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A B S T R A C T

New field and micropalaeontological investigations have been conducted in four of the

Pliocene rias of the internal zone of the Rif in Morocco, on the southern margin of the

Alboran Sea. We found that marine sediments outcropping in these rias were deposited

mainly during the Early Zanclean, between 5.04 and 3.8 Ma. After a transgressive episode

that led to the deposition of terrestrial to marine conglomerates, dark clays deposited first

at shallow palaeo-depths and then at bathyal palaeo-depths. The rias were then infilled

with a shallowing upward succession comprising marine clays and sandstone and, locally,

terrestrial sediments that indicate their final emersion. No Gilbert-deltas were observed in

these rias. The presence of transgressive deposits at the bottom of the rias, also identified

in other basins of the external zone of the Rif, and the absence of Gilbert deltas question a

catastrophic reflooding after the Messinian Salinity Crisis in this area.
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. Introduction

During the Latest Miocene, the Mediterranean experi-
nced the ‘‘Messinian Salinity Crisis’’ (MSC), characterized
y both thick evaporitic deposits and strong erosion of the
argins (e.g., Chumakov, 1973; CIESM, 2008; Clauzon,

973; Hsü et al., 1973; Lofi et al., 2005, 2011; Ryan and Cita,
978). This event is related to a temporary cessation of sea-
ater exchanges between the Mediterranean and the
tlantic Ocean through the last marine gateway: the South
ifian corridor. During the Latest Messinian and/or the
arliest Zanclean, the Mediterranean was reflooded by
tlantic waters through the Gibraltar straight and Pliocene
eposits sealed the erosional surfaces built up by the MSC
.g., Blanc, 2002; Estrada et al., 2011; Garcia-Castellanos

t al., 2009; Lofi et al., 2003). Onshore, Zanclean sediments
ere often deposited in rias related to Gilbert delta

ccumulations (Breda et al., 2007; Clauzon, 1978, 1982;
lauzon et al., 1990). Nevertheless, the sedimentary
filling within the Pliocene rias of the internal Rif of
orocco remains poorly studied, except the works of Wildi

nd Wernli (1977) and Wernli (1988). Here, we provide
ew biostratigraphic and sedimentological constraints on
ese sediments in order to better understand the

ynamics and chronology of the Pliocene reflooding in
e vicinity of the Gibraltar sill. For this, we conducted new

etailed field investigations in the Tetouan–Martil, Oued
aou–Tirinesse, Tihissasse and M’Ter rias (Fig. 1), and
ollected 32 samples in which calcareous nannoplankton,
enthic and planktonic foraminifers have been analysed
upplementary material, plus Fig. 2 for an index of

alcareous nannofossils species).

. Geological setting

The Pliocene rias of the internal zone of the Rif were
eposited after the main paroxysmal tectonic events of the
hain (Chalouan et al., 2008). Sediments accumulated in
everal palaeovalleys, which widen toward the Mediter-
anean: Tetouan–Martil, Tirinesse–Oued Laou, Tihissasse
nd M’Ter (Fig. 1). The Pliocene infilling of these
alaeovalleys is known since a long time (Fallot, 1937;
entil and Boistel, 1905; Morel, 1987; Wernli, 1988; Wildi
nd Wernli, 1977). The Messinian drainage network of the
ifian coastal ranges was considered to be similar to the
resent one (Loget and Van Den Driessche, 2006) or even
maller (Wildi and Wernli, 1977). In the Tetouan–Martil
ia, Ben Moussa (1994) showed that Pliocene deposits
omprised, from bottom to top: conglomerates, black

clays, and yellowish sandstones. In borehole samples
collected from the black clays, Feinberg and Lorenz (1970)
found the planktonic foraminiferal index species Globor-

otalia margaritae, then pointing to a Zanclean age (Feinberg
and Lorenz, 1970). The Oued Laou ria is composed of two
connected basins, the Tirinesse and Oued Laou basins,
located south and north of the ria, respectively (Wildi and
Wernli, 1977). These authors first mentioned that the
Tirinesse Basin comprises fluvial conglomerates at the base
overlaid by blackish sandy clays. Despite the lack of precise
biostratigraphic data in the Tirinesse Basin, it is considered
to be a remnant of an Early Pliocene basin emplaced on a
Messinian (Pontian) erosional surface (Wernli, 1988; Wildi
and Wernli, 1977), or a tectonically controlled basin
(Benmakhlouf and Chalouan, 1995; Morel, 1987; Saji and
Chalouan, 1995). In the Oued Laou Basin, the succession
comprises black clays mainly found in cores, then yellow-
ish sandstones and conglomerates. Feinberg and Lorenz
(1970) and Wildi and Wernli (1977) mentioned Globor-

otalia margaritae in some of the clayey beds, known as the
Tassefete Marls Formation, from the base of the basin
infilling, then pointing again to the Zanclean.

In the Tihissasse and M’Ter rias, yellowish sandstones
are mentioned on geological maps. Although no plankton
index species were found, the discovery of a jaw fragment
of Hippopotamus amphibius in some associated breccias
suggests that it could have been deposited during the Early
Pliocene (Morel, 1987). As a whole, precise dating of
deposits still lack in these rias and the general sedimentary
geometry remains poorly constrained.

Boudinar basin
Melilla basin
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Fig. 1. Location of the Pliocene rias of the internal zone of the Rif in the

Alboran Sea. Blue: present-day rivers.

For interpretation of the references to colour in this figure, the reader is

referred to the online version of this article.

ig. 2. All microphotographs at LM (light microscope); Figs. 1–4 in crossed nicols; Fig. 5 – polarized light. 1 – Ceratolithus acutus Gartner & Bukry; Sample RIF

. 2 – Ceratolithus acutus Gartner & Bukry; Sample RIF1. 3–Reticulofenestra pseudoumbilicus (Gartner) Gartner; Sample RIF 30. 4 – Sphenolithus abies
eflandre in Deflandre & Fert; Sample RIF 13. 5 – Amaurolithus primus (Bukry & Percival) Gartner & Bukry; Sample RIF 8.
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 Results

. Tetouan–Martil palaeoria

The Pliocene deposits from the Tetouan–Martil ria
mprise, from the bottom to the top, three main
hological units:

basal conglomerates, which crop out only two kilometres
north-northeast from the city of Tetouan (location in
Fig. 3);
dark clays, at the least 100 m-thick according to borehole
data (Feinberg and Lorenz, 1970), which crop out in the
vicinity of the city of Tetouan. The clays change upward
into silty marls with interbedded sandstones. Sample RIF
1 (Fig. 3A; Supplementary material) yielded the plank-
tonic foraminifers Globoturborotalia nepenthes (Last
Appearance Datum [LAD] = 4.37 Ma, thus pointing to
Zone PL1 (Berggren et al., 1995), and the nannofossil
Ceratolithus acutus (First Appearance Datum [FAD] = 5.32
Ma and LAD = 5.04 Ma, Di Stefano and Sturiale, 2010;
Raffi et al., 2006;), which points to Zones NN12 and
CN10b of Martini (1971) and Okada and Bukry (1980),
respectively. Benthic foraminifers are dominated by
Bolivina gr. (e.g.: B. spathulata, B. dilatata);

� to the southwest, the sandy marls are overlain by coarse-
grained limestones and conglomerates with planar
oblique bedding and littoral fauna (bivalves, barnacles,
red algae, Ben Moussa, 1994). To the east, along the
shoreline at Azlah, the transition between clays and
overlying sandy deposits is well exposed (Fig. 3B). At the
base, some silty marls are capped by a firm-ground. They
are overlaid by �20 m of detrital sediments. These
include fine to coarse-grained sandstones with parallel
and low-angle planar bedding, rudstones with erosive
bases and transported bivalves, and, at the top, beach-
rocks, palaeosoils and oyster-rich muds. The uppermost
deposits of the palaeo-ria in the Azlah area (samples RIF 5
and 6; Fig. 3B) yielded Late Miocene to Early Pliocene
nannofossils. As they overlay the Early Zanclean dark
marls, these deposits are attributed to the Zanclean, not
younger than late Early Pliocene (3.8 Ma, based on the
occurrence of R. pseudoumbilicus, Raffi et al., 2006).

3.2. Oued Laou–Tirinesse palaeoria

3.2.1. Tirinesse Basin

3.2.1.1. Sedimentary succession and ages. The Tirinesse
Basin is a rectangular, NNE–SSW-trending narrow depres-
Fig. 3. (Colour online). The Tetouan–Martil ria. A. Map of outcrops and location of samples. B. Azlah section.
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ion, 1.5 km wide, infilled with Pliocene sediments
ig. 4A). To the north, it is reduced to a north–south-
ending, 0.5-km-wide, palaeovalley with patchy outcrops.
he basin is filled, from the bottom to the top, by three
ain sedimentary units.

The Ibouharane conglomerates (Fig. 4B), 30 m thick,
utcrop to the southwest.

From the base up to 20 m, this unit consists of two
coarsening upward, prograding sequences. They are
comprised of gravels with centimetre-sized pebbles,
upward changing into conglomerates with imbricated
pebbles then into chaotic, poligenic conglomerates with
rounded blocks reaching 1.5 m in diameter. Conglomerates
are badly sorted and mostly barren of fossils. They

ig. 4. (Colour online). The Tirinesse–Oued Laou ria. A. Map and location of samples. B. Ibourouhene section. C. RIF 15-21 section. D. Tirinesse North section.
. Klih section. F. National road section.
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mprise basement-derived pebbles and display a gravel-
minated matrix, suggesting fan delta deposits. In the
permost part of the two sequences, we found some
rings and rare oysters, indicative of discrete marine
fluence and of retrogradational deposits.

Between 20 m and 28 m, the Ibouharane conglomerates
e overlain by breccias with a gravel-dominated matrix.
ey are barren of fauna, except rare marine bivalves at
eir top.
Between 28 m and 35 m, there are �10 m of dark clays.

 their lower part, the clays are barren in benthic fauna
d display isolated gypsum crystals, probably partly
agenetic in origin, which could indicate localized
aporitic conditions. Above in the clays, samples RIF 10
d 13 yielded an oligospecific assemblage of the benthic
raminifers Eponides repandus and Nonion scaphum.
though planktonic foraminifers are rare and poorly
eserved within these clays, nannofossils are abundant.
e identified Ceratolithus acutus (FAD = 5.32 Ma and
D = 5.04 Ma; Di Stefano and Sturiale, 2010; Raffi et al.,
06), indicating an Early Zanclean age (samples RIF7-8
d RIF 8; Fig. 4B; Supplementary material). Thus a third
trograding sequence developed above the Ibouharane
nglomerates, from fan delta deposits to marine clays.
In the central part of the basin, dark clays with

terbedded sandstones poorly crop out (grey sands of
rinesse Formation of Wildi and Wernli, 1977). Depending

 the irregular initial topography of the underlying
sement, these deposits are several tens of metres thick.
r Maurer (1968), their thickness might exceed 100 m. In
ction RIF 15-21 (Fig. 4C), the sandstones consist of coarse

 fine-grained normally graded beds containing terrestrial
ves. In clayey intervals, samples RIF 15 and RIF 18 are
rren of microfauna, RIF 16 is characterized by almost 90%

 Bolivina spathulata and RIF 21 is dominated by different
nera of bolivinids (see Supplementary material). Marly
terbeds RIF 15 and 16 provided Ceratolithus acutus.
mples RIF 16 and RIF 21 provided Globoturborotalia

penthes (LAD = 4.37 Ma; Wade et al., 2011), pointing to
ne PL1 of Berggren et al. (1995).
Between the Tirinesse and the Oued Laou basins, patchy

tcrops of silty marls occur close to the basement (RIF 30
 32, Fig. 4A). These outcrops yielded Late Miocene to
rly Pliocene calcareous nannofossils (Supplementary
aterial).

In the Tamrabete valley, at the southeasternmost tip of
e Tirinesse Basin, decametres-thick subaerial breccias
st uncomformably upon the Zanclean silty clays (Fig. 4A).
e age of these breccias remains unknown, related to the
llafranchian (Maurer, 1968) or to the Pleistocene (Morel,
87).

.1.2. Margins of the basin. The linear, abrupt margins of
e basin have been identified as NE–SW-striking normal
ults whose origin is still debated. Moreover, a flat surface,
pping northward with a 0.58 angle, occurs on the top of
e margins. This surface is known as the ‘‘Pontian surface’’
aurer, 1968) and should correspond to a Messinian

rrestrial surface. According to Wildi and Wernli (1977),
ese margins correspond to normal faults that transected

Tirinesse Basin should be a post-Pliocene graben that
should have lowered the ‘‘Pontian surface’’ in the centre of
the basin. According to Saji and Chalouan (1995), normal
faults were active prior to and during the Pliocene. Several
new observations allow us to shed new light on these
margins.

The northwestern margin of the Tirinesse Basin is
abrupt. The basement here consists of carbonates and its
top surface displays microkarst features and fissures, as
well as thin iron coatings overlain by breccias cemented by
silty clays, and then by Pliocene clays (e.g., N358 18.16160,
W058 11.6270, +388 m). At RIF 30 location, interbedded
clays and slope breccias onlap the basement (Fig. 4D).
Barnacles are locally preserved in situ on the wall of the
basement. Slope breccias often drape the initial surface;
they are a few metres-thick and are observed only at the
basin margin.

The southern margin of the Tirinesse Basin is a major
cliff. Our investigations indicate that the basement is
coated by iron hydroxides and that slope breccias are
present. In RIF 14, the micritic matrix of the breccia yielded
Late Miocene – Early Pliocene nannofossils (see Supple-
mentary material). At the top of the cliff, a marine
planation surface occurs between +570 m and +580 m.
The marine origin of this surface is demonstrated by the
intense bioerosion of lithophagid molluscs on this surface,
together on the upper part of the cliff (Fig. 4A; Fig. 5).
Borings are coated by iron oxides and infilled by micritic
deposits.

3.2.2. The Oued Laou Basin

The Oued Laou Basin is NE–SW trending. It is 2 km wide
to the southwest, at the mouth of the Tirinesse Basin, and
reaches a width of 6 km along the Mediterranean coastline.
Most of the Oued Laou Basin is covered by terrestrial,
Quaternary deposits. Some Pliocene outcrops occur on the
northern side of the basin (Fig. 4A; Wildi and Wernli,
1977), as well as boreholes in its central recovered Pliocene
sediments (Feinberg and Lorenz, 1970).

Fig. 5. (Colour online). Borings of lithophagid molluscs on the fault plane

bounding the southeastern edge of the Tirinesse Basin. Note the geopetal
ucture resulting from incomplete infilling of the borings.
th the Pontian surface and the Pliocene deposits. The str
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From bottom to top, the main lithological units are:

 dark clayey marls (Tassefete marls Formation) with
planktonic foraminifers. In the boreholes, the clayey
marls reach a maximum thickness of 70 m, and the
position of the underlying basement remains unknown.
Globorotalia margaritae was detected within this unit
(Feinberg and Lorenz, 1970; Wildi and Wernli, 1977),
then pointing to a Zanclean age. These authors men-
tioned slope breccias interbedded in the clayey marls
against the basement;

 the clayey marls change upward into 10-m-thick domi-
nant marine, yellowish fine-grained sandstones (Fig. 4E;
Yellow Sands Formation). The succession comprises
decimetre to metre-thick fine-grained sandstones with
rare planktonic foraminifers, broken bryozoans and
terrestrial leaves. Sandstones beds with horizontal lami-
nations are separated by marly interbeds and by some
conglomerates with erosive base. Sample RIF 22 yielded
benthic foraminifers dominated by Bolivina and Cibici-

doides and samples RIF 23 and 24 yielded an abundant and
well-diversified assemblage of benthic foraminifers
(Fig. 4E; Supplementary material). In sample RIF 22, we
found Late Tortonian to Gelasian planktonic foraminifers
(Supplementary material) and the Zanclean nannofossil
C. acutus. In samples RIF 23 and RIF 24, we found Late
Miocene to Early Pliocene planktonic foraminifers and
nannofossils (Supplementary material), including Reticu-

lofenestra pseudoumbilicus, associated with reworked
Cretaceous, Oligocene and Early-Middle Miocene taxa.
Since samples RIF 23 and RIF 24 overly RIF 22, they are
assigned an age not younger than 3.8 Ma based on the
occurrence of R. pseudoumbilicus (Raffi et al., 2006);

 in the northern part of the palaeo-ria, on the northern side
of the valley, we found a 15-m-thick conglomeratic
succession, with diversified basement-derived material.
This succession comprises flat, decametre-long lenses-
shaped conglomerate bodies with centimetre-sized peb-
bles and erosive bases, yellowish sandstones and gravel
beds, with cross-bedding and some clayey lenses (Fig. 4F).
Deposits lack fossils here and structures (oblique bedding,
imbricated pebbles, clinoform bodies) indicate a general
eastward transport of sediments in fluvial setting.

.3. Tihissasse and M’Ter palaeorias

In the Oued Tihissasse and M’Ter palaeorias, some
etres of yellowish sandstones interbedded with breccias

nlap the metamorphic basement or silty clays (Tihissasse).
he sandstones and rare argillaceous lenses are devoid of
ssils, but the facies are very similar to the Late Zanclean

eposits of the Oued Laou and Tetouan–Martil rias. Only
ome poorly preserved benthic foraminifers (Bulimina and
lobobulimina) were found in the clayey lenses.

. Discussion

.1. Ages

In the Tetouan–Martil and Oued Laou–Tirinesse
alaeorias, all the black clays outcrops yielded

G. nepenthes and C. acutus, pointing to the Early Zanclean
in the time interval between 5.32 Ma and 5.04 Ma. Despite
previous authors mentioned G. margaritae in these rias
(Feinberg and Lorenz, 1970; Wildi and Wernli, 1977),
typical representatives of this taxon were not found in any
of the studied samples. This is in accordance with the
presence of C. acutus, as the first common occurrence of
G. margaritae occurs between 5.09 and 5.06 Ma in the
Mediterranean (Gennari et al., 2008; Iaccarino et al., 1999).
As suspected by Wildi and Wernli (1977), the Tassefete
marls Formation of the Oued Laou Basin is now proven to
be coeval with the Tirinesse grey sands Formation. In the
Tetouan–Martil and Oued Laou basins, the black clays are
progressively replaced upward by marine yellowish
sandstones and conglomerates, in turn passing upward
into terrestrial deposits (cf. § 4.5). The marine deposits
yielded R. pseudoumbilicus, indicating a Zanclean age, not
younger than 3.8 Ma. As a consequence, the Pliocene
marine sedimentation within the rias of the internal zone
of the Rif developed during the Zanclean only, within a
5.32–3.8 Ma interval. It consequently lasted �1.6 Ma. No
other marine deposits are recorded later, except Eemian
marine terraces on the Present-day coastline, indicating
that the rias emerged at least since �3.8 Ma.

In the Oued Tihissasse palaeoria, the Early Pliocene age
proposed from the occurrence of H. amphibius (Morel,
1988) appears to be a maximum age. Boisserie et al. (2011)
proposed that the expansion of Hippopotamus towards
southern Europe occurred in Latest Pliocene times. Thus,
we suggest that the Oued Tihissasse Pliocene deposits
correlate with the Latest Zanclean deposits of Oued Laou–
Tirinesse and Tetouan–Martil palaeorias.

4.2. Paleoenvironment evolution

The Tetouan–Martil ria is characterized by terrestrial
then littoral conglomerates at the base (Ben Moussa, 1994),
above an erosional surface cutting metamorphic rocks.
Above, dark clays infilled the palaeoria. The clays yielded a
diverse assemblage of benthic foraminifers from offshore
setting, with some indication of stressed conditions (Bolivina

Bolivina spathulata and B. dilatata reach 26%). Upward, both
in the innermost and outermost parts of the palaeoria, the
clays are replaced by carbonate or sandy/conglomeratic
deposits. The associated fauna reveal littoral setting
(molluscs, Ben Moussa, 1994). Beach-rocks, palaeosoils
and oyster banks also indicate emersions and backshore
setting (Fig. 3B). Thus, the Zanclean Tetouan–Martil ria
recorded a major transgressive-regressive sedimentary
cycle leading to an almost complete infilling of the
palaeovalley (Za1 to Za2 eustatic cycles, Lugowsky et al.,
2011).

In the Oued-Laou–Tirinesse palaeoria, the oldest depos-
its are the Ibouharane conglomerates (Fig. 4B), which
correspond to gravity flow deposits. Conglomerates are
organized into three superimposed sequences. The two
lowest ones, coarsening upward, are essentially constituted
by an alternation of more or less concentrated debris-flow
deposits, with some marine fossils at the top (oysters,
lithophagid borings). This suggests fan delta deposits
episodically influenced by marine conditions on top of each
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quence. The uppermost one comprises matrix-supported
nglomerates (fan delta) topped by marine clays. In their
wermost part, the clays are barren in benthic fauna but
ovided calcareous nannofossils; they also yielded isolated
ystal gypsum, possibly indicating evaporitic conditions in
bayhead. In their uppermost part, the clays provided an
igospecific Eponides repandus assemblage (together with

 scaphum), indicative of an outer shelf setting. Thus, the
ouharane conglomerates recorded two minor transgres-
e pulses, then a major one leading to the drowning of the

 and the deposition of the dark clays. Above, the Tirinesse
ey sands and the Tassefete marls Formation always
splay abundant and diversified assemblages of planktonic
raminifers. The associated benthic foraminifers indicate
ter shelf to bathyal environments (150 to 350 m depth
l), sometimes dysoxic as indicated by the occurrence of
undant B. spathulata and/or B. dilatata (Supplementary
aterial). This estimation for the maximum palaeodepth of
e Zanclean ria (150 to 350 m) is in accordance with the
ometry of the Tirinesse Basin. Indeed, the bored, marine
anation surface recorded on the southern margin of the
sin (Fig. 4A) is currently at around +580 m elevation, and
e silty clays occur up to +380 m elevation, corresponding

 �200 m palaeodepth. The margins of the basin are bored
ig. 5), incrustated by iron films and sealed by the silty
ys. Because of steep margins, slope breccias composed of
sement-derived material are interbedded in the sedi-
ents at the foot of the submarine cliffs. As a whole, the
rinesse Basin corresponds to the passive infilling of a
pression that was formed prior to the deposition of Early
nclean sediments. Its origin is doubtless tectonic regard-
g the geometry of the margins, but it was formed before
e Early Zanclean.
In the Oued Laou Basin, the bathyal marls (Tassefete

arls Formation) are topped by the Yellow sands Formation,
hich is still indicative of marine environments. Indeed, the
llow Sands Formation yielded planktonic foraminifers
gether with well diversified benthic foraminifers with
undant Cibicidoides (RIF 23, 24; Supplementary material)
inting to an outer shelf depositional setting. Upward,
llow sandstones and conglomerates exhibit a vertical
nsition from marine to fluvial deposits with palaeocur-

nts to the east. These fluvial deposits are restricted to the
rthern margin of the basin and correspond to localized

n-delta from tributaries. In the whole ria, lateral changes
m continental to marine deposits were not observed, only

general aggradational geometry. Thus, the Oued Laou
sin was a palaeovalley infilled by deep marine clayey
diments during the Earliest Zanclean transgression (Za 1
cle, Lugowsky et al., 2011). A general shallowing upward
nd is then recorded by the deposition of the Yellow Sands
rmation during the Zanclean and before 3.8 Ma, up to
vial deposits. These fluvial deposits developed over some
uare kilometres and are connected to small delta fans in
stream areas.

. Implications for the Pliocene reflooding in the Alboran

a

The investigated rias of the internal zone of the Rif
flect a passive infilling of palaeovalleys, which occurred

mainly during the Early Zanclean, and which is firstly
characterized by the deposition of clays and silts, and then
by sandstones and conglomerates originating from the
margins. This situation is similar eastward in the Boudinar
and Melilla basins, in the external zone of the Rif (Fig. 1). In
the Boudinar Basin, Azdimousa et al. (2006), Cornée et al.
(2006a), El Kharim (1991), and Guillemin and Houzay
(1982) mentioned the infilling of Zanclean deposits, clays,
sandstones, and localized conglomerates, onlapping a very
low-angle Messinian erosional surface. In the Melilla–
Nador Basin, Cornée et al. (2006b) and Guillemin and
Houzay (1982) described a Messinian erosional surface
characterized by small palaeovalleys and kilometre-wide
landslide scars. There, two transgressive-regressive cycles
were identified and the earliest dates from the Latest
Messinian? to the Earliest Pliocene (Cornée et al., 2006b).

This situation is different from that of the northern side
of the western Mediterranean, where prograding, early to
Middle Pliocene Gilbert delta have been described (e.g.,
Breda et al., 2007, 2009; Clauzon, 1978, 1982, 1990;
Clauzon et al., 1990). These Gilbert deltas result in
‘‘overfill’’ conditions of incised valleys which should have
been rapidly drowned during the Pliocene reflooding. They
are characterized by stacked, often high-angle dipping (158
to 258), progradational conglomeratic bodies, each 50 to
250 m thick, and separated by marly intervals or erosional
surfaces. These Gilbert-type deltas display component
facies organized in topset, foreset, and toeset. Topset were
emplaced into terrestrial to shallow marine depositional
environments, foresets into submarine slope and toesets
mostly display sandstones to laminated mudstones from
the epibathyal zone. According to Bache et al. (2012), these
Gilbert-deltas were deposited in response to a step-2 ultra-
rapid reflooding of the Mediterranean.

In Morocco, such Gilbert-deltas are not identified in
Pliocene deposits. The palaeovalley fill displays aggrada-
tional to very low-angle progradational geometry. Neither
giant Pliocene conglomeratic foresets nor pronounced
lateral changes of facies can be seen in Pliocene succes-
sions. In the Oued Laou–Tirinesse palaeoria, conglomerates
occur upstream at the bottom of the valley fill. These are
local terrestrial deposits interpreted as gravity flow facies
developed into fan deltas environment. Other continental
conglomerates cap the Pliocene marine deposits and are
also small fan deposits. All the conglomerates are
organized in small sequences (about a ten of metres thick)
and have limited extent (some square kilometres at the
most). This suggests a low sediment-supply rate into the
palaeorias along the Moroccan margin of the Alboran Sea
during the Latest Messinian?–Early Pliocene. This can be
explained by small catchment areas and by warm and very
dry climate in North Africa (Fauquette et al., 2006). This
situation is rather similar to the present-day one, as
proposed by Loget and Van Den Driessche (2006), and by
Wildi and Wernli (1977).

In the Tirinesse Basin, three transgressive pulses are
recorded in the post-MSC deposits (sequences 1 to 3 of the
Ibouharane conglomerates) during the Latest Messinian(?)–
Earliest Zanclean. The third pulse led to the drowning of the
palaeoria and the deposition of deep marine deposits. This
result indicates first a progressive infilling of the rias in
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elation with limited transgressive pulses and then a general
ooding during the Early Zanclean. Such a pattern has also
een evidenced in Melilla (Cornée et al., 2006a, 2006b;
ouchy et al., 2003) or in Bajo Segura along the Spanish coast
aracuel et al., 2011). This is not fully compatible with the

mplitudes of the two successive important sea-level rises
roposed by Bache et al. (2012). Pérez-Asensio et al. (2013)
roposed a two-step reflooding scenario with first limited
ansgressive–regressive glacioeustatic cycles, then a ‘‘cat-
strophic’’ reflooding of the Mediterranean. Our results are
ore in accordance with such a scenario and with

econstructions from other marginal basins (e.g., Sicily,
orthern Apennines, and Spain) suggesting a gradual refill of
e Mediterranean beginning in the Latest Messinian and

ulminating with the Zanclean flooding (Gennari et al.,
008; Manzi et al., 2009; Omodeo-Salè et al., 2012; Roveri
t al., 2008a, 2008b). The observed transgressive systems
acts, together with the absence of Gilbert deltas in the
vestigated rias, question the catastrophic aspect (e.g.,

ache et al., 2012; Blanc, 2002; Loget and Van Den Driessche,
006; Pérez-Asensio et al.,2013) of the Zanclean reflooding
f the Mediterranean. Indeed, along the South Alboran
argin the major Zanclean flooding appears rather pro-

ressive as exemplified by the continental to restricted
arine transition observed in Earliest Zanclean deposits in
e Tirinesse Basin.

. Conclusion

The Pliocene sedimentary cycles in the rias of the
ternal zone of the Rif represent the infilling of

alaeovalleys during the Latest Messinian?–Early Zan-
lean. The base of these palaeorias comprises two limited
ansgressive sequences and a third one culminating with
e overflow of the palaeoria. Therefore, the change from

ontinental to deep marine depositional environments is
ather progressive and occurred between 5.32 Ma and 5.04

a. The rias were then progressively infilled by detrital
aterials from the margins of the palaeovalleys, and

nally emerged. The transition from marine to continental
eposits, which occurred before 3.8 Ma, does not match the
allmarks of typical Gilbert-deltas type geometries, but
ather corresponds to a continuous shallowing upward
eneral trend. Even if the last major marine transgression
ecorded in the Moroccan palaeorias is significant, it does
ot fully match the proposed ‘‘catastrophic’’ scenario.
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Labo. Géol. Lyon 132, 1–281.

Benmakhlouf, M., Chalouan, A., 1995. Évolution néogène du bassin de
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