) or by chan nel ling into the un der ly -
ing layer (Ras Korane 2).

At the Ras Korane 2 sec tion, the ma trix hosts sev eral spe -
cies of ma rine gas tro pod [Bolma rugosa (Linnaeus, 1767),
Cerithium vulgatum (BruguiÀre, 1792), Co nus ventricosus
(Gmelin, 1791), Columbella rustica (Linnaeus, 1758)], the bi -
valve [Ve nus verrucosa (Linnaeus, 1758)], echinoderms,
sponges, and cor als. Above there is a ter res trial sand stone rich

in He lix shells and fos sil ized root traces. The suc ces sion ends
in an aeolianite with large-scale cross-bed ding.

In the Ras Korane 1 sec tion, the suc ces sion starts with
bioclastic clayey sands and He lix shells, and ends with a small
aeolianite (0.5 m thick) with abun dant He lix shells.

CORNICHE OF THE BIZERTE SECTOR

A basal con glom er atic bed is com mon to all sec tions (ex -
cept the El Khyem sec tion) of this sec tor with centi metre-to
decimetre-sized peb bles of dif fer ent shapes and lithologies. Lo -
cally (the Grottes sec tion), this level hosts sev eral ma rine gas -
tro pod spe cies [Cerithium vulgatum, Co nus ventricosus,
Colum bella rustica, Gibbula ardens (Von Salis, 1793), Pa tella
coerulea (Linnaeus, 1758), Phorcus richardi (Payraudeau,
1826), Tro chus sp. (Linnaeus, 1758), Vermetus triquetrus
(Bivona-Bernardi, 1832)] and a bi valve spe cies [Glycymeris
glycymeris (Linnaeus, 1758)]. 

This con glom er ate is fol lowed ei ther by sandy marls or
lumachelles (at the Ain Damous and Grottes sec tions), or is di -
rectly over lain by fine sands with He lix shells (at the Cap Bizerte 
and Ras Blatt sec tions; Fig. 3B, C). 

The aeolianite de vel op ment marks this sec tor and can
reach 15 m in thick ness (at the Ain Damous) with abun dant He -
lix shells; the large-scale cross-bed ding has been com monly
de stroyed by in tense fos sil root traces. 

At the Cap Bizerte and El Khyem sec tions, this aeolianite is
in ter ca lated by a thin sandy layer con tain ing, at the El Khyem
sec tion, fos sil wood. A cal car e ous encrustation ap pears which
lat er ally changes into whit ish sand stone rich in small gas tro pod
shells (of an un de ter mined spe cies); this is in ter preted as a la -
goon fa cies.

At the Grottes sec tion, the Pleis to cene suc ces sion is com -
pa ra ble to that of the pre vi ous sec tor, with the ap pear ance of a
sec ond con glom er ate. The fol low ing lev els are rep re sented by
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Fig. 2. Lithostratigraphic logs of the sec tions along the N–E Tu ni sia coast



clayey sands with centi metre-sized peb bles, an aeolianite
which pinches out lat er ally and is over lain by col lu vium, rep re -
sent ing fine sand-filled chan nel with peb ble lenses. The suc -
ces sion ends in an ero sional sur face with iron ox ides and a
lime stone crust.

R’MEL/METLINE SECTOR

This sec tor rep re sents dif fer ent palaeolandscapes (Fig. 2C) 
fol low ing tec tonic ac tiv ity in the R’Mel re gion (Ben Ayed et al.,
1979; Paskoff and Sanlaville, 1983; Mar ti nez and Paskoff,
1984). The suc ces sion be gins with intertidal fa cies rep re sented
ei ther by sand stones with flat laminae or by fine sands with bi -
valves. Lo cally (at the Metline MT sec tion) there is a 0.5 m thick
con glom er atic level with dif fer ent-sized peb bles.

In the Metline re gion, the suc ces sion con tin ues with finer
de pos its. These thin se quences, of tempestite-or i gin, are over -
lain by a bioturbated level, then a thin sandy layer. The unit is
over lapped by a len tic u lar bi valve-rich level. These mem bers
are better de vel oped in the Metline Me sec tion with a thicker
suc ces sion and en rich ment in bi valve shells. This level passes
into a thin aeolianite with large-scale cross-bed ding. This aeo -
lianite can be sub di vided into two mem bers sep a rated by a red -
dish fine sand layer (palaeosol).

These aeolianites are well de vel oped in the R’Mel re gion
with large-scale cross-bed ding, fos sil ized root traces, and de -
carbo nation chim ney de vel op ment in its up per most part. These 
pock ets are filled with red dish sands.

CAP ZBIB SECTOR

The Pleis to cene at Cap Zbib out crop is ex posed in a steep
shaped by the sea show ing four notches. The sec tion lies on
white Eocene lime stone (Fig. 2D). It be gins with 20 cm thick
bioclastic lime stone rich in decimetre-to centi metre-sized peb -
bles and fos sil shell de bris. Above lies a 1 m thick aeolianite with 
cross-bed ding and fos sil ized root traces. This aeolianite in -
cludes a fine red dish sand layer. 50 m to the east, this level
thick ens to 60 cm and is  en riched in fos sil shells (whole and
frag men tary; Fig. 3D).

The aeolianite dis ap pears (100 m to the west) to be re -
placed by a 3 m thick layer of whit ish sand con tain ing en tire gas -
tro pod shells and peb bles (centi metre-sized, rounded). The
suc ces sion is capped by a thick layer (~2 m) of red col lu vium
with an gu lar decimetre-sized peb bles.

INTERPRETATION

RAS ANGELA SECTOR

Late Pleis to cene sed i men ta tion along the Ras Angela sec -
tor is rep re sented by di verse fa cies (based on the na ture, mor -
phol ogy and depositional fea tures of the sed i ment): subtidal,
intertidal, con ti nen tal, la goonal, and dune. It be gins with a con -
glom er atic de posit with sub-an gu lar to sub-rounded peb bles.
This con glom er ate un der lines a first ma rine trans gres sion
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which seems to be im por tant, tes ti fied by the peb ble size
(decimetre-scale) and the fau nal rich ness. The fa cies di ver sity
is linked to the change in the depositional en vi ron ment, re sult -
ing in pro gres sive sea level re treat. This shift is rep re sented by:

– an intertidal en vi ron ment, with bioclastic sand stone lime -
stone (car bon ate con tent 38.4%). Lat er ally in the Ras el
Korane 2 sec tion, centi metre-sized car bon ate nod ules are
de vel oped in the up per most part of a sandy marl layer.
These nod ules mark the end of the ma rine cy cle and the
tran si tion to a hot, arid cli mate with con trast ing sea sons.

– in a la goon en vi ron ment open to the sea (only at Ras
Korane 1), by green ish sandy marls en riched in He lix shells
and ma rine gas tro pods.

– in a con ti nen tal en vi ron ment, by sand stone lime stone or by
marly sand.

–  in a dune en vi ron ment, by fine yel low ish sand in di cat ing a
con ti nen tal sed i men tary re gime.

A sec ond ma rine pulse is rep re sented by coarse fa cies with
dif fer ent-sized peb bles and a ma rine fauna. This fau nal rich -
ness (Ta ble 1) sug gests a sta ble and fa vour able en vi ron men tal
con di tions. The di verse as sem blage (11 spe cies) likely re flects
a ma rine palaeoenvironment cor re spond ing to the photo syn -
thetic zone (shal low subtidal en vi ron ment), in which Ca2+ and
CO3- ions were suf fi ciently avail able to al low for ma tion of cal -
car e ous shells (Chakroun and Zaghbib-Turki, 2017). These
shells are en tire and well-pre served and the de bris are rare.
This good pres er va tion sug gests that they have not un der gone
long trans port. Thus, they were in du bi ta bly fos sil ised in or close
to their ap pro pri ate biotope. More over, the shells have never
been en crusted by al gae or bryo zoans or per fo rated by li chens,
show ing that they were quickly bur ied where they lived (with the
ex cep tion of Co nus ventricosus, which in cludes per fo rated
spec i mens with clione traces re flect ing a sed i men ta tion de lay).

The fau nal as sem blage is dom i nated by Co nus and Bolma
rugosa. Co nus lived at medio-to infralittoral lev els un der warm
wa ters and a calm en vi ron ment. Co nus ventricosus can be con -
sid ered as a biomarker re flect ing a shal low subtidal en vi ron -
ment with warm wa ters sim i lar to cur rent con di tions in the trop i -
cal zone. Whereas, Bolma rugosa lived on rocky bot toms rich in 
veg e ta tion as well as on muddy bot toms at 1–2 m depth.

The fauna within this level hosts ma rine and con ti nen tal
gas tro pods (He lix spp.). This as sem blage sug gests the prox im -
ity of land and the pos si ble trans port of con ti nen tal sed i ment
through a la goon or along a river. This last hy poth e sis sug gests
an ag i tated en vi ron ment with cold wa ters. How ever, the fau nal
as so ci a tion rather rep re sents warm, shal low and calm wa ters.
This biotope prob a bly formed in a la goon con nected with the
sea or in a shel tered bay.

Coral de vel op ment char ac ter izes this level. Sta ble cli ma tic
con di tions al low the pro lif er a tion of large lime stone struc tures,
formed by cor als (Laborel, 1980, 1987). How ever, the cor als
iden ti fied are poorly de vel oped and scat tered, in di cat ing con -
stant change in the cli ma tic con di tions. 

The sec ond ma rine pulse (de scribed above) is smaller than
the first, shown by the de crease in peb ble size (not ex ceed ing a
few centi metres). The sea level re treat was faster, lead ing di -
rectly a to con ti nen tal en vi ron ment, and then a dune en vi ron -
ment where large sand bod ies and lime stone (car bon ate con -
tent 36%) were de pos ited.

A third sea level pulse was only de tected in the Ras Korane
1 and Ras Korane 2 sec tions. It is shown by layer with ma rine
fos sils (rich in bi valves, gas tro pods, bryo zoans, and cor als).
Above the Ras Korane 1 sec tion, a sec ond level of dune strata,
less de vel oped than the pre vi ous ones, ap pears with large-
 scale cross-bed ding and He lix shells. This third trans gres sion
was of small ex tent and can not be traced re gion ally. It may

rather rep re sent a ma jor lo cal event such as a tsu nami or large
storm (Sahli et al., 2019).

At the Ras Korane 2 sec tion, the suc ces sion is capped by a
lime stone encrustation. This crust over lies car bon ate-rich ma -
rine de pos its (car bon ate con tent 43%) which evolved in a
subaerial en vi ron ment ex posed to the open air for a long pe riod, 
dur ing a re gres sive ep i sode af ter their de po si tion (Mejri, 2012).
The pos si ble sea level re treat and the on set of a hot and arid cli -
mate led to induration of this lime stone encrustation.

CORNICHE OF BIZERTE SECTOR

This sec tor is char ac ter ized by well-de vel oped ae olian
stra ta (Figs. 4A, B, F and 5E). The thick est dunes were re -
corded in the Ain Damous and Cap Bizerte/Ras Blatt sec tions,
where they ex ceed 15 metres in height. Their li thol ogy (fine to
very fine sands), their petrographic cri te ria (packstone to
grain stone tex ture, palisadic, stalactitic, and me nis cus ce -
ment, var i ous micro fauna) and their car bon ate con tent (36%)
seem to be those of in fra-intertidal en vi ron ment de pos its
(Loope and Abegg, 2001; Le Guern, 2004; Le Guern and
Dava ud, 2005; Frébourg et al., 2008).

The large-scale cross-bed ding re flect the pre vail ing palaeo -
wind di rec tion re spon si ble for the par ti cles’ mo bi li za tion. The di -
rec tion was de ter mined by mea sur ing the strike and dip of the
steep est cross-beds. This shows that the gen er al ized di rec tion
of the dom i nant palaeo-wind dur ing the Late Pleis to cene was to
the N–W, a sim i lar di rec tion to the dom i nant wind di rec tion to -
day (ac cord ing to the me te o ro log i cal sta tion of Bizerte, 2019).

At the El Khyem sec tion, the de vel op ment of these dunes
has sep a rated a re stricted shal low en vi ron ment rep re sented by
a whit ish sand stone fa cies, car bon ate-ce mented and rich in
Cardium and Ceritium shells.

Coastal sed i men ta tion was more di verse in the Grottes sec -
tion, show ing typ i cal fa cies and a unique land scape. The ma -
rine trans gres sion was iden ti fied at two separete lev els with, in
each case, a con glom er atic fa cies with peb bles (dm- to cm-
scale) and a ma rine fauna.

The first sea level rise brought with it gas tro pod shells and a
sin gle spe cies of bi valve (Ta ble 1). These shells range from
com plete to bro ken (worn and rolled). The poor pres er va tion of
shells re flects strong ma rine cur rents and that the biota was not
fos sil ised in situ, but un der went sub stan tial trans port by waves
and storms. The fau nal as sem blage re flects a ma rine palaeo -
environment in the photosynthetic zone, with her biv o rous spe -
cies (Cerithium vulgatum, Columbella rustica, Pa tella coerulea)
in di cat ing the de vel op ment of al gae and ma rine plants.

Some of the spe cies col lected (Cerithium vulgatum, Co nus
ventricosus, Columbella rustica, Tro chus sp.) lived fixed or at -
tached to plants sug gest ing an infralittoral, shal low, and calm
en vi ron ment. Other spe cies are sus pen sion feed ers (Vermetus
triquetrus). Their pres ence re quires a con stant re newal of the
wa ter col umn to en sure ox y gen a tion and main te nance of nu tri -
ents in sus pen sion. There fore, such an as sem blage sug gests a 
calm, shal low ma rine en vi ron ment, lit tle af fected by cur rents but 
with mod er ate ag i ta tion from tides and waves (Chakroun and
Zaghbib-Turki, 2017).

The trans gres sion in the Grottes re gion was grad ual, pass -
ing through the intertidal (bioclastic lime stone), beach (sandy
marl with lime stone con cre tions), and con ti nen tal/dune (sand
with He lix spp. shells) do main. Exoscopic anal y sis of var i ous
grains from these do mains evokes a com plex and polyphase
evo lu tion (Fig. 5C), in clud ing aeolian, subtidal, intertidal tran sit,
flu vial evo lu tion, and pos si ble wind re work ing. The aeolian
phase seems to have been dom i nant and some times vi o lent, as 
shown by the de vel op ment of me chan i cal shock traces. Tran si -
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tion to a mod er ate-en ergy con ti nen tal do main of some grains
was seen in beach and con ti nen tal sam ples. This phase is re -
flected by pre cip i ta tion of the sil ica glob ules on the front faces
and edges of the grains.

At the sec ond con glom er ate level, the peb ble beds are
interbedded with me dium to coarse sands, with a high car bon -
ate con tent (35%), and rich in en tire He lix shells.

R’MEL/METLINE SECTOR

The ab sence of con glom er atic lev els in this sec tor is a rel e -
vant dif fer ence (ex cept in the Metline 1 sec tion). The sed i men -
ta tion en vi ron ment was es sen tially intertidal, con ti nen tal, and
dune. In the Metline sec tion, sea level changed con stantly with
the fa cies al ter nat ing be tween intertidal and con ti nen tal. The
for ma tion of a cal car e ous con cre tion layer re veals a pe riod of
con ti nen tal con di tions in a warm semi-arid and sea sonal cli -
mate. SEM ex am i na tion of these intertidal quartz grains re veals 
a long and com plex sed i men tary his tory pro duc ing var i ous mi -
cro-fea tures (Fig. 5A). The grains ob served show ev i dence of
an ear lier high-en ergy ae olian evo lu tion. These grains were
sub se quently trans ported to a subtidal en vi ron ment where dis -
so lu tion pro cesses dom i nated, then to a coastal en vi ron ment
with phases of emer gence and sub mer gence that char ac ter ize
most of the grains. Dur ing the emer gence pe ri ods, grains were
eas ily trans ported by wind, as iden ti fied by conchoidal and
V-shaped frac tures with straight and ar cu ate steps.

Fin ing se quences al low the de ter mi na tion of pos i tive sea
level pulses gen er ated by ma jor lo cal events (storms). These
sed i men tary pat terns, de vel oped on open plat forms, show a
ver ti cal evo lu tion that be gins with a coarse de posit con tain ing
bi valve shells (lumachelle), sands with flat and graded lami na -
tions, and ends in fine bioturbated sands at trib uted to sed i men -
ta tion in fair weather con di tions fol low ing the storm, with a de -
crease in both sed i men ta tion rate and grain size.

In the R’Mel re gion, sea level move ment cre ated flat oblique 
strat i fi ca tions rich in an i mal bioturbations in ter ca lated be tween
the laminae. This bioturbation ap pears as straight tube bur rows
and re flect ac com mo da tion traces in soft, low-en ergy sub -
strates. This fos sil trace as sem blage, or ichnofacies, be longs to 
the Skolithos type, which gen er ally in di cates an intertidal en vi -
ron ment where these or gan isms must re act quickly un der
stress ful con di tions. This ichnofacies type usu ally con tains tra -
ces of Ophiomorpha, widely de scribed from the Pleis to cene de -
pos its of the Tu ni sian Sahel (Mahmoudi, 1986).

The flat strat i fi ca tions de scribed evolve into large-scale
cross-bed ding, tes ti fy ing to the de vel op ment of dune re gime
sed i men ta tion. This sed i men tary re gime shift was fol lowed by a
change in in trin sic prop er ties, in clud ing a de crease in quartz
grain per cent age (from 50 to 30%), an in crease in car bon ate
con tent (to 34%), and change in ce ment types (with fi brous fol -
lowed by stalactitic ce ment).

The bed ding struc ture of the aeolianites are mostly ob scured
by fos sil ized root traces and decarbonation chim neys (at the
R’Mel sec tion). Plant de vel op ment par tic i pated in the sta bi li za -
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T a  b l e  1

Tax o nomic com po si tion and ecol ogy of spec i mens iden ti fied in the Pleis to cene de pos its of Bizerte

Class Spe cies Gr RK2 Eco log i cal char ac ter is tics (sub strate, mo bil ity, feed ing)

Gastropoda

Bolma rugosa 
(Linnaeus, 1767)

rocky, muddy sub strate, 3 to 100 m depth, mo bile,
epifaunal, phytophagous (feeds on al gae)

Cerithium vulgatum
(BruguiÀre, 1792)

sandy or muddy bot toms cov ered with al gae, shal low wa ter,
of ten near hard sub strates, her biv o rous, epifaunal

Co nus ventricosus
 (Gmelin, 1791)

Sandy or rocky sub strate, epifaunal, creep ing, 
mid to infralittoral; warm wa ters, pred a tor, scav en ger

Columbella rustica
(Linnaeus, 1758)  

rochy, infralittoral (3–12 m), ben thic, fixed, her biv o rous

Gibbula ardens 
(Von Salis, 1793)

warm and shal low wa ters, in sea grass beds, microphagal
fil ter (bac te ria and di a toms)

Pa tella coerulea
(Linnaeus, 1758)

rocky, shal low calm zone, fixed oc ca sion ally mo bile,
epifaunal, her biv o rous

Phorcus richardi
(Payraudeau, 1826) intertidal zone, rocky, her bi vore (al gal grazer)

Tro chus sp. 
(Linnaeus, 1758) rocky, infratidal zone

Vermetus triquetrus
(Bivona-Bernardi, 1832) rocky, infratidal zone, fixed, fil ter

Bivalvia

Glycymeris glycymeris
(Linnaeus, 1758)

sandy or grav elly sub strate, lower mediolittoral to 100 m
depth, bur ied, sus pen sion feeder, microphagal fil ter

Ve nus verrucosa
(Linnaeus, 1758)

sandy, grav elly or muddy sub strate, the first metres of the
infratidal (0 to 50 m), bur row ing, sus pen sion feeder

Echinoidea sandy, slow-mov ing, de posit feeder-detritivore

Sponge  fixed on hard sub strate, tem per ate ma rine wa ters, 
sus pen sion feeder

Coral  shal low wa ters, biobuilders, fixed by the nar row est part

Gr – Grottes sec tion, RK2 – Ras el Korane2 sec tion; grey boxes – spe cies oc cur rence; tax on omy and the eco log i cal char ac ter is tics are de ter -
mined from ref er ences: Abott (1960), Perrier (1975), Meco (1977), Gianolla et al. (2010), Sessa et al. (2013), Chakroun et al. (2016),
Chakroun and Zaghbib-Turki (2017) and the da ta base DORIS (Ob ser va tional Data for the Recognition and Identification of Underwater flora
and fauna); taxonomic attributions were up dated by us ing the da ta base: the World Reg is ter of Ma rine Spe cies
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tion and fix a tion of sand par ti cles dur ing dune for ma tion. The for -
est cover de vel oped (to form chim neys in the de pos its) con trib -
uted to the con ser va tion of these dunes af ter their lithifi cation.
There fore, the pre vail ing cli mate was char ac ter ized by abun dant
rain fall and cool tem per a tures, pro mot ing the de vel op ment of a
var ied and abun dant flora (Paskoff, 1999). This cli mate char ac -
ter izes Pleis to cene plu vial pe ri ods in North Af rica.

CAP ZBIB SECTOR

The Cap Zbib Pleis to cene suc ces sion rests on con glom er -
atic sand stone and in cludes ma rine transgressive de pos its
over lain by ae olian dunes (Fig. 4D, E) with large-scale cross-
 bed ding and fos sil ized root traces. These dunes are in ter ca -
lated with a palaeosol, re flect ing a brief pe riod of hu mid, con ti -
nen tal con di tions.

SEM study of quartz grains from these sands (Fig. 5D) re -
veals a polyphase evo lu tion ary his tory char ac ter ized by a pro -
longed evo lu tion in a subtidal en vi ron ment where pre vi ous wind 
ac tion traces (V-shaped traces) were ex ploited by chem i cal dis -
so lu tion and si li ceous cupule pre cip i ta tions. 

Decimetre-sized sub-an gu lar peb bles (ob served in the up -
per red col lu vium) re flect com mu ni ca tion be tween the sea and
at la goon.

DISCUSSION

The late Pleis to cene de pos its along the Bizerte coast are
rep re sented by a large va ri ety of fa cies: infratidal, intertidal,
con ti nen tal, ae olian, and la goon. The suc ces sion commonlly
be gins with con glom er atic fa cies as so ci ated with sea level rise.
The palaeosea level was around 8 ±5m dur ing MIS 5e (Sahli et
al., 2019; Mauz et al., 2020). This rise in sea level brought in
decimetre- to centi metre-sized peb bles and an abun dant ma -
rine fauna. Fos sil Persististrombus latus was ab sent from all the 
sec tions stud ied. Strombe shells (Sen e ga lese fauna) are mod -
er ately rep re sented on the Tu ni sian north ern coast, such as the
R’Mel and Ras Tarf re gions and are abun dant in Rafraf re gion
(Paskoff and Sanlaville, 1983; Chakroun, 2006; Chakroun et
al., 2016; Chakroun and Zaghbib-Turki, 2017). How ever, Co -
nus and Vermetus triquetorus, part of the Sen e ga lese fauna,
are better rep re sented and in di cate shal low and warm ma rine
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A B C

D E F

Fig. 4 – Ae olian de posit microfacies ob served in the Cap Bizerte and El Khyem sec tions (Corniche of Bizerte sec tor), 
Metline MT sec tion (R’Mel/Metline sec tor) and Cap Zbib sec tor

A – CB1 thin-sec tion (Cap Bizerte sec tion, aeolianite 1), packstone to grainstone tex ture, well-sorted quartz grains of sub-an gu lar to
subrounded shape and 25% abun dance; B – CB3 thin-sec tion (Cap Bizerte sec tion, aeolianite 2), packstone to grainstone tex ture,
well-sorted quartz grains of subrounded shape, me nis cus ce ment; C – MT1 thin-sec tion (Metline sec tion), grainstone tex ture, abun dant
quartz grains dif fer ent size and subangular to subrounded shape, red al gae, echinoderm frag ment; D – CZ2 thin-sec tion (Cap Zbib sec tion,
aeolianite 1), packstone to grainstone tex ture, abun dant quartz grains (40%) of subrounded shape, ce ment in me nis cus; E – CZ4 thin-sec tion 
(Cap Zbib sec tion, aeolianite 2), packstone tex ture to grainstone, quartz grains 40% abun dance, me nis cus ce ment; F – KH1 thin-sec tion (El

Khyem sec tion), packstone to grainstone tex ture, subangular to subrounded quartz grains shape; scale bar 100 mm
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wa ters (Meco, 1977; Lozac’humeur and Mascarenhas, 1985;
Muhs et al., 2014; Chakroun and Zaghbib-Turki, 2017).

The strong de vel op ment of aeolianites re flects that the
Bizerte coast was sub ject to ma rine cur rents and open sea
winds, al low ing car bon ate par ti cles to be trans ported to wards
the coast line on a well ex posed, shal low and gently slop ing plat -
form (Le Guern, 2004; Frébourg et al., 2008). The Bizerte re -
gion is char ac ter ized by a plat form ex ten sion of rasa type,
which is in ter posed be tween the coastal re lief and the shore
(Solignac, 1927; Cram pon, 1971; Miossec, 1977; Paskoff and
Sanlaville, 1983). This plat form is nar row at Oued Damous,
then it wid ens at Ras Angela to reach 2 km be fore shrink ing
again. This mor phol ogy seems to be a pref er en tial en vi ron ment 
for dune ac cu mu la tion.

The pres er va tion of dunes de pend ent on cli ma tic con di tions 
that fa vor their sta bil ity (Loope and Abegg, 2001; Le Guern,
2004). This sta bi li za tion is gov erned by ce men ta tion (early and
late) and plant cover. Rain fall must be suf fi cient with a mod er -
ate sed i men ta tion rate so as to not bury the plants.

The palaeosol in ter ca la tion (fine sandy lay ers) be tween the
aeolianites re flects a cli mate change from a hu mid to an arid cli -
mate (Paskoff and Sanlaville, 1983, 1986; de Menocal, 2004;
Mejri, 2012). The aeolianites’ de vel op ment par al lel to the
shore line de lim its la goons con nected with the sea (at the Ras
Korane 1, El Khyem, and Cap Zbib sec tions).

The re cord of ma jor events (storms) in di cates cli ma tic de te -
ri o ra tion dur ing the Late Pleis to cene. These events are iden ti -
fied ei ther at the end of the Pleis to cene suc ces sion (at the Ras
Korane 1 sec tion) or be fore the aeolianites’ de vel op ment (at the 
Metline sec tion).

CONCLUSIONS

The Late Pleis to cene de pos its along the N–E Tu ni sian
coast shows a se quence of subtidal to intertidal fa cies as so ci -
ated with palaeoshore and supratidal fa cies, and ends with
dune (aeolianites) and/or con ti nen tal fa cies (palaeosols), re -
flect ing a high sea level fol lowed by sea level re treat.

Field and lab o ra tory anal y ses’ of the fau nal con tent and
sed i men tary struc tures in di cates sig nif i cant cli ma tic changes.
Max i mum warm ing and  ma jor sea level rise mark the be gin ning 
of the Late Pleis to cene, fol lowed by a gen eral sea level re treat
and a hu mid cli mate. A rel a tive sea level rise co in cided with the
aeolianites’ de vel op ment in an arid cli mate.

Ac knowl edge ments. We are grate ful to the ed i tor for his
con struc tive com ments. This manu script was im proved by the
de tailed and thought ful com ments of two anon y mous re view ers.
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Fig. 5. Exoscopy of quartz grains from dif fer ent de pos its

A – gen eral view of a quartz grain (Metline MT sec tion, intertidal de posit, MT10 sam ple) elon gated mat with rounded edges, a large break
with a blunt out line, nu mer ous traces of me chan i cal im pact in nail form or large V-shaped with lo cally a pref er en tial di rec tion (im age B, mag -
ni fi ca tion); C – gen eral view of a quartz grain (Grottes sec tion, con ti nen tal de posit, Gr9 sam ple) subrounded shiny with blunt edges and tops,
two smooth crys tal faces and conchoidal-frac tures, pre cip i ta tion of sil ica glob ules; D – quartz grains (Cap Zbib sec tion, la goon de posit, sam -
ple CZ3) show ing suc ces sive V-shaped traces deeply ex ploited by chem i cal dis so lu tion; E – gen eral view of a well rounded quartz grain (Ain
Damous sec tion, eolian de posit, AD1 sam ple) with a sur face marked by im pact traces (F)
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