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Ab stract: The stra tig ra phy of the Nu midi an For ma tion of north ern Tu ni sia and its in ter nal or ga ni za tion are
up dated. Plank tonic foraminifera point to a mainly Oligocene–Early Mio cene age of this for ma tion in the ma jor ity 
of the sec tions stud ied. Some key lithological ho ri zons are rec og nized within the early Mio cene suc ces sion,
al low ing lat eral cor re la tion be tween the out crops of the Mogod and Kroumirie moun tains. These in clude: (1) a
con glom er atic in ter val, up to 1–2 m thick and rich in re worked glauconitic boul ders, lime stone frag ments of the
Tellian (Eocene) and pectinid bi valves; and (2) a rel a tively con tin u ous glauconitic level. In the new strati graphic
scheme, the Zouza, Ben Metir and Sejnene sec tions rep re sent the en tire Nu midi an For ma tion. A lower unit
(200–700 m thick), highly pelitic with sub or di nate sand stone beds was dis tin guished, over lain by an up per unit
which is sand ier, es pe cially in its up per most part (1,000–1,500 m thick). In the pres ent study, these have been
stratigraphically dated as Oligocene–Early Mio cene p.p. (Rupelian–Chattian; P19–P21 zones) to Aquitanian (N4
Zone) and Mio cene (Aquitanian–early Burdigalian; N4–N5 zones), re spec tively. In the ar eas stud ied, the sandy
suc ces sion as signed to the Kroumirie Mem ber be gins with a sand stone unit with an ero sional base or a ma jor
dis con ti nu ity, lo cally marked by con glom er ates made up of var i ous re worked com po nents. It rests gen er ally on a
thick shale unit that char ac ter ises the up per part of the Zouza Mem ber. The thin ner, up per most suc ces sion of the
Nu midi an For ma tion rep re sents the Babouch Mem ber, dated as Burdigalian (N6–N7 zones).

Within the frame work of the new pro posal, the to tal strati graphic thick ness of the Nu midi an For ma tion in
north ern Tu ni sia does not ex ceed 2,200–2,600 m.

In ter nally, the Nu midi an For ma tion is transected by the Intra-Nu midi an Thrust and back-thrust faults,
as so ci ated with faulted folds that are rec og nized in out crop on dif fer ent scales and in seis mic sec tions. Along these 
thrust and/or re verse faults, the mid dle to up per Eocene de pos its have un der gone up lift and are ex posed at the
sur face (e.g., Dowar Larmel in Meloula-Tabarka, Gaâret Sejnene and Sidi M’chreg sec tions).
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IN TRO DUC TION

The well ex posed Oligocene–Mio cene Nu midi an For -
ma tion of north ern Tu ni sia is an in ter est ing and im por tant
ex am ple of a deep-wa ter hy dro car bon res er voir and a slope
depositional sys tem. This for ma tion pro vides a lim ited res -
er voir for gas in Sic ily (e.g., the Galiano Field) and con sti -
tutes a cur rent tar get for pe tro leum ex plo ra tion in off shore
Tu ni sia, where it is found be low a gently slop ing con ti nen -
tal shelf at wa ter depths of 200–250 m. It is closely linked
with the much more ex ten sive Nu midi an fa cies, which ex -
tends along the south of the Med i ter ra nean coast, from the
Gi bral tar Arc in the west to south ern It aly in the east (Fig. 1).
In north ern Tu ni sia, the Oligocene–Mio cene Nu midi an For -
ma tion is an allochthonous unit (Rouvier, 1977; Carr and

Miller, 1979; El Euchi et al., 2004; Oueld Bagga et al.,
2006, Riahi et al., 2010,), oc cu py ing the high est struc tural
po si tion in the Kroumirie and Mogod moun tains over a sur -
face area of 2000 km2. It com prises a suc ces sion of al ter nat -
ing sand stone, quartz-peb ble con glom er ates and mudstones, 
ap prox i mately 2200–2600 m thick. They be long to a turbi-
ditic depositional sys tem, the lithosomes of which are
stacked above the tec tonic Tellian units (Kasseb, Ed Diss,
Adissa and AÎn Draham units; Figs 1, 2). These units are
built of Maastrichtian to Eocene lime stones and marls,
which are over lain by a thin, lo cally-pre served ve neer of
clastic rocks, de pos ited in the Early Oligocene (Rouvier,
1977; Boukhalfa et al., 2015).
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Fig. 1. Dis tri bu tion and struc tural po si tion of the Nu midi an For ma tion in north ern Tu ni sia and the cen tral Med i ter ra nean area. A. Nu -
midi an For ma tion out crops in the west ern Med i ter ra nean re gion (Hoyez, 1989); the boxed area cor re sponds to north ern Tu ni sia. B. Map of 
the cen tral Med i ter ra nean, in clud ing the Si cil ian Chan nel, and ex tent of the Messinian ver sus Plio cene foredeeps in the Tu ni sian off shore
and Sic ily, as well as the Ionian Ba sin and its sur round ings. The col our code of Neo gene se ries de fines the age of the on set of the fore land
flex ure and sed i men tary infill of the foredeep with clastics, de rived from the up lifted/ex humed in ner parts of the belt (Roure et al., 2012).



Dur ing the past sev eral de cades, the stra tig ra phy and in -
ter nal or gani sa tion of the Oligocene–Mio cene Nu midi an
Formation of north ern Tu ni sia have been widely dis cussed
in the lit er a ture and sev eral con cep tual schemes have been
de vel oped.

1) The orig i nal hy poth e sis is that of Gottis (1962), who
dis tin guished a “lower Nu midi an Flysch” of Oligocene age
and an “up per Nu midi an Flysch” of Early Mio cene age.

2) Galçon and Rouvier (1967) sub di vided the Nu midi -
an For ma tion into three mem bers. These are: the Zouza
Mem ber at the base, out crop ping along the south ern mar gin
of the Kroumirie Moun tains; the Kroumirie Mem ber in the
mid dle, out crop ping along the coast (Tabarka area) and in
some in land out crops (Ben Metir and Jebel Khreroufa ar eas); 
and the Babouch Mem ber at the top, com pris ing mudstones
and glauconitic sand stones with as so ci ated chert-rich ho ri -
zons (two dis tinct pelitic/si li ceous-bear ing ho ri zons; Fig. 3).
These mem bers were only de fined in the Kroumirie Moun -
tains (Fig. 3). The chert-riched ho ri zons are called silexites,
which in the Nu midi an For ma tion are un derstood as very

fine-grained, mas sive or some place lay ered si li ceous sedi-
mentary rocks. Sil ica is of vol ca nic, bio chem i cal or chem i -
cal or i gin, but its or i gin is still a sub ject of de bate. Some si -
lici fied bed ded marls also are termed silexites.

How ever, there are sev eral prob lems with this ear lier
scheme. Firstly, the Zouza and Kroumirie mem bers were
shown by re cent strati graphic dat ing to be ap prox i mately
co eval. More over, the Kroumirie Mem ber was pro posed as
a more prox i mal equiv a lent of the Zouza Mem ber (Torri-
celli and Biffi, 2001; Riahi et al., 2007, 2010). Ac cord ing to 
Rouvier (1977), one of the most dis tinc tive fea tures of the
Kroumirie Mem ber is its rich ness in sand stones in com par i -
son to the Zouza Mem ber. This is not ev i dent when the Nu -
midi an For ma tion of the Ben Metir area and those of the
Zouza, Sejnene and Cap-Serrat ar eas are com pared, as in all
of these ar eas the Nu midi an For ma tion is mud-rich.

Sec ondly, the so-called “Zouza Mem ber”, clas si cally
con sid ered as be ing equiv a lent to the “In fra-Nu midi an Clay
with Tubotomaculum”, dis plays a much greater thick ness
(1,500–2,000 m) in north ern Tu ni sia than its ap par ent equi-
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Fig. 2. Map show ing the spa tial dis tri bu tion of the Nu midi an For ma tion out crops in north ern Tu ni sia. The num bers in di cate the po si -
tion of the sec tions stud ied: 1 – Meloula-Nee dles; 2 – Cap-Serrat; 3 – Ras El Korane; 4 – Jebel Zoukar; 5 – Sejnene; 6 – Jebel Tebaba; 7 –
Gassa-Msid; 8 – Oued Jabeur; 9 – Oued Guastel; 10 – Balta; 11 – Ben Metir, 12 – Jebel Sebaâ.
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valent in Al ge ria (e.g., 200 m thick in the Douar Khorfan
sec tion; Raoult, 1974). In or der to ex plain the cause of the
ad di tional thick ness of the Zouza Mem ber at its type lo cal -
ity, Hoyez (1989) sug gested that this re sulted from de po si -
tion as a sep a rate mud-rich fan, sit u ated to the west of the
main deep-sea fan sys tem, in ferred for the re main ing part of
the Nu midi an For ma tion suc ces sion. Ac cord ing to the same
au thor, in ter fer ence be tween the two fans ex plains the ac cu -
mu la tion of such ad di tional thick ness of mudstones as well
as the gen er a tion of the more sand-rich up per part of the
Zouza Mem ber.

Thirdly, there is no sec tion in north ern Tu ni sia, where
the three mem bers sensu Rouvier (1977) are ac tu ally su per -
im posed along the same ver ti cal sec tion. In stead, a tec tonic
con tact was gen er ally in ter preted by Rouvier (1977) to ex -
plain the ab sence of one of the mem bers (e.g., in the Ta-
barka area and on the north ern side of Ben Metir). This lat -
ter fact is ev i dent on the geo logic map of the Tabarka area
(Rouvier, 1992), where only a few metres of the Zouza
Mem ber were mapped along the length of the N–S-ori ented
Meloula mor pho log i cal cor ri dor, while the re main ing part
of the suc ces sion is con sid ered to be the Kroumirie Mem ber 
(1: 50,000 geo log i cal map of Tabarka). How ever, a closer
in spec tion of the na ture of the con tact be tween the Nu midi -
an For ma tion and the un der ly ing strata in the field (in Ta-
barka) does not give any ev i dence of such trun ca tion.

Belayouni et al. (2012, 2013) re viewed the stra tig ra phy
of the Nu midi an For ma tion on the ba sis of 9 sec tions, of
which only two yielded a di ag nos tic micro fauna (Cap-Ser-
rat and Zahret Madien). An ear lier age (late Aquitanian p.p.
– early Burdigalian p.p.) was pro posed for this for ma tion. In 
their scheme, the Zouza and Kroumirie mem bers were con -
sid ered to be late Aquitanian–early Burdigalian. Fur ther -
more, these au thors stressed the tran si tional char ac ter of the
un der ly ing Late Eocene Souar For ma tion and the over ly ing
Nu midi an For ma tion in the Zahret Madien area and dis tin -
guished a “pre-Nu midi an In ter me di ate In ter val” of Oligo-
cene–Early Mio cene age, ter mi nat ing up wards with a glau-

conitic in ter val of Aquitanian age, on which rests the Nu -
midi an For ma tion (Belayouni et al., 2013, fig. 6).

All these strati graphic schemes of the Nu midi an For ma -
tion have a di rect im pact on the as sess ment of its ex act
thick ness. This in turn has a di rect im pact on re lated seis mic 
in ter pre ta tions and pe tro leum ex plo ra tion in north ern Tu ni -
sia. The ex tremely vari able thick ness of the Zouza Mem ber
(in Rouvier, (1977) scheme) did not per mit easy eval u a tion.
A rough es ti mate ad vanced by Rouvier (1977) and Carr and
Miller (1979) en vis ages a thick ness of 3,500–4,000 m.

The pres ent study was con ducted in the Kroumirie and
Mogod moun tains in north ern Tu ni sia and rep re sents a
complete over view of the stra tig ra phy of the Nu midi an For -
ma tion. It re sponds to some un re solved ques tions through
new data col lected from dif fer ent ar eas (seven sec tions), in -
te grated with pre vi ous biostratigraphic data al ready pre -
sented in de tail by Riahi et al. (2010, 2014) and Riahi
(2011). A com par i son be tween the coastal Nu midi an For -
ma tion suc ces sion (e.g., Meloula-Nee dles, Cap-Serrat and
Ras El Korane sec tions) and that of the main thrust front
(e.g., Zouza, Sejnene, Jebel Sebaâ and Jebel Gattous-Zou-
kar ar eas) is now well es tab lished. The iden ti fi ca tion of new 
strati graphic mark ers was use ful for clar i fy ing the in ter nal
or gani sa tion of the Nu midi an For ma tion.

Ad di tion ally, on the ba sis of this work, a strati graphic
up date is pro posed for the Nu midi an For ma tion in north ern
Tu ni sia that re fines the ear lier one pre sented in Riahi et al.,
2010 and a new as sess ment of its thick ness. The map ping of 
part of the Oued Sejnene area and its cal i bra tion with seis -
mic re-in ter pre ta tion al lowed the char ac teri sa tion of the
main struc tural fea tures of the Nu midi an struc tural unit. The 
seis mic line tra verses the en tire ex posed Nu midi an For ma -
tion in the Mogod Moun tains, from Cap-Serrat to the Ba-
zina Tri as sic out crops. In the ab sence of deep wells, seis mic 
in ter pre ta tion is based on out crops and a re gional struc tural
cross-sec tion, in which the struc tural el e ments and the gen -
eral dip are ac cu rately char ac ter ised.
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Ta ble 1

Lo ca tion of sec tions stud ied, strati graphic di vi sions, their age and thick ness

Locality GPS coordinates
Members according to Rouvier

(1977)
Age according to Rouvier

(1977)
Thickness

Tebaba
N36°53'7.43"; E9°5'30.62"

N36°53'29.23"; E9°2'54.51"
Zouza Upper Oligocene 1800 m

Oued Jabeur
N36°48'48.30"; E8°56'53.88"
N36°49'1.85"; E8°56'39.00"

Zouza Upper Oligocene 700 m

Oued Guastel
N36°47'38.14"; E8°55'32.10"
N36°47'45.10"; E8°54'24.33"

Zouza Upper Oligocene 1500 m

Meloula-Needles
N36°57'43.51"; E8°42'52.29"
N36°57'33.96"; E8°45'15.99"

Kroumirie Upper Oligocene 2100 m

Sejnene
N37°5'29.77"; E9°25'25.80"
N37°5'26.13"; E 9°20'1.14"

Not defined 2300 m

Cap-Serrat
N37°14'20.28"; E9°12'53.22"
N37°13'14.11"; E9°13'24.29"

Not defined 1450 m

Jebel Gattous-Zoukar
N37°17'19.21"; E9°39'9.95"
N37°18'2.71"; E9°37'36.91"

Not defined 1400 m



METH ODS

The study area is sit u ated in north ern Tu ni sia. It com -
prises dif fer ent out crops of the Nu midi an For ma tion in the
Kroumirie and Mogod moun tains (Ta ble 1; Fig. 2). A se ries
of sec tions of this for ma tion were logged on a bed-by-bed
scale, in clud ing, from west to east the Ben Metir, Bougou-
trane-Balta, Oued Guastel, Oued Jabeur, Gassa-Msid, Te-
baba, Sejnene, Jebel Sebaâ, Jebel Gattous-Zoukar and Ras
El Korane sec tions (Fig. 2). In ad di tion, three sec tions were
logged along the coast and these in clude the Meloula-Nee -
dles; Cap-Serrat and Ras El Korane sec tions (Fig. 2). These
sec tions form the ba sis of the pres ent strati graphic in ter pre -
ta tions and were fur ther used for study ing the struc tural po -
si tion of the Nu midi an For ma tion. Over 123 sam ples were
col lected sys tem at i cally from both the mudstone-rich units
and iso lated mudstone beds, as so ci ated with sand stone units 
of the Nu midi an For ma tion. All of the sam ples were pro -
cessed for biostratigraphic study. Parts of the mudstone-rich 
suc ces sion con tain abun dant plank tonic foraminifera, but
the mudstones that are more closely as so ci ated with sand -
stone fa cies typ i cally con tain none or very few. Care was
taken to look for older, re worked spe cies, eroded and re-de -
pos ited in the turbidites. In many sam ples, there were sig nif -
i cant num bers of ben thic foraminifera, and in par tic u lar
deep-sea ag glu ti nated forms. Tak ing into ac count the strati -
graphic vari a tion in the oc cur rence of some plank tonic spe -
cies as a re sult of palaeo geo graphi cal dis tri bu tion, the au -
thors have com pared their re sults with the stud ies car ried
out in the Med i ter ra nean re gion by Bizon and Bizon (1972), 

Ben Ismail-Lattrache and Bobier (1984), Bolli et al. (1985)
and Berggren and Per son (2005). De tailed map ping and
new sam pling was un der taken in the Mogod Moun tains for
palynological in ves ti ga tions and struc tural ge ol ogy in ter -
pre ta tion.

RE SULTS

Fa cies

Clas sic Nu midi an For ma tion fa cies
The ver ti cal suc ces sion of the Nu midi an For ma tion in

dif fer ent sec tions (e.g., Meloula-Nee dles, Cap-Serrat, Ras
El Korane, Tebaba, Sejnene, Jebel Sebaâ and Jebel Gattous- 
Zoukar sec tions) is made up of sand stone units, sep a rated
by mudstone in ter vals with thin ner-bed ded sand stones and
slump-slide pack ages. Some sand stone units (e.g., the base
of the Meloula-Tabarka, Cap-Serrat and Jebel Gattous-
Zoukar sec tions) form a belt of lens-shaped sand stone bod -
ies, up to 4 km wide and 4–30 m thick. The sand stone bod -
ies are formed by com pos ite se quences of thick and very
thick sand stone beds (on av er age 1–9 m) that have amal -
gam ated with lit tle ev i dence of in ter ven ing mudstone ho ri -
zons. These fa cies have been de scribed in sev eral works
(Parize and Beaudoin, 1988; El Maherssi, 1992; YaÎch,
1997; Fildes et al., 2010; Riahi, 2011).

On the ba sis of grain size, sed i men tary struc tures, bed
thick ness and depositional fea tures, twenty-one dis tinct sed -
i ment fa cies were re cog nised in the Nu midi an For ma tion
(Ta ble 2). The fa cies and fa cies as so ci a tions iden ti fied can
be grouped into six ma jor fa cies classes in clud ing: conglo-
merates, mas sive sand stones and/or “un graded sand stones”, 
struc tured sand stones, mudstone and sand stone-siltstone
cou plets, mudstones, and cha otic fa cies.

Quan ti fi ca tion of the var i ous sed i ment fa cies ob served
in the Meloula-Nee dles sec tion al lowed clas si fy ing this suc -
ces sion as a “mud-to-sand-rich sys tem” sensu Rich ards and
Bow man (1998), as the over all sand con tent is less than
30% and the as so ci ated sand/shale ra tio is ap prox i mately
1:2 to 1:3, whereas the Nu midi an For ma tion suc ces sion of
the Cap-Serrat, Sejnene and Zouza ar eas rep re sent a “mud-
rich sys tem”. In terms of ar chi tec tural el e ments, the Numi-
dian For ma tion of north ern Tu ni sia con sti tutes an ex cel lent
re cord of sub ma rine-chan nel com plexes and lo cally un-
channelized bod ies (Riahi et al., 2014). In ter nally, the main
sand stone bod ies are more con glom er atic in the NE part of
the Mogod Moun tains (Ras El Korane and Jebel Zoukar
sec tions; Fig. 2), while un graded, fine- and fine- to me dium- 
grained mas sive sands tend to be prom i nent in the Tabarka
and Cap-Serrat sec tions and to a lesser ex tent in the Zouza
and Sejnene ar eas.

Nu midi an For ma tion fa cies mark ers
Fa cies map ping un der taken in the Mogod do main al -

lowed iden ti fi ca tion and char ac teri sa tion of the key sed i -
men tary fea tures and dis tinc tive fa cies mark ers which are
eas ily rec og niz able from the Sejnene area to the Bizerte area 
(Soussi et al., 2012). These fa cies are con sid ered to be good
mark ers and were used for better def i ni tion of the in ter nal
or gani sa tion of the Nu midi an suc ces sion as well as for re -
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Ta ble 2

Fa cies of the Nu midi an For ma tion

Facies class Facies associations

A:
conglomerates

F1. Disorganised pebbly sandstone and shale clast
conglomerate
F2. Stratified pebbly sandstone
F3. Normally graded pebbly sandstone
F4. Inversely graded pebbly sandstone
F5. Graded-stratified pebbly sandstone
F6. Stratified conglomerate

B: massive
sandstones

F7. Structureless thick to very thick-bedded sandstone
F8. Thick- to very thick-bedded sandstone with
water-escape structures
F9. Thick to very thick-bedded sandstone with minor
structures/grading

C: structured
sandstones

F10. Very thick-bedded graded sandstone
F11. Thick-bedded graded sandstone
F12. Medium to thin-bedded graded sandstone
F13. Stratified sandstone/pebbly sandstone

D: mudstone-
siltstone

(20–90% of
mudstone)

F14. Thin-bedded mudstone-siltstone (silt>mud)
F15. Thin-bedded mudstone-siltstone (mud>silt)

E: mudstone
(> 90% of
mudstone)

F16. Mudstone with graded silt-laminated layers
F17. Bioturbated mudstone/calcareous mudstone 

F: chaotica

F18. Slide-slump deposits
F19. Sandy debrites
F20. Muddy debrites
F21. Injectite sandstone



gional cor re la tion. They are de scribed and pre sented in de -
tail for the first time in the pres ent work.

Con glom er ates with re worked glauconite and shelf
macrofauna

It is dom i nated by high pro por tion of peb bles (peb bles 
50%) and vary ing amounts of mud in the ma trix, com monly
made up of finer quartzose peb bles and coarse sand. It con -
tains also silexites of vari able col our (white, black, grey)
and lime stone frag ments of Ypresian age with re de pos ited
shells that are in some cases un de ter min able (Fig. 4).

This fa cies was en coun tered in Tabarka, Sejnene (Jebel
Ajout, Ras El Ali and Jebel Margued Essid) and Bizerte
(Jebel Sebaâ, Ras El Korane and Jebel Gran). In some cases,
pectinid bi valves co-oc cur with glauconite and clays that
form the back ground sed i ment of shale clasts (Ras El Ali).
This at tests to their ero sion from an up lifted do main and their
re work ing and resedimentation in the sed i men tary ba sin.

Con glom er ates with re worked Tellian ma te rial
Within these con glom er ates, the clasts are com monly

poorly sorted and with sub-rounded to rounded forms domi-
nant, and the peb bles are centi metres in size, in some places
ex ceed ing 7 cm in di am e ter. This fa cies also con tains var i ous
resedimented white, black and grey silexite frag ments (Fig. 5)
and blocks to boul ders of Ypresian lime stones (Fig. 5). This
marker fa cies is en coun tered in Jebel Gattous-Zoukar, Ras El 
Korane, Jebel Sebaâ, Jebel Ajout and in the Zouza ar eas. 

It is note wor thy that the strati graphic re la tion ship be -
tween these two dis tinct fa cies is not yet well es tab lished,
al though both are of Early Mio cene age (see be low).

Glauconitic fine grained sand stones 
Fine- to me dium-grained glauconitic sand stone de pos -

its were en coun tered in the Sejnene area and ap pear to be
in-situ de pos its. They ex tend from Jebel Hamra to Kef
Ghlem more east ward (Fig. 8). In some cases, the en tire le-
vel con tains more than 90% of glauconite, e.g., in the Zahret 
Madien area (Oued Jabeur sec tion) and at Zouza and Jebel
Sebaâ (Fig. 5).

Biostratigraphy

Kroumirie Moun tains
A se ries of sec tions was logged on a bed-by-bed scale

in the Kroumirie Moun tains, in clud ing the out crops at Ben
Metir, Bougoutrane-Balta, Oued Guastel, Oued Jabeur,
Gassa-Msid, Tebaba and in the Meloula-Tabarka area. The
main biostratigraphic re sults of these sec tions were pub -
lished in Riahi et al. (2010) and were used for strati graphic
cor re la tions. Only the biostratigraphic in ves ti ga tion of the
Meloula-Nee dles sec tion is pre sented here.

Tabarka: Meloula-Nee dles sec tion
The Nu midi an For ma tion out crop ping in the Meloula-

Tabarka area is well ex posed on both sides of the Meloula
Tec tonic Win dow (Fig. 2) and com prises a more than
2,000-m-thick suc ces sion of al ter nat ing turbiditic sandsto-
nes and mudstones. The sec tion strikes ap prox i mately N–S,
and the beds are over turned to highly dip ping through out.

Clays of the low er most part of the sec tion rep re sent the typ i -
cal char ac ter is tics of the so-called “in fra-Nu midi an Mem ber 
and/or argile ´ Tubotomaculum”.

Twenty-eight sam ples la belled TBK were col lected
from Meloula-Nee dles sec tion at muddy in ter vals. Nine
sam ples were col lected from the low er most part and eleven
sam ples from the up per part of the sec tion (Fig. 6). The mid -
dle part (in ter val: 800–1,000 m) of the sec tion did not al low
easy sam pling, ow ing to rock falls and dis tur bance by tec -
tonic (fault ing and small scale fold ing) and only eight sam -
ples were col lected.

The Nu midi an For ma tion at Meloula rests on the Up per 
Eocene, which was readily iden ti fied on the ba sis of the
com mon oc cur rence of plank tonic foraminifera in sam ple
TBK1 (Fig. 7), in clud ing Globigerina praebulloides prae-
bulloides, G. praebulloides leroy, G. yaguaensis, G. vene-
zuelana, G. cryptomphala, G. eocena, Turborotalia cerro-
azulensis-cerroazulensis, Catapsydrax dissimilis, Turboro-
talia cocaensis, Turborotalia cunialensis and Pseudohasti-
gerina micra (P19 Zone of Blow, 1969).

Sam ples TBK3 and TBK4, col lected from the brown ish 
to grey mudstones, yielded abun dant plank tonic foramini-
fera (Fig. 7), rep re sented by Globigerina ampliapertura
with fre quent to abun dant spe cies of G. venezuelana, G. tri-
partita, G. euapertura, G. praebulloides praebulloides, G.
tapuriensis, G. sellii, Turborotalia increbescens, Paraglo-
borotalia opima nana and Catapsydrax dissimilis. These
spe cies and sub spe cies cor re spond to the Globigerina
ampliapertura Zone (P20 Zone of Blow, 1969) of the Early
Oligocene (up per Rupelian). There fore, the first zone of the
Oligocene is miss ing at the base of the Meloula-Nee dles
sec tion, in di cat ing an un con formity or strati graphic hi a tus
across the Eocene–Oligocene bound ary and/or a de tach -
ment level that is sit u ated be low the Ypresian lime stone, be -
long ing to the AÎn Draham Unit.

Sam ple TBK5 yielded the same micro fauna al ready
iden ti fied in sam ples TBK3 and TBK4. Sam ples TBK6 and
TBK7 were rich in deep-wa ter ag glu ti nated foraminifera
(DWAF) and no plank tonic foraminifera were re corded.

Sam ples TBK8 and TBK9 were char ac ter ised by the
presence of Paragloborotalia opima opima and the ab sence 
of Globigerina ampliapertura, a spe cies that be came ex tinct 
at the top of the Globigerina ampliapertura Zone; both
these were use ful for the iden ti fi ca tion of this zone. Other
spe cies such as Paragloborotalia opima nana, Globigerina
praebulloides, G. tripartita, G. euapertura, Catapsydrax
dissimilis, Catapsydrax unicavus and Globigerina cipero-
ensis angustiumbilicata were also pres ent. Their oc cur rence 
may be cor re lated with the Paragloborotalia opima-opima
Zone (N2 Zone of Blow, 1969).

Sam ple 10 con tained only DWAF, whereas TBK11
yielded abun dant plank tonic foraminifera, in clud ing Globi-
gerina ampliapertura, G. tripartita, G. tapuriensis, G. vene- 
zuelana, G. praebulloides, Catapsydrax dissimilis, Cata-
psydrax unicavus and Paragloborotalia opima nana. This
as sem blage was as signed to an Early Oligocene age (Rupe-
lian; P19/P20 Zone of Blow, 1969). Sam ples TBK12 and
TBK13 con tained the same foraminifers en coun tered in
sam ples TBK10 and TBK11 and con se quently they are of
the same age. 
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Sam ples TBK15 and TBK16 con tained an as sem blage
char ac ter is tic of the Up per Eocene, in clud ing Globigerina
praebulloides praebulloides, G. venezuelana, Turborotalia
cerroazulensis-cerroazulensis, Catapsydrax dissimilis, Tur- 
borotalia cocaensis, Turborotalia cunialensis and Pseudo-
hastigerina micra. This as sem blage al lowed en vis ag ing a
thrust fault along Oued Larmel (Figs 7–10) and the emer -

gence of the Up per Eocene, which has the same lithological
char ac ter is tics as those at the base of the suc ces sion near
Meloula area.

Sam ples TBK17 and TBK18 showed a fauna char ac ter -
is tic of the Lower Oligocene rep re sented by Globigerina
ampliapertura, Catapsydrax unicavus, Catapsydrax dissi-
milis (P20 Zone of Blow, 1969). 
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Fig. 4. Fa cies mark ers of the Nu midi an For ma tion. A Nu midi an For ma tion con glom er atic fa cies con tain ing glauconitic shale clasts
(the ar rows in di cate their po si tion within sand stones beds). The shale clasts en com pass a pectinid, which in di cates that the eroded strata
were orig i nally glauconitic with pectens. B. Coarse-grained Nu midi an sand stones en com pass ing re worked ben thic shells at Jebel Sebaâ.
C. Close view of ben thic shells re corded in the Nu midi an strata. D. Cast of a shell en coun tered at El Harka dam (Sejnene area). E.
Glauconitic con glom er ates in clud ing pectinid bi valve (just to the south of Jebel el Garn) showed in F. G. Cast of pectinid bi valve en coun -
tered in Jebel Ajout (in Sejnene area).

Fig. 5. Ex am ples of resedimented Tellian fa cies within the con glom er atic fa cies of the Nu midi an sand stones. A. Grey blocks of early
Eocene (Ypresian) resedimented within the Nu midi an peb bly fa cies (Jebel Sebaâ lo cal ity). B, C, and D il lus trate resedimented boul ders of 
Lower Eocene age within the Nu midi an se quence. E. Glauconitic in ter val within the Nu midi an For ma tion in Oued Jabeur lo cal ity
(Kroumirie Moun tains).
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The plank tonic foraminifera en coun tered in sam ples
TBK20 and TBK21 were dom i nated by Paragloborotalia
opima opima, Paragloborotalia mayeri-Paragloborotalia
siakensis, Paragloborotalia opima nana, Globorotaloides
suteri, Globigerina praebulloides, G. venezuelana, G. tripar- 
tita, Catapsydrax dissimilis and Catapsydrax unicavus. The
oc cur rence of Paragloborotalia opima opima and Paraglo-
borotalia mayeri-Paragloborotalia siakensis is char ac ter is tic 
of the Up per Oligocene. 

Sam ples TBK23–26 were dom i nated by Paragloboro-
talia mayeri-Paragloborotalia siakensis, Paragloborotalia
kugleri, Globigerinoides primordius, Globigerinoides trilo- 
bus, Globoquadrina dehiscens, Globigerina praebulloides,
G. venezuelana, G. tripartita Globorotaloides suteri, Globi- 
gerinella obesa, Catapsydrax dissimilis and Catapsydrax
unicavus. The oc cur rence of Paragloborotalia kugleri and
Globigerinoides primordius is char ac ter is tic of an Early
Mio cene age (N4 Zone of Blow, 1969). Higher in the suc -
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Fig. 7. Plank tonic foraminifera iden ti fied in dif fer ent sec tions stud ied and age as sign ment of each sec tion



ces sion, sam ple TBK27 was dom i nated by Paragloboro-
talia mayeri, Globigerinoides primordius, Catapsydrax
dissimilis, Catapsydrax unicavus, Globigerina venezuelana 
and G. opima nana. The oc cur rence of Globigerinoides
primordius in di cates an age no older than Early Mio cene
(N4 Zone of Blow, 1969). Sam ple TBK29, gath ered from
the top of the sec tion, was bar ren.

Mogod Moun tains

Nu midi an For ma tion of the Cap-Serrat area 
The Cap-Serrat sec tion is well ex posed along the coast,

on a pen in sula lo cated W-NW of the Sejnene area (Mogod
Moun tain). There the Nu midi an For ma tion is in cluded in an 
ap par ently monoclinal struc ture with a gen eral SE dip (50°
to 75°) and forms a suc ces sion as much as 1,400 m thick,
with its low er most part cov ered by the sea and its up per part
af fected by a branch of the Ghardimou–Cap-Serrat Fault
(Figs 2–6). In its up per most part, some dis tinct pelitic/sili-
ceous-bear ing de pos its out crop lo cally north of Jebel Rhiran,
close to Oued Ziatine (Fig. 14). The ver ti cal suc ces sion has led 
to the rec og ni tion of three main lith o logic units (Fig. 6), in -
clud ing from base to top: (1) a lower sandy unit (0–220 m);
(2) a mid dle hemipelagic shale and thin-bed ded turbidites with 
sub or di nate sand in ter vals (220–1180 m); and (3) up per
thick-to amal gam ated bed ded sand stone units (1180–1400 m).

His tor i cally, the Nu midi an suc ces sion in the Cap-Serrat 
area was the sub ject of sev eral stud ies (El Maherssi, 1992;
YaÎch, 1997; Torricelli and Biffi, 2001). El Maherssi (1992) 
as signed the low er most part of the sec tion to the Up per
Oligocene and the up per part to the Oligocene–Lower Mio -
cene, and out lined the im pos si bil ity of iden ti fy ing the
Oligocene – Early Mio cene bound ary. On the ba sis of paly-
nological in ves ti ga tions, Torricelli and Biffi (2001) assig-
ned the whole Nu midi an For ma tion out crop ping at Cap-
Serrat to the Lower Mio cene (Aquitanian).

In the pres ent work, 41 sam ples were col lected at the
Cap-Serrat sec tion and ex am ined for plank tonic and ben thic 
foraminifera. Most sam ples were bar ren and con tained only
ben thic foraminifera. A few sam ples yielded var i ous spe -
cies and sub spe cies. Their oc cur rences at dif fer ent lev els of
the logged sec tion al lowed dat ing of the en tire Nu midi an
suc ces sion in the Cap-Serrat area.

A biostratigraphic anal y sis of the low er most part of the
sec tion was im pos si ble, as this stretch of the sec tion is com -
pletely sub merged by the sea. Hence, sam ples CPS1–6 col -
lected from the mudstone in ter vals rang ing from 0–130 m,
dom i nated by green to grey shales and thin-bed ded turbidite 
pack ages, con tained only DWAF (Figs 6, 7).

Sam ple CPS7 (at 150 m) yielded few, but sig nif i cant
plank tonic foraminifera, in clud ing Globigerina tripartita
and Paragloborotalia kugleri. The oc cur rence of this lat ter
spe cies en abled the as sign ment of this part to the Lower
Miocene (Aquitanian: N4 Zone of Blow, 1969).

Sam ples CPS8–9, col lected from green to grey mud-
stone, were very rich in both plank tonic and ben thic forami- 
nifera. The as sem blage in cluded Paragloborotalia kugleri
(very fre quent), Globoquadrina dehiscens (very fre quent),
Globogerinoides primordius (fre quent), Zeaglobigerina
woodi, Paragloborotalia mayeri, Globigerinoides trilobus,

Globigerinella obesa, Paragloborotalia siakensis, Globige- 
rina continuosa, G. venezuelana, Catapsydrax dissimilis
and Catapsydrax unicavus. The com mon oc cur rence of Pa-
ragloborotalia kugleri, Globoquadrina dehiscens and Glo-
bigerinoides primordius is char ac ter is tic of an Early Mio -
cene age (Aquitanian; N4 Zone of Blow, 1969). It is im por -
tant to note that all these sam ples were rich in radiolarian
fauna.

Sam ples CPS10–19 were rich in silt and con tain rare
plank tonic foraminifera (sam ples CPS10 and CPS17), but
they also yielded abun dant ag glu ti nated and cal car e ous ben -
thic foraminifera, which have lit tle strati graphic sig nif i -
cance.The plank tonic foraminifera en coun tered in sam ple
CPS11 in cluded Globigerina continuosa and Globigerina
praebulloides.

Sam ples CPS17 and CPS20 yielded di ver si fied and
well pre served spe cies and sub spe cies of plank tonic micro -
fauna, rep re sented by Paragloborotalia kugleri (very fre -
quent), Globoquadrina dehiscens (very fre quent), Globige-
rinoides primordius (fre quent), Zeaglobigerina woodi, Pa-
ragloborotalia mayeri, Globigerinoides trilobus, Globige-
rinella obesa, Paragloborotalia siakensis, Globigerina
continuosa, G. venezuelana, Catapsydrax dissimilis and
Catapsydrax unicavus.

The com mon oc cur rence of Paragloborotalia kugleri,
Globoquadrina dehiscens and Globogerinoides primordius
is char ac ter is tic of an Early Mio cene age (Aquitanian: N4
Zone of Blow, 1969). Seven sam ples were col lected from
the very thick mudstone in ter val in the up per part of the sec -
tion. Most of them were bar ren and only sam ple CPS31
con tained a few plank tonic foraminifera, in clud ing Cata-
psydrax dissimilis, Paragloborotalia kugleri, Globigerina
venezuelana, Paragloborotalia continuosa and Globigeri-
noides primordius. This as sem blage was as so ci ated with
ostracods and in di cates an Early Mio cene age (Aquitanian
to Burdigalian: N4 to N5 zones of Blow, 1969). This dat ing, 
pro posed in Riahi (2011), was con firmed by Belayouni et
al. (2013).

The sam ples col lected from the up per part of the sec tion 
(CPS37–41) were bar ren of plank tonic foraminifera and
con tained only ben thic foraminifera, in dic a tive of an up -
per-bathyal depositional set ting.

On the ba sis of the pres ent study, the au thors noted the
ab sence of the Oligocene; nev er the less, it is im por tant to
out line that the sub merged part of the sec tion may cor re -
spond to the Oligocene. Along the Cap-Serrat to Sejnene
road and close to Oued Ziatine, the Babouchite fa cies out -
crops and is made up of al ter nat ing, well lam i nated, white
lime stones, par tic u larly rich in radiolarian and whit ish mud- 
stones.

Nu midi an For ma tion of the Sejnene area:
Boujrir-Ainchouna sec tion

The Sejnene area forms the south ern mar gin of the
Mogod Moun tains and rep re sents the lat eral ex ten sion of
the Nu midi an For ma tion out crop ping in the Zouza area
(i.e., Tebaba and Gassa-Msid sec tions in Riahi et al., 2010)
and be long ing to the south ern mar gin of the Kroumirie
Moun tains (Fig. 2). In this area, the Nu midi an For ma tion
con sists of ap prox i mately 2200 m of al ter nat ing sand stone
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units (20–30 m) that pro trude from the hill side and shale
units (100–400 m). These are only ex posed lo cally along
wa dis, ow ing to the veg e ta tion cover (Fig. 6). Thick mas -
sive sand stone units show vari able dip di rec tions and the
north-to-north west-dip ping strata are in cluded in a NE–SW
perched syncline at Ainchoun. The Nu midi an For ma tion
out crop ping in the Sejnene area can be con sid ered as a well
stud ied and the well dated rep re sen ta tive sec tion of the unit
in north ern Tu ni sia, be cause of de tailed strati graphic in ves -
ti ga tions (Maherssi, 1992; YaÎch, 1997), which suc ceeded
in the dif fer en ti a tion of the Oligocene and Lower Mio cene
de pos its as well as the rec og ni tion of ma jor dis con ti nu ities.
Field map ping and anal y sis of the ge om e try of the sand -
stone units al lowed YaÎch (1997) to char ac ter ize them into
two broad sed i men tary units, with the first cor re spond ing to
the Oligocene (U1) and the sec ond to the Early Mio cene
(U2: Aquitanian to Aquitanian–Burdigalian). In this sche-
me, the Oligocene unit was sub di vided into two sub-units
(U1.1 and U1.2), based on the geo met ri cal re la tion ship be -
tween the sand stone units of Dir Gsir and Jebel Boulesba
(Fig. 8). Also, three dis tinc tive sub-units were pro posed
(U2.1; U2.2 and U2.3) for the Lower Mio cene of the Sej-
nene area. Sub-unit U2.3 was in ferred to be Aquitanian and
Aquitanian–Burdigalian, equiv a lent to the “Babouch Silexi- 
tes”. The pres ent study, con firms the as sign ment of the Nu -
midi an For ma tion of the Sejnene area to the Oligo- cene–
Lower Mio cene (Figs 5–8), as pre vi ously pro posed by El
Maherssi (1992) and YaÎch (1997). Nev er the less, unit U2.1
of YaÎch (1997) be gins with the mudstone in ter val, just be -
low the sand-rich unit of Jebel Lakrête (Fig. 8).

A glauconitic bed marker out crops dis con tin u ously and
can be traced from Jebel Hamra to Kef Ghlem (Fig. 8). As
well, it was noted that in the perched Jebel Msid Syncline
(Zouza area) there is a to tal ab sence of the Babouch Mem -
ber, which also is the case in the Sejnene area.

As a whole, the Nu midi an For ma tion out crops in the
Sejnene area show (Fig. 9) close sim i lar i ties in age, or ga ni -
za tion, and lithological char ac ter is tics to that out crop ping in 
the Zouza area.

Nu midi an For ma tion of Jebel Zoukar
The Nu midi an For ma tion tends to be well ex posed in

the east ern most part of the Mogod Moun tains, where the
suc ces sion is ex cep tion ally well ex posed at Jebel Zoukar
(Fig. 2). Nev er the less, the suc ces sion is af fected by wrench

faults with small off sets. The suc ces sion com prises thick
shaly units at the base, fol lowed ver ti cally by a dis tinct unit
form ing a cliff and com posed of a thick con glom er atic fa -
cies (Fig. 6). In this area the stra tig ra phy of the Nu midi an
For ma tion has never been as sessed. On the ba sis of a new
palynologic in ves ti ga tion (Soussi et al., 2012), the out crop -
ping Nu midi an For ma tion can be as signed to the Lower
Mio cene (Aquitanian). De tailed map ping of the area in di -
cates that the ab sence of the Oligocene por tion, well iden ti -
fied in Sejnene area, is most likely re lated to the E–W fault
sep a rat ing the Kef Nsour se ries from those of Jebel Saidene.

Nu midi an For ma tion of Jebel Sebaâ 
The Jebel Sebaâ sec tion is lo cated to the north of Bi-

zerte town and south of the Nu midi an thrust front (Fig. 2).
In this area, The Nu midi an de pos its over lie the Souar Shales 
and are in cluded in a synclinal struc ture with a gen tle dip to
the NW (Cram pon, 1973; Melki, 1993). The suc ces sion has
been con sid ered to be flu vial in or i gin and ac cord ingly rep -
re sent ing the Fortuna For ma tion (Melki, 1997; Fildes et al.,
2010; Fig. 6). It be gins with a clayey unit that passes up -
wards into two rel a tively thick sand stone units form ing a
cliff. The first unit is rep re sented by fine to me dium sand -
stones with ex ten sive wa ter-es cape fea tures. The sec ond
unit is com posed of five con glom er atic beds pass ing up -
ward into a metres-thick, cross-strat i fied sand stone bed. The 
up per most part of the suc ces sion is made up of a me dium to
coarse sand stone bed show ing sub tle grad ing.

In this sec tion, abun dant re worked lime stone boul ders
(Eocene of the Bou Dabbous For ma tion) as so ci ated with a
shal low-ma rine macrofauna (well pre served shells), have
been iden ti fied at sev eral strati graphic lev els within the first
unit (Fig. 5).

It is dif fi cult to as cer tain the age of this suc ces sion, ow -
ing to dif fi culty in sam pling. Nev er the less, all the litholo-
gical char ac ter is tics are sim i lar to the Early Mio cene de pos -
its of the Nu midi an For ma tion out crop ping no so far away
in Ras El Korane and Jebel Gattous-Zoukar. In ad di tion, the 
pres ence of well pre served flute casts in di cates the turbidite
af fin ity of these de pos its. Cross-strat i fi ca tion and flute casts 
in di cate NE–SW-di rected palaeocurrents.
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Fig. 8. Strati graphic ar chi tec ture of the Nu midi an For ma tion in the Sejnene area. The glauconitic in ter val is con tin u ous from Jebel
Ainchouna to Kef Ghlem east ward (mod i fied af ter El Maherssi, 1992).



Lithostratigraphic Cor re la tion be tween the Nu midi an
For ma tion of the front of the Kroumirie

and the Mogod moun tains

Com par i son and lithostratigraphic cor re la tion of the
Nu midi an For ma tion of the south ern mar gins of the
Kroumirie (Tebaba, Oued Jabeur and Gassa-Msid sec tions)
and the Mogod moun tains (Sejnene, Jebel Gattous-Zoukar
and Jebel Sebaâ sec tions) in the pres ent ac count show two
sed i men tary bed mark ers, which can be very use ful in as -
sess ing the strati graphic ar chi tec ture, the lat eral fa cies
changes, and the re gional lithostratigraphic cor re la tion be -
tween the sec tions (Fig. 7). They in clude:

(1) a glauconitic sandy layer (Early Mio cene age; Figs
8, 9). This layer was iden ti fied within the third shale unit in
the Sejnene sec tion (Figs 6–8), which could be in ter preted

as a con densed sec tion, de vel oped dur ing a ma jor flood ing
event (YaÎch, 2000). In terms of age, this glauconitic in ter -
val is Early Mio cene and can be re garded as in-situ de pos its. 
Nev er the less, the glauconite in ter val re cog nised by Riahi
(2004) and Belayouni et al. (2013) in the Oued Jabeur
(Zahret Madien area) may be con sid ered as re worked ma te -
rial, rather than in-situ de pos its, mark ing the on set of Nu -
midi an For ma tion de po si tion, as in ter preted by Belayouni et 
al. (2013). This in ter pre ta tion is sup ported by the fact that
the glauconitic in ter val of Zahret Madien (Oued Jabeur sec -
tion) shows strong sim i lar ity to the glauconite of the auto-
chthonous Oligocene–Mio cene Bejaoua Group out crop ping 
no so far away (e.g., Jebel Ben Amara and Jebel Hajra
Touila; Boukhalfa et al., 2015) and even to the north and
south of Bizerte area, close to the “la baie des carrieres” sec -
tion (Soussi et al., 2012). The lim ited lat eral ex tent (ap prox -
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Fig. 9. Com par i son be tween the Nu midi an For ma tion out crops along
the Nu midi an thrust front of the Kroumirie and Mogod moun tains.



i mately 500 m) and the in tense de for ma tion of this in ter val
may in di cate resedimentation within the Nu midi an For ma -
tion from an up lifted and eroded, shal low shelf, which is
thought to have been sit u ated south ward of the Nu midi an
ba sin dur ing Mio cene time. The pres ence of com mon re -
worked glauconitic boul ders through out the Mio cene Nu -
midi an For ma tion de pos its in Oued Jabeur and in the Oued
Zouza, and also in the north east ern por tion of the Nu midi an
For ma tion in the Mogod do main (El Garn, Ras El Korane
and Jebel Sebaâ sec tions) sup port this in ter pre ta tion. The
anal y sis of the evo lu tion and ma tu rity of glauconite be -
tween the two ar eas may bring ac cu rate an swers to this
ques tion. In ad di tion, Belayouni et al. (2013) as signed the
shaley unit sit u ated just be low the glauconitic ho ri zon to the 
Pre-Nu midi an “In ter me di ate In ter val” that has char ac ter is -
tics in ter me di ate be tween those of the Souar For ma tion and
the Nu midi an For ma tion. The de tailed log ging of this sec -
tion clearly dem on strated that this in ter val en com passes lat -
er ally a sand stone in ter val, dis play ing ichnofacies and sed i -
men tary fea tures typ i cal of a deep-ma rine set ting (Riahi et
al., 2014). The trace fos sils in clude Chondrites, Planolites
montanus, Selenichnites isp., ?Cochlichnus isp., ?Gyro-
chorte isp., Scolicia vertebralis and, Diplocraterion cf.
habichi. In ad di tion, the gray ish-green ish clays of this in ter -
val ex hibit com mon Chondrites and Planolites montanus
ichnofacies, which are very com mon in the Nu midi an clays
(e.g., Cap-Serrat and Tabarka; in Riahi et al., 2014, fig. 5G)
rather than the Souar For ma tion. These ob ser va tions
strongly in di cate that what is con sid ered as an “in ter me di ate 
in ter val” be tween the Souar and the Nu midi an for ma tions in 
fact most likely cor re sponds to a sed i men tary pack age be -
long ing to the Nu midi an For ma tion.

(2) a thick con glom er atic ho ri zon, de lim it ing the Ras
El Ali sand stone unit and con tain ing peb bly sand stones with 
fre quent re worked car bon ate ma te rial, de rived from the
Tellian fa cies, re worked macrofossils (pectinid bi valves),
and glauconitic sand stone boul ders, prob a bly de rived from
a Mio cene shal low-shelf set ting (Fig. 5) that can be cor re -
lated with the Lakrête Sandy Unit, be long ing to the Ain-
choun Syncline. This con glom er atic fa cies marks a ma jor
change in the com po si tion of the Nu midi an For ma tion, con -
sti tut ing strong ev i dence of in tense ero sion that can be cor -
re lated with a ma jor intra-Mio cene fall in sea level. This
event is clearly ev i dent in the north east ern part of the
Mogod Moun tains (Jebel Gattous-Jebel Zoukar, Ras El
Korane and El Garn) and ex tends to Ras El Ali, Tabarka and 
Zouza ar eas.

In the Kroumirie and Mogod moun tains, the Oligocene
(up per Rupelian: P20 Zone of Blow, 1969; Fig. 9) was re -
cog nised in Meloula-Nee dles, Balta, Oued Jabeur, Zouza,
Sejnene (Boujrir-Ainchouna sec tion) and in Ras El Korane.
This dis agrees with the pro posal of a late Aquitanian age for 
the Zouza Mem ber by Belayouni et al. (2013).

East ward of the Mogod Moun tains (Jebel Gattous-
Zoukar), the age of the Nu midi an For ma tion is Early Mio -
cene. This age vari a tion is in ter preted by some au thors as
ev i dence of diachrony, which could be the re sult of an east -
ward younging of the be gin ning of Nu midi an For ma tion de -
po si tion, re ported be tween Al ge ria and Sic ily by Wezel
(1973) and Belayouni et al. (2013). The struc tural or ga ni za -

tion of north ern Tu ni sia, based on de tailed map ping (Rou-
vier, 1977; Carr and Miller, 1979; Riahi et al., 2010), al -
lowed in ter pret ing the ab sence of the Oligocene part of the
suc ces sion at some lo cal i ties as be ing the re sult of a lo cal
phe nom e non, pro duced by ramping of the decollement sur -
face at the base of the Nu midi an Nappe to higher strati -
graphic ho ri zons in the more ex ter nal por tions of the thrust
belt sys tem (see be low).

Nu midi an For ma tion of Meloula-Nee dles sec tion
ver sus Nu midi an For ma tion of the front of nappes

A com par i son of the Nu midi an For ma tion out crops of
the Meloula-Nee dles sec tion with those lo cated along the
main thrust front (e.g., Zouza, Sejnene and Jebel Gattous-
Zoukar sec tions) has re vealed in ter est ing re sults that have
di rect im pli ca tions for the un der stand ing of the in ter nal or -
gani sa tion of the Nu midi an For ma tion. The stra tig ra phy and 
the sedimentological char ac ter is tics of the Nu midi an suc -
ces sion of the thrust front (Ben Metir, Balta and Gassa-Msid 
sec tions) pre vi ously were stud ied in de tail (see Riahi et al.,
2007, 2010) and here the au thors use only the main re sults
for com par i son with the Nu midi an For ma tion of the Me-
loula-Nee dles sec tion and the Cap-Serrat area. The main re -
sults are:

– the Nu midi an For ma tion of the Meloula-Nee dles
section shows a close sim i lar ity in or gani sa tion to that of the 
Tebaba and Sejnene sec tions. Each of those sec tions is char -
ac ter ised by a basal Oligocene part of late Rupelian–early
Chattian age, rich in mudstones and thin-bed ded, fine-grai-
ned turbidites, and by a dis tinc tive sand ier suc ces sion, cor -
re spond ing to the Early Mio cene (Aquitanian; N4 Zone of
Blow, 1969). Nev er the less, such en rich ment in sand stones
is clearly doc u mented in the Tabarka sec tion;

– the “Tubotomaculum level” was only re cog nised in
the Meloula-Nee dles sec tion and never ob served it in the
Sejnene and Zouza ar eas. Ac cord ingly, the Nu midi an For -
ma tion out crops con fined to the Meloula Tec tonic Win dow
show the typ i cal char ac ter is tics of what is re ferred to as the
“in fra-Nu midi an mem ber”, re cog nised in Al ge ria;

– the up per part of the Nu midi an For ma tion (Early
Miocene) shows an ichnoassemblage that in cludes Diplo-
craterion cf. habichi, Scolicia vertebralis and Ophiomor-
pha ispp. and is in ter preted as the shal lower part of the
Ophiomorpha rudis ichnosubfacies of the Nereites ichno-
fa cies (Riahi et al., 2014) This ichnofacies pre sum ably in di -
cates a higher en ergy level, en vi ron men tal dis tur bance, and
a shallowing up ward through the Nu midi an se quence (Riahi 
et al., 2014);

– the oc cur rence of the “Tubotomaculum level” near the 
basal part (ap prox i mately at the 200-m level) of the
Meloula-Nee dles sec tion was re garded as a cor re la tion ho ri -
zon in ex plain ing the ab sence of the greater part of the
Zouza Mem ber in the Tabarka sec tion by thrust ing and tec -
tonic de for ma tion (Rouvier, 1977). Nev er the less, the same
au thor men tioned that the Tubotomaculum level oc curs at
1,500 m in the Tebaba sec tion (Fig. 3). This dif fer ence in
the oc cur rence of this level led Rouvier (1977) to sup pose
that all parts be low 1,500 m in the Zouza area (Fig. 3) has
been ab lated by tan gen tial tec ton ics.
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On the ba sis of de tailed log ging of the sed i men tary se -
quence and a spe cial fo cus on ichnofacies types and their
oc cur rence in the Meloula-Nee dles sec tion, the “Tubotoma- 
culum level” was re corded in the Lower Oligocene suc ces -
sion. The trace fos sil con sid ered to be “Tubotomaculum” in
the Zouza mem ber in Tebaba (Fig. 3) cor re sponds to

Diplocraterion habichi, and no Tubotomaculum was re cog -
nised at the thrust front. There fore, it can not be used as the
cor re la tion ho ri zon be tween the coastal out crops and those
of the thrust front. Some ad di tional fea tures are as fol lows:

– the Nu midi an suc ces sion, form ing the base of Me-
loula-Nee dles sec tion, shows the typ i cal char ac ter is tics of
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Fig. 10. Main biostratigraphic sub di vi sions of dif fer ent sec tions in ves ti gated in the Nu midi an For ma tion of north ern Tu ni sia.



what is de fined as the “in fra-Nu midi an Mem ber” (Fig. 10),
and this sec tion is pro posed as the type lo cal ity for the char -
ac ter is tics of the basal Mem ber of the Nu midi an For ma tion;

– the glauconite oc curs in dif fer ent forms (resedimen-
ted boul ders, dis sem i nated within clays and a “con tin u ous
lat eral level over some kilo metres”). Hence, a con tin u ous
sandy, glauconitic level was mapped along the length of the
Sejnene area (from Jebel Hamra to Kef Ghlem east ward).
Also, it was re corded in the Oued Zouza and Zahret Madien
ar eas (Figs 8, 9). In both ar eas, this level is dated as Early
Mio cene (Aquitanian). Nev er the less, the lim ited lat eral ex -
tent and its oc cur rence as boul ders in the Nu midi an For ma -
tion clays in the Zahret Madien and Zouza ar eas lead sup -
pos ing the pos si bil ity of its resedimentation from the
Oligocene–Mio cene Bejaoua Group.

All these data taken to gether in di cate that the Nu midi an 
For ma tion of the Tabarka area (rep re sent ing the coastal out -
crops) and the Nu midi an For ma tion of the thrust front have
the same age and these re sults led to pro pose an al ter na tive
in ter nal or ga ni za tion of the Nu midi an For ma tion, which is
eas ily rec og niz able in dif fer ent sec tions.

IN TER NAL STRATI GRAPHIC
AR CHI TEC TURE AND SUB DI VI SION

OF THE NU MIDI AN FOR MA TION

This pa per is pri mar ily a biostratigraphic re view of the
Nu midi an For ma tion out crops fring ing the coast line, i.e. the 
Tabarka and Cap-Serrat sec tions, and the na ture of their re -
la tion ship with the Nu midi an For ma tion out crops of the
thrust front, which had a great im pact on the un der stand ing
of the re la tion ships be tween its con stit u ent mem bers. The
new biostratigraphic data show that each sec tion (i.e., the
Tebaba and Gassa-Msid sec tions (Zouza area), Sejnene,
Meloula-Nee dles, Cap-Serrat and Jebel Gattous-Zoukar
sec tions) em braces the com plete Nu midi an For ma tion and
all of them proved to be mostly Oligocene–Early Mio cene
in age (Fig. 10). In ad di tion, ac cord ing to the pres ent bio-
strati graphic re view of the mem bers of the Nu midi an For -
ma tion at their type lo cal i ties (Riahi et al., 2010), it was
dem on strated that the so-called Zouza Mem ber and the
Kroumirie Mem ber have the same age, and each of these
mem bers in re al ity rep re sents the com plete Nu midi an For -
ma tion (Torricelli and Biffi, 2001; Riahi et al., 2011).
There fore, the pinch ing-out of the called Zouza Mem ber in
the Meloula-Nee dles area and at other lo cal i ties, such as
Jebel Khreroufa, can not be at trib uted to only tec tonic trun -
ca tion as pre vi ously was pro posed, but was mostly re lated
to a lack of strati graphic knowl edge. In deed, in the ear lier
works (Glaçon and Rouvier, 1967), the cor re la tion be tween
the Nu midi an For ma tion out crops of the Meloula-Nee dles
sec tion (Tabarka area) and those of the thrust front was
based on the pres ence of the  Tubotomaculum level, rather
than on solid biostratigraphic data and this  was the ba sis for 
the in ac cu racy. In the pres ent study, the va lid ity of such a
cor re la tion is clearly doubt ful, be cause of the new age as -
sess ment. More over, as shown in Fig ures 7–10, all the Nu -
midi an For ma tion out crops of these dif fer ent lo cal i ties are
of Oligocene–Early Mio cene age.

In the light of the age as sess ment and in or der to fa cil i -
tate fur ther work on the Nu midi an For ma tion of north ern
Tu ni sia, a new sub di vi sion ap pears to be re quired.  This is a
re fine ment of the work of Glaçon and Rouvier (1967) and
the ear lier scheme of Riahi et al. (2010) (Fig. 11). To avoid
fur ther com pli ca tions in the lit er a ture with a new no men cla -
ture, we pre fer to keep the older names (i.e., Zouza and
Kroumirie mem bers), but their use in the new scheme is as
fol lows (Fig. 11).

The Zouza Mem ber is mainly Oligocene–Early Mio cene
p.p. (Rupelian–Chattian; P19–P21 zones) to Aquitanian (N4
Zone) and char ac ter ised by pelitic with sub or di nate sand -
stone bod ies, whereas the Kroumirie Mem ber is Aquitanian–
early Burdigalian (N4–N5 zones) and is a sandy suc ces sion
es pe cially in the up per most part. The Zouza Mem ber ter mi -
nates in the ma jor ity of the sec tions stud ied (e.g., Meloula-
Nee dles, Sejnene, Jebel Zoukar and Cap-Serrat) with a thick
shaly unit reach ing the Early Mio cene (N4 Zone).

In the new strati graphic scheme, the Kroumirie Mem -
ber starts both in the Kroumirie and the Mogod moun tains
with a sand stone unit form ing a dis tinc tive cliff. The lat ter is 
de lim ited at its low er most part by an ero sional base, con sid -
ered in this work to be a ma jor dis con ti nu ity, prob a bly re -
lated to an im por tant drop in sea level. This ma jor dis con ti -
nu ity is marked lo cally by con glom er ates with var i ous
reworked el e ments, con sist ing of glauconitic boul ders and
lime stone frag ments, de rived from the Tellian do main (Figs
4, 5). The con glom er atic fa cies, with glauconitic boul ders,
shal low-shelf macrofauna or with re worked Tellian units, is
pres ent only in the Mio cene part of the Nu midi an For ma tion.

 Such a sub di vi sion is ap pli ca ble to the Nu midi an For -
ma tion in the Zouza, Meloula-Tabarka and Sejnene ar eas.
The ex is tence of the Oligocene in the Nu midi an For ma tion
is ev i dent at many lo cal i ties, as in the Zouza (Glaçon and
Rouvier, 1967; Torricelli and Biffi 2001; Riahi, 2011),
Meloula-Nee dles (Riahi, 2011), Sejnene (Carr and Miller,
1979; Maherssi, 1992; YaÎch, 1997; Riahi, 2011) and Ras
El Korane ar eas (Maherssi, 1992; YaÎch, 1997), which dis -
agrees with the state ment of Belayouni et al. (2013) about
the ab sence of the Oligocene.

In the Babouch and Cap-Serrat ar eas, the Nu midi an
Formation is capped by a si li ceous, silexite-bear ing ho ri zon
of Burdigalian age (N6-N7 zones) (Glaçon and Rouvier,
1967; Belayouni et al., 2013). This sub di vi sion is readily
iden ti fi able in all sec tions of the south ern mar gin of the
Kroumirie and Mogod moun tains and those fring ing the
coast line.

In ad di tion, there was a no ta ble fa cies vari a tion dur ing
the Early Mio cene. Hence, the NE part of the Mogod Moun -
tains (Ras El Korane, Jebel Sebaâ and Jebel Gattous-Zoukar 
sec tion) is char ac ter ised by a highly con glom er atic fa cies,
mostly re lated to its lo ca tion near the source area (Fig. 6).

In the newly pre sented scheme, each part of the Numi-
dian For ma tion dis plays an ichnoassemblage and sedimen-
tological char ac ter is tics that are dis tinc tive. The Oligocene
Nu midi an For ma tion is char ac ter ized by di verse deep-wa ter 
trace fos sils of the Nereites ichnofacies (e.g., Chondrites,
Paleodictyon, Spirorhaphe and Scolicia); whereas the
Lower Mio cene Nu midi an For ma tion is char ac ter ized by
com mon, obliquely in clined U-shaped dwell ing tubes of
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Diplocraterion cf. habichi, in di cat ing a shallowing up ward
that co in cides with the in creased sand con tent (see Riahi et
al., 2014).

Fi nally and to avoid any con fu sion with the lithostrati-
graphic scheme of Glaçon and Rouvier (1967), it has to be
stressed that the Zouza Mem ber is con sid ered in this work
as a shaly unit, while the over ly ing sand ier fa cies is pres ent
in the Kroumirie Mem ber. Ac cord ingly, the Zouza Mem ber
(de fined at Jebel Zouza) sensu Glaçon and Rouvier (1967)
makes up the en tire Nu midi an For ma tion.

NU MIDI AN FOR MA TION THICK NESS

An es ti mate of the to tal strati graphic thick ness of the
Nu midi an For ma tion in north ern Tu ni sia must take into

consideration the ob ser va tions pre sented above. The best
sec tions that can be used to as sess the thick ness of the Nu -
midi an For ma tion ap pear to be the Tebaba, Sejnene, Cap-
Serrat and the Tabarka sec tions. The Oligocene part of the
Nu midi an For ma tion is well de vel oped in the Zouza area
and shows a thick ness of close to 700 m (Fig. 12A). The
Mio cene part is in ex cess of 1,400 m, which is ev i dent from
the Nu midi an suc ces sion of the Cap-Serrat and Balta sec -
tions (Fig. 12B). There fore, a rough es ti mate of the max i -
mum thick ness of the Oligocene part of the Nu midi an For -
ma tion is be tween 500 m and 800 m. The sec tion that is
nearly 1,500 m thick in the Cap-Serrat and Balta ar eas ought 
to doc u ment the max i mum thick ness of the Mio cene por tion 
of the Nu midi an For ma tion, even though it does not ac count 
for the en tire ba sin fill since the stratigraphically high est ho -
ri zons have been eroded away (Fig. 12B). Hence, the com -
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Fig. 12. Rough as sess ment of the
Nu midi an For ma tion thick ness.
A. Thick ness of the Oligocene part.
B. Thick ness of the Early Mio cene
part. tThe entire Nu midi an For ma -
tion thick ness reaches 2,600 m in
thick ness.
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pos ite Nu midi an For ma tion, re con structed in this study
with out con sid er ing the Babouch Mem ber and shale, dis -
plays a to tal max i mum thick ness ex ceed ing 250 m. This is
based on the new as sump tion that takes into ac count the
thickness of the Oligocene and the early Mio cene strata
within the same sec tion and through dif fer ent geo graphic
ar eas. There fore, the thick ness of the Nu midi an for ma tion
does not ex ceed 2,200–2,600 m with out du pli ca tion. It is
an tic i pated that the Nu midi an For ma tion thick ness will
have an im pact on pe tro leum-ex plo ra tion strat egy in on -
shore and off shore Tu ni sia with the em pha sis of the un der -
ly ing Tellian frac tured car bon ate res er voirs.

STRUC TURAL PO SI TION

For study ing the style of de for ma tion of the Nu midi an
struc tural unit we have based our con clu sions on field ob -
ser va tions in Tabarka (Fig. 13) and Sejnene (Figs 14–16)
ar eas and cou pled it with the re-in ter pre ta tion of one seis mic 
line, ex tend ing from Cap-Serrat to the front of the Nu midi an 
struc tural unit in the Sejnene area (Figs 2–15). The new
map ping study in di cates that the Nu midi an struc tural unit is
folded and dis sected by com mon NE-SW thrust and back-
thrust faults (Figs 14–16). Folds are rep re sented by broad
syn clines with nar row anticlines, which were com monly re -
verse-faulted or thrust along their hinges (Figs 14–16).

Tabarka area

The Nu midi an suc ces sion of the Meloula-Nee dles sec -
tion is a good ex am ple to il lus trate the in ter ven ing struc tural 
de for ma tion. In this area, the basal part of the Nu midi an
For ma tion is mainly rep re sented by the typ i cal “argile ´
Tubotomaculum” (Fig. 13C–E). In this area, the Nu midi an
For ma tion ex hib its strata that range from dip ping at a high
an gle to over turned (Fig. 13A, B). The di rec tion is mostly
N–S and is ob vi ously anom a lous, com pared to the larger
NE–SW struc tures that re sulted from the NW–SE com pres -
sion of Serravalian–Tortonian age. Com mon, small-scale
“faulted thrust folds” were re corded in the mid dle part of the 
Nu midi an For ma tion of the Meloula-Nee dles sec tion (Fig.
13G–I). Such dis rup tion in duced the emer gence of the Up -
per Eocene along these faults at Dowar Larmel (Fig. 13F).
This struc tural or gani sa tion ev i dences strong compressional 
forces and as a con se quence the fold ing and the stack ing of
thrust/re verse faults along the Tabarka sec tion have caused
a thick en ing of the strati graphic sec tion (Figs 6–13).

 On the geo logic map of the Tabarka (Rouvier, 1992),
the com mon N–S di rec tion of the Meloula mor pho log i cal

corridor and the Nu midi an For ma tion strata in gen eral rang -
ing from dip ping at a high an gle to over turned is the con se -
quence of tec ton ics that in duced ro ta tion of the whole block
(Fig. 13). It seems that this area has un der gone a levorota-
tory ro ta tion (Rouvier, 1977) dur ing nappe em place ment or
later. Ac cord ing to the geo log i cal map (Rouvier, 1992), it
ap pears that the ro ta tion is not re lated to the Meloula cor ri -
dor, but to an other area lo cated east of Tabarka in the
Babouch Syncline and now cov ered by Qua ter nary de pos -
its. Ac cord ing to Rouvier (1977), dextral strike-slip faults
are vis i ble in the Babouch North ern Syncline and in di cate a
dextral move ment to the north. Tak ing into ac count the pos -
si bil ity of ro ta tion of the Nu midi an For ma tion blocks, a
palaeomagnetic study is rec om mended to test this as sump -
tion and of fer a so lu tion to the heated de bate on the prov e -
nance of the Nu midi an For ma tion

Also, such fold ing and thrust ing has been clearly iden ti -
fied at many other lo cal i ties in the Mogod Moun tains (i.e.,
on the right bank of Oued El Harka and in Kef El Hamar in
the Mogod Moun tains (Fig. 15B), where com mon small-
scale disharmonic fold ing is de vel oped within thin turbiditic 
sand stones of the Nu midi an For ma tion. Such struc tures are
gen er ally de vel oped against a ma jor thrust and/or re verse
faults. Ac cord ing to the biostratigraphic dat ing, the ma jor
tec tonic ep i sode af fect ing the Nu midi an and Tellian units
fol lowed the de po si tion of the youn gest ex posed Nu midi an
ho ri zons in the Burdigalian. Ac cord ing to the map ping (Fig. 
14), dur ing this de for ma tion both the Nu midi an struc tural
unit and the Cre ta ceous–Eocene car bon ate se quence were
folded into broad syn clines with nar row in ter ven ing anticli-
nes, which were com monly re verse-faulted or thrusted
along their hinges (Figs 14–16).

Sejnene area

Al though there is no avail able subsurface data from be -
low the Meloula-Nee dles area, there fore a cor re la tive seis -
mic pro le from fur ther to the east, ori ented NNW–SSE and
ex tend ing from west Cap-Serrat to the front of the nappes in 
the Sejnene area is in ter preted (Fig. 5A). The poor qual ity
of the seis mic sec tions in north ern Tu ni sia does not al low
in ter pre ta tion be low 2s (TWT). It is sup posed that the poor
qual ity of ma jor seis mic lines in north ern Tu ni sia is due to
the li thol ogy of the Nu midi an For ma tion which is gen er ally
shaly. Also, the high-an gle dips of strata have al tered the
qual ity of the seis mic sur vey. The seis mic sec tion shows
that the struc tural style in the Oued Sejnene area is fold ing
and thrust ing over a decollement sur face (Fig. 12A). In the
study area, a decollement sur face is well de fined in the
shales at the base of the Nu midi an For ma tion (Figs14–16).
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Fig. 13. De for ma tion style of the Nu midi an For ma tion strata in Tabarka area. A. Cross-sec tion through the Nu midi an For ma tion from
Meloula to the Nee dles (Tabarka town) sec tion. Note the com mon thrust ing and the over turned to steeply dip ping strata. B. Pan oramic
view, show ing the steeply dip ping to over turned Nu midi an For ma tion strata from Meloula to Dowar Larmel. C–E. Pho to graphs show ing
fea tures of the “argile a Tubotomaculum”, that rep re sent the basal mem ber of the Nu midi an For ma tion. F. Up per Eocene clays in Dowar
Larmel that emerged as a re sult of the thrust fault of Dowar Larmel. G–I. Pho to graphs show ing the fold ing and thrust/re verse faults af fect -
ing the Nu midi an For ma tion strata north of Dowar Larmel. 



366 S. RIAHI ET AL.

.41 .gi
F

tsurhtkcab dna tsurht ,senil cn
ys ,senilcitna( seru tcurts nia

m det ai co ssa eht sa lle
w sa snia tnuo

M dogo
M eht ni st iso ped ene coi

M 
ylrae eht dna enecogil

O eht fo noi tu bir tsid lai tap
S 

 
.seru taef laru tcurts nia

m eht dna snia tnuo
M dogo

M eht ni noi ta
 mro

F n aidi
 mu

N eht fo sre b
me

m eht s
wohs osla pa

m eh
T .)stluaf



OLIGOCENE–MIO CENE NU MIDI AN FOR MA TION OF NORTH ERN TUNISIA 367

.51 .gi
F

 .stinu laru tcurts n aidi
 mu

N-bus 
yll ani gra

m dna n aidi
 mu

N eht ni noi ta
 mro fed fo el

yt
S 

 
A

eht ni tinu laru tcurts n aidi
 mu

N eht fo noi ta
 mro fed laru tcurts eht fo noi ta ter pre tni-er ci

 msie
S .

 .2 .gi
F ni n

wohs ,enil ci
 msie

S .ecafrusbus dna eca frus eht nee
w teb stne

 m ele laru tcurts nia
m eht fo ecne rru cco evi ta le rroc eht eto

N .snia tnuo
M dogo

M
B

  i
mis spor ctuo ni noi ta

 mro fed elacs-lla
m

S .
-

 .enil ci
 msies eht no nees aili

Z fe
K fo enilcitna ot ral

C
–suoe ca ter

C eht dna tinu laru tcurts n aidi
 mu

N eht nee
w teb pih snoi ta ler eht gn itar tsu lli 

weiv ci
mar ona

P .
fo noi ti sop eht eto

N .sei res eneco
E

.tinu laru tcurts n aidi
 mu

N eht 
wo leb tsuj dna enot se

mil naiser
p

Y revo ci ss air
T



368 S. RIAHI ET AL.

.61 .gi
F

–n aidi
 mu

N 
 

.gezz
A lebeJ ot tarre

S-pa
C 

morf si noi tces laru tcurts eh
T .por ctuo dna ci

 msies nee
w teb 

yg olana eht eto
N .nr ehtron eroh sno nia

 mod naille
T



The struc tural style within the Nu midi an struc tural unit
is rep re sented by folds and faulted anticlines above a de -
tach ment sur face (Figs 15, 16). On the ba sis of field work,
we dis tin guish con sec u tively from the Nu midi an nappes
front to Cap-Serrat the fol low ing struc tural el e ments (Figs
14–16):

(1) the perched Ainchoun Syncline;
(2) Sonel Dhol Anticline (faulted anticline);
(3) Oued Sejnene Syncline, al ready de fined by Carr and 

Miller (1979) and Riahi et al. (2010);
(4) To the north, an anticline struc ture is de vel oped and

un der lies the area north of the Sejnene val ley, but south of
Jebel Ghiran (Figs 14, 15). This will be re ferred to as the
Kef Zilia Anticline (al ready de fined by Carr and Miller,
1979 and Riahi et al., 2010). The style of fold ing is repre-
sented by open and up right folds with sub-hor i zon tal, plung -
ing axes. The axes plunge to both the north east and south -
west. The folds are flat-hinged with the max i mum dip of
limbs not ex ceed ing 35°. Steeper dips were mea sured in
beds that have been col lapsed along the front of the Cap-
Serrat Fault (Fig. 14).

Ad di tion ally, the oc cur rences of sandy glauconitic ho ri -
zons in the Ainchoun Syncline and on the north flank of the
Sonel Dhol Anticline (Fig. 14) show that only the lower
Mio cene part of the Nu midi an struc tural unit was in volved
in the anticline and syncline struc tures. The Oligocene de -
pos its ap pear only at the front or along some deep faults and 
there fore the Oligocene will be in the subsurface. In some
cases, the Tri as sic cross-cuts through the Nu midi an se -
quence (e.g., Jebel Ouled Mejri) and else where acts as a
decollement level (e.g., Ouled el May). Also and as dem on -
strated through geo log i cal map ping, struc tural cross-sec tion 
and the in ter preted seis mic line, these struc tures are lim ited
by ma jor thrust/re verse faults and backthrusts. The main
struc tural el e ments dis tin guished are as fol low:

(1) Th1, the Nu midi an ma jor thrust fault;
(2) Th2, a NE-SW di rected thrust fault af fect ing the

Sonel Dhol Anticline;
(3) Th3, the fault north of the Sejnene trough and very

vis i ble on ae rial pho to graphs and in sat el lite im ages;
(4) Bth1, a backthrust north of Jebel Ghiran;
(5) Th4, a re verse fault af fect ing the top of the Nu midi -

an suc ces sion of Cap-Serrat.

CON CLU SIONS

The new biostratigraphic data pre sented here on the
Nu midi an For ma tion of north ern Tu ni sia re fines the stra tig -
ra phy of this for ma tion and en ables a new thick ness as sess -
ment for the unit. Also, with the def i ni tion of some fa cies
mark ers, it now is pos si ble to cor re late the Nu midi an For -
ma tion out crops of the Kroumirie Moun tains with those of
the Mogod Moun tains.

The in te grated data al lowed the re fine ment of the age
and the in ter nal ar chi tec ture of the Nu midi an For ma tion in
north ern Tu ni sia. There fore, in the new pro posed strati -
graphic chart, each of the con sid ered Zouza and Kroumirie
mem bers rep re sents the en tire Nu midi an For ma tion, with
lat eral fa cies vari a tion be tween the top of the Zouza Mem -

ber and the base of Kroumirie Mem ber. In the new scheme,
the au thors con sid ered that the Zouza and Ben Metir ar eas,
where the Nu midi an For ma tion mem bers were de fined, en -
close a highly pelitic lower unit with Tubotomaculum and
sub sid iary sand stones and an up per mem ber that is sand ier,
es pe cially in its up per most part, and can be as signed to the
Kroumirie Mem ber. In the pres ent study, these have been
stratigraphically dated as Oligocene–Early Mio cene p.p.
(Rupelian–Chattian; P19–P21 zones) to Aquitanian (N4
Zone) and Mio cene (Aquitanian–early Burdigalian; N4–N5
zones), re spec tively. The sandy suc ces sion as signed to the
Kroumirie Mem ber starts with a sand stone unit de lim ited at
its low er most part by an ero sional base or ma jor dis con ti nu -
ity, marked lo cally by con glom er ates with var i ous re worked 
el e ments. It rests gen er ally on a thick shale unit that char ac -
ter ises the up per part of Zouza Mem ber. The thin ner, up per -
most mem ber (Babouch Mem ber), is char ac ter ised by two
dis tinct si lici fied ho ri zons (silexites), and quartzarenites of
Burdigalian age (N6–N7 zones). This sub di vi sion is easy to
ap ply and is eas ily iden ti fi able in all sec tions of the south ern 
mar gin of the Kroumirie and Mogod moun tains and those
fring ing the coast line. Even more, this biostratigraphic re -
view dem on strates that the pinch ing-out of the so-called
Zouza Mem ber sensu Glaçon and Rouvier (1967) in dif fer -
ent ar eas (e.g., Tabarka, north of Jebel Khreroufa; Ben
Metir and Aïn Allega ar eas) is mostly re lated to in ac cu racy
in cor re la tion be tween the Nu midi an For ma tion out crops of
the Meloula-Nee dles sec tion and those on the thrust front,
rather than to tec tonic de for ma tion, as al ready was pro posed 
(Rouvier, 1977).
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