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Abstract
The analysis of benthic foraminiferal assemblages was performed in the Oxfordian deposits of the “Argile de Saïda” in north-
western Algeria. This formation consists mainly of clay and sandstone alternations of the Upper Jurassic. It is located in the
western part of the Tlemcenian domain. The first results of the micropaleontological study of Djebel Brame indicated that the
microfauna of Foraminifera was quite original and widely abundant during that period. In addition, their biostratigraphic
distribution exhibited three microfaunal associations, largely dominated byNodosariidae.These results also revealed the renewal
of the assemblage composition and allowed identifying several species of biostratigraphic divisions which were found consistent
with those established for the ammonites. In addition, the palaeoenvironmental interpretations were based on the spatio-temporal
distribution of benthic foraminiferal associations with hyaline and agglutinated tests. Besides, the geochemical analyses
(calcimetry) reflected the basin infill during the Late Oxfordian.
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Introduction

During the Callovo-Oxfordian, tectono-eustatic events affect-
ed the entire Tlemcenian domain (Elmi 1978a; Elmi and
Benest 1978; Benest 1985; Benest et al. 1995, 1997). Their
consequences on the study region, i.e., Djebel Brame, led to
the installation of a platform where clay-sand formations,
known as the “Argiles de Saïda” formation, were deposited;
these formations were very favorable to the development of
benthic organisms. The formation of Saïda clays in the eastern

part of the Tlemcenian domain was first described by time by
Atger and Verdier (1965) in the region of Sidi Kadda (ex
Kechrou), south of the city of Mascara; it has been the subject
of numerous studies (Lucas 1952; Augier 1967; Delfaud
1973; Elmi 1978b; Elmi and Benest 1978; Touahria 1979;
Benest et al. 1995; 1997; Bendella et al. 2011; Cherif et al.
2015; Halamski and Cherif 2017). The evolution of this for-
mation, during the Oxfordian, showed a tendency to filling
which started, during the Middle Oxfordian, with the detritic
sedimentation to pass then to the carbonate sedimentation at
the beginning of the Upper Oxfordian. It was later completed
with the formation of the Bou-Medine sandstones at the end of
the Oxfordian-Kimmeridgian. The sediments in the region of
Djebel Brame (north-west of Algeria) are represented by in-
terbedded clayey sand beds from the Upper Jurassic, rich in
foraminiferous microfauna. This section was subdivided into
three lithostratigraphic units, namely a lower clayey sandstone
unit, a medium clayey carbonate unit, and a higher clayey
sandstone unit. The study of the Callovo-Oxfordian
Foraminifera in the Saïda Mountains has been undertaken
for a few years. Results have already been obtained in the
Saïda region (Touahria and Sebane 2019). The study of
Foraminifera in the Djebel Brame section made it possible to
identify several species in the biostratigraphic division. The
findings obtained in this biostratigraphic division turned out to
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be consistent with those established for the ammonites (Cherif
et al. 2015). Observations based on the Foraminifera test made
it possible to distinguish two different forms, namely the hy-
aline form and the agglutinated form. The tectono-eustatic
events of these two forms affected the entire area; they seemed
to have a certain impact on the vertical sequence of
Foraminifera. In addition, a calcimetric analysis was also car-
ried out on the marls at the foraminiferous levels in order to
formulate a paleoenvironmental interpretation.

Geological setting

The study section is located in the Saïda Mountains; this
area is located approximately in the eastern part of the
Tlemcenian domain (Fig. 1a). This area is bordered to
the north by the Tellian Atlas and to the south by the
pre-Atlas (Hauts Plateaux s.s.), as clearly shown in
Fig. 1a. The outcrop understudied, a section of Djebel
Brame, with a height of 906 m, is located 21 km to the
north of the town of Takhemaret (Tiaret, northern Algeria)
and 8 km southeast of the village of Hadj El Arbi (Fig.
1b). The section already studied on the biostratigraphic
and sedimentological level (Bendella et al. 2011; Cherif
et al. 2015; Cherif 2017) is represented by alternating
sandy and clayey levels, rich in Foraminifera from the
Upper Jurassic. This section was subdivided into three
lithostratigraphic units which probably form the upper
member of the “Argile de Saïda” formation. These three

units are the lower clay-sandstone unit, the medium clay-
carbonate unit, and the higher clay-sandstone unit. The
other two lower and middle members, which date back
to the Callovian stage, were defined by Touahria (1979)
in the region of Saïda.

Lith of Djebel Brame section

It is useful to recall that the “Argile de Saïda” formation, in the
study area, was subdivided into three distinct lithostratigraphic
units, with uneven development (Bendella et al. 2011; Cherif
et al. 2015; Cherif 2017), namely the lower clayey sandstone
unit, the medium clayey carbonate unit, and the higher clayey
sandstone unit, as shown in Fig. 2:

Lower clayey sandstone unit (210 m) This formation starts
with a comb of clay, 20 m thick, interspersed with a few
micaceous sandstone layers, of centimetric thickness, and
numerous hydrodynamic structures. The base of this for-
mation is marked by the intercalation of two conglomer-
atic channels, with a sandy-clay matrix including some
polygenic centimetric pebbles (limestone, sandstone), as-
sociated with clay balls, the debris of silicified wood, and
solitary polypiers. The base of the sandstone beds is often
irregular, erosive, and rich in erosion figures (sole marks).
These are essentially turbulent scour figures (gutter casts
and flute casts) and figures of dragged objects (groove
marks, prod marks, skip marks, and bounce marks).
Most often, the bed interface exhibits multi-directional

Fig. 1 Geographical location of the study region. a Geographic location of the studied section in northern Algeria. b Geographic location of the studied
outcrop
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Fig. 2 Lithostratigraphic and biostratigraphic subdivision of Brame mountain (Cherif 2017)
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hydrodynamic structures; these are mainly horizontal lam-
inations, sometimes accompanied by hummocky cross-
stratification (HCS). The upper and lower surfaces of the
sandstone beds include numerous ichnofossils (Bendella
et al. 2011; Cherif et al. 2015; Cherif 2017), such as the
Chondrites, Cochlichnus, Didymaulichnus, Diplichtines,
Megagrapton, Ophiomorpha, Palaeophycus, Planolites,
Taenidium, and Thalassinoides. The ammonites collected
by Cherif (2017) and Cherif et al. (2015) in this unit are
represented by the following species: Subdiscophinctes
sp., and Discosphinctes sp. This association indicates the
Transversarium zone (Shilli subzone)

Median clay-carbonate unit These are greenish clays with
strato-increasing beds of oolithic or oncolithic limestones,
of grayish color, hard, and rich in calcified gastropods and
crinoid stems. This lithostratigraphic succession continues
with an alternation of greenish clays and greso-carbonate
lenses, with oolitic particles, arranged in cross lamina-
tions, as well as micritic limestones in centimetric and
decimetric beds. Towards the summit, this formation
ends with a bed of oolithic limestones. The rare
ammonites reported in this unit by Cherif (2017) are rep-
resented by an association of Dichotomoceras crassus
(Enay 1966) and Larcheria gr. Schilli (Oppel 1863).
This association indicates the Rotoides subzone
(Transversarium zone).

Upper clayey sandstone unit This is basically an alternation
of greenish clays with fine-grained sandstone streaks that
are most often affected by slump-like deformations. The
base of the sandstone beds exhibits erosion figures (scours
and dragged objects) with small-size loads; however, their
roofs show symmetrical or asymmetrical current ripples.
The bed interface presents hummocky cross-stratification,
as shown in Fig. 2, horizontal laminations, and oblique or
cross laminations. The middle part, which is marked by the
appearance of a fossiliferous limestone slab with a
plurikilometric lateral extension equivalent to the sub-reef
level defined by Auclair and Biehler (1967) and Benest
et al. (1998), about 1 m thick, reveals a bioclastic fraction
composed of solitary polypiers, sea urchins, brachiopods,
gastropods, crinoid stems, ammonites, and belemnites. The
top part of the formation is characterized by the appearance
of a metric bar that is composed of sandstone levels be-
longing to the “Sidi Amar sandstone formation” (Upper
Oxfordian-Lower Kimmeridgian) (Auclair and Biehler
1967; Ghali 1984; Benest 1985). Rare ammonites are indi-
cated in this unit by Cherif (2017). The Bifurcatus Zone is
identified by the record of Passendorferia gr. ziegleri or
Teresiformis (Brochwicz-Lewinski 1973).

Materials and methods

The Foraminifera assemblages described in this study were
recovered from the Jebel Brame section. The samples,
weighing approximately 2 kg, were collected from the clay
levels of the section. Amass of 0.2 kg of clay was used in each
level. These clay samples were soaked in tap water for 24 h.
After disintegration, the rinsing procedure involved washing
the sediments under a gentle jet of water over a set of standard
stainless steel sieves (250, 125, and 65 μm). The collected
residues were oven-dried at 40 °C. The Foraminifera were
hand-picked with a hair paint-brush on a standard black pick-
ing grid-tray under a binocular microscope and the microfos-
sils extracted. The Foraminifera were analyzed, mainly in the
fraction > 125 μm, although they were occasionally abundant
in the fraction 125–65 μm. In the present work, the classifica-
tion of Foraminifera is adopted from Tappan and Loeblich Jr.
(1988). This made it possible to distinguish 28 species, divid-
ed into 10 genera (Fig. 2). The assemblages obtained are well
suited for a paleoecological analysis that is based on
foraminiferous tests (agglutinative test and hyaline test).
Some of these marls are also intended for the calcimetric study
in order to quantify the richness of Caco3. The CaCO3 content
was determined using the Dietrich-Frùling calcimeter. The test
carried out consisted of measuring, using a gas burette, the
volume of CO2 released by the reaction of HCl with the cal-
cium carbonate contained in the sample.

Results and discussion

Biostratigraphy: foraminiferal assemblages

A detailed study of the Foraminifera and its stratigraphic dis-
tribution in the Djebel Brame section is shown Fig. 3. It allows
identifying three successive assemblages during the
Oxfordian, each one defined by the characteristics species.
The Foraminifera taxa observed are exclusively benthic and
are dominated by Nodosariidae belong to the sub-orders
Textulariina, Lagenina, and Rotalina. These Foraminifera
zones are defined and described herein from oldest to youn-
gest as follows:

Assemblage 1. It is characterized by a predominance of hy-
aline Foraminifera mainly composed of
Ammodiscus sp., Citharina clathrata,
Garentilla ampasindavensis, Lenticulina aff
batrakiens mg. Marginulopsis, Triplasia
bertensteini, Lenticulina munsteri mg. L,
Spirillina infima, and Leniculina sp. All
these forms indicate the Oxfordian.
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Fig. 3 Stratigraphic range of main species of Foraminifera from Oxfordian in the Jebel Brame
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Assemblage 2. It includes agglutinated forms, in association
with the first planktonic forms. It is com-
prised of the following forms: Lenticulina
fraasi mg. Astacolus, Textularia jurassica,
Den ta l i na ve tu s t a , Globu l i ge r i na
axfordiana, Lenticulina Polymorpha mg. L,
Sp i r i l l i n a e l o n ga l a , Len t i c u l i n a
gottimgensis. mg. L, Lenticulina musnsteri
mg. L, Spirilina infima, and Lenticulina sp.
The ammonite fauna harvested by Cherif
(2017) in the same clay leve l s o f
Subdiscosphinctes sp., Dichotomoceras
crassus (Enay 1966), and Larcheria gr.
Schilli which characterizes the Middle
Oxfordian (Transversarium zone).

Assemblage 3. It is mainly characterized by Nodosariidae
such as Lenticulina musnsteri mg. L,
Spirillina infima, Lenticulina sp., Lagena
s p . , Len t i c u l i n a v a r i a n s mg . L ,
Marginulina jurassica, and Ammodiscus
sp. The associated agglutinated forms are
reduced quantitatively and they are repre-
s e n t e d b y T e x t u l a r i a j u r a s s i c a ,
Trochammina inflata, Ammobaculites
f o n t i n e n s i s , a n d Ammoba c u l i t e s
agglutinans. This assemblage belongs to
Upper Oxfordian (Bifurcatus zone). It was
noted the presence of the ammonite macro-
fauna (Cherif 2017), Dichotomoceras
bifurcatoides (Enay 1966), more often with
Dichotomoceras aff . Stenocycloides
(Siemiradzki 1898) and Subdiscosphinctes
sp. This assemblage characterizes the
Upper Oxfordian (Bifurcatus zone).

Paleoecology

The analysis of benthic Foraminifera from the region of
Djebel Brame revealed several assemblages, largely dom-
inated by benthic Foraminifera (Plate 1). These assem-
blages are made up of two groups. The first one gathers
the agglutinated test forms; the suborder Textulariina is
exclusively represented by Ammobaculites. The second
one is that of the hyaline test forms which is dominated
by the Nodosariidae (Fig. 3), whose temporal distribution
is not random but seems to depend on sedimentary and
tectono-eustatic variations. It was found that the evolution
of the composition of foraminiferal populations is consis-
tent with the sequential division previously established by

Cherif (2017). In addition, variations in the proportions of
agglutinants, Spirillins and Lenticulins, can be used to
characterize the main paleobathymetric variations.
Furthermore, different types of sedimentary discontinuities
were pointed out in the Oxfordian of Djebel Brame.

The bottom part of the lower clay-sandstone formation
has a CaCO3 contents close to 12%. It is characterized by
the predominance of Foraminifera with hyaline tests
(80%), where the Spirillins proportion is higher than those
of the other groups. In addition, the proliferation of
Spirillins reflects a decrease in depth where the abundance
of this group could be explained by the wide availability of
trophic resources linked to photosynthetic production in a
shallow proximal platform environment (Bouhamdi et al.
2001). Then, as the CaCO3 proportions diminish, an in-
crease in lenticulins is noted, with the appearance of
dentalines. Note that the ornamentation is well preserved,
and the normal size of the Foraminifera rather suggests an
increase in depth in an external, well-oxygenated platform
environment that is favorable to benthic life.

The transgressive interval from the end of the Middle
Oxfordian period is characterized by a detrital sedimenta-
tion materialized by a reduction in the proportion of
CaCO3 and a high clay level (Fig. 4). It is worth indicat-
ing that the microfauna collected in the clay levels be-
comes more abundant; it is largely dominated by aggluti-
native forms (68%), especially small agglutinated
Foraminifera with siliceous test (Trochammina) associat-
ed with pelagic forms (Globuligerina) (Plate 2) and
dentalinids. A decrease in spirilllins and lenticulins was
also noted, which testifies to the depression of the plat-
form, in the form of a basin (Elmi and Benest 1978) and
an increase in salinity during the progressing transgres-
sion. This corresponds to a period which was followed
by a progradation phase that was materialized by a high-
sea-level prism. It should be noted that the increase in
lenticulins implies the start of a filling sequence.

During the Upper Oxfordian, the facies, which is repre-
sented by a clay-carbonate formation, begins first with
oolithic limestone levels with fossil accumulations and
then continues with an alternation of clays with sandstone
lenses. The proportion of calcium carbonate reaches higher
values than those recorded in the underlying deposits; they
are around 15%. Foraminifera are characterized by the
abundance of hyaline forms (80%), with high proportions
of lenticulins and Spirillins. The microfaunal renewal is
marked by the predominance of Nodosariidae with coiled
forms. It should be noted that the agglutinating group is
scarce and represents an average of 20%, which indicates a
shallower environment with a more or less carbonated
platform.
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Plate 1 Agglutinated Foraminifera from Djebel Brame section: (1) Ammobaculites fontinensis and (2) Textularia jurassica. Hyaline benthic
Foraminifera from Jebel Brame section: (3) Spirillina infima. (4) Lenticulina musnsteri mg. L. (5) Dentalina varians. (6) Marginulina jurassica
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Fig. 4 Relative frequency of foraminifera (hyaline and agglutinated), variation in the level of CaCo3, the palaeoenvironment and the sea-level fluctuations
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Conclusions

The study of foraminiferal populations in the region of
Djebel Brame made it possible to collect quite important
micropaleontological, biostratigraphic, and paleoecologi-
cal information. From the micropaleontological point of
view, 28 species of Foraminifera belonging to 10 genera
were found. Foraminifera biostratigraphy allowed identify-
ing three associations of benthic Foraminifera during the
Oxfordian. Their distribution depends on the variation of
the relative sea level and also on the tectonics that affects
the whole area and which shows an abundance of calcare-
ous hyaline forms in shallow environments, with a wide
availability of Spirillins in the flat-proximal form environ-
ment that is rich in trophic resources due to elevated pho-
tosynthetic production. Moreover, high proportions of
lenticulins were observed as depth increased. In addition,
the transgressive interval was characterized by the devel-
opment of agglutinated forms associated with pelagic
forms (Globuligerina) and dentalines in a deeper environ-
ment, rich in terrigenous material.
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