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Abstract The northern flank of the Tindouf Syncline in southern Morocco exhibits a
continuous, well exposed Carboniferous succession with limestones of Late Asbian to Early
Bashkirian age containing rich and diverse foraminiferal and rugose coral assemblages. Analy-
sis of these assemblages provides new data on the relatively poorly known Saharan basins.
The palaeobiogeographical relationship of the Tindouf Basin with other Palaeotethyan basins
is complex. Although there is a predominance of cosmopolitan taxa for the Palaeotethys, it
is recognized that there was an influence of basins from NW Europe, such as the UK and
Ireland. Some taxa are recorded in both NW Europe and Tindouf without any characteristic
contributions from intermediate basins in northern Morocco. The neighbouring Béchar Basin in
Algeria presents distinct assemblages. The bulk of the data analyzed suggest that this sector
of the western Palaeotethys can be subdivided into four palaeobiogeographical subprovinces:
the Atlantic Subprovince (UK, Ireland, N France and Belgium), the Mediterranean Subprovince
(Pyrenees, Montagne Noire, Betic Cordillera, Rif (N Morocco) and Balearic Islands), and the
Saharan Subprovince (Béchar, Reggan, Ahnet-Mouydir and Tindouf). In between, mobile belts
of mixed faunal assemblage characteristics are observed (e.g., SW Spain and Central
Meseta) forming the West peri-Gondwanan Subprovince. Analysis of the Tindouf Basin faunas
shows that, as in other Saharan basins, there is a high diversity and abundance of foraminiferal
taxa, with a higher proportion of survivors and longer stratigraphic ranges; these features also
are mirrored by rugose corals. This emphasizes the longevity of the carbonate platform in
a tropical setting, where periodic transgressions introduced new assemblages, and oceanic
currents are interpreted as one of the main controlling factors for the distribution of the taxa in
these subprovinces. Moreover, not only were water temperatures on the platform higher, but
also tectonic stability greater. It is considered that the effects of the first phases of the Gond-
wanan glaciation were minimal on the Tindouf faunas.
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1 Introduction

The Tindouf Basin is situated south of the Atlas Trans-
form Fault and the Anti-Atlas Mountains, and occupies
the vast Tindouf Syncline. It constitutes one of the largest
Carboniferous Saharan basins, together with the Béchar,
Reggan, Taoudenni and Ahnet-Mouydir basins (Fig. 1).
The mostly Mississippian rocks of the Djebel Ouarkziz
Formation form much of the northern limb of the syncline,
which extends for about 300 km in a WSW-ENE direc-
tion between southern Morocco and Algeria, although the
maximum length of the basin is about 500 km (Fig. 1).

Despite the significance of the Tindouf Basin for the
Carboniferous of North Africa and for the western Palaeo-
tethys, studies in this difficult Saharan region are scarce,
and most date from the 1960—1980s period. The database
included in those pioneer studies is not sufficiently de-
tailed for accurate faunal comparisons, because their focus
was essentially biostratigraphic.

Owing to the spectacular landscape and excellent ex-
posures in the Djebel Ouarkziz mountain range (Fig. 2),
references can be found to this region in the literature, with
brief macrofaunal descriptions (a summary was included
in Mamet et al., 1966). Subsequently, the most important
studies including data on foraminifers have been published
by Mamet et al. (1966), Lys (1979, 1985), Conrad (1985)
and Sebbar et al. (2000). Publications dealing with rugose
corals are limited to Menchikoff and Hsu (1935), Fabre
(1955), Semenoff-Tian-Chansky (1974, 1985), Legrand-
Blain et al. (1989) and Aretz (2011).

The stratigraphic section studied in the northern Tin-
douf Basin is a composite section, combining three meas-
ured sections of the Djebel Ouarkziz Formation (>450 m
thick; Fig. 3) located up to 27 km apart in total distance.
They comprise a central section along the main Assa to Zag
road, the Tinguiz Remz valley and wadi section, 17.5 km
to the east, and a track in the reg situated 9.5 km to the west
of the main road. In total, up to 29 carbonate horizons (la-
belled 1-2 and A—V; Fig. 3) have been analyzed. Most of
them (beds 1 to R; Fig. 3) are laterally persistent between
the three sections and they impart a marked cyclic charac-
ter to the succession (Figs. 2, 3). Each cyclic sequence is
composed generally of a thick shale interval, locally with
sandstone, and with carbonates (limestone and dolostone).
None of the cycles is veneered by coal/palaeosol or capped
by a palaeokarst. The proportion of shales in the cycles
decreases toward the upper part of the sections, where lo-
cally reddish and yellowish marls occur. The entire lower
member of the Djebel Ouarkziz Formation is intersected in

those sections, but the marine carbonates of the middle and
upper members of the Formation (beds S1-V) are only
discontinuously exposed (Fig. 3). A horizon of gypsum
was recorded by Mamet et al. (1966) in the Tinguiz Remz
section, but this is no longer exposed. The top limestone
bed in the Djebel Ouarkziz Formation (bed 20 in Mamet et
al., 1966, Fig. 2) is well exposed in the western section and
is represented by a thick coral biostrome (bed U), overlain
by a thin sandy argillaceous limestone with brachiopods
(bed V) (Fig. 3). An older marine shaly and sandy interval
containing moulds of brachiopods and crinoids with com-
mon trace fossils (Betaina Formation of Tournaisian-Late
Viséan age), and the youngest continental conglomerates
and sandstones (Betana Beds of Pennsylvanian age), are
well intersected in these sections, but they are outside the
main aims of this study.

The analyzed succession spans an interval with car-
bonates from the Late Asbian (Upper Viséan) up to the
Early Bashkirian (Lower Pennsylvanian). In analyzing the
published palaeobiogeographical models and palaeogeo-
graphical reconstructions, the Tindouf Basin is considered,
like other Saharan basins, to be situated south of the peri-
Gondwanan Mississippian basins in North and Central
Morocco (Central Meseta), South Europe (SW lberia) and
Laurussia (N France, Belgium, UK and Ireland). During
the Late Viséan, basins such as those in Ireland and Britain
were situated 10° south of the palaeoequator, and in the
Serpukhovian those basins were situated approximately
at the palaeoequator (e.g., Scotese, 2002). The position of
the Tindouf Basin is not so precisely known, but it could
range from 25°-35° south in the Late Viséan to 20°—-30°
south in the Serpukhovian (Blakey, 2007). Owing to the
palaeolatitudinal north-south location of the basins, the
proposed faunal migration models were extremely simpli-
fied to north-south routes. As a consequence, the rich and
more diverse equatorial assemblages should have migrated
southwards, crossing and colonizing the intermediate peri-
Gondwanan basins and platforms (in the case of benthic
faunas). These kinds of models, such as in Legrand-Blain
et al. (1989), can be in part correct, but also in part over-
simplified for the variations observed in the Tindouf Basin.
The case of the rugose corals is not as complex as that for
the foraminifers, but their assemblages also contain some
unusual occurrences (Rodriguez et al., 2011).

The aim of this study is to demonstrate the complexity
of taxa recorded in the foraminiferal and coral assemblag-
es of the Tindouf Basin, where, in addition to the mostly
cosmopolitan foraminifers, more unusual species and gen-
era from NW Europe and Spain are also recorded without
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Fig.1 A-B-Aerial view of the northern flank of the Tindouf Syncline and Basin; C-Location of the main Carboniferous outcrops and
basins in Morocco, Algeria, Mali and subsurface in Tunisia, 1-Central Meseta (Azrou-Khenifra), 2-Rehamna, 3-Jebilet, 4-Tafilalt,
5-Béchar, 6-Jerada, 7-Tindouf, 8-Reggan, 9-Ahnet, 10-Mouydir, 11-Subsurface Carboniferous (number is situated in the map where
the boreholes intersected Carboniferous rocks in Tunisia), 12-Taoudenni; AA-Anti-Atlas, ATF-Atlas Transform Fault, EM-Eastern
Meseta, HA-High Atlas, MA-Middle Atlas, WM-Western Meseta; D-Detail of the Variscides and Tindouf Basin in Morocco; pale
grey areas are Carboniferous outcrops, dark grey is the Tindouf Basin outcrop (modified from Cozar et al., 2011).

occurrences in basins located geographically in interme-  (foraminifers, rugose corals and brachiopods) introduced
diate positions. The variety of taxa suggests the presence into the Tindouf Basin, even distinct from other Saharan
of multiple migration routes for the marine benthic faunas  basins.



4 JOURNAL OF PALAEOGEOGRAPHY

Jan. 2013

Fig. 2 Main Assa-Zag road section. 1-Field view looking west of the Djebel Ouarkziz escarpment, beds E to M; 2-View looking east

of beds G to L showing the cyclicity.

2 Foraminifers with significant palaeo-
biogeographical constraints

2.1 Limitations of databases and physical barriers

This study is based on an examination of more than 800
thin-sections from carbonates sampled from the north Tin-
douf stratigraphic sections. Unfortunately, the material of
other studies in North Africa was not published in detail.
Thus, the first significant difference observed in Tindouf,
a higher palaeodiversity compared to other Saharan ba-
sins, could be attributed to a less intense sampling pro-
gramme elsewhere. The foraminiferal assemblages are
extremely rich and diverse in most horizons in Tindouf,
particularly those spanning the Late Brigantian (latest Vi-
séan) to the Late Serpukhovian, which had less influence
of terrigenous input in the limestone beds. The entire fo-
raminiferal assemblages and detailed biostratigraphy will
be published in forthcoming papers elsewhere. Lys (1979)

described the Djebel Ouarkziz Formation succession near
Foum Defili in neighbouring Algeria (Figs. 1B, 1D), and
we concur essentially with his biostratigraphic zonation.
The only difference between his work and our study is in
the precise positioning of the biozonal boundaries.

A factor that should be also taken into consideration
for the reconstruction of the Tindouf platform conditions
is the palaeobiogeographical dispersion of the benthic
foraminifers. Modelling the interchange of fauna would
simplify the controlling factors on the platform. However,
those models are qualitative, and can only explain the pal-
aeobiological relationships between the basins, and they
cannot establish the precise location of geographical bar-
riers or ocean currents. Nevertheless, these geographical
models should respond to the palaeobiological constraints
recognized on the platforms. Owing to the limited num-
ber of publications on Mississippian foraminifers in North
Africa compared to those from Europe, this analysis can-
not be focused on the lack of taxa, because this problem
can be simply a function of the less intense sampling and
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Fig. 3 Composite stratigraphic section in Tinguiz Remz and road to Zag. Location of the bed limestones labelled 2 to V. P-Pennsyl-
vanian; B-Bashkirian; MDO-Middle Djebel Ouarkziz; UDO-Upper Djebel Ouarkziz.
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research in the different basins in North Africa, compared
with their time equivalents in Europe. Moreover, our study
can be only regarded as a preliminary interpretation, bear-
ing in mind that the sections presented herein correspond
only to c. 30 km of the central part of the northern limb of
the Tindouf Basin (Fig. 1C).

Structurally, the Tindouf Basin can be closely com-
pared with other western Saharan basins (e.g., Béchar,
Ahnet-Mouydir, Reggan), all situated south of the Atlas
Transform Fault and Anti-Atlas Mountains, which are
generally considered as a major biogeographical barrier
(Conrad, 1985). This barrier isolated the North Cratonic
platforms of Gondwana (Sahara) from those platforms
developed in the peri-Gondwanan terrains (e.g., SW
Spain, Central Meseta, Pyrenees, Balearic Islands and
Montagne Noire) located in an intermediate position,
with the Laurussian platform of the extreme western part
of Palaeotethys (e.g., N France, Belgium, Ireland, UK)
farther north (Fig. 1C).

2.2 Foraminiferal assemblages

Foraminifers in the Tindouf Basin can be grouped into
four main categories: (1) the mostly cosmopolitan assem-
blages, or at least those which are well distributed in the
western and central Palaeotethys; (2) the “missing” taxa
in the Sahara, which refer to those foraminifers that are
well-known in western Laurussian or peri-Gondwanan
platforms, but are unknown in the Saharan basins; (3) the
Saharan assemblages; and (4) the so-called “out of place”
taxa, which refer to all those taxa recorded in Tindouf that
are well-known in western European basins, but their mi-
gration routes to this southern margin of Palaeotethys are
unknown, due to their apparent absence in intermediate
basins, such as North and Central Morocco.

The well distributed foraminiferal genera of the Palaeo-
tethys that are mostly cosmopolitan can be discarded for
this analysis, since they do not contribute any significant
data. A suite of those Palaeotethyan cosmopolitan taxa can
be summarized as including diverse species of the follow-
ing genera (listed alphabetically): Archaediscus, Asteroar-
chaediscus, Biseriella, Brenckleina, Brunsia, Calcitornella,
Calcivertella, Climacammina, Consobrinella, Cribrospira,
Cribrostomum, Earlandia, Endospiroplectammina, En-
dostaffella, Endotaxis, Endothyra, Endothyranopsis, Eo-
sigmoilina, Eostaffella, Eostaffellina, Koskinobigenerina,
Koskinotextularia, Forschia, Forschiella, Globivalvulina,
Globoendothyra, Howchinia, Janischewskina, Lituotu-
bella, Loeblichia, Neoarchaediscus, Nevillea, Nodosar-
chaediscus, Mediocris, Mikhailovella, Monotaxinoides,

Omphalotis, Palaeotextularia, Planoendothyra, Plano-
spirodiscus, Plectogyranopsis, Plectostaffella, Pseudoam-
modiscus, Pseudoendothyra, Pseudoglomospira, Semino-
vella, Tetrataxis and Tubispirodiscus.

As mentioned above, the conclusions based on the
“missing” taxa in the Sahara may be unreliable, because
the sampling intensity and analyzed material for most
other Saharan basins is not indicated. Moreover, despite
the close geographical and palaeogeographical positions
of these basins, their published foraminiferal assemblages
suggest they are apparently poorer. However, it is possi-
ble that previous works may have documented only the
biostratigraphically significant taxa. Hence, the foraminif-
eral assemblages recorded from other Saharan basins ap-
pear much less diverse than those recorded by us in the
Tindouf Basin.

The other two categories, the “Saharan” and the “out
of place” taxa recognized in the Tindouf Basin are con-
sidered to result from the direct influence of several other
basins/regions, and a mixing of provenances. These prov-
enances or influences can be summarized as Saharan, peri-
Gondwanan (Central Meseta and SW Spain) and Laurus-
sian (directly from the UK and surrounding areas of NW
Europe).

2.2.1 Saharan influence

It is obvious that there is a clear influence of other Sa-
haran basins, from which many taxa arrived in Tindouf,
which are unknown in the surrounding peri-Gondwanan
terrains and Laurussian platforms. These include (Fig. 4):
Haplophragmina beschevensis, Archaediscus paraangu-
latus, Neoarchaediscus akchimensis, Bradyina nana, Eo-
sigmoilina explicata elongata, E. namuriensis, Eostaffella
ikensis, Globivalvulina paraeogranulosa, G. minima and
Howchinia sp. 2 (= ?Howchinia beleutensis VVdovenko).
These are the most representative of a suite of foraminifers
which occur in numerous sections elsewhere in the Sahara,
mostly in the Béchar Basin (Lys, 1979; Sebbar and Lys,
1989; Mamet et al., 1994; Sebbar, 1997, 1998). In addi-
tion, other taxa (Fig. 5) such as “Biseriella” scaphoidea
[the occurrence of the diaphanotheca in this species is not
clear enough, and thus, it should be considered also as Glo-
bivalvulina (see Vachard et al., 2006); nevertheless, speci-
mens from Tindouf contain only a microgranular layer in
the wall], Bradyina cribrostomata, Eostaffella mirifica,
E. postproikensis, E. tenebrosa, Janischewskina delicata,
Globivalvulina moderata, G. kamensis, species of Brenck-
leina and Eosigmoilina, seem to be more abundant in the
neighbouring Saharan basins than in peri-Gondwanan ter-
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Fig. 4

Influence of the Saharan basins (scale bar = 100 um). 1-Haplophragmina beschevensis (Brazhnikova), bed L, sample Pc4101,

Early Serpukhovian; 2-Bradyina nana Potievskaya, bed M, sample Pc4119, Early Serpukhovian; 3-Eostaffella ikensis Vissarionova,
bed L, sample Pc4110, Early Serpukhovian; 4-Archaediscus paraangulatus (Manukalova-Grebenyuk), bed J, Pc4098, Late Brigan-
tian; 5-Eosigmoilina namuriensis (Dain), bed S5, sample Pc4160, Late Serpukhovian; 6-Neoarchaediscus akchimensis (Grozdilova
and Lebedeva), bed P, sample Pc4138, Late Serpukhovian; 7-Eosigmoilina explicata elongata (Ganelina), bed S3, sample Pc4157,
Late Serpukhovian; 8-Howchinia sp. 2 sensu Lys (= ?Howchinia beleutensis VVdovenko), bed M, sample Pc4114, Early Serpukhovian;
9-Globivalvulina paraeogranulosa (Cézar and Somerville), bed M, sample Pc4120, Early Serpukhovian; 10-Globivalvulina minima

(Reitlinger), bed U, sample Pc4203, Bashkirian.

rains or Laurussian platforms.
2.2.2 Peri-Gondwanan influence

The peri-Gondwanan influence(s) can be focused on
two terrains, the Moroccan Central Meseta and SW Spain.
Taxa such as Endothyranopsis eocompressa, Endothy-
ranopsis pechorica, Kasachstanodiscus bestuvensis and
Vissarionovella donzelli are only recorded in this extreme
western sector of the Palaeotethys in SW Spain (Cozar,
2003 and references therein) and Tindouf (Fig. 6). Some
of them are rarely recorded also in the Central Meseta
(Endothyranopsis eocompressa and Endothyranopsis pe-
chorica). Furthermore, Vissarionovella, is common in SW
Spain (Coézar and Vachard, 2001) and present in the Mon-
tagne Noire (S France: Pille, 2008), but it is rare in the UK,

and the Central Meseta. Representatives of this genus (e.g.,
V. tujmasensis), have been never documented in the Saha-
ran basins. The closest provenance for this genus seems to
be SW Spain. These data suggest a direct interchange of
fauna between SW Spain and Tindouf. Other taxa that are
recorded in the Central Meseta and SW Spain, as well as
Tindouf are: Euxinita pendleiensis, Praeostaffellina mac-
donaldensis and Praeplectostaffella asymmetrica, which
are much more common in the UK and Ireland (Cdzar et
al., 2008a), but they rarely occur in the peri-Gondwanan
terrains, less commonly in Tindouf. Thus, their abundance
decreased markedly from the palaeoequator to subtropical
palaeolatitudes to the south.

The exclusive influence of the Central Meseta is ob-
served in taxa such as Endostaffella? spp., “Millerella”
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Fig. 5 Common Saharan taxa (scale bar = 100 pm). 1, 2-Janischewskina delicata Malakhova, bed M, samples Pc4117, Pc4119,
Early Serpukhovian; 3-Bradyina cribrostomata Rauzer-Chernoussova and Reitlinger, bed M, sample Pc4118, Early Serpukhovian;
4-Eostaffella mirifica Brazhnikova, bed M, sample Pc4118, Early Serpukhovian; 5-Eostaffella tenebrosa Vissarionova, bed M,
sample Pc4117, Early Serpukhovian; 6-Eostaffella postproikensis VVdovenko, bed K, sample Pc4101, Late Brigantian; 7-Brenck-
leina rugosa (Brazhnikova), bed O, sample Pc4129, Late Serpukhovian; 8-“Biseriella” scaphoidea (Reitlinger), bed U, sample
Pc4203, Bashkirian; 9-Globivalvulina moderata Reitlinger, bed P, sample Pc4141, Late Serpukhovian; 10-Globivalvulina kamensis

Reitlinger, bed U, sample Pc4196, Bashkirian.

spp., Parabiseriella moroccoensis, Kasachstanodiscus
bykovae, Pseudocornuspira and Tubispirodiscus simpli-
cissimus (see Cozar et al., 2008b, 2011). The former taxa
are unknown in Algeria (Béchar) (based on data in Sebbar
and Lys, 1989; Mamet et al., 1994; Sebbar, 1997, 1998),
even though some of them are only rarely recorded in
western European basins.

Inaddition, compared to the rich assemblages of the Cen-
tral Meseta of Morocco in Adarouch (Cozar et al., 2008b,
2011), some of the taxa that occur there (Vissarionovella

tujmasensis, Endothyranopsis pechorica, E. eocompressa,
Eostaffella tenebrosa, Biseriella paramoderata, Globival-
vulina paraeogranulosa, Loeblichia ukrainica, Pseudoen-
dothyra illustria, Eostaffella mutabilis, E. amabilis and
Howchinia sp. 2) are rarely recorded in western Laurussia.
Some of these taxa are not recorded in SW Spain, but, sur-
prisingly, some occur in the Pyrenees. It could be suggested
that they reached the Pyrenees via Algeria or vice versa.
However, they do not all occur in Béchar or other Saharan
basins. This problem is attributed to possible misidentifica-
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Fig. 6 Taxa of a western peri-Gondwanan influence (scale bar = 100 um). 1-Endothyranopsis pechorica (Rauzer-Chernoussova),
bed L, sample Pc4107, Early Serpukhovian; 2-Juvenile of Tubispirodiscus simplicissimus (Browne and Pohl), bed J, sample Pc4099,
Late Brigantian; 3-Endothyranopsis eocompressa (Skipp), bed F, sample Pc4087, Early Brigantian; 4-Vissarionovella tujmasensis
(Vissarionova), bed L, sample Pc4106, Early Serpukhovian; 5-Kasachstanodiscus bestubensis (Marfenkova), bed A, sample Pc4151,
Late Asbian; 6-Euxinita pendleiensis (Cézar et al.), bed L, Pc4106; 7-Biseriella paramoderata (Cozar and Somerville), bed S4, sam-
ple Pc4159, Late Serpukhovian; 8-Parabiseriella moroccoensis (Cozar and Somerville), bed M, sample Pc4115, Early Serpukhovian;
9-Kasachstanodiscus bykovae (Marfenkova), bed J, sample Pc4099, Late Brigantian; 10-Vissarionovella donzelli (Cozar and Vacha-
rd), bed M, sample Pc4113, Early Serpukhovian; 11-Praeostaffellina macdonaldensis (Cozar et al.), bed L, sample Pc4104, Early
Serpukhovian; 12-Praeplectostaffella asymmetrica (Rozovskaya), bed M, sample Pc4114, Early Serpukhovian; 13-Millerella? sp. (cf.
Cozaretal., 2011), bed N, sample Pc4125, Early Serpukhovian; 14-Endostaffella? sp. 1 (cf. Cozar et al., 2011), bed L, sample Pc4111,
Early Serpukhovian; 15-Endostaffella? sp. 2 (cf. Cozar et al., 2011), bed L, sample Pc4106, Early Serpukhovian.

tions of the taxa by previous workers. assemblages of Tindouf, particularly from basins in the
UK and Ireland, with taxa such as Protoinsolentitheca,
Parabradyina, Parajanischewskina, Pojarkovella, Spino-
The Laurussian influence is also highly marked in the  thyra, Bibradya, Globivalvulina bulloides and Archaedis-

2.2.3  Laurussian influence
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Fig. 7 Taxa of a Central European influence (scale bar = 100 pm). 1-Praejanischewskina brigantiensis (Cozar and Somerville), bed
P, sample Pc4141, Late Serpukhovian; 2-Globivalvulina bulloides (Brady), bed U, sample Pc 4203, Bashkirian; 3-Mirifica mirifica
(Rauzer-Chernoussova), bed P, Pc4141, Late Serpukhovian; 4-Pojarkovella nibelis (Durkina), bed O, sample Pc4136, Late Serpuk-
hovian; 5-Archaediscidac new genus (cf. Cozar et al., 2010), bed K, Pc4101, Late Brigantian; 6-Protoinsolentitheca fundamenta
(Vachard and Cobzar), bed E, sample Pc4081, Early Brigantian; 7-Spinothyra pauciseptata (Rauzer-Chernoussova), bed L, sample
Pc4111, Early Serpukhovian; 8-Bibradya inflata Strank, bed P, sample Pc4139, Late Serpukhovian; 9-Pojarkovella n. sp. 2, bed K,

simple Pc4100, Late Brigantian.

cidae nov. gen. (Fig. 7). Protoinsolentitheca, Parabradyi-
na and Parajanischewskina are common in Ireland and the
UK, whereas Protoinsolentitheca and Parajanischewskina
are rare in southern France (Vachard and Cozar, 2004,
Cozar and Somerville, 2006). Protoinsolentitheca is un-
known in SW Spain, but it has been recorded in the Cen-
tral Meseta (Oulmés region, Vachard and Tahiri, 1991;
Adarouch region, Cozar et al., 2011). In the Saharan ba-
sins, these three genera are also unknown. Pojarkovella
is common in the UK and Ireland, from the Holkerian up
to the Brigantian. It is present in S France, but is rare in
SW Spain (even represented by endemic species) and is
known in the Holkerian of the Central Meseta (Vachard
and Tahiri, 1991). Furthermore, an imprecise “Pojarko-
vella/Nibelia” is observed in the stratigraphic range charts

of Mamet et al. (1994) for the Viséan of Béchar. Spino-
thyra and Bibradya are rare in Ireland and the UK, and
not recorded in other intermediate basins, even in the Sa-
hara. They seem completely lacking in S France despite
numerous investigations in this region. Only one specimen
of Bibradya inflata is present in SW Spain (Sanchez et al.,
1991, pl. 3, fig. 2, as Janischewskina sp.). Globivalvulina
bulloides and Archaediscidae nov. gen. are only known in
the Midland Valley and Archerbeck Borehole (Solway Ba-
sin) of Scotland (Brady, 1876; Cozar et al., 2008a, 2010;
Cozar and Somerville, 2013), and thus they may have mi-
grated from the UK.

2.3 Tectonic constraints

Some of the taxa highlighted above suggest a rather
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complex scenario, with multiple possible migration routes
to be incorporated in any reconstruction. The lithostrati-
graphical, tectonic and palaeogeographical data of the re-
gions cannot be ignored. The Palaeozoic rocks in SW Spain
represent an amalgamation of terrains, separated by strike-
slip faults with a dominant sinistral movement, represent-
ing part of the Variscan Orogen (Blakey, 2007). Strike-
slip basins and sinistral displacement along the main faults
were demonstrated to be active during the Serpukhovian
(Cébzar and Rodriguez, 2004; Cozar et al., 2006), even up
to the Duckmantian in continental basins, and some faults
in SW Spain were considered as transform faults. The sin-
istral displacement along those faults was estimated to be
hundreds of kilometers (Wagner, 1999). In contrast, the
Central Meseta in Morocco moved along the South At-
las Transform Fault, with two dextral displacements dur-
ing the Tournaisian and Early Viséan, and a final sinistral
movement in the Late Viséan. According to recent studies,
this would place more or less the Central Meseta in its cur-
rent position relative to the Palaeozoic rocks south of the
Atlas Transform Fault (Hoepffner et al., 2005; Michard
et al., 2008). This model implies that the tectonic events
were completed before the Serpukhovian. However, recent
data suggest that the configuration of the Azrou-Khenifra
Basin in the Adarouch area of northern Central Morocco
(Fig. 1) was not established until after the Serpukhovian,
which was still tectonically active, although displacement
on the faults were not quantified (Cozar et al., 2008b,
2011). Owing to the significant biogeographical and
lithostratigraphical differences between basins north and
south of the Atlas Transform Fault, the scenario might be
similar to that in SW Spain, where hundreds of kilometres
of lateral displacement(s) along the transform fault could
be involved. This active tectonism during Serpukhovian
times can be also supported for SW Spain and the Cen-
tral Meseta by the absence, in both areas, of the classical
cycles (cyclothems). These comprise a regular alternation
of thin carbonates and thicker siliciclastic rock intervals,
which are observed in the Tindouf region and in the west-
ern Palaeotethys in more stable regions, such as the UK,
Ireland, and the Maritime Provinces of Canada (Ramsbot-
tom, 1973; von Bitter et al., 2007). Within those terrains
or microplates can be also included the so-called South-
Portuguese Zone (Lotze, 1945) and the Sehoul Block of
northern Morocco (Fig. 1D). Unfortunately, though, due to
the predominantly deep water turbiditic nature of the suc-
cessions, the palaeobiogeographical database from these
areas is very poor. These two areas seem to be related to
each other (Simancas et al., 2005).

3 Significant data on rugose coral ass-
emblages

Analysis of the distribution of Mississippian rugose
corals from the Tindouf Basin has revealed some anom-
alies compared to other Carboniferous basins in North
Africa and Europe (see Rodriguez et al., 2011, in press);
they are summarized here.

Two colonial rugose genera and species, Lonsdaleia du-
plicata and Actinocyathus floriformis, present in the Tin-
douf Basin, are unknown from northern Moroccan basins,
but are common in NW Europe, Russia and NoVa Scotia
(Poty, 2002; Rodriguez and Somerville, 2007; von Bitter
et al., 2007) in the Upper Viséan and Serpukhovian. Also,
Kizilia, a solitary rugosan coral is common in the Tindouf
Basin, but is scarce in the Azrou-Khenifra Basin (N Mo-
rocco) and elsewhere in Europe.

Several rugose coral taxa appear later (i.e., in the Ser-
pukhovian) in the Tindouf Basin compared to their first
appearances in other basins in N Morocco and/or NW Eu-
rope. These include Palastraea regia, Tizraia berkhlii, Ac-
tinocyathus floriformis and Aulophyllum fungites, which
typically first occur in the Brigantian of the Palacotethys
(Rodriguez and Somerville, 2007; Said and Rodriguez,
2007). Moreover, Tizraia berkhlii appears to be endemic
to North Africa, being recognized in the Azrou-Khenifra,
Jerada and Tindouf Basins (Said and Rodriguez, 2007;
Aretz, 2010; Said et al., 2013).

The progressive increase in diversity and abundance of
corals in assemblages throughout the Djebel Ouarkziz For-
mation (especially from the Late Brigantian to the Early
Bashkirian; beds H to U, Fig. 3) may reflect the continuing
influence of favourable ocean currents for migration and
improved marine connections with the Palaeotethys re-
gion during transgressions, as well as local factors, such as
less detrital input. This pattern of increasing diversity and
abundance through the formation is similar to that shown
by the foraminifers.

The biostrome at the top of the Djebel Ouarkziz Forma-
tion is important not only for correlating between other
Saharan basins (e.g., with Taoudenni, 800 km to the south,
Reggan and Ahnet >1000 km to the southeast), but also
for establishing that several rugose genera and species sur-
vived into the Early Bashkirian (Actinocyathus saritsche-
vae, Dibunophyllum bipartitum, Diphyphyllum maximum,
Palaeosmilia murchisoni, Palastraea regia, and Siphono-
dendron spp.). Interestingly, several of these “Mississip-
pian” genera have been reported from the Bashkirian in
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Arctic Canada (Fedorowski et al., 2012) and Nova Zemlya
(Kossovaya, 1996). Inversely, elsewhere in western Eu-
rope and South China, many taxa disappeared at the end
of the Serpukhovian during the Mid-Carboniferous crisis
event (Kossovaya, 1996; Wang et al., 2006; McGhee et
al., 2012).

Palaeogeographic reconstruction based on the distribu-
tion of rugose corals is difficult because of the apparent
isolated position of the Tindouf Basin in Saharan Morocco
compared to the central and northern Moroccan basins
(e.g., Azrou-Khenifra) north of the Anti-Atlas mountain
range. The simple north-to-south marine corridor from
southern Europe to the Sahara, as envisaged by previous
workers (e.g., Legrand-Blain et al., 1989), is complicated
by the absence of key taxa in North Morocco (Rodriguez
et al., 2012; Said et al., 2013).

Thus, there must have been, at times, some partial iso-
lation of basins in North and Central Morocco and South
Spain. A probable migration route to and from the Tin-
douf Basin may have also occurred to the northeast, in
the Béchar Basin, but a westward connection to the Rheic
Ocean is also a possibility, especially as many taxa in
Tindouf also occur in NW Europe. This affinity with the
rugose coral faunas of the British Isles and Belgium was
noted by Semenoff-Tian-Chansky (1974, 1985).

4 Discussion

4.1 Migration routes and provinciality of fora-
minifers

In general, the main provenance for the Middle to Late
Mississippian foraminifers is located in eastern Europe
or further east (e.g., Vdovenko, 1980), as well as for the
rugose corals (Fedorowski, 1981), which crossed into the
western platforms of Laurussia in western Europe (Bel-
gium, N France, UK and Ireland). From those basins can
be intuitively proposed a main corridor to the Tindouf Ba-
sin, crossing between SW Spain and the Central Meseta of
North Morocco, where the majority of the assemblages are
present, but our data do not confirm this hypothesis.

It is necessary to take into consideration the non-pre-
served Carboniferous basins in the Betic Cordillera, the
Balearic Islands and the Rif in northern Morocco (based
on the presence of Carboniferous pebbles and boulders
preserved in post-Early Bashkirian debris flows, e.g.,
see Bourrouilh and Lys, 1978; Herbig and Mamet, 1985;
Flugel and Herbig, 1988), together with the data from the
Pyrenees and Montagne Noire (e.g., Vachard, 1977; Perret,

1993; Pille, 2008). They all constitute a different microplate
of peri-Gondwana, considered as a palaesobiogeographical
subprovince within this sector of the western Palaeotethys
Province (realm) (Fig. 8). This is highlighted, in part, also
by their endemic calcareous algae described in Vachard et
al. (2008), Pille (2008) and Cozar et al. (2009). These fea-
tures were used to define geographically the Eovelebitella
Subprovince. This algal genus is well constrained to this
subprovince, being absent in northwestern Palaeotethys
platforms, western and eastern peri-Gondwanan terrains,
as well as in the Saharan Gondwanan platforms. The sin-
gle uncertain boundary for this subprovince is to the east,
where algal assemblages could be questionably assigned
to this subprovince as far as the Carnic Alps. According
to Pille (2008), the calcareous algae of this Eovelebitella
Subprovince had a much greater influence on, and affinity
with, the eastern basins of the northern margin of Gond-
wana, such as in Morocco and Algeria, than in SW Spain,
and the UK. This main Laurussian-Gondwanan corridor
coincides with that proposed for brachiopod migrations by
Legrand-Blain et al. (1989), denominated as the Western
Mediterranean Variscan zones. Thus, the Eovelebitella
Subprovince would overlap with that defined with brachio-
pods only in part. The poor knowledge on foraminifers in
some of those outcrops (Balearic Islands, Moroccan Rif,
Betic Cordillera) prevents further comparison. This agrees
with the published palaeogeographical reconstructions
(e.g., Scotese, 2002; Blakey, 2007). However, secondary
routes are needed to explain the unusual biogeographical
relationships between the foraminifers of those basins.

Some of the taxa recorded in SW Spain, the Central
Meseta and Tindouf are not recorded in the UK or N
France, but they are recorded in other Saharan basins (e.g.,
Béchar). This is related to the influence of the Mediter-
ranean Subprovince. This suggests that one of the main
routes from eastern Europe was split by an emergent land-
mass situated between northern and southern France (see
Scotese, 2002; Blakey, 2007, 2008), the Variscan moun-
tain range. Thus, some foraminifers and calcareous algae
directly reached those North African basins, without any
representatives present in NW European basins. The Mon-
tagne Noire microfossils show intermediate characteris-
tics, but are clearly closer to the Mediterranean Subprov-
ince (Fig. 8). This route seems to be also the dominant one
for the rugose corals in Tindouf via Béchar.

There are some foraminiferal taxa that are exclusively
shared by the Central Meseta and Tindouf, but they were
located in neighbouring areas, and many local factors
and currents could permit the interchange of fauna. It is
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Fig. 8 Sketch model of the inferred geographic position of the
Mississippian foraminiferal subprovinces with the main migra-
tions routes and faunal interchange in the western Palaeotethyan
basins. The black area indicates regions with little or absence of
faunal interchange, possibly related to the presence of unfavour-
able facies or areas of uplift.

noteworthy that taxa which suggest a direct provenance
of the foraminifers from SW Spain are not recorded in the
Central Meseta. The latter aspect suggests that there also
existed a corridor or current connecting directly SW Spain
and Tindouf (Fig. 8).

The most striking route seems to have been established
directly from the UK to Tindouf, without involving any
intermediate basin(s). This migration can be only related
to ocean currents, allowing the transport of the foramini-
fers, as well as overprinting the glacioeustatic influence of
Gondwanaland in all those tectonically passive margins.
Those basins have to be open to the west, and were con-
nected somewhere with the Rheic Ocean (Fig. 8). Thus, an
oceanic influence was more marked there than in the inter-
mediate basins, where emergent landmasses and platforms
modified oceanic currents. This corridor is inconsistent
with all the published palaeogeographic reconstructions,
and it suggests that the Variscan mountain range was not a
continuous emerging landmass, and in turn, some marine
connections had to exist through this potential barrier.

In summary, four subprovinces can be proposed for
this western extremity of the Palaeotethys Province for the
Mid-Late Mississippian (Fig. 8): the Atlantic Subprovince
(to the NW), the Mediterranean Subprovince (to the NE)
and the Saharan Subprovince (to the E and SE). These
three subprovinces enclose a fourth subprovince, referred

to as the West peri-Gondwanan Subprovince.

The Atlantic Subprovince includes basins in Ireland,
UK, Belgium, N France, and the Maritime Provinces of
E Canada (Fig. 8) (which can also be identified with ru-
gose corals; see Fedorowski, 1981; Hill, 1981; Poty, 2002;
von Bitter et al., 2007). Owing to their faunal similarities,
the peri-Gondwanan terrains of Sierra Morena (SW Spain)
and Central Meseta of North Morocco, show a closer affin-
ity to those of the Atlantic Subprovince than further to the
south in the Sahara. Nevertheless, the foraminiferal assem-
blages are sufficiently different, as to constitute a fourth
subprovince, the West peri-Gondwanan Subprovince. As-
semblages of the latter subprovince also suggest the exist-
ence of marine straits or corridors through the developing
Variscan Mountains range.

The Mediterranean Subprovince includes peri-Gond-
wanan basins in Montagne Noire and the Pyrenees. Ac-
cording to the calcareous algae, this subprovince includes
also SE Spain, Balearic Islands and the Rif of northern
Morocco (Fig. 8), constituting the main bulk of the Eovel-
ebitella Subprovince of Pille (2008). However, the scarce
current knowledge on foraminifers from the latter outcrops
prevents both subprovinces being synonymized. The prov-
enance of some taxa in the Mediterranean Subprovince
can be considered as coming directly from eastern Euro-
pean basins, and with less interchange between the NW
European basins. However, this domain also shows some
interchange of fauna with other peri-Gondwanan terrains
(e.g., SW Spain), and a frequent interchange with the cra-
tonic platforms of Gondwana.

The Saharan Subprovince includes Tindouf, Béchar,
Reggan and Ahnet-Mouydir (Fig. 8), as well as some other
basins in the western Sahara; e.g., Taoudenni and Libya
(Massa and Vachard, 1979).

The shared endemic or partly-endemic taxa suggest that
there is little interchange of fauna between the Mediter-
ranean and the Atlantic Subprovinces (Fig. 8). This can be
readily explained by the emerging landmasses of the Vari-
scan Mountains (Scotese, 2002), which split this sector of
the western Palaeotethys into northern and southern do-
mains. There is also some interchange of fauna between the
Mediterranean Subprovince and the West peri-Gondwanan
Subprovince. No landmass is supposed to be present there
(e.g., Legrand-Blain et al., 1989; Scotese, 2002). However,
the presence of deep-water shales and turbidite facies in
the Pyrenees and NW Spain suggests that too great a water
depth, as well as the absence of currents did not permit
the migration of the benthic fauna. A similar case can be
suggested for the very limited or non-existent faunal inter-
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changes between the West peri-Gondwanan Subprovince
(Central Meseta/SW Spain) and most of the Saharan ba-
sins, except for Tindouf. This deep water area corresponds
to the later formed Atlas Mountains. The Tindouf Basin
seems to be the best connected area with West peri-Gond-
wana and Laurussia. This might be due to the east-west
orientation of the Tindouf Basin, with an open ocean to
the west, where ocean currents could exist. This area was
denominated as the Tindouf Gulf by Choubert (1952). The
rest of the Saharan basins seem to be open to the north
(e.g., Scotese, 2002; Blakey, 2007) with a different pa-
laeogeographic orientation. This different orientation only
allowed the migration of the benthic faunas between Tin-
douf and Béchar. The Mediterranean Subprovince had to
be connected by means of currents with the Saharan ba-
sins, but owing to the poor database in most of them, it is
not yet understood which basin provided the passage for
those faunas. It must be assumed that the linking basin was
Béchar, which was situated in lower palaeolatitudes. Thus,
it can be suggested that, subsequently, the neighbouring
basin should be Tindouf. Further investigations are needed
to substantiate this potential corridor.

4.2 Palaeobiogeographic and palaeoclimatic factors

Perhaps the main challenge is to try to reconstruct the
exact position of these subprovinces, and in particular, the
position of the mobile belts and basins. Palaeolatitudinal
data are sparse in most of those areas, and the most reliable
data place Ireland and Britain 10° south of the palaeoequa-
tor during the Viséan; i.e., in the main zone of tropical shal-
low-water carbonate production, and approximately at the
equator during the Serpukhovian. The present-day differ-
ence in latitude between the studied basins is around 25°,
which would place the Saharan basins in an approximate
palaeolatitudinal position around 35° south for the Viséan
and 25° south for the Serpukhovian; i.e., almost beyond
the main zone of tropical carbonate production. Evaluat-
ing the thick to extremely thick carbonate successions (in-
cluding reefs and oolites) and evaporites in some Saharan
basins (e.g., Béchar and Tindouf; see Pareyn, 1959, 1961;
Mamet et al., 1966; Conrad, 1985; Bourque et al., 1995),
suggests that this palaeolatitudinal position does not seem
all that plausible. It could be estimated that those basins
should be located less than 20° south of the equator, within
the southern tropical belt, in areas with maximum produc-
tion of carbonates (see Scholle et al., 1983; Kiessling et
al., 2003). In addition, plate tectonics may have increased
the present-day distance of these basins, or the palaeolat-
itudinal position of the UK and surrounding basins was

farther north of the equator during the Serpukhovian. This
palaeolatitude could be reduced more, if we take into ac-
count that Carboniferous carbonate basins in Algeria are
situated in the centre of the Sahara desert, south of the At-
las Transform Fault, and some occur even further south in
Mauritania and Mali (see Conrad, 1985; Fig. 1). Unfortu-
nately, we do not know the magnitude of the lateral dis-
placements of the transform faults observed in SW Iberia
and the Atlas Mountains. It is possible that the resulting
distance between the UK and the Sahara could have been
reduced after the Variscan orogenesis. However, during
most of the Mississippian times, those areas were exten-
sive basins, and the distance could be larger. Those data
might be in agreement with the published maps of Scotese
(2002). However, we differ from him significantly in our
palaeoclimatic reconstruction, because (1) he positioned
the Saharan basins in the arid climatic zone, whereas the
fauna and microflora of the platforms clearly suggest that,
for the most part, they lay within the more humid tropi-
cal zone. Only in the lower levels of the Serpukhovian,
could an arid climate be permissible for this area, based on
the presence of gypsum deposits in the Tindouf, Reganne
and Ahnet Basins. In addition, (2) this reconstruction is in
disagreement with the palaeodiversity observed in the Sa-
hara that should be greater near the palaeoequator than in
higher palaeolatitudes. The foraminiferal palacodiversity
of the Saharan basins is similar or even higher than in ba-
sins apparently situated at the palaesoequator, and readily,
much higher than in the intermediate mobile belts to the
north of the Atlas Transform Fault.

As a secondary consequence of this relative position
of the basins, the influence of the supposed glaciations on
those faunas is considered irrelevant for the Gondwanan
platforms. This is because the higher amount of survivors
of the Viséan/Serpukhovian crisis should be located close
to the palaeoequator, further north of the main nuclei of
ice on Gondwanaland (Scotese, 2002). Yet, analysis of the
Tindouf Basin faunas clearly shows that the result is the
opposite. There is a higher proportion of survivors and
some of these constitute the longest stratigraphic ranges
of foraminiferal taxa in the Saharan basins (a feature also
mirrored by rugose corals). This fact also reinforces the
models of oceanic currents as one of the main controlling
factors for the distribution of the taxa in these subprov-
inces, as well as the establishment of more favourable
platform conditions within a tropical setting for a longer
duration. This would involve not only higher water tem-
peratures on the platform, but also greater tectonic stabil-
ity for these intracratonic basins of northern Gondwana,
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with periodic transgressions introducing rich and diverse
foraminiferal assemblages.

5 Conclusions

The northern flank of the Tindouf Syncline in southern
Morocco contains a continuous, well exposed Carbonifer-
ous succession, with limestones of Late Asbian to Early
Bashkirian age containing rich and diverse foraminiferal
and rugose coral assemblages. These provide new faunal
data on the poorly known Saharan basins.

The palaeobiogeographical relationship of the Tindouf
Basin with the Palaeotethyan basins is complex. Although
there is a predominance of cosmopolitan taxa for the Pa-
lacotethys, it is recognized that there was an influence of
basins in NW Europe, such as Britain and Ireland. Some
taxa are recorded in both NW Europe and Tindouf without
any contributions from basins located within intermediate
areas. Also, there is a direct influence from SW Spain,
yet some of these taxa are absent from the Central Me-
seta in North and Central Morocco, which was supposed
to be the bridge between Europe and North Africa. The
neighbouring Saharan basins in Algeria probably do not
solve the problem, because they seem to present distinct
foraminiferal assemblages. Analysis of the data suggests
that this sector of the western Palaeotethys can be subdi-
vided into four palaeobiogeographical subprovinces: the
Atlantic Subprovince (UK, Ireland, N France, Belgium),
the Mediterranean Subprovince (Pyrenees, Montagne
Noire, Betic Cordillera, Rif, Balearic Islands), and the
Saharan Subprovince (Béchar, Reganne, Ahnet-Mouydir
and Tindouf). In between, areas of mixed faunal assem-
blages occur (Central Meseta, SW Spain), which consti-
tute a fourth subprovince, the West peri-Gondwanan Sub-
province.

One of the scarce but clear conclusions is that the Cen-
tral Meseta of North Morocco cannot be considered as be-
ing emplaced in its current position during Mississippian
times, although its final emplacement is still unknown.
It was distinct from the northern Palaeotethyan basins as
well as the southern Saharan basins. The data also suggest
that the current distance between Laurussian (e.g., Eng-
land) and Gondwanan (i.e., Tindouf) platforms was likely
reduced during the Pennsylvanian, and/or the position of
the Atlantic Subprovince could be located north of the pa-
laeoequator.

Analysis of the Tindouf Basin faunas shows that there is
a high diversity and abundance of foraminiferal taxa, with
a higher proportion of survivors and longer stratigraphic

ranges, features also mirrored by rugose corals. This em-
phasizes the longevity of the carbonate platform in a tropi-
cal setting, where periodic transgressions introduced new
assemblages, and oceanic currents are interpreted as one of
the main controlling factors for the distribution of the taxa.
Moreover, not only were water temperatures on the plat-
form higher, but also was the tectonic stability greater. It is
considered that the effects of the first phases of the Gond-
wanan glaciation were minimal on the Tindouf faunas.
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