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ABSTRACT 

The Geology of the Oued Sedjenane area, northern Tunisia and 
its bearing on the Numidian Flysch problem 

by 
Michael David Carr 

Evidence from the Oued Sedjenane area, northern Tunisia, 

indicates that the Numidian Flysch Complex is allochthonous 

in the western Mogod Mountains. The complex consists of in- 

terlayered quartzose conglomerate, sandstone, and shale which 

were deposited by turbidity currents in the mid-fan region of 

a submarine fan complex on the northern margin of the African 

continent during Oligocène and lower Miocene times. The 

depth of deposition of the flysch was greater than 2000 

meters. Data support the hypothesis of Wezel (1970b) that 

the source area for the Numidian sediments was to the south 

on the African craton. 

During middle Miocene time, the Numidian Complex was 

detached from its substratum and thrust southward over the 

Maestrichtian to Eocene limestone-marl sequence which under¬ 

lay the thin, locally-preserved veneer of clastic rocks on 

the Miocene African shelf. Only the lower Miocene portion 

of the Numidian Complex was involved in the frontal part of 

the thrust sheet exposed in the map area. The displacement 

of the Numidian thrust sheet is a minimum of 25 kilometers. 

During and following the emplacement of the thrust sheet, 

diapiars of Triassic evaporite rising from the main decoll- 

ment surface beneath the Tellian Atlas were injected along 



the thrust plane. A middle Miocene time of thrusting and 

contemporaneous internal deformation of the thrust sheets 

corresponds closely with the timing of important plate tec¬ 

tonic events in the western Mediterranean region. 
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INTRODUCTION 

The Numidian Flysch (Oligo-Miocene) outcrops discon- 

tinuously from Morocco to southern Italy along the south 

margin of the Mediterranean Sea (Fig. 1). These rocks have 

been characterized as counterparts of the lithologically 

similar Oligo-Miocene deposits in the Carpathians, Crimea, 

and Caucasus (Wezel 1970a). In Tunisia the Numidian Flysch 

consists of a cyclical sequence of orthoquartz conglomerates 

and sandstones interlayered with grey shales. Aerially, the 

Numidian Flysch underlies the rolling mountain terrane of 

the Kroumerie and Mogod Ranges along the northern coastline 

of Tunisia. Structurally, it forms part of the external 

zone of the Tellian Atlas, which extends from Tunisia west¬ 

ward to Morocco. 

During the past several decades, the depositional his¬ 

tory and structural significance of the Oligo-Miocene rocks 

in the Mediterranean region have been widely discussed in 

the literature of both Europe and North Africa. Several con¬ 

ceptual models have developed. 

1) The most recent hypotheses of M. Durand-Delga and 

his students, presented in a 1967 review paper, position the 

basin of Numidian Flysch deposition between the present 

trend of the Kabylie basement massifs in Algeria, which are 

internal to the Tellian Atlas, and the external Tellian zone. 

The sediment source is hypothesized as a northern landmass, 
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Figure 1 - Map showing the distribution of the Numidian 
Complex in the western Mediterranean region; 
compiled from Wezel (1970a) and Durand-Delga 
(1967). S - Sardinia, B-Balaric Islands, K - 
Kabylie Massifs. 
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now foundered beneath the Mediterranean Sea. Orogenic ac¬ 

tivity initiated by crustal downfolding in the Miocene, re¬ 

sulted in the expultion of the flysch to its present posi¬ 

tions both north and south of the Kabylie basement massifs. 

This model was conceived, in particular, to explain north 

vergent structures in the Kabylie region of Algeria, and 

south vergence in the external Tellian areas. 

2) A. Caire (1974) places the site of Numidian Flysch 

sedimentation external to the basement massifs. Miocene 

thrusting within the basement resulted in the uplift of the 

continental slope. This created the "southward-migrating 

ridge" which provided the gravitational instability needed 

to permit thrust sheets of sedimentary cover to slide into 

a foredeep, the axis of which also moved progressively to¬ 

ward the exterior of the orogenic arc. This hypothesis, 

however, is inconsistant with Caire's (1970) own observation 

that during thrusting, the most external tectonic slices 

were emplaced first. 

3) In recent years, a series of papers by F. C. Wezel 

and others have been published, interpreting the Numidian 

Flysch as a miogeosynclinal sequence which developed on a 

continental rise along the passive northern margin of the 

African plate during Oligo-Miocene times. Wezel (1970b) pre¬ 

sents sound evidence that the provenance of the flysch was 

to the south on the African craton, rather than some elusive 

foundered continent to the north. Gaudette and others (1975) 
* 
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discuss new radiometric data from zircons in the Numidian 

sediments which further support the hypothesis of a southern 

source. 

Recent studies of the structural history of the Numidian 

Flysch have yielded diverse interpretations as to its struc¬ 

tural position and time of deformation. A hypothesis of dia¬ 

chronous deformation in the various flysch terranes in the 

Mediterranean region (Wezel 1973) has partially unified some 

of these conclusions. However, conflicting interpretations 

of the structural significance of the Numidian "nappe" do 

still exist in some areas. Kujawski (1964) and DeJong (1975) 

have suggested that the Numidian is autochthonous in the 

western Mogod Mountains of Tunisia, however, another study 

(Glaçon and Rouvier 1971) has estimated at least thirty 

kilometers of southward displacement on a décollement sur¬ 

face beneath the Numidian nappe in the same area. The pre¬ 

sent study is a detailed re-evaluation of this region. 

Prior to the work of Alverez and others (1974), it was 

unanomously accepted by all authors that the emplacement of 

the Numidian nappe (if allochthonous) was the product of 

gravity tectonics. Alverez and others have proposed a model 

of overthrust emplacement under compression, resulting from 

a plate tectonic mechanism. The model appeals to a complex 

system of microplate interactions in the western Mediterran¬ 

ean region during the middle and late Miocene. 

Consideration of the diversity of interpretations sur¬ 

rounding the geologic history of the Numidian Flysch makes 
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it apparent that an understanding of these rocks is essen¬ 

tial in interpreting the tectonics and paleogeography of the 

western Mediterranean region. It is in this context that 

the present study was undertaken. 

Present Study: The present study was conducted in the 

Numidian terrane of the Mogod Mountains of northern Tunisia 

(Fig. 2). Mapping of a portion of the Oued Sedjenane map 

sheet (Sérié P751 - Feuille V - Oued Sedjenane, Edition 2 

IGNF - Juin 1957 - 1/50,000) constituted the primary focus 

of the project. The area provides a reasonably accessable 

cross section extending normal to the structural grain of 

the region from Cap Serrât to the Tunis-La Calle highway 

(Fig. 3). This cross section traverses the entire exposed 

Numidian Complex in the Mogods. (Up to this point the term 

Numidian Flysch has been used for historical purposes, how¬ 

ever, future references to these rocks will employ the term 

Numidian Complex, for reasons to be discussed in the strati¬ 

graphic section of this paper). The purpose of the study 

was to map, in detail, the internal structure of the Numid¬ 

ian Complex and the contact of the complex with the under¬ 

lying limestone-marl sequence (Maestrichtian-Eocene). It 

was hoped that these data coupled with stratigraphic evidence 

would better define the structural position of the complex 

and the tectonic mechanisms responsible for its deformation. 

The Oued Sedjenane (Sedjenane River) area is character¬ 

ized by northeast trending ridges and valleys which are con- 
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Figure 2 - Map showing the location of the study area and 
places named in the text. The following abbre¬ 
viations are used on the map: T-Tabarka, CN- 
Cap Negro, SM-Sidi Mechrig, CS-Cap Serrât, LG- 
La Galite Island, B-Bizerte, TU-Tunis, OS-Oued 
Sedjenane 1/50,000 Map Sheet, NV-Nefza 1/50,000 
Map Sheet, H-Hedil 1/50,000 Map Sheet. The area 
of this study is shaded. 
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trolled by the structure of the Numidian. Where massive 

sandstone units are steeply dipping, the ridges are sharply 

defined and drainage patterns are parallel. Where the sand¬ 

stone units are sub-horizontal, a dendritic drainage iso¬ 

lates rounded hills which are sharply cliffed where the to¬ 

pography intersects layering. The mountains are blanketed 

with a cover of thorned shrubs, 0.3-3.0m in height, which 

locally render pedestrian access impossible. 

Outcrop in this portion of the Mogods is confined to 

cliffs, where massive sandstones protrude from the hillside. 

The shale units of the Numidian Complex do not commonly crop 

out, but are exposed locally in the channels of ouadies. An 

excellent exposure of nearly 2000m of the section is present 

in the sea cliffs at Cap Serrât. The upper Cretaceous- 

Eocene limestone marl sequence is exposed in the southeastern 

part of the quadrangle. Limestone units crop out particularly 

well in the Oued Melah Valley and in a quarry along the Tunis 

La Calle road. The shale units, like those of the Numidian 

Complex, are not well exposed. The Triassic cargneules may 

best be studied in exposures along the road north of the Qued 

Melah. With the exception of the calcareous rocks and Tri¬ 

assic cargneules in the southeastern part of the map area, 

the entire Oued Sedjenane map sheet is underlain by rocks of 

the Numidian Complex. Access to the area is made possible 

by hard surfaced roads and abundant dirt roads and trails. 

The center of the map sheet is approximately 100km by high¬ 

way from both Tunis and Bizerte. 
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Previous Work in Northern Tunisia; Solignac (1927) re¬ 

cognized the existance of the two Oligo-Miocene facies in 

northern Tunisia, littoral and flysch. The first detailed 

studies of the Numidian Complex, however, were those of 

Gottis (1952-1962, see Gottis, 1960-62 for complete bibli¬ 

ography) . Gottis (1960-62) summarized his stratigraphic 

and structural interpretations and concluded that the Numi¬ 

dian Complex, discordant over older strata, is transgressive 

and in normal sedimentary contact. He noted that the rela¬ 

tionship is complicated by Triassic evaporites which intrude 

the discordant contact as sills after encountering the more 

"plastic" flysch during their diapiaric emplacement. 

Rouvier (1973), based on his studies in the Kroumerie 

Mountains, interpreted the Numidian Complex as a thrust 

sheet and dated the time of emplacement as lower middle Mio¬ 

cene (Glaçon and Rouvier, 1972). Biely and Rouvier (1970) 

studied the structural position of the Triassic rocks in the 

north of the Hedil area, which forms the southern border of 

the Mogods (Fig. 2). They interpreted these rocks as com¬ 

plex thrust slices. Other workers have investigated the re¬ 

lationship between the Numidian Complex and the subadjacent 

calcareous rocks in the Hedil area (Kujawski 1964, 1969, 

Crampon and Sigal 1967, Caire and others 1971). Their re¬ 

sults will be discussed below with regard to stratigraphy 

and structure. 

Currently, T. Lajmi and P. Batik are remapping the 
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Bizerte and Hedil map sheets, respectively, for the Service 

Géologique de Tunisie. Since the mapping for this project 

was completed, M. Lamouche has begun mapping in the Oued 

Sedjenane map sheet for the Service Géologique's 1/50,000 

scale geologic map series. 
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Stratigraphy 

The rocks in the Oued Sedjenane area are discussed in 

five major groups, each representing a new and contrasting 

phase in the history of the region: 1) Triassic diapiaric 

cargneule 2) Upper Cretaceous to Eocene pelagic limestone 

and marl 3) Oligo-Miocene Numidian Complex 4) Post- 

Numidian molasse and intrusive rocks 5) Pleistocene to re¬ 

cent alluvial, colluvial, and, aeolian deposits. 

Triassic cargneule: Masses of tectonized shale, lime¬ 

stone, and evaporites that are in tectonic contact with 

upper Cretaceous through Miocene formations along the south¬ 

ern border of the Mogods, have been assigned to the Triassic 

System (Biely and Rouvier 1970, Kujawski 1969, Gottis 1960- 

62). Rare fossil evidence for the Triassic age of similiar 

lithologies in analogous tectonic positions has been re¬ 

ported elsewhere in North Africa (David 1956). No Triassic 

fauna was found during the present study. Bolze and Crampon 

(1964) have suggested that the argillaceous dolomites and 

evaporites, here assigned to the Triassic, are in reality a 

local lagoonal facies of the El Haria Formation (Campanian- 

Paleocene) and are in normal stratigraphic sequence with the 

Cretaceous-Eocene limestone-marl sequence. Field relation¬ 

ships in the southeastern portion of the map area (Fig. 3) 

preclude this possibility. There, the Triassic rocks (rep¬ 

resented by cargneule) truncate all structural trends and 

lithologies of both the Maestrichtian-early middle Eocene 
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section and the lower Miocene part of the Numidian Complex. 

Similiar relationships are recorded by Kujawski (1969) else¬ 

where in northern Tunisia. It is now generally accepted 

that all contacts with the Triassic rocks are tectonic. 

Within the map area, exposures of Triassic rocks border 

and locally truncate the Numidian Complex along the southern 

flank of Djebel (Mount) Ainchoucha northeastward from Sidi 

Fliss. These outcrops are joined to a parallel belt of 

Triassic evaporites 3.5km to the south by an discontinuous 

north trending zone of cargneule which truncates the sequence 

of younger rocks east of the road leading northward from the 

Tunis-La Calle highway. According to mapping in the Hedil 

area (Caire and others, 1971), this southern belt of Triassic 

outcrops is continuous southwestward from the Oued Sedjenane 

map sheet to the Bazina Massif. Caire and others report that 

this belt of Triassic rocks marks a major thrust of the Eo¬ 

cene Tellian (Deep water pelagic) facies limestones to the 

north of the belt over the Nummulitic (Shallow water shelf) 

facies limestone of the same age to the south. 

The best exposures of Triassic rocks are in the road 

cuts north of Oued Melah and along the river bluffs of the 

Oued Melah. The road outcrops consist of a light brown car¬ 

gneule. The rocks show no undisturbed bedding and are weakly 

foliated; the foliation is warped forming broad antiforms 

and synforms. Further south along the road, near the con¬ 

tact with the calcareous rocks, mottled, grey to red-brown, 
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often gypsiferous clays are the dominant rock type. Similiar 

clays form the bluffs on the Oued Melah. 

In the area of Sidi Fliss exposures are rare. The 

Triassic rocks are represented here by blocks of breccia or 

dolomite floating in a gypsiferous red-brown soil. The 

breccia includes angular clasts of carbonate in a vuggy 

ferruginous matrix. At one small outcrop near Sidi Fliss 

basic igneous rocks are present, however, their field rela¬ 

tionship to the Triassic rocks is impossible to determine 

because of poor exposure. Triassic age basalts have been 

reported in association with North African evaporites 

(Kujawski 1969), but it is equally possible that the rocks 

are associated with Neogene igneous activity in the region. 

Although no contacts are exposed in the area, they are 

everywhere interpreted to be tectonic. This interpretation 

is supported by the above discussion coupled with the fact 

that the oldest rocks in contact with the Triassic rocks 

here are late Cretaceous, even though a complete section of 

Jurassic rocks is known to be present in northern Tunisia. 

The brecciated nature of the Triassic rocks is also sugges¬ 

tive of tectonism. 

Upper Cretaceous to Eocene Pelagic Limestone and Marl: 

A sequence of Maestrichtian to lower middle Eocene lime¬ 

stone and marl forms the southern border of the Numidian 

terrane in Tunisia. In the Nefza half window, 20kms to the 

west, the same succession of calcareous rocks is exposed be- 
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neath the Numidian Complex of the Kroumerie and Mogod Moun¬ 

tains (Miller, 1975). Figure 4 is a generalized stratigra¬ 

phic collumn for the carbonate rocks south of the Mogod re¬ 

gion. These rocks occupy the southeast corner of the map 

area, where four formations are represented. From oldest 

to youngest they are the Abiod, El Haria, Metlaoui, and 

Souar Formations. 

Abiod Limestone: Kujawski (1969) has described the 

Abiod Limestone in detail at the southwest ends of Djebel 

el Azzag and Djebel Jebira in the Hedil area. Both of these 

mountains continue, parallel to the strike of the Abiod For¬ 

mation, into the map area where their trends are truncated 

by the zone of Triassic rocks. Because the limestones there 

are mutually continuous along strike with the sections meas¬ 

ured by Kujawski, it is reasonable to assume that his de¬ 

tailed stratigraphy is generally applicable to the present 

study. This correlation is supported by micropaleontologi- 

cal data discussed below. Only the upper, Maestrichtian, 

portion of the Abiod formation is exposed in the Oued Sed- 

jenane area (Fig. 4). 

The Abiod Limestone underlying Djebel Jebira is best 

exposed in the quarry at the northeast end of that mountain 

(Fig. 3). There it consists of massive fine grained lime¬ 

stone which is very pale orange. Beds are separated by 

l-2cm partings which represent weathered-out marl layers. 

In thin section the rocks are composed primarily of recry¬ 

stallized foraminifera tests in a micrite matrix. In most 

-13- 



Figure 4 - Stratigraphy of Tellian facies rocks in 
northern Tunisia. 

-14- 



STRATIGRAPHY OF TELLIAN FACIES ROCKS 

IN NORTHERN TUNISIA 

OLIG ■?§& FINE GRAINED SANDSTONE 

-ii 3 
O 
< 

UJ 

-J ~ 
UJ 

— oc 

9 2 

Q. 
3 

< 
<3C 
O 

MASSIVE BLACK LIMESTONE 
GRADES LATERALLY TO 
MARL 

ui 
-J 
< 
X 
in 

2 
O 
o 
o 
CM 

O 
o 
CO 

tn 
3 
o 
UJ 
fit 
< 
u 
-J 
< 
o 

< 
fit 
o 

X 
fit 
< 
o 

MASSIVE GRAY LIMESTONE 

COMPILED FROM KU JAW SKI ( 1962 91969) i BUROLLET (1967) v 

BISHOP 0975) 



instances the test walls are replaced and the chambers are 

filled with sparry calcite. The forants and matrix each com¬ 

prise about fifty percent of the limestone. A minor amount 

(less than one percent) of glauconite is present. In some 

samples the limestone contains fine laminations approxi¬ 

mately three millimeters thick. These laminations are dis¬ 

turbed by bioturbation and minute channels, the latter be¬ 

ing filled with grain-supported foraminiferal micrite form¬ 

ing a geopedal indicator. 

A second outcrop of Abiod forms the white limestone 

cliffs along the road north of the Oued Melah. There the 

massive limestone consists of beds of 1-3 meters thick se¬ 

parated by several centimeters of marl. At the northwest 

end of this outcrop the marl intervals become thicker and 

the limestone thinner as the Abiod Formation grades upward 

into the El Haria Formation. The limestone sequence may be 

traced along strike through excellent outcrops in the river 

to the south, then further south where it underlies the 

northern end of Djebel el Azzag. To the northeast the Abiod 

Formation is truncated by Triassic rocks. 

The Abiod sequences of both Djebel el Azzag and Djebel 

Jebira dip northward at 10 to 40 degrees (generally about 20 

degrees) and strike northeast. The two belts of Abiod out¬ 

crop are separated by a terrane underlain by Maestrichtian 

marl which is in normal depositional sequence with the south¬ 

ern Abiod belt. The marls are of the El Haria Formation 
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since they overly the Abiod limestone of Djebel Jebira, and, 

therefore, must be separated from the northern Abiod outcrop 

belt by a fault which repeats the Maestrichtian section 

(Fig. 3). Evidence for the Maestrichtian age of all parts 

of the sequence immediately surrounding the two Abiod For¬ 

mation outcrops belts is based on the occurrence of 

Racemigumbelina sp. in samples SC27, SC38, and SC39. 

(Fig. 3). 

El Haria Formation: The El Haria Formation deposi- 

tionally overlies each of the occurrences of the Abiod 

Formation in normal sequence. The Mesozoic-Cenozoic boundry 

lies within the El Haria, which yields an upper Maestrichtian 

fauna at its base and lower Eocene fauna at its top. The 

more southerly of the two El Haria terranes contains only 

Maestrichtian fossils and, therefore, represents only the 

lower part of the formation. The El Haria there, as every¬ 

where, is a grey to dark grey calcareous shale with abundant 

microfauna. Particularly prominant in the basal assemblage 

are many species of Globotruncana, the disappearance of 

which marks the end of the Mesozoic. 

An approximate determination of the planktonic to ben- 

thonic foraminifera ratio ranges from 38:1 to 56:1, indica¬ 

ting a water depth of greater than 1000m for the deposition 

of these sediments (Phleger 1960). In addition to foramin¬ 

ifera, the fine sand fraction of the marl contains trace 

amounts of quartz and glauconite. 
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The northern band of El Haria Shale also contains 

Maestrichtian foraminifera at its base. In sample SC27 

(Fig. 3) from directly above the uppermost Abiod bed, the 

planktonic to benthonic ratio is 14:1, still indicating a 

depositional depth greater than 1000m (Phleger, 1960). The 

marls forming the lower part of this sequence are identical 

to those described from the more southerly outcrops. 

The nature of the upper boundry of the El Haria Forma¬ 

tion is unclear in the map area due to the disrupting effect 

of the emplacement of the Numidian Complex and to poor ex¬ 

posure. The area between the northern Abiod Formation out¬ 

crop belt and the front of the Numidian nappe is underlain 

by a continuous marl sequence, the base of which has been de 

scribed above. Along the front of the nappe, however, a 

sample (SC32 (Fig. 3)) from beneath a tectonically emplaced 

block of Metlaoui Limestone contained early middle Eocene 

fossils (J. Lamb, personal communication). These Eocene 

marls are in normal depositional sequence with the basal El 

Haria marls, however, the top of the El Haria Formation in 

the Mogod region is known to be in the Globorotalia 

velascoensis zone of late Paleocene age (Kujawski, 1969). 

The Metlaoui Formation, which depositionally overlies the 

El Haria Formation, represents the lower Eocene to earliest 

Lutetian part of the carbonate succession (Kujawski. 1969), 

and the Souar Formation constitutes the remainder of the 

Eocene section (Burollet, 1967). A problem arises, then, 

as the rocks dated as lower middle Eocene age (Souar Forma- 
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tion) by sample SC32 are found at the top of a continuous 

sequence of marls, the base of which is known to coinside 

with the base of the El Haria Formation. Nowhere in this 

sequence is there any trace of the distinctive Metlaoui 

Limestone which separates the Souar and El Haria Formations 

in the "normal" stratigraphic column (Burollet, 1967). I 

think the explanation for this apparent contradiction can 

be found in the work of Crampon and Sigal (1967) who have 

described the limestone of the Globogerinid facies of the 

Metlaoui Formation as a local sub-facies which grades later¬ 

ally into contemporaneous marl. Thus, the belt of marl 

south of the Numidian nappe in the map area represents three 

formations (El Haria, Metlaoui, and Souar) and continuous 

marl sedimentation from Maestrichtian to lower Eocene time. 

The limestone subfacies of the Metlaoui Formation is pre¬ 

sent in the map area only as a tectonic block which was ro¬ 

tated in the fault zone on which the Numidian Complex was 

emplaced. 

Metlaoui Formation: The limestone facies of the Met¬ 

laoui Formation consists of bedded black cherty limestone 

which weathers light grey. The faults bounding the lime¬ 

stone in the map area are inferred from the discordant dip 

of these beds relative to the surrounding marl. The general 

attitude of the marl was determined from occasional inter¬ 

calated limestone layers. In addition, the Metlaoui beds 

are truncated along strike by the marl outcrops (Fig. 3). 
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Oligo-Miocene Numidian Complex: The Oligocène Epoch 

is marked by a significant change in the style of sedimenta¬ 

tion throughout northern Tunisia. This change is signaled 

by the relatively abrupt end of carbonate sedimentation, and 

the equally sudden influx of quartz-rich clastic sediments. 

In central and eastern Tunisia, these clastic rocks form the 

shallow marine and continental deposits of the Fortuna Sand¬ 

stone Formation (Burollet, 1967). In northern Tunisia, the 

clastic rocks form the thick (3500-4000m) Numidian Complex. 

The Numidian Complex is a flysch sequence, composed of in- 

terbedded shale and quartzose sandstone and conglomerate. 

Although historically the terms "Numidian Flysch" or 

"Numidian Sandstone" have been used in reference to these 

rocks, no formal name has been assigned to them. The term 

"Numidian Flysch" has genetic connotations and should, 

therefore, be avoided as a rock stratigraphic name. "Numi¬ 

dian Sandstone" does not properly describe the unit since 

the sequence also contains significant shale and conglom¬ 

erate. Neither the stratigraphic top nor the bottom of the 

Numidian are exposed in the map area, nor have they been de¬ 

scribed in the literature for any other locality in the Medi 

terranean region. Since there are no definite stratigraphic 

limits known for the Numidian, the term "formation" is not 

applicable. The "Code of Stratigraphic Nomenclature" pro¬ 

vides the term "complex" for such a rock stratigraphic unit, 

therefore, I informally propose that the name "Numidian Com- 
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plex" be used to refer to the stratigraphic unit described 

above. This practice will be followed in the present paper. 

Rocks of the Numidian Complex form the substratum for 

the entire Oued Sedjenane map sheet, with the exception of 

those terranes of calcareous rocks discussed above. The 

complex is comprised of three different rock types or sub¬ 

facies, each of which may represent the product of a differ¬ 

ent depositional agent. These rock types are arranged strati 

graphically in cycles, however, their aerial distribution 

can not be mapped because of poor exposure. 

The lower unit of each cycle is formed by quartz pebble 

conglomerate and coarse to fine grained sandstone. Occas¬ 

ional minor shale is intercallated. Individual layers are 

approximately 10cm to several meters thick, but these are 

often grouped to form amalgamated units up to several tens 

of meters thick. These large massive units form the north¬ 

east trending ridges in the Mogod Mountains. Single massive 

units can be traced along strike up to five kilometers. 

Within the ridge-forming units, whole or partial Bouma 

sequences are recognized. The best developed complete se¬ 

quences are in the road cuts east of Djebel Ainchouna where 

all five horizons are observed. More commonly only the a, 

b, and/or c horizons are present. Amalgamated sandstone- 

conglomerate beds composed of stacked a-horizons often ex¬ 

hibit complicated channeling systems in which graded beds 

are truncated by channels that are, in turn, filled with 
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more coarse graded material. The largest clasts found as 

filling in these channels were less than 4cm. in diameter. 

Channels with dimensions of a few centimeters to 2.0m in 

width by 1.0m. in depth are present. Other sedimentary 

structures found within the coarse clastic units are summar¬ 

ized in figure 5. 

Based on sedimentary structure, these deposits are 

reminiscent of turbidites, but from a petrologic point of 

view the coarse units present a rather different aspect from 

the usual greywacke and conglomerate found in most flysch- 

like sediments. All of the sandstone and conglomerate in 

the sequence described above contain more than 99 percent 

quartz grains. In addition, the quartz arenites may contain 

trace amount of opaque minerals or muscovite. Conglomerates 

often contain up to one percent lithic fragments, which in¬ 

clude shale and chert. Both the sandstone and conglomerate 

are cemented by silica. 

The quartz grains within the Numidian show a wide varia¬ 

tion in character. Although the grains may range from angular 

to well rounded, in general, the larger grains exhibit best 

rounding, whereas the roundness of smaller grains varies be¬ 

tween angular and well rounded. An apparent poor sorting 

is the result of a bimodal distribution of grain size. The 

two maxima center in the coarse sand and very fine sand 

sizes. These observations are only qualitative, but do agree 

closely with quantitative textural studies by Wezel (1969). 
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Figure 5 - Generalized Stratigraphy of a cycle within the 
Numidian Complex and description of the various 
subfacies within a cycle. 
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Wezel comments that the size distribution is similiar to 

that observed by Folk (1968) in modern aeolian terranes. 

On the basis of his study, Wezel concludes that the Nubian 

Sandstone of the African Shield provided the source for the 

Numidian Complex. Many quartz grains show a high degree of 

undulosity and composite grain texture. Composite grains 

never compose more than five percent of the rock. These tex¬ 

tures are indicative of a plutonic-metamorphic source terr- 

ane (Folk 1974, Basu and others 1974), however, the grains 

have undergone several orders of sedimentary recycling. 

Many of the grains taken from the fine sand fraction of the 

shale beds show a frosted surface texture, which is consis¬ 

tant with the idea that the quartz was previously subjected 

to aeolian processes. The multicycle nature of the grains 

coupled with their plutonic-metamorphic texture, however, 

indicate that the ultimate source of these sediments was a 

much older terrane than the Nubian Sandstone. Burollet (1967) 

has suggested that this ultimate source area was on the Pel¬ 

agian cratonic block, that craton area now beneath the Medi¬ 

terranean Sea east of Tunisia and south of Sicily. Recently 

Glaudette and others (1975) discovered 1750+100m.y. zircons 

in the detritus from the Numidian Complex of northern Tunisia. 

These ages are indicative of the Eburnean age province of the 

African craton and provide further evidence for the proven¬ 

ance of the Oligo-Miocene sands. 

The second unit that gradationally overlies ( and some- 
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times underlies) the massive coarse clastic unit consists of 

intervals of fine-grained sandstone and shale. The sandstone 

is compositionally similiar to those described above, differ¬ 

ing only in the absence of abundant coarse-grained sand par¬ 

ticles. Sand layers range in thickness from a few centi¬ 

meters to a meter, whereas the shale interlayers may be up 

to several meters thick. Convolutions, cross bedding, load¬ 

ing structures, sandstone dikes and thin lamination of sands 

are common structures. Because of poor exposure the average 

stratigraphic thickness of these fine sandstone-shale units 

cannot be estimated. 

The third unit or subfacies present in the Numidian 

Complex is the shale facies. Similiar to interlayered fac¬ 

ies, both sandstone and shale are present, but the abundance 

of the sandstone is reduced to less than a few percent. 

Sand layers are never more than a few centimeters thick and 

exhibit no sedimentary structure other than finely laminated 

or homogeneous layering. Shale is generally structureless, 

showing no internal layering or secondary foliation. The 

composition of the fine-grained sand fraction in the shale is 

variable, but most often it contains fragments of cemented 

silt-sized quartz, glauconite, mica, organic material re¬ 

placed by manganese or pyrite, and sometimes foraminifera tests 

replaced by pyrite. Pyrite spheres and discs found in the 

fine-grained sand may represent replaced microfossils, be¬ 

cause samples both at the base and top of the Numidian Com- 
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plex (where some microfauna are still identifiable) show 

forams and radiolarians in various stages of replacement. 

Carbonate concretions up to 50cm. in length are present in 

the shale in the upper stratigraphic horizons within the com¬ 

plex. 

The three subfacies described here are distributed in 

a more-or-less cyclical manner throughout the Numidian Com¬ 

plex. These cycles are best displayed in the sea cliff ex¬ 

posures at Cap Serrât, where five major and several minor 

cycles are exposed in a section 1400-1500m. thick. The 

massive coarse clastic units are normally overlain, and 

sometimes underlain by rocks of the interlayered facies. 

Combined, the interlayered and shale units exhibit a stra¬ 

tigraphic thickness of 50-200m. between successive massive 

beds. Massive units are 40-80m. thick. The aerial distri¬ 

bution of the massive units is plotted in figure 3. 

Because of the discontinuous nature of the exposures 

it was not possible to construct a detailed stratigraphy of 

the entire Numidian Complex supported by measured sections 

and systematic sampling. However, based on some of the re¬ 

strictions required by the structural geometry of the com¬ 

plex, field observations, and scattered paleontological evi¬ 

dence, it is possible to draw some general conclusions about 

the stratigraphy. 

The lowest exposed stratigraphic horizon of the Numi¬ 

dian Complex in the map area is in tectonic contact with the 
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calcareous rocks along the southern border of the Mogods. 

Shale beds at the base have yielded a microfauna (Sample 

SC21; Fig. 3) of lower Miocene age (Catapsydrax dissimilis- 

C. stainforthi zone; J. Lamb, personal communication). 

The shale is calcareous, containing both planktonic and ben- 

thonic foraminifera with the former predominating the assem¬ 

blage. Unlike the marl in the underlying limestone-marl se¬ 

quence, the sand fraction of this marl is dominated by grains 

of aggregated silt-sized quartz. In addition, the diagenitic 

replacement of foram tests by iron oxide is more advanced in 

the Numidian marl bed. The presence of Melonis pompiliodes 

in the benthonic assemblage provides a further significant 

contrast with the older marls. This species has been inter¬ 

preted as isobathyal (Phleager 1960) and indicates that this 

part of the Numidian Complex was deposited at water depths 

greater than 2000m. The importance of this lower bathyal 

depth in interpreting the nature of the contact between the 

Numidian Complex and the shallower water Cretaceous-Eocene 

sequence is discussed below. 

The uppermost stratigraphic horizon of the Numidian 

Complex is exposed north of the Oued Sedjenane. There, three 

samples (104, R31, and KZ54; Fig. (3) have yielded radio- 

larian assemblages indicative of the Calocycletta virginis 

to middle Calocycletta costata radiolarian zones of the 

lower Miocene (Riedel and Sanfillipo 1970 (Table 1). No 

foraminifera were found in these samples. The stratigraphic 
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thickness of the Numidian Complex in the Oued Sedjenane 

area can only be estimated. The thickness of the section 

between Cap Serrât and Djebel Rhiran is a maximum of 3500- 

3900m., as measured from the cross sections (Fig. 6) based 

on the proposed structural geometry. Only approximately 

2000m. of this section are actually exposed. These values 

are within the range of thicknesses estimated by other work¬ 

ers elsewhere in Tunisia (Glaçon and Rouvier 1967, Burollet 

1967). 

Post Numidian Molasse and Intrusive Rocks: Two types 

of post-Numidian Tertiary rock types are present in the Oued 

Sedjenane map sheet. First is a series of carbonate and 

clastic rocks in an ill-defined graben along the road east 

of Djebel Ainchouna, about 2.5km. south of the intersection 

with the Cap Serrat-Bizerte road. The lower part of the se¬ 

quence consists of bedded limestone composed of a interlock¬ 

ing mosaic of crystalline calcite with occasional clasts of 

Numidian sandstone, showing bimodal grain size distribution 

and proving the post-Numidian age. One meter of the lime¬ 

stone is exposed in the ditch along the side of the road. 

On the hill immediately south of the limestone outcrop is a 

conglomerate consisting of cobble-sized clasts of the Numi¬ 

dian sandstone in a fine-grained red matrix. From the amount 

of relief between the top of the conglomerate covered hill 

and the limestone outcrop, the conglomerate must be several 

tens of meters thick. Based on bedding attitudes in the area, 
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these rocks are assumed to overly the Numidian with a slight 

angular unconformity. 

The second post-Numidian rock types are andesitic in¬ 

trusive rocks. The most prominant outcrop is the volcanic 

plug at Guelb Saad Moun. Another small outcrop occurs 2km. 

to the southeast. These rocks have been described by 

Jauzein (1953). They consist of phenocrysts of plagioclase, 

olivine, and titaniferous augite in a matrix of plagioclase 

(An 63), olivine, augite, and titanomagnitite (Bagdasarjan 

and others 1973). Bagdasarjan and others (1973) have dated 

the andesite at 7.0+1.Om.y. using the K-Ar method. This date 

was recalculated using the decay constant =0.585xl0~^®/year 

(a constant more commonly used in the western literature) by 

Vass and others (1974) yielding a d^te of 6.9+1.0m.y. (late 

Messinian). 

Pleistocene to Recent Deposits: The only post-Numidian 

deposits north of the Oued Sedjenane Valley are aeolian, 

alluvium, and colluvium deposits unconformably overlying the 

Numidian. Consolidated dune deposits obscure much of the 

Numidian along the north coast. Alluvial fan deposits along 

the road to Bizerte near the eastern border of the field area 

show dips up to 32 degrees. These may have been effected by 

the late stage folding discussed by Laffite and Dumon (1948). 
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Oligo-Miocene Paleogeography and Sedimentation 

Wezel (1970) interpreted the Numidian Complex as a sub¬ 

marine fan or continental rise deposit on the basis of his 

work in Sicily. Wezel and Ryan (1971) proposed a model of 

the Oligo-Miocene continental margin of North Africa and ex¬ 

tended this interpretation to include the Numidian Complex 

of Africa, as well. The character of the Numidian in the 

Oued Sedjenane area supports their model. 

The presence of deep marine organisms in the Numidian 

places certain obvious restrictions on the environment of 

deposition. The recognition of turbidites further restricts 

deposition to either a submarine fan (or system of coales¬ 

cing fans) or some type of deep sea basin in which the typi¬ 

cal fan geometry is not developed. Although the study area 

is not of sufficient latteral extent to prove a fan geometry, 

enough small scale sedimentary structures are present to 

warrant the fan interpretation (Fig. 5). Comparison of these 

structures with those indicated by Nelson and Nilsen (1974, 

Tables 1 and 4) as typical of the various parts of a sub¬ 

marine fan system, shows a correlation between the structures 

found in the massive coarse clastic units of the Numidian 

and those of middle fan deposits. In addition, there is a 

resemblance between the Numidian shale units and the fan 

fringe deposits described by Nelson and Nilsen. The textural 

maturity of the sands in the sequences of Nelson and Nilsen 
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differs significantly from that of the Numidian sandstone 

units with respect to matrix content, however, this is pro¬ 

bably due to the peculiar provenance of the Numidian. Mutti 

(1974) reports inter-layered sandstone and shale overlying 

massive conglomerate and sandstone elsewhere in Alpine rocks 

of the Mediterranean region. He interprets these deposits 

as turbidites, belonging to the middle fan environment and 

resulting from the final stages of channel filling or inter¬ 

channel deposition. This model would also provide an expla¬ 

nation for the deposition of the interlayered sand shale 

units in the Numidian Complex. East-west oriented current 

direction indicators on the bases of some of the Numidian 

sandstone layers have suggested to Wezel (1974) that these 

beds were deposited by contour currents. A model of over¬ 

bank deposition in the interchannel region of a fan could 

also explain a transport of sediment by currents transverse 

to the down slope direction. 

It is concluded that the Numidian Complex represents a 

system of deep sea fans along the passive northern margin of 

Oligo-Miocene Africa as suggested by Wezel (1970) and Wezel 

and Ryan (1971). The rocks of the Numidian Complex in the 

Oued Sedjenane area can be interpreted as belonging to the 

middle fan environment based on their sedimentary structures. 

Although the middle fan environment with its migrating dis¬ 

tributary system suffices to explain the cyclical nature and 

sedimentary structures of the Numidian Complex, other obser- 
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ved conditions within the complex must be explained in the 

model if it is to be incorporated into a coherent paleogeo- 

graphic reconstruction. Foremost is the peculiar maturity 

of the Numidian sandstone. The character of the quartz 

grains, as described above, suggests a southern source area 

on the African craton. The multi-cycle nature of these 

source materials provides an explanation for the maturity of 

the Numidian sediments. However, in the terrane immediately 

south of the Numidian outcrop belt, a 50km. wide expanse of 

slope and shelf facies calcareous rocks is present before the 

nearest clastic rocks are found (Castany 1951). The model 

must explain the absence of debris from these carbonate rocks 

in the Numidian sediments. 

Mapping in central Tunisia shows a transgression during 

the late Mesozoic and early Tertiary (Bishop 1975), however, 

inspection of isobathyal microfauna show that the water depth 

in which sedimentation was occuring decreased steadily on the 

outer shelf and upper slope of northern Tunisia from Maestri- 

chtian to Miocene time. The decreasing water depth was accom¬ 

panied from the early Oligocène upward by a general regress¬ 

ion. This decrease in water depth on the outer shelf must 

have been the result of the simple filling of the Tellian 

trough, at least, until the end of the Eocene, because any 

uplift would have been accompanied by regression. At the 

end of the Eocene, the change from carbonate to clastic sedi¬ 

mentation was accompanied by a significant regression that 
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continued throughout Oligo-Miocene times. This can be docu¬ 

mented by the wide distribution of the Fortuna Sandstone 

(Fig. 7) which grades upward from shallow marine to contin¬ 

ental deposition (Burollet 1967). Major uplift of land sur¬ 

faces was probably not the cause of this regression, because 

uplift would have exposed a terrane of pre-Oligocene carbon¬ 

ate rocks, and erosion would have incorporated carbonate de¬ 

bris in later sediments, i.e. the Numidian Complex. The 

only carbonate debris I have observed in Oligo-Miocene sedi¬ 

ments were clasts of Metlaoui Limestone in the basal con¬ 

glomerate of a Tellian facies sandstone exposure resting in 

normal depositional sequence above the Souar Shale in the 

Nefza Valley (Miller 1976), and Metlaoui boulders in the fill 

of a major channel in the Numidian at one locality in the 

Kroumerie Mountains. I know of no other reports of carbon¬ 

ate material in the Oligo-Miocene rocks of northern Tunisia. 

Exposures of the carbonate sequence could not have been wide 

spread during Oligo-Miocene times, so it must be concluded 

that clastic sedimentation during this time covered the for¬ 

mer carbonate shelf. The presence of scattered remnants of 

shelf facies (Tellian facies) sandstone deposits south of the 

Numidian terrane supports this idea. This veneer of clastic 

sediments must have been thin, as suggested by the scarcity 

of preservation of Oligo-Miocene Tellian facies deposits 

and by the frequent presence of glauconite in these sandstones, 

which is indicative of slow accumulation of marine sediments 
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Figure 7 Maps showing the distribution of facies during 
Oligo-Miocene and Lower Eocene to Lower Lutetian 
times; the Globigerinid, Nummulitic, and 
Coquinoid facies of the Eocene are equivalent 
to pelagic, shelf and littoral environments re¬ 
spectively. Unpatterned areas were exposed land 
area during the time intervals indicated. 
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(Pettijohn 1957). With major uplift in the source area to 

the south being an unlikely mechanism, I favor a combination 

of eustatic sea level lowering and progradation of clastic 

sedimentation from the south as the processes which initiated 

the Oligocène regression and the onset of flysch sedimenta¬ 

tion. World-wide eustatic sea level lowering has been re¬ 

ported by Rona (1973) at the beginning of the Oligocène. 

Several data indicate that a mechanism of sedimentary 

by-pass was active on the Oligo-Miocene shelf. It is known 

that glauconitic sand and shale with large benthonic forams 

and molluscs were deposited on the shelf at this time 

(Biely and Salaj 1971), yet material from these sediments is 

only rarely incorporated in the Numidian turbidites. Quartz 

clasts of up to 4cm. in diameter are present in the massive 

conglomerate layers of the Numidian Complex. It is difficult 

to visualize a mechanism other than by-pass by submarine 

canyons for moving large clasts across a shelf which is char¬ 

acterized by fine grained sandstone and shale deposits and 

slow, low energy sedimentation. The Numidian sand, there¬ 

fore, must have been carried across the shelf by restrictive 

channels of submarine canyons. The Oligocène sea level low¬ 

ering may have brought the heads of these canyons in very 

close proximity to the mouths of the rivers which supplied 

them with the highly reworked sediments from the African 

craton. Long shore transport played a major role in supply¬ 

ing fine-grained material to the canyons and further maturing 
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the sediment through reworking. The existance of a shelf 

source is evidenced by the occurence of detrital glauconite 

as an important constituent of the shale facies background 

sediments of the Numidian Complex, but absence of that min¬ 

eral from the turbidite deposits. The dual nature of the 

sediment supply to the submarine canyons which fed the Numi¬ 

dian fan complex may be directly related to the bimodal 

size distribution of the Numidian sandstone. 

Paleogeographically, the Numidian Complex represents 

the middle fan region of an Oligo-Miocene submarine fan com¬ 

plex along the continental margin of North Africa. The fan 

complex received sediments via submarine canyons which per¬ 

mitted much of the material to by-pass the continental shelf. 

An additional source of sediment to the canyon system was 

the long-shore transport which supplied fine clastic mater¬ 

ial from the shelf. The width of the shelf is not known 

since the Numidian nappe was eventually thrust southward 

(evidence below) covering the northern shelf margin. The 

ultimate source of all of the Numidian sand was the recycled 

deposits of the African eraton to the south. 
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Interpretation of the basal contact of the 

Numidian Complex 

The nature of the contact between the Numidian Complex 

and the underlying carbonate sequence is of considerable im¬ 

portance. In most places within the map area, the Numidian 

is in contact with the Triassic cargneule. The contact is 

tectonic by virtue of the fact that the Triassic rocks were 

emplaced diapiarically. The contact between the Numidian 

Complex and the Cretaceous-Eocene limestone-marl sequence 

is perhaps most interesting because here the allochthony of 

the Numidian Complex is proven. 

In the southeastern corner of the Oued Sedjenane map 

sheet, the Numidian Complex is juxtaposed against two early 

Tertiary carbonate formations, the Souar Shale and the Metlaoui 

Limestone. This relationship requires that the contact be 

interpreted either as 1) transgressive or 2) tectonic. The 

southern border of the western Mogods has been cited as an 

example of the autochthonous nature of the Numidian Complex 

(Kajawski 1964, DeJong 1975). Kujawski interprets his micro- 

paleontological studies as indicating the presence of a con¬ 

tinuous stratigraphic section from Maestrichtian to lower 

Oligocène along the border of the Mogods, except for a pro¬ 

nounced hiatus in the Priabonian. Following this hiatus, 

the lowermost Oligocène faunal assemblage grades rapidly 

from one dominated by calcareous pelagic forms to one con- 
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taining mostly arenaceous species. Kujawski defines this 

zone of arenaceous forams as his Catapsydrax dissimilis zone 

(not equivilent to the CV dissimilis planktonic foraminif- 

eral biozone), which he has traced continuously for a dis¬ 

tance of 10km. along the front of the Mogods just west of 

this map area. Based on these observations and the fact 

that the dissimilis zone shales are in normal deposition- 

al contact with the lowest sandstone units of the Numidian 

Complex, Kujawski (1964, p. 262) concludes, "...localement, 

sur une front d'une diziane de kilometers, 1'Oligocène 

n'est pas charrié et se superpose avec une légère trans- 

gressivité sur Lutetien inférieur." (underlined words are 

Kujawski's itallies). 

I believe that those shales I have found in the lower 

part of the Numidian Complex, sample SC21, should also be 

classified as part of the C^ dissimilis zone as defined by 

Kujawski. This is based on comparison of fossil assem¬ 

blages, particularly the occurance of arenaceous forams in 

SC21, none of which were found in any of the rocks of the 

carbonate sequence. The age of this sample, however, is not 

lower Oligocène as suggested by Kujawski for his C. 

dissimilis zone, but lower Miocene (J. Lamb, personal commun¬ 

ication) . Lamb has interpreted the assemblage in sample 

SC21 as belonging to the Globigerina dissimilis or Globiger- 

ina stainforthi planktonic foraminiferal biozones, which 

occur in the lowermost Miocene (Berggren and van Couvering 
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1974) . Thé implication of this lower Miocene age is that 

the Priabonian "hiatus" discussed by Kujawski is extended 

in this area to include the entire Oligocène as it is com¬ 

pletely missing from the section. Furthermore, the youngest 

sample found beneath the Numidian-carbonate sequence contact 

in this area is lower middle Eocene (SC32). Thus, the middle 

and upper Lutetian are also absent in this area. 

A better explanation for the missing section is that 

the contact at the base of the Numidian Complex is tectonic, 

representing a major thrust fault which superposes rocks 

from a deep sea fan complex over a shallowing sequence of 

outer shelf carbonate rocks. That the Numidian is a deep 

water sequence is evidenced by the presence of Melonis 

pompilioides in sample SC21, indicating that it was depos¬ 

ited at water depths greater than 2000m.(Phleger 1960). 

Miller (1976) has presented evidence that the carbonate 

sequence shallowed from greater than 1000m. in the Cretaceous 

to greater than 200m. in the Souar Formation and that the 

Souar Formation is locally overlain by remnants of probable 

Oligo-Miocene age shelf facies quartz-rich clastic sediments. 

Paleodepth indicators from the present study also support the 

Cretaceous-Eocene shallowing trend, (Table 1). These data 

indicate the juxtaposition of deep water facies rocks over 

shallow water (shelf) rocks of the same or slightly older 

age. 

The age of the youngest rocks underlying the Numidian 
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Complex varies from place to place along the front of the 

Mogods. In the map area, the Numidian contacts the Triassic 

rocks, the Ypresian-lowest Lutetian Metlaoui Formation, and 

the lower middle Eocene part of the Souar Formation. Accord¬ 

ing to Kujawski's work the youngest rocks below the "Pria- 

bonian hiatus" to the west are also lower Lutetian. Because 

the Oligocène is absent here but known, at least in part, 

further west in Tunisia (Glaçon and Rouvier 1967), it is 

more reasonable to explain the absence by a tectonic mech¬ 

anism. The map area is in the frontal part of the Numidian 

nappe where it is reasonable to assume that the basal thrust 

would begin to cut up section as the Numidian was detached, 

from its substratum and thrust over the shelf. In this way 

only the Lower Miocene portion of the Numidian Complex was 

involved in the frontal parts of the nappe. A slight fold¬ 

ing of the underlying carbonate sequence prior to the em¬ 

placement of the nappe but during the same compressional 

event would explain how the Numidian became juxtaposed over 

carbonate rocks of several different ages. As the thick 

thrust sheet moved over the slightly folded surface of the 

Miocene shelf, the detachment surface would not recognize 

differences in the various aged marls and would remain at 

the same structural horizon, cutting to deeper stratigraphic 

levels as the thrust sheet encountered anticlines in the 

overridden terrane. The Metlaoui Limestone, being a brittle 

material locally occurring in what was otherwise a ductile- 
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ductile interface along the thrust surface (Nuraidian shale 

over marl) was probably rotated passively in the fault zone 

when it was encountered. This is supported by the fact that 

the block of Metlaoui Limestone in the map area is laterally 

discontinuous and rests with an anomolous attitude relative 

to that of the surrounding rocks. The overthrust interpre¬ 

tation is further supported by the fact that many of the 

massive sandstone units of the Numidian Complex are trunca¬ 

ted along strike by the fault contact. This can only be 

achieved tectonically. Similiar relationships to those 

described above are observed along the front of the Mogods 

to the west and in the Nefza Valley, Miller (1976). 

It should be noted that similiar situations to this, 

where deep water facies rocks are subsequently thrust over 

their contemporaneous shelf facies with the intermediate 

facies being absent, are found in other marginal fold and 

thrust belts throughout the world. It is, however, not com¬ 

pletely understood how this thrusting is accomplished mechani 

cally. The answer to this problem is probably related to a 

reduction of friction across the thrust plane by fluid 

pressure created by water trapped in the sediments of the 

overridden unit as described by Hubbert and Ruby (1959). 
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Structural Geology 

The structural style in the Oued Sedjenane area is one 

of folding and thrusting over a décollement surface. Al¬ 

though no basement involvement is observed in this external 

zone to the Tellian orogenic belt (also called the Mahgreb 

fold and thrust belt), basement massifs, Grande and Petite 

Kabylies, do occur in the more internal regions of the belt 

exposed in Algeria (Durand-Delga 1967). The exact relation¬ 

ship between the Numidian and the exposed basement there is 

not clear. Owing to the orientation of the Tellian Atlas 

trend with respect to the present North African coastline, 

none of the internal Tellain belt is exposed on the Tunisian 

mainland, however, it is present on the island of La Galite, 

50km. northwest of Cap Serrât (Durand-Delga 1956). 

In the study area, at least two major décollement sur¬ 

faces are present, one in the evaporites of Triassic age 

and the other in the shales at the base of the Numidian. 

The former serves as the detachment surface between the 

nappe pile and structural basement. In light of the rarity 

of Jurassic and lower Cretaceous rocks involved in the tec¬ 

tonic slices now exposed in the Tellian Atlas (Castany 1951), 

it is also postulated that a detachment surface is present 

within the Cretaceous rocks. 

Even though the emplacement of both the Cretaceous- 

Eocene and Numidian tectonic sheets was probably synchron- 
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ous, the style of internal deformation in the two units 

differs significantly. In the Cretaceous-Eocene sheet 

shortening by imbricate reverse faulting is the predominant 

style. This style of deformation occurs in equivalent struc¬ 

tural positions throughout North Africa (Durand-Delga 1967, 

Caire 1974) and was termed the "zone d'écaillés" by Solignac 

(1927). The behavior of the upper Cretaceous Abiod Forma¬ 

tion controls the structure of this zone in the map area. 

Being brittle, it folded by buckling and/or faulting along 

high angle reverse faults through anticlinal hinges. Though 

no folds are present in the map area, they do, occur 

in the Nefza Valley (Miller 1976) and in the Hedil map sheet 

to the south (Kujawski 1962). In both places they occur as 

close, sometimes faulted anticlines separated by broad 

flat-troughed synclines. 

Above the Abiod Formation the marls of the El Haria 

and Souar Formations have flowed, compensating for the dis¬ 

harmony of structural geometries between the Abiod beds and 

the overlying Numidian Complex. The thin, locally occurring 

Metlaoui Limestone lying stratigraphically between the El 

Haria and Souar shales, is often rotated as rigid blocks 

within the ductile shale by differential movement between 

the Cretaceous-Eocene tectonic unit and the over riding 

Numidian nappe. This is the mechanism suggested for the em¬ 

placement of the block of Metlaoui Limestone east of Djebel 

Ouled el Ma. 
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A structural interpretation of the Oued Sedjenane area 

is presented in the map and cross sections of figure 3. 

Internal Structure of the Numidian nappes The struc¬ 

tural style within the Numidian Complex is also one of folds 

and faulted anticlines above a detachment surface. As dis¬ 

cussed above, the trace of the décollement surface occurs 

along the southern border of the Mogods between a shale 

zone at the base of the Numidian Complex and the Cretaceous- 

Eocene section. The fault is not exposed and can be located 

only by micropaleontology study, except where Triassic rocks 

have intruded diapirically along the contact. Immediately 

above the thrust, the Numidian dips north at a moderate 

angle (20-30°) where Triassic rocks are not intrude into 

the thrust plane. Where the Triassic rocks are present, 

however, the dip of the overlying Numidian beds is steep¬ 

ened and nearly overturned with a northward vergence. Sim¬ 

ilar late stage box folding of the Numidian over a diapiric 

Triassic core is present in the Nefza Valley (Miller 1976) 

and evident on maps of the Kroumerie Mountain region to the 

west (Glaçon and Rouvier 1967). Removing the effect of this 

late syn-tectonic diapirism, the structure of the Numidian 

thrust sheet south of the Oued Sedjenane Valley is broadly 

synclinal. Coupled to the broad syncline of the Oued 

Sedjenane Valley is an anticline which underlies the area 

north of the valley but south of Djebel Rhiran. This will 

be referred to informally as the Kef Zilia Anticline. 
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The style of folding in the Numidian Complex within 

the map area is one of open, upright folds with sub-hori¬ 

zontal to gently plunging axes, trending to the northeast. 

Axes plunge to both the northeast and southwest. The folds 

are symmetrical and flat-hinged with a maximum limb dip 

(measured in massive sandstone units) not exceeding 35 de¬ 

grees where uneffected by other structure. Steeper dips 

were measured in beds which have been depressed along the 

front of the Cap Serrat-Gardimarou fault and in units in¬ 

volved in kink folds in the Kef er Rakrina-Djebel Blida 

area. The wavelength of first order folds is approximately 

20-25km. Small, high order folds are also present. Fold 

geometries suggest that the folding resulted from buckling 

of the massive sandstone units and flowage within the in- 

terbedded shale. 

In two places on the northwest limb of the Kef Zilia 

Anticline the Numidian beds are steeply overturned to the 

southeast. The transition from the overturned to the 

northwest dipping upright beds of the anticlinal limb is 

abrupt in both directions normal to the strike of the over¬ 

turned units. Lower Miocene radiolarians were recovered 

from the upright units both north and south of the area of 

overturning. The fact that all of these samples (R31, 104 

and KZ54) are in the C^ virginis to middle C^_ cos tat a radio- 

larian biozones suggests that little or no stratigraphic 

displacement occurs across the zone of overturned beds. 
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The overturned units end abruptly along strike to the south¬ 

west, where upright beds are continuous across the area. 

Because no stratigraphic displacement has taken place, the 

observed overturning must have resulted from folding. The 

narrow width of the hinge areas and straightness of limbs 

demonstrates a kink fold geometry with southeast vergence. 

The abrupt truncation of the kink fold geometry to the south¬ 

west may be the result of either a transition to a more open 

type of folding or of tear faulting. The existence of large 

scale kink folding in a décollement style fold and thrust 

belt has been previously documented by Faill (1973). 

Folds of outcrop scale are rare in the Oued Sedjenane 

area. Only eleven such folds were measured and all were in 

the area north of the Oued Sedjenane Valley. The orienta¬ 

tions of the fold axes are similiar to those of the lower 

order folds (northeast trending with sub-horizontal plunges) 

but fold forms differ. Axial planes range from upright to 

reclined and the interlimb angles are close to tight. The 

rotation senses of the mesoscopic folds are consistantly to 

the northwest regardless of the position of the fold with 

respect to lower order fold hinges. This may suggest that 

the folds are penecontemporaneous slump folds related to 

the northward slope of the fan surface. 

Northwest of the Kef er Rakrina-Djebel Blida area is 

another zone of southeast overturning. These overturned 

units form the southeast limb of an overturned anticline, 

-46- 



and are presumed to be in continuous stratigraphic sequence 

with the upright beds at Cap Serrât. To the south, the 

overturned sequence is superposed by a reverse fault on the 

northwest limb of the Kef Zilia Anticline. The trace of 

the fault coincides with the south flank of Djebel Rhiran. 

The fault continues southwest along the valley of the 

Oued Ziatine to the base of Djebel Rannda in the Cap Negro 

map sheet. Along the south flank of Djebel Rannda the north¬ 

west dipping units underlying the mountain are faulted over 

Miocene Numidian beds to the south (Miller 1976). These 

units which underly Djebel Rannda are the northwest (upright) 

limb of the overturned anticline in the Cap Serrat-Djebel 

Rhiran area. The hinge area of this anticline is not exposed 

because it has been removed by erosion and now underlies a 

lowland area east of Sidi Mechrig which is covered by sand 

dunes. The Geologic Map of Tunisia (Castany 1951) shows 

this lowland area to be underlain by Eocene marls, indicating 

that the Eocene calcareous rocks below the Numidian thrust 

sheet form the core of the anticline. The presence of Eocene 

rocks in this area was not confirmed in this study. Accept¬ 

ing the presence of these rocks, however, suggests that 

thrusting continued even after the emplacement of the 

Numidian nappe. This late thrusting involves both the 

Numidian and Cretaceous-Eocene thrust sheets as a single 

tectonic unit, and probably marks the end of movement on the 

décollement surface beneath the Numidian nappe. According 
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to Rouvier (1973) the fault which brings the Eocene rocks 

to the surface in the Cap Serrât area is part of a sub- 

continuous linear trend of faults which expose the Jurassic 

Eocene section from Cap Serrât to Ghardimaou, near the Al¬ 

gerian border. In the Gardimarou map sheet, a fault in an 

equivalent structural position to that at Cap Serrât invol¬ 

ves all rocks from the Numidian Complex, through the 

Jurassic-Eocene carbonate sequence, to Triassic strata 

(Gottis and Sainfeld 1955). It is important to note that 

each of these exposures of the carbonate rocks within the 

terrane underlain by the Numidian Complex constitutes a tec¬ 

tonic window in the Numidian thrust sheet, and provides 

valuable evidence as to the amount of displacement of the 

Numidian nappe. 

The line of faults described above marks the most ex¬ 

ternal position within the Tellian orogenic belt in which 

there is evidence that the entire stratigraphic sequence 

above the detachment zone in the Triassic evaporites acted 

as a single tectonic unit during the Miocene deformation. 

Rouvier (1973) has recognized several other structures that 

cause exposure of pre-Oligocene rocks in more internal po¬ 

sitions in the Tunisian Tellian Atlas, however, equivalent 

positions are not exposed in the Oued Sedjenane area, as 

they would be north of the present coast line. 

The only other major faults in the map area are the 

décollement beneath the Numidian nappe and the fault which 
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repeats the Maestrichtian section in the southeast corner 

of the map area. These faults have been discussed above. 

Emplacement of the Triassic Rocks: The mode of emplace¬ 

ment of Triassic rocks in northern Tunisia has long been 

subject to interpretation. Early ideas suggest the Triassic 

rocks were emplaced by diapirism (Gottis 1960-62). More re¬ 

cently, Glaçon and Rouvier (1970) interpreted the Triassic 

rocks along the border of the Mogods as tectonic slices em¬ 

placed during the major thrusting event. It is difficult, 

however, to envision a mechanism for emplacing a thrust 

sheet of Triassic rocks between upper Cretaceous-Eocene 

rocks and Miocene flysch without involving any of the rocks 

between the Jurassic and middle Cretaceous, particularly 

when all of the tectonic units were moving synchronously. 

Caire and others (1971), working in the same area, concluded 

that the Triassic rocks were dislocated tectonic plates, 

however, in a few places they interpreted them as diapirically 

injected. 

In the present area, the Triassic rocks occur in two 

belts, one along the zone of juxtaposition of Eocene facies 

(Globigerinid-bearing rocks over Nummulite-bearing rocks) 

recognized by Caire and others (1971) and the other, a len¬ 

ticular body, along the trace of the fault surface at the 

base of the Numidian nappe. These zones are connected by 

an irregular Triassic body which rests as a thin veneer over 

the Cretaceous-Eocene rocks. I suggest that the Triassic 

-49- 



evaporites were originally injected diapirically along the 

thrust juxtaposing the Eocene facies which must extend down 

to the major décollement surface in order to tap the Triassic 

rocks. Later the diapir rose along a vertical fault in the 

Cretaceous-Eocene rocks and spread along the fault surface 

beneath the Numidian Complex. The last diapiric movement 

in this area must have post-dated the emplacement of the 

Numidian Complex because the Numidian rocks are domed over 

the Triassic diapir. As the original southernmost extent 

of the Numidian thrust sheet prior to erosion is impossible 

to determine here, it is not known whether the thin veneer 

of Triassic rocks connecting the two major bodies of Triassic 

evaporites discussed above was intruded diapirically beneath 

the Numidian complex or extruded subaerially in front of 

the Numidian. In the Nefza Valley (Miller 1976) Triassic 

rocks are known to have been extruded subaerially because 

they are overlain unconformably by post-Numidian (Messinian) 

sedimentary and volcanic rocks. 



Magnitude of Tectonic Displacements 

Displacements by folding and faulting in the Oued 

Sedjenane area can be totaled by summing the shortening in 

each of the individual thrust sheets, the shortening by 

structures which formed when the Numidian and Cretaceous- 

Eocene sheets were deformed as a single tectonic unit, and 

the displacements between the individual tectonic units. 

Since the Numidian sandstone units deformed by buckling as 

rigid beams, the amount of shortening by folding in the Num¬ 

idian Complex can be determined by comparing the horizontal 

length of a cross section normal to the fold hinge trend 

with the distance between the end points of the cross sec¬ 

tion measured along the bedding surface. A calculation was 

made for the interpretive structural cross section "C" 

(Fig. 6) from the trace of the Cap Serrat-Gardimarou Fault 

to the southern border of the Numidian Complex outcrop. It 

was assumed that the boundry fault for the post-Numidian half 

graben shown in this section was near vertical in dip so that 

the heave on the fault could be ignored in calculations. The 

results show 500m of shortening in the section. A reasonable 

estimate of the shortening in the same section, but north 

of the Cap Serrat-Gardimarou Fault is 1250m. 

The amount of shortening within the Cretaceous-Eocene 

structural unit was made using the Abiod Formation because 

it too folded by buckling. Assuming that the fault which 
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repeats the section is vertical, the shortening by tilting 

of beds as measured in cross section "C" between the 

Triassic-Eocene contact and the southern margin of the map 

area is 800m. It is unlikely, however, that the fault in 

this section has no horizontal displacement normal to strike. 

Given the available data on the attitude of the fault it is 

not meaningful to estimate the degree of displacement, how¬ 

ever, the amount of resultant shortening may be significant. 

The 800m value, then, is only a minimum for the Cretaceous- 

Eocene rocks. 

The Cap Serrat-Gardimarou Fault is the only structure 

deforming all of the formations in the area as a single tec¬ 

tonic unit. A conservative estimate for the throw on this 

fault is 3500m. (the stratigraphic thickness of the Numidian 

Complex). Because Eocene rocks are reported to be exposed 

by the fault along strike to the west (Castany 1951) it must 

juxtapose a stratigraphic horizon near the base of the Numi¬ 

dian Complex against rocks to the south containing radiolar- 

ians from the top of the Numidian (sample R31). Assuming 

the dip of the fault to be no less than 60 degrees, the 

heave of the fault and, thus, the horizontal shortening due 

to the fault is a minimum of 1950m. 

It is impossible to give any quantitative estimate of 

the amount of shortening represented by the juxtaposition 

of the Eocene Globigerina facies over the Eocene Nummulitic 

described to the south by Caire and others (1971). One can 
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only suggest that the displacement must have been significant 

when the relative positioning of the environmental counter¬ 

parts of these facies is considered in a modern continental 

margin setting. 

A minimum value for the displacement of the Numidian 

thrust sheet can be determined from the window along the 

Cap Serrat-Gardimarou Fault. The Eocene marls in the window 

west of Cap Serrât are the same facies as those exposed along 

the front of the Mogod Mountains and those overlain by pro¬ 

bable Oligo-Miocene shelf facies sandstone in the Nefza 

Valley, suggesting that the original position of the Numidian 

nappe was, at least, north of the present coast at Cap Serrât. 

This implies a minimum tectonic overlap of the Numidian Com¬ 

plex of 26km. in the Oued Sedjenane area. If one accepts 

the presence of Oligo-Miocene shelf facies rocks immediately 

overlying the outer shelf Eocene marls in the Nefza Valley, 

then the juxtaposition of the mid-fan facies Numidian Complex 

over these rocks indicates that the entire Oligo-Miocene 

upper fan complex is absent from the stratigraphic record. 

Consideration of the missing upper fan in a palinspastic re¬ 

storation would greatly increase the magnitude of displacement 

of the Numidian nappe over the minimum value determined here. 

Summing the various estimates of shortening discussed 

above, the minimum total shortening in the Oued Sedjenane 

area is 30.5km. This estimate is probably far less than the 

actual amount of shortening for the reasons discussed in the 

preceeding paragraphs. 
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Timing of Tectonic Events 

The first major tectonic event effecting the Oued Sed- 

jenane quadrangle produced folds and faults in both the 

Cretaceious-Eocene sequence and the Numidian Complex. The 

emplacement of the Numidian thrust sheet was, for the most 

part, a result of this phase of deformation. The age of the 

youngest deformed stratigraphic horizon within the Numidian 

thrust plate is late lower Miocene (based on radiolarian as¬ 

semblages, Table 1), meaning that deformation could not have 

begun prior to this time. 

Glaçon and Rouvier (1972) have reported earlier tectonic 

activity, late Eocene, occuring locally in northern Tunisia. 

Evidence for this event is not present in the Oued Sedjenane 

area, but does occur in the Nefza Valley where a conglomerate 

containing clasts of Metlaoui Limestone lies near the base of 

a clastic sequence of presumed "Numidian age", which rests 

conformably over the Souar Shale (Miller, 1976). Burollet 

(1967) fixes the summit of the Souar Formation at the end of 

the Priabonian, therefore, the deformation which locally ex¬ 

posed the Metlaoui Formation to erosion must have occurred 

in the early Oligocène, possibly coinciding with the initia¬ 

tion of flysh sedimentation further to the north. That this 

period of deformation was short lived and local, is evidenced 

by the fact that the conglomerate layer containing Metlaoui 

clasts is thin (less than one meter) and constitutes the last 
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occurence of limestone clasts in the entire clastic sequence, 

and that these elastics are part of a conformable sequence 

containing the Metlaoui Formation, making it impossible for 

the Metlaoui to have been exposed in the immediate area. 

If the carbonate terrane had been deformed extensively at 

this time, then abundant carbonate debris would be expected 

in the Numidian Complex. Any evidence that may have existed 

for this deformation having affected the Oued Sedjenane area 

has been removed by the later emplacement of the Numidian 

nappe, since it tectonically denuded the overridden shelf 

sequence, down to the early middle Eocene horizons of the 

Souar Formation. 

Data demonstrate, however, that the regional deformation 

responsible for the major folding and faulting observed in 

the Cretaceous-Eocene sequence, could not have occurred 

prior to the Miocene. Any tectonism prior to or during de¬ 

position of the Numidian Complex could have been only of 

small magnitude and local extent or debris from an uplifted 

carbonate sequence would have constituted an important con¬ 

stituent of the Numidian sediment. 

The time of the end of this major deformation and the 

end of movement of the Numidian nappe are difficult to es¬ 

tablish accurately from evidence available in the Oued 

Sedjenane area. All significant movement of the Numidian 

thrust plate must have ceased prior to the intrusion of the 

Guelb Saab Moun volcanic plug, which shows vertical flow 
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structures, yet cuts through steeply dipping Numidian beds. 

Bagdasarjan and others, (1973) have dated this body at 6.7 

+1.0 m.y., placing a late Tortonian limit on the end of com- 

pressional activity. Local, post-Tortonian movement did 

occur in the region and is indicated by the presence of tec¬ 

tonically brecciated basalts in the vicinity of Sidi 

Messaoud along the Oued Melah in the southeast corner of the 

Oued Sedjenane map sheet (Bagdasarjan and others, 1973), 

which have been dated by Bagdasarjan and others at 6.9 + 

0.1 m.y.. Local overthrusting of volcanic rocks, dated at 

7 m.y., by the Numidian nappe has been reported elsewhere in 

northern Tunisia (Glaçon and Bouvier, 1972). Glaçon and 

Rouvier believe that the timing of this local thrusting must 

post-date the period of Messinian distension which is thought 

to have accompanied the late Tertiary basic volcanism in 

Tunisia. 

Recognition of a period of Messinian extentional tec¬ 

tonics precludes the possibility of a continuous compressional 

event which resulted in the emplacement of the Numidian nappe, 

as well as, the overridding of some post-Numidian deposits 

by the advancing thrust sheet. It is probable, then, that 

the emplacement of the Numidian nappe and deformation of the 

underlying terrane ceased considerably earlier than the 6.7 

+1.0 m.y. limit established in the Oued Sedjenane area. 

The occurrence elsewhere in Numidian terrane of post-tectonic 

intrusions of acid igneous rocks dated from 8.3 + 0.8 m.y. 
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establishes an earlier end to thrusting (Bagdarsajan and 

others, 1973). Thus, the major deformation of the Creta¬ 

ceous-Eocene sequence and Numidian Complex and the emplace¬ 

ment of the Numidian thrust sheet can be bracketed between 

the age of the youngest deformed Numidian beds, 22.5 to 17 

m.y., and the emplacement of the oldest post-Numidian acid 

intrusives at 8.3 + 0.8 m.y.. This was followed by a period 

of distension and basic volcanism associated with the Messin- 

ian salinity crisis in the Mediterranean region. Following 

the Messinian, a period of renewed compressional tectonics 

enhanced older structures and locally thrust the Numidian 

nappe over the Messinian volcanic and sedimentary rocks. 

Glaçon and Rouvier (1972) indicate that this compressional 

event could not have continued beyond the earliest Pliocene, 

since extension beginning at this time was responsible for 

the Pliocene transgression observed throughout northern 

Tunisia. 
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Discussion and Conclusions 

The history preserved in the rock exposures of the Oued 

Sedjenane area begins with the deposition of the Triassic 

evaporitic facies in North Africa, but their role in the 

structural events of the map area is not important until they 

are diapirically intruded into younger rocks during later 

diastrophism. No rocks of middle or early late Mesozoic age 

crop out in the map area, but it is assumed that the Maes- 

trichtian limestone of the Abiod Formation, which occupy 

parts of the southeastern corner of the Oued Sedjenane area, 

were deposited conformably above the complete Mesozoic car¬ 

bonate succession described by Burollet (1967). The massive 

Abiod Limestone is the oldest exposed formation of a Creta¬ 

ceous-Eocene pelagic limestone and marl sequence that ranges 

from Maestrichtian to early middle Eocene age. This sequence 

is repeated by a reverse fault in the Oued Melah Valley, and 

is deformed in its upper part by the tectonic emplacement of 

the Numidian nappe. The limestone and calcareous shale of 

Cretaceous and Eocene age were deposited in a continually 

shallowing basin of pelagic sedimentation. Maestrichtian 

rocks were deposited in water deeper than 1000 meters (Table 

1), but early middle Eocene rocks were deposited in water of 

500 meters minimum depth. Although data are not present in 

the study area, the shallowing trend is continuous in the car¬ 

bonate succession in the Nefza Valley to the top of the Souar 
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Formation (Priabonian), where the marls grade upwards into 

shelf facies elastics presumed to be equivalent in age to 

the Numidian Complex. The absence of middle and upper Eo¬ 

cene rocks along the Mogod front is attributed to thrusting 

of the Numidian nappe. 

In the Kroumerie Mountains, the oldest exposed Numidian 

rocks are middle Oligocène in age (Glaçon and Rouvier, 1967). 

The oldest Numidian rocks in the map area are early Miocene 

(zone N.5-N.6, Banner and Blow, 1965). This diachronism 

could be the result of an eastward younging of the beginning 

of Numidian deposition reported between Algeria and Sicily 

by Wezel (1973), but is more likely a local phenomena pro¬ 

duced by ramping of the decollment surface at the base of the 

Numidian nappe to higher stratigraphic horizons in the more 

external portions of the thrust sheet. It seems reasonable 

to assume that deposition of the basal Numidian Complex coin¬ 

cides temporally with the influx of clastic deposition con¬ 

formably over the Souar Formation on the Tellian shelf. The 

inception of flysch sedimentation in a submarine fan complex 

north of this shelf may have resulted from a eustatic sea 

level lowering, coincident with the progradation of clastic 

facies from the south. Evidence of tectonic activity in 

northern Tunisia, other than minor local deformation of the 

Tellian facies carbonates, is not apparent. If uplift of ex¬ 

tensive land surfaces had occurred at this time in north 

Tunisia, debris from the widespread pre-Oligocene carbonate 
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succession would be expected in the Numidian sands. On the 

contrary, the Numidian sandstone and conglomerate units are 

orthoquartzites. The source area for these sands, which pre¬ 

sent a highly mature aspect and the contents of which show 

characteristics indicative of an ancient metamorphic and plu- 

tonic terrane, must have been to the south on the African 

eraton. 

The major tectonic episode effecting the Numidian and 

Tellian facies terranes followed the deposition of the young¬ 

est exposed Numidian horizons in the Burdigalian (C. virginis- 

middle C;_ costata radiolarian zones) . During this deformation 

both the Numidian Complex and the Cretaceous-Eocene carbonate 

sequence were folded into broad synclines with narrow inter¬ 

vening anticlines which were commonly reverse faulted or 

thrust through their hinges. After continued shortening, 

the Numidian Complex was thrust out of its basin, and over¬ 

rode the Tellian shelf facies sequence for a distance of many 

kilometers. There is evidence for a minimum of 25km of dis¬ 

placement of the Numidian thrust sheet in the Oued Sedjenane 

map area. That the carbonate terrane was partly folded prior 

to the actual arrival of the Numidian nappe, is evidenced by 

the juxtaposition of the Numidian Complex against several 

different carbonate formations along the fronts of the Mogods 

and Kroumerie and in the Nefza Valley. The Triassic diapirs 

were also emplaced during the course of this compressional 

event. The end of movement of the Numidian nappe and end of 
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deformation due to this event must have ceased by the early 

Tortonian since undisturbed 8.3 +0.8 m.y. post tectonic 

acid igneous rocks cut through the deformed section. This 

compressional event correlates closely with the timing of the 

collision of Sardinia with the African plate as hypothesized 

by Alverez and others ( 1974). 

Following the early Tortonian began a phase of exten¬ 

sion and basic igneous activity (Glaçon and Rouvier, 1972) 

which culminated in the Messinian. Locally, basic volcanic 

rocks and Messinian post-nappe continental deposits are over¬ 

ridden by the Numidian thrust sheet, demonstrating a renewed 

phase of localized compression in the latest Miocene or ear¬ 

liest Pliocene time. This constituted the last but, in 

light of the dynamic tectonic history of the Western Medi¬ 

terranean, possibly not the final movement of the Numidian 

nappe. 
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