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Abstract: During the Late Miocene, the Rifian Corridor was one of the two main corridors allowing ex-
changes between the Atlantic and the Mediterranean Seas. Sedimentary records accumulated along
this corridor and specifically, in the Sais Basin, constitute case-study material for understanding the
impact of the South Rifian Corridor on the evolution of the fauna, phytoplankton and environment dur-
ing the Late Miocene. In order to reconstruct the evolution of marine paleoenvironments in the Moulay
Yakoub region and to compare this evolution with other areas of the Sais basin, we conducted an inte-
grated biostratigraphic and palynological study of the Upper Miocene of borehole KA 102. High-resolu-
tion biostratigraphy based on planktonic foraminifera revised and defined the chronostratigraphic
framework of the Upper Miocene sedimentary series of the Moulay Yakoub region providing an age of
7.8 Ma to 6.52 Ma (Late Tortonian to Early Messinian). In the Late Tortonian, the planktonic foraminif-
eral assemblages suggest an open and relatively deep marine environment. At the Tortonian/Messinian
boundary, planktonic foraminiferal and dinoflagellate associations, as well as distal indices, suggest a
relatively deep and neritic distal marine environment with a decrease in diversity and an increase in re-
worked taxa. Surface waters are warm with a minor cooling trend observed just below this boundary.
In comparison to previously studied sections in the Sais Basin, the Lower Messinian is characterized by
a deeper and more distal marine environment. However, proximal trends and warm surface water con-
ditions persisted in all studied areas from the basin during this period.
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Résumé : Biostratigraphie et paléoenvironnement du Miocéne supérieur du bassin de Sais
(Corridor sud-rifain, Maroc) : Nouvelles données sur la région de Moulay Yakoub.- Le Corridor
rifain constituait, au Miocéne supérieur, I'un des deux principaux corridors d'échanges entre I'Atlan-
tique et la Méditerranée. Les dépots sédimentaires accumulés le long de ce corridor et plus particulie-
rement dans le bassin du Sais représentent un terrain d'étude permettant de comprendre le réle du
Corridor sud-rifain dans I'évolution des environnements, des faunes et du phytoplancton au Miocene
supérieur. Une étude biostratigraphique et palynologique intégrée du Miocéne supérieur du forage KA
102 a été réalisée afin de reconstituer I'évolution des paléoenvironnements marins dans la région de
Moulay Yakoub et de comparer au mieux cette évolution avec d'autres zones du bassin du Sais. La bio-
stratigraphique a haute résolution a base des foraminiféres planctoniques a permis de réviser et de
préciser le cadre chronostratigraphique des séries sédimentaires de Miocéne supérieur de la région de
Moulay Yakoub et de leur attribuer un age allant de 7,8 Ma a 6,52 Ma (du Tortonien supérieur au Mes-
sinien inférieur). Au Tortonien supérieur, les associations de foraminiferes planctoniques documentent
un environnement marin ouvert et relativement profond. A la limite Tortonien-Messinien, les associa-
tions des foraminiféres planctoniques et de dinoflagellés ainsi que les indices de distalité suggérent un
environnement marin relativement profond et néritique distal avec une baisse de la diversité et une
augmentation des remaniements de taxons. Les eaux de surface étaient chaudes avec une légere ten-
dance au refroidissement observée juste en dessous de cette limite. Par comparaison avec les coupes
étudiées précédemment dans le bassin de Sais, le Messinien inférieur est caractérisé par un environne-
ment marin plus profond et plus distal. Cependant, les tendances proximales et les conditions d'eaux de
surface chaudes ont persisté dans toutes les secteurs étudiés dans ce bassin au cours de cette période.

Mots-clefs :

e Miocene supérieur ;

e foraminiféres ;

¢ palynologie ;

e paléoenvironnement ;
¢ bassin de Sais ;

e Corridor sud-rifain ;

e Maroc

1. Introduction

Marine gateways have had a critical impact on
climate and oceans throughout geological history.
However, water circulation across oceans, marine
environment, faunal, floral and phycological evo-
lution, and climatic systems have been strongly
influenced by such gate closures and openings
(FLECKER et al., 2015; Berg, 2016). During the
Late Miocene, the Mediterranean Sea was linked
to the Atlantic Ocean by several marine gateways
lying respectively in the north of Morocco, along
the Rifian range, and in the south of Spain, along
the Betic chain (BEnsoN et al., 1991; KRIGSMAN et
al., 1999a; MAaRrTIN et al., 2001, 2009, 2014; Do
couto et al., 2014; FLECKER et al., 2015; ACHALHI
et al., 2016; TuLBURE et al., 2017; CAPELLA et al.,
2018b; BErG et al., 2018). Combination of tectonic
phenomena, mostly caused by the convergence
between African and European plates, together
with sea level and climatic variations, has gradu-
ally led to the restriction and closure of these cor-
ridors (KRIJGSMAN et al., 1999a; GUTSCHER et al.,
2002; DuGGEN et al., 2003; HILGEN et al., 2007;
GARCIA-CASTELLANOS & VILLASENOR, 2011; LAAN et
al., 2012; ManzI et al., 2013; Suc & FrizoN de La-
MOTTE, 2019; KONTAKIOTIS et al., 2019). After the
closure of the Betic Corridor (MARTIN et al., 2001,
2014), the Rifian Corridor has been hypothesized
to be the last existing marine link between the
Atlantic Ocean and the Mediterranean Sea before
the Messinian salinity crisis (MARTIN et al., 2001;
FLECKER et al., 2015). This event generated the
deposition of a considerable mass of primary
lower gypsum (5.97-5.6 Ma) in the Mediterrane-
an marginal basins, followed by thick halite series
(5.6-5.55 Ma) in deep basins (Rover! et al., 2014).

The south Rifian Corridor basins have been cov-
ered with detrital inputs from the backland, i.e.,
the Rifian domain in the North and the Meseto-
Atlasic domain in the South (MicHArRD, 1976;
Cirac, 1987). Among them, one might consider
the Sais basin, mainly characterized by its geo-
graphical location in the west of the Taza sill, the
closure point of the southern Rifian Corridor at
the end of the Messinian. This basin, more partic-
ularly the Moulay Yakoub area in this work,
stands at the edge of several structural domains,
namely the pre-Rifian ridges and the Mesoto-At-
lasic domain. Despite its late and relatively weak
structuration compared to the whole Rifian chain
(BArRGACH, 2011), the Miocene sedimentation in
the Moulay Yakoub area was influenced by the re-
activation of the bordering faults of the southern
Rifian ridge (e.g., Jbel Zerhoune, Jbel Trhat and
Jbel Zalarh). The Sais basin comprises Upper Mio-
cene sediments recording numerous biostrati-
graphic, environmental and climatic events that
occurred just before the Messinian salinity crisis.
Due to its strategic location, this area is hence
considered as a key site to better understand the
evolution of the Southern Rifian Corridor during
the Late Miocene.

The majority of the Upper Miocene surface
sections within the Sais basin are discontinuous;
the successions are poorly exposed and they do
not extend over the entire Tortonian-Messinian
interval. To trace marine palaeoenvironments in
Moulay Yakoub and also to compare trends with
other sites from the Sais basin, concerning the
narrowing of the southern Rifian Corridor, an in-
tegrated biostratigraphic and palynological study
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of the Upper Miocene sediments from borehole
KA 102 was carried out.

To further refine the age of the Moulay Yakoub
deposits, the planktonic foraminiferal biostrati-
graphy requires further evaluation based on bio-
zonal schemes developed for the Mediterranean
and adjacent Atlantic areas (SIERrRO et al., 1993,
2001; KRrRiGSMAN et al., 1995, 2000; SPROVIERI et
al., 1999; HiLGeN et al., 2000a, 2000b; LIRER et
al., 2019).

The present paper provides, through a high-
resolution biostratigraphic study (based on plank-
tonic foraminifers) and a palynological survey
(based on dinocysts), a new contribution allowing
to reconstruct the evolution of the Tortono-Messi-
nian environments in the Moulay Yakoub region.
This area is located between two pre-Rifian ridges
that had been potentially affected by tectonic de-
formation. Therefore, it is considered a crucial
area for environmental reconstruction. This will be
useful to better understand the narrowing mech-
anisms of the southern Rifian Corridor at the Tor-
tonian-Messinian transition as well as to explain
the depositional conditions of these sediments.

2. Geographic and geological setting

The Moulay Yakoub borehole KA 102 is located
in the NW of Fes city on the northern margin of
Sais Basin (Fig. 1). It lies in a depression of
about 30 km wide on average, stretching from
East to West over about 110 km, and extending
from the El Kansera sill and the Oued Beht valley
in the West to the Touahar pass towards Taza in
the East. The Sais plain (which corresponds to
the central part of the Southern Rifian Corridor)
is located at the southern piedmont of the Prerif.
It is limited by the pre-Rifian domain and the
South-Rifian ridges (overlapping the Sais plain)
to the north, by the Tazekka reliefs and the Taza
sill to the East, by the Oued Beht valley and the
El Kansra sill to the West, and by the eastern
edge of the central Meseta and the Middle Atlas
plateau to the South. Both of these structural do-
mains, clearly distinguished by their deformation
pattern, had played a major role in the ante- and
post-Neogene tectono-sedimentary evolution of
the SRC (ABDELKHALIKL, 1997; SENDIDE, 2000; ZizI,
2000; WINCKEL, 2002; CHARROUD et al., 2007).

During the Middle Tortonian, the palaeogeo-
graphy of the Rifian Corridor was strongly con-
trolled by low-intensity tectonic processes (CAPEL-
LA et al., 2018b). The Miocene of the Sais basin
lies on a Jurassic basement structured into horsts
and grabens limited by a network of NE and NW
faults (CHARROUD et al., 2007). Its northern edge
is essentially characterized by tangential tectonics
with S and SW tilting, allowing the placement of
the Prerif structure (CHARROUD et al., 2007).

The Sais subsiding basin is interpreted as a re-
sult of a distension phase that caused the basin
collapse and drove the Tortonian transgression.

During the Late Tortonian, between 8.37 and
7.92 Ma, the pre-Rifian nappes had taken place in
the current areas of the Sais and Gharb basins,
causing the flexure of the marginal foreland and
generating open marine conditions (KRIJGSMAN et
al., 1999a; HiGen et al., 2000a; Davia et al.,
2005; CaPELLA et al., 2017a).

As a result of this distension phase, detrital in-
puts of Rifian, Mesetian and Atlasian origins were
triggered; thus, since 8 Ma, the sedimentation in
the Sais basin is characterized by a widespread
deposit of "blue marls" with diverse terrigenous
interlayers (WERNLI, 1988; KRrRIIGSMAN et al.,
1999a; GELATI et al., 2000; HiLGeNn et al., 2000a;
DAviA et al., 2002, 2005; BARHOUN & BACHIRI
TAOUFIQ 2008; ACHALHI et al., 2016; CAPELLA et al.,
2017a). Bathymetric estimations in the Sais basin
suggest that the maximal depth of these marly
sequences was 400-600 m at the end of the
Tortonian (DAYlA et al., 2002).

A high-intensity tectonic phase was initiated at
the Late Tortonian and Early Messinian, during
which the inherited faults of the Hercynian base-
ment had been reactivated, causing an uplift in-
depth, and therefore restricting the Rifian Corri-
dor to limited depocenters by shallow sills (MoRr-
LEY, 1987; GomEz et al., 2000; SanI et al., 2000,
2007; CapeLLA et al., 2017b). Furthermore, the
change in the tectonic process is mainly associ-
ated with the relative progression of convergence
between Africa and Europe (MOREL, 1989; FRIZON
de LAMOTTE et al., 1991; JouveT et al., 2006; Ca-
PELLA et al., 2017b, 2018a).

During the Early Messinian, the northern Rifian
Corridor was an emergent land, while water ex-
changes between the Atlantic Ocean and the Medi-
terranean Sea occured through the southern
Rifian Corridor. The marine deposition had only
developed in the deepest depocenters of the
southern Rifian Corridor such as in Guercif, Sais
and Gharb. Progressive closure of the Taza strait
terminated exchanges between the Atlantic Ocean
and the Mediterranean Sea. Since then, the Sais
basin has mostly been connected with the Atlan-
tic area.

The age of the Rifian Corridor closure is esti-
mated ranging around 7.1-6.9 Ma, and the whole
Mediterranean-Atlantic connection is closed and
uplifted.
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3. Materials and methods

3.1 Materials

The current study relies on cutting samples
from the borehole KA 102, collected by the Na-
tional Office of Hydrocarbons and Mines (ONHYM)
during a petroleum exploration mission. This bore-
hole is located in the north of Sais basin (Fig. 1),
some 5 km WSW of the Moulay Yakoub area, its

Lower Messinian

Lower Messinian (Sandy units)

[ Middle Miocene Il Triassic
I Eocene Wl Paleozoic
Bl Jurassic [ Prerfian nappe

geographical coordinates are 34°04'35.5"N 5°13'
55.8"W.

3.2 Lithological description of the studied
borehole

Borehole KA 102 was drilled by ONHYM in
1976. It is mainly designed to recognize the Sais
depression formations and the ridges between
Jbel Zerhoune and Jbel Traht, and to evaluate the
petroleum interest in this structure.
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Figure 2: Lithological description of borehole KA-102.

The sediments in the borehole are essentially
represented by grey marls with rare fossil debris,
intercalated by grey-brown clay levels, slightly
carbonated, observed between 199 m and 291 m
depth (unpublished report from ONHYM) (Fig. 2).

3.3 Micropaleontology

90 samples collected for the micropaleontologi-
cal study, wherein only 64 of the 90 samples proc-
essed had a sufficient number of planktonic fo-

raminifera for biostratigraphic analysis. The sam-
ples were washed and sieved according to the
method used in our laboratory (Geosciences and
Applications Laboratory). The qualitative and
quantitative analysis are carried out on a portion
containing 300 individuals in the 150 pm fraction.

For paleoenvironmental reconstruction purpos-
es, two ecological indices were calculated: diver-
sity index and pelagic index or planktonic-benthic
ratio (P/B+P).

e P/P+B ratio

This ratio expressed by the calculation of P/((B
+ P) x 100) is commonly used for paleobathy-
metric reconstructions (GiBson, 1989) and also
provides information on possible upwelling phe-
nomenon that enhances high productivity (Ma-
THIEU, 1986, 1988).

o Diversity index

Species diversity in planktonic foraminiferal
assemblages is established from the SHANNON-
WEAVER function (SHANNON & WEAVER, 1949). The
SHANNON diversity index is commonly used to cha-
racterize the diversity of species within a popula-
tion.

I.c=-Z (gi / Q x Ln gi / Q) with gi = number of
individuals counted for each species and Q =
Total number of individuals for each level.

SHANNON diversity index of a sample provide
numerous information about the structure of the
taphocoenosis held by the sample and how the
individuals are distributed among various species
(DAGET, 1979; MuRRAY, 1991).

3.4 Palynology

57 samples were treated using standard paly-
nological preparation. 20 g of sediment was de-
calcified with dilute HCI (20%) and then treated
with HF (40%) to remove silicates. After neutrali-
zation and rinsing, the samples were filtered
through a 10pm screen using an ultrasonic bath
to remove fine-silt and clay particles. The resi-
dues were concentrated by centrifugation for 10
min at 1,000 rpm and finally diluted in glycerin. A
volume of 50 pl was mounted between slide and
coverslip.

Among the 57 treated samples, 12 delivered
palynomorphs. Most samples are richer in terres-
trial palynomorphs (Pinaceae are very dominant
while other pollen are poorly represented) com-
pared to marine palynomorphs. In this study, we
counted all palynomorphs, so our attention was
focused on both pollen and dinoflagellates. Paly-
nomorphs were identified using a Nikon micro-
scope (x1,000 magnification).

At least 160 dinocysts and 80 pollen grains
per sample (excluding over-represented taxa
such as Pinaceae) were counted. The frequencies
of each dinocyst taxon are represented in a de-
tailed diagram. Regarding dinoflagellate cysts, we
are mainly interested in taxa with an ecological
significance, undetermined cysts are grouped
with other dinocysts.
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Dinoflagellate cysts (dinocysts) have proven to
be excellent tools for estimating temperature va-
riations, salinity and primary productivity
changes in surface waters (WALL et al., 1977;
MoRzADEC-KERFOURN, 1979, 1983, 1988; TURON,
1984; TuroN & LONDEIX, 1988; BENZAKOUR, 1992;
HARLAND, 1994; MARRET & TURON, 1994; VERSTEEGH,
1994, 1997; VERNAL et al., 1994, 1997, 2001;
LonDEIX, 1995, 2007; ZoNNEVELD, 1995, 1999;
WARNY, 1999; MARRET et al., 2001a).

In this work some indices were calculated: the
synthetic diagram with Pinaceae which (advan-
taged by transport) are opposed to halophytes
(littoral plants), the D/S ratio, the G/P ratio, the
distality index (IN/ON), and the temperature
index.

e Synthetic diagram with Pinus and in-

determinable Pinaceae

Pinaceae (bisaccate pollen grains) are ecologi-
cally insignificant because their infra-generic de-
termination is not possible, whereas the genus Pi-
nus is species representative of the entire ther-
mal range. In general, their abundance increases
in distal areas and decreases in proximal areas
(Heusser & BaLsaMm, 1977; Suc & DRIVALIARI,
1991). In contrast to the Pinaceae, halophytes
are good indicators of littoral environments.

e D/S ratio

The curve D/S is used to appreciate the ma-
rine influence compared to the continental influ-
ence (WARNY, 1999). According to following for-
mula: D/S = nD/(nD+nS) where n is the number
of taxa counted, S corresponds to pollen and
spores, and D to Dinocysts.

e G/P ratio

The curve resulting from the ratio between
these two families (Gonyaulacoids and Peridi-
noids) is used to detect the inshore - offshore di-
rection. The ratio is calculated as follows: G/P=
nG/(nG+nP) with G = Gonyaulacoids, P = Peridi-
noids, and n = number of counted taxa.

e Distality index (IN/ON)

The IN/ON distality index considers internal
neritic platform assemblages (IN) (such as Lingu-
lodinium machaerophorum, Tectatodinium pelli-
tum, Operculodinium israelianum, and Tuberculo-
dinium vancampoae) and external neritic plat-
form assemblages (ON) defined by the sum of
Spiniferites spp., using following formula:
IN/ON= n IN/(nIN+nON).

e Temperature index (W/C ratio)

The ratio of thermophilic dinocyst assemblages
(W) to less thermophilic dinocyst assemblages
(C) is used to appreciate temperature variations
in surface waters. In this work, Spiniferites spp.,
Operculodinium israelianum, Selenopemphix ne-
phroides, Melitaspheridium coanophorum, Lingu-
lodinium machaerophorum, Polyspheridium zoha-

ryi, Tuberculodinium vancompoae, Tectatodinium
pellitum, Impagidinium patulum, Imp. aculeatum,
and the Peridiniaceae are considered as markers
of warm surface waters. In contrast (Operculodi-
nium centrocarpum, Impagidinium sphearicum,
Nematosphaeropsis lemniscata, Nem. labyrin-
thea, Bitectatodinium tepikiense) are cold surface
water indicators.

The W/C ratio represents the number of warm
indicator taxa divided by the number of cold indi-
cator taxa, using following formula: W/C =
(nW/(nW + nC)). with n = numbers of counted
taxa, W = species indicating warm sea surface
water temperature, and C = species indicating a
cold sea surface water temperature.

4. Results

4.1. Foraminiferal biostratigraphic and pa-
leoecological results from borehole KA 102

Biostratigraphic analysis considered herein is
based on the qualitative and quantitative study of
planktonic foraminiferal assemblages. Specific
identification is conducted by using specialized
references (SIERRO et al., 1987, 1993, 1997; WERN-
L1, 1988; IAccAarINO, 1989; BArRHOuUN, 1999, 2000;
IaccarRINO et al., 2007).

In order to establish a precise biostratigraphic
framework for the studied sediments, we adopted
high-resolution, astronomically calibrated bio-
stratigraphy, recently used within the Mediterra-
nean domain and enabling precise datations and
correlations (HILGEN et al., 1995, 2012; KRIJGSMAN
et al., 1994, 1995, 1999a; SIErRrO et al., 2001;
LOURENS et al., 2004; LIrRer et al., 2019). This bio-
chronology is very similar to the one developed
for the adjacent Atlantic domain by SiErrO (1985)
and SIERRO et al. (1993). The succession of the
main biostratigraphic events characterizing the
Late Miocene is illustrated in Figure 3.

The biostratigraphic analysis is based on the
qualitative study by specific determination of all
specimens and the quantitative one by the whole
counting of individuals of each species in a por-
tion containing about 300 specimens from the
150 pm fraction of each washing residues. The
taxonomic approach adopted in this work consid-
ers, in addition, the vertical distribution of the
marker species, the change in coiling of Globoro-
talia and Neogloboquadrina, the presence and ab-
sence of keeled and non-keeled Globorotalia.

4.1.1. Paleoecological results of the stud-
ied borehole

The micropaleontological study of the sedi-
ments cut-drilled by borehole KA 102 revealed a
remarkable richness in both species and individu-
als, especially in the upper part of the borehole.
26 species from 12 genera were identified.
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Figure 3:_Planktonic Foraminiferal events of the Late Miocene. FO = First Occurrence; FCO = First Common Occur-
rence; LO = Last Occurrence; LCO = Last Common Occurrence, PE = Paracme end.

Between depths 96 m and 604 m, 27 samples
were studied, only 17 provided a relatively rich
and diversified microfauna. The SHANNON diversity
index fluctuates between low diversity levels be-
low 2 (in 7 samples) and normal diversity levels
between 2 and 2.4 (in 8 samples) (Fig. 4). The
P/B+P ratio varies between 60 and 77%, except
for the 101 m depth, where the ratio is around
82%.

The planktonic foraminiferal assemblages are
characterized by a high diversity between 1.5 m
and 96 m depth and SHANNON diversity index
varying between 2 and 2.78. This diversity be-
comes low between 83 m and 91 m and at level
42 m. The planktonic/benthic ratio varies gener-
ally between 73% and 87% in the upper part of
the borehole, from 1.5 m to 96 m, except for the
samples located between 29 m and 37 m and in
the 50 m level where ratio values oscillate around
62% to 69%.
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Figure 4: Ecological parameters recorded in borehole KA-102.

4.1.2. Biostratigraphic results from bore-
hole KA 102

Microfaunal analysis reveals that, from 96 m
to 605 m, the planktonic foraminiferal assem-
blages are dominated by the following species:
Globoturborotalita decoraperta, Globot. nepen-
thes, Globigerinoides obliquus, Globorotalia scitu-
la, Globor. menardii, and Neogloboquadrina acos-
taensis. Whereas, in the 1.5 m to 96 m depth,
the most represented species of planktonic fo-
raminifera are: Globigerinoides bulloides, Globi-
gerina falconensis, Globoturborotalita decora-
perta, Globot. nepenthes, Globigerinoides obli-
quus, Globi. extremus, Globigerinella obesa, Glo-
bigerinita uvula, Gl. glutinata, Globorotalia scitu-
la, Globor. miotumida, and Neogloboquadrina
acostaensis. We also noticed the sporadic pres-
ence of Globorotalia menardii until 62 m. Some
reworked forms were observed in some samples.

The vertical distribution of planktonic forami-
niferal species is indicated in Figure 5. The plank-
tonic foraminiferal associations are mainly com-
posed of the following species: Globigerina bul-
loides OrBIGNY, 1826 (PIl. 1, fig. 1), Globi. prae-

bulloides BLow, 1959, Globi. falconensis BLow,
1959 (PI. 1, fig. 2), Globi. foliata BoLLl, 1957,
Globoturborotalita apertura (CusHMAN, 1918),
Globot. decoraperta (TAKAYANAGI & SAITO, 1962),
Globot. nepenthes (Tobp, 1957) (Pl. 1, fig. 3),
Globigerinoides bollii (BLow, 1959), Globi. bul-
loides CRESCENTI, 1966, Globi. extremus BoLLI &
BERMUDEZ, 1957, Globi. obliquus BoLLl, 1957,
Globi. quadrilobatus (ORBIGNY, 1946), Globigeri-
noides sacculifer (Brapy, 1877), Globi. trilobus
(Reuss, 1850), Globigerinita glutinata (EGGER,
1893), GI. uvula (EHRENBERG, 1861), Globigeri-
nella obesa (BoLLi, 1957), Globorotalia miotumida
JENKINS, 1960 (Pl. 1, fig. 9), Globor. menardii
(PARKER et al., 1865) (PI. 1, figs. 4-7), Globor.
scitula (Brabpy, 1882)(PI. 1, figs. 11-12), Neoglo-
boquadrina acostaensis (BLow, 1959) (PIl. 1, fig.
13), Neogloboquadrina humerosa (TAKAYANAGI &
SaIrTo, 1962), Dentoglobigerina altispira (CUSHMAN
& Jarvis, 1936) (Pl. 1, fig. 14), Orbulina universa
ORBIGNY, 1851, Sphaeroidinellopsis seminulina
(ScHwAGER, 1866) (PI. 1, fig. 15), and Turborota-
lita quinqueloba (NATLAND, 1938).
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Planktonic foraminiferal distribution recorded in borehole KA-102.

Figure 5

quantitative analysis of planktonic foraminiferal

The biostratigraphic division of the studied
samples is carried out downhole from top to

bottom, mainly based on the last regular pres-

especially the markers Globorotalia

menardii, Globor. miotumida, Globor. scitula,

species,

six bio-

stratigraphic events were identified in this bore-

and Neogloboquadrina acostaensis,
hole (Table 1).

ence of marker species. Such a method is ap-

plied by 'economic' micropalaeontologists en-
gaged in oil and gas exploration (GRANIER, 2013).
According to the stratigraphic distribution and
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Table 1: Succession of planktonic foraminiferal events in KA-102 borehole.

Planktonic foraminifer bioevents

Depth (m) Age (Ma)

References

1- influx of conical Globorotalia

Early miotumida group 66 m

Messinian  >_ | ast Common Occurrence of

Globorotalia menardii 5 2 i

3- replacement of Globorotalia

/M menardii 5 by Globorotalia miotumida 96 m
boundary
group
4- S/D coiling change of Globorotalia
. 101 m
scitula group
Upper 5- First Common Occurrence (FCO) of 195 m
Tortonian  Globorotalia menardii 5
6- Last Common Occurrence (LCO) of 235 m

Globorotalia menardii 4

The upper part of the borehole is character-
ized by the presence and occasionally the abun-
dance of Neogloboquadrina acostaensis group
with sinistral coiling. We have carefully looked at
non-keeled Globorotalia to find Globor. nicolae
species; however, no typical form of this species
has been found. Furthermore, the presence of the
Globor. miotumida group was noted from the top
of the borehole (1.5 m) and persisted until 93 m.
The quantitative analysis of the Globor. miotumi-
da group, including Globor. conomiozea (Pl. 1,
fig. 8), reveals an influx in this group (influx of
conical Globor. miotumida) at 66 m depth. This
bioevent (event 1) has been identified by SiERRO
et al. (2001) and Lourens et al. (2004) with an
average age comprised between 7.18 Ma and
7.20 Ma.

A further relevant criterion applied in our bio-
chronological framework concerns the evolution
of the percentage of the coiling direction in Glo-
bor. menardii. Thus, the latest common occur-
rence of Globor. menardii form 5 was recorded at
93 m depth in the studied borehole. LCO Globor.
menardii form 5 corresponds to "event 2", dated
to 7.23 Ma, and was identified by LOUReNs et al.
(2004), HiLGeN et al. (2000), and LIRErR et al.
(2019).

In our samples, the replacement of Globorota-
lia menardii 5 (dextral) by Globor. miotumida
group was reported at 96 m. This event (event
3), which was identified by Sierro (1985) and
SIERRO et al. (1993), has been proposed to locate
the Tortonian/Messinian boundary.

Concerning non-keeled Globorotalia, we con-
trolled the percentage evolution of sinistral and
dextral forms of the Globor. scitula group in all
studied samples. Hence the coiling changes from
sinister to dexter of Globorotalia group (S/D coil-
ing change of Globor. scitula group) are recorded
at 101 m. This bioevent (event 4), also known as
the top paracme of dextral Globor. scitula, was
previously reported by HILGEN et al. (2000a,

7.18 - 7.22 Ma

7.23 Ma

7.24 Ma

7.28 Ma

7.36 Ma

7.51 Ma

SIERRO et al., 2001; LOURENS et al.,
2004

LOURENS et al., 2004; HILGEN et al.,
2000a, 2000b; LIRER et al., 2019

SIERRO, 1985; SIERRO et al., 1993,
2001; LOURENS et al., 2004; HILGEN et
al., 2000a, 2000b; LIReR et al., 2019

SIERRO, 1985; SIERRO et al., 1993;
KRIIGSMAN et al., 1995; HILGEN et al.,
1995, 2000a, 2000b; LOURENS et al.,
2004; LrReR et al., 2019

SIERRO, 1985; SIERRO et al., 1993;
KRIJGSMAN et al., 1995;

HILGEN et al., 1995, 2000a, 2000b;
LOURENS et al., 2004; LIRER et al.,
2019

SIERRO, 1985; SIERRO et al., 1993;
HILGEN et al., 1995, 2000a, 2000b;
LOURENS et al., 2004; LIRER et al.,
2019

2000b), Lourens et al. (2004), and LIRer et al.
(2019). By chrono-correlation the age is estimat-
ed at around 7.28 Ma.

We diligently looked for the first occurrence of
dextral Globor. menardii (form 5), its positioning
in the borehole was done with much precaution.
In our studied samples, we noted that the first
common occurrence of Globor. menardii form 5 ("
dextral coiling ") occurred at about 195 m. The
FCO Globor. menardii form 5 (event 5) was been
recorded at 7.35 Ma in the Atlantic and Mediter-
ranean domains (Sierro, 1985; SierrO et al.,
1993; HILGEN et al., 1995, 2000a, 2000b; KRruGs-
MAN et al., 1995, 1999a, 1999b; LOURENS et al.,
2004; LIReR et al., 2019).

In the sediments at the bottom of the bore-
hole, the percentage trends reveal the presence
and the abundance of sinistral forms of Globor.
menardii (form 4) until their decrease and even-
tual disappearance. The LCO of Globor. menardii
4 (event 6), with a postulated age of 7.51 Ma,
was observed in the adjacent Atlantic (SIERRO,
1985; SIERRO et al., 1993; HIiLGeEN et al., 2000a,
2000b; LOuRens et al., 2004) and in the Mediter-
ranean basin (HILGEN et al., 1995; KRIGSMAN et
al., 1995, 1999a, 1999b; LOuRrens et al., 2004;
LIRER et al., 2019).

4.2. Datation of borehole KA 102

The main objective of this research is to refine
the chronostratigraphic framework of the studied
sedimentary series and, additionally, to contri-
bute to a more rigorous palaeoenvironmental and
palaeogeographic interpretation of the Moulay
Yakoub area (northern part of the Sais Basin)
during the Late Miocene.

The high-resolution biostratigraphy adopted in
this work allowed us to highlight the succession
of 6 biostratigraphic events (Table 1); further-
more, we could pinpoint the Tortonian/Messinian
boundary within the analyzed borehole, recognize
the Upper Tortonian and Messinian, and precisely
date the investigated strata.
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Figure 6: Detailed dinocyst diagram of borehole KA-102.



The succession of two biostratigraphical
events characterizes the top of the borehole from
1.5 m to 96 m: the influx conical Globor. miotu-
mida (7.18 Ma to 7.20 Ma) and LCO Globor. me-
nardii form 5 (7.23 Ma). We also noticed that the
Globorotalia miotumida group occurs from the top
of the borehole (at 1.5 m depth). These deposits
are attributed to the Lower Messinian, correlated
age estimated between 7.24 Ma and 6.52 Ma.

The Tortonian/Messinian boundary in the stud-
ied borehole from loose cuttings is estimated at
96 m. It corresponds to the replacement of the
Globor. menardii group (form 5) by the Globoro-
talia miotumida group. Recently this bioevent has
been used as a datum to localize this boundary in
the Rifian domain, Morocco (TuLBURE et al., 2017;
CAPELLA et al., 2018a, 2018b). Indeed, the Torto-
nian/Messinian boundary GSSP is positioned at
the bottom of reddish layer in cycle no.15 and
has an astronomical age of 7.24 Ma. It coincides
with the FCO of the Globor. miotumida group and
lies in the middle of Chron C3br.1r on the geo-
magnetic polarity time scale of HiLGEN et al.
(2000a, 2000b), this latter event is widely used
to identify the Tortonian/Messinian boundary in
the Mediterranean and adjacent North Atlantic
(HiLGeEN et al., 2000a, 2000b; Sierro et al., 2001;
LOURENS et al., 2004; LIRER et al., 2019).

Moreover, the sediments between 96 m and
602 m present the succession of three bioevents:
S/D coiling change of Globor. scitula group (7.28
Ma), FCO of Globor. menardii 5 (7.36 Ma), and
LCO of Globor. menardii 4 (7.51 Ma). This mate-
rial is attributed to the Upper Tortonian, with an
estimated age between 7.24 Ma and 7.8 Ma.

This datation improved the chronostratigraphic
framework of borehole KA 102, which was attrib-
uted to the Miocene in the unpublished ONHYM
report. It also allowed providing biostratigraphic
details on the Upper Miocene of the Moulay Ya-
koub region, where previous works mentioned
the presence of Tortonian, Lower and Upper Me-
ssinian (LAKHDAR et al., 2006; WERNLI], 1988).
Furthermore, these biostratigraphic results sup-
port recent work conducted in the Sais basin (Ca-
PELLA et al., 2018a, 2018b).

Although the sampling is not fine enough to
follow the details of variation in the sedimenta-
tion rate, we tried to calculate this rate by aver-
aging time intervals between two successive
events. During the Late Tortonian, the sedimenta-
tion rate is in the range of 266 m to 1,175 m/MA,
whereas in the Messinian it is about 300m/Ma.

4.3. Palynological results

Samples from borehole KA 102 contained a
phytoplankton rich in dinocysts and especially
Pollen of Pinaceae other pollen grains are present
to rare. Dinocyst assemblages are moderately di-
verse, 40 taxa are found in the sediments of this
borehole, the dinocyst diversity is in the range of
48 to 68% (Figs. 6-7) except for the 99m level
that shows low diversity (24%).

The dinocyst assemblage (Fig. 6) is dominated
by species of the genus Spiniferites (22.83 to
61.33%), Selenopemphix nephroides (0 to 20%)
Polysphaeridium zoharyi (1.44 to 13.69%), Oper-
culodinium israelianum (0 to 13.69%), Homotry-
blium spp. (2.67 to 13.64%), Lingulodinium ma-
chaerophorum (1.to 9.45%), and Hystrichokolpo-
ma rigaudiae (1 to 9.46%). Other taxa such as
Impagidinium, Nematosphaeropsis spp., Pyxidi-
nopsis, Tectatodinium pellitum, Tuberculodinium
vancampoae, do not exceed 4%. The frequency
of reworked taxa is important and varies between
8 and 33%, it is dominant at the 93 m and 99 m
levels (varying from 28.61% to 32.61 %).

Acritarchs are generally poorly represented (0-
8%). foraminiferal linings are present to rare in
most of the borehole samples, their percentage
increases at the 93 m level.

The D/S ratio values are low and fluctuated
between 0.12 and 0.36. The dominant pollens are
Pinaceae. Other pollen grains and spores are less
frequent. We note that in samples 39 m, 46 m,
93 m, and 99 m, pollen grains (except Pinaceae)
are rare and dinocysts are present.

The IN/ON distality index varies between 0.1
and 0.6. It is at the 74 m, 69 m, and 50 m levels
that proximal neritic dinocysts are noted in equal
or more quantity than distal neritic dinocysts.

The G/P curve shows high ratios in the order
of 0.9 and reflects the predominance of Gonyau-
lacoids in comparison to Peridinoids.

The temperature index of the borehole KA 102
varies between 0.92 and 1 and indicates the pre-
dominance of warm sea surface waters dinocyst
taxa. A minor cooling trend is observed at the
101 m level due to the increase of cold marker
taxa percentage (Operculodinium centrocarpum,
Impagidinium sp., Nematosphaeropsis spp.)

The synthetic diagram with Pinus + indetermi-
nable Pinaceae shows a high abundance of Pina-
ceae reaching a frequency of 90%. The percent-
age of other pollen grains varies between 10 and
18 % and at some levels, it is low (Fig. 7).

Interpretation: The dinocyst assemblages from
borehole KA 102 (Fig. 6) from the Tortonian-Mes-
sinian transition to the Early Messinian are cha-
racterized by the diversity of neritic taxa such as
Lingulodinium machaerophorum, Tectatodinium
pellitum, Polysphaeridium zoharyi, Operculodi-
nium israelianum, Tuberculodinium vancampoae,
Homotryblium spp., Spiniferites spp. (Percentage
of this genus varies between 22.83% and
61.33%). The abundance of neritic taxa and the
rarity of oceanic taxa document a neritic environ-
ment.
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boundary in borehole KA-102.
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The D/S curve shows low ratios ranging from
0.12 to 0.36, reflecting the terrestrial palyno-
morph concentrations (especially Pinaceae) are
higher than that of dinocyst ones and that the sedi-
mentation environment was epicontinental from
the Tortonian-Messinian transition to the Early
Messinian.

The high G/P ratios reveal that Peridiniacae are
in a low proportion and support the existence of an
open marine environment.

The dominance of distal neritic taxa in the
borehole KA 102 and the rarity of oceanic taxa
implies the existence of a distal neritic environ-
ment. This is justified by a low IN/ON distality
indexin most samples, except at levels 50m, 69 m,
and 74 m where proximal taxa are equal to or
slightly dominant over distal ones. This implies
that in the Early Messinian all sediments were de-
posited in an outer platform environment with
trends towards an inner platform environment.

In the synthetic diagram with Pinus + indeter-
minate Pinaceae of borehole KA 102, Pinaceae
(which generally increase in distal areas) are very
abundant while halophytes are poorly repre-
sented. The Pinaceae pollen richness in these
sediments indicates a distal depositional environ-
ment.

The temperature index is high; this shows the
predominance of warm sea surface taxa and con-
sequently warm surface water conditions.

To conclude, all of the KA 102 indices cited
above show a similarity pointing to the existence
of an outer platform neritic environment with
trends to inner platform and warm surface waters
in the Early Messinian.

5. Discussion

The main purpose of this work is to recon-
struct paleoenvironmental evolution tendencies in
the Moulay Yakoub region from the Late Torto-
nian to the Early Messinian. This reconstruction is
based mainly on the analysis of planktonic fo-
raminiferal associations, dinocyst assemblages,
and the comparison of these data to previous
works conducted in Sais basin. The paleoenviron-
ment evolution will be presented from the Late
Tortonian to Early Messinian (Fig. 7).

LATE TORTONIAN

Sediments between 96 m and 602 m are as-
signed to the upper Tortonian with estimated
ages between 7.8 Ma and 7.24 Ma. These de-
posits are characterized by the succession of
three bioevents: S/D coiling change of Globorota-
lia scitula group (7.28 Ma), FCO Globor. menardii
5 (7.35 Ma) and LCO Globor. menardii 4 (7.51
Ma). The calculated sedimentation rate is 267 to
1,175 m /Ma (the highest rate is between 7.36
Ma and 7.28 Ma). From 96 m to 602 m P/B+P ra-
tio varies between 60 and 77% (except for the
101 m level where the ratio reaches 82%), show-
ing the dominance of planktonic foraminifers in
comparison to benthic foraminifers. The diversity

index is normal to low at some levels. In the
sample 101 m, Globigerina bulloides and Neoglo-
boquadrina are dominant, with rare Globigerinoi-
des. This group of species is characteristic of cold
waters (Bg, 1977; HeMLEBEN et al., 1989; PuioL &
GRrRAZzzINI, 1995).

These two parameters indicate a relatively
deep open marine to oceanic environment. Lower
diversity levels, presence of reworked forms, and
variation in sedimentation rate along the bore-
hole are probably due to tectonic activities. The
study of the Moulay Yakoub outcrop by WERNLI
(SCP/ERICO report, 1991) and revised by CAPELLA
et al. (2018a, 2018b) suggests a depth of 300-
500 m indicating a suprabathyal environment
(CAPELLA et al., 2018a, 2018b).

The same environmental conditions (~150-
400 m depth) are observed at Douyet, central
Sais basin, and Jenanat, southern edge of Sais
basin (DAviA, 2002).

It can be concluded that in the Late Tortonian,
marine conditions were open with estimates of
300-500 m in depth.

Samples processed between 114 m and 682 m
attributed to the Upper Tortonian did not yield
palynomorphs, the organic matter is poorly pre-
served and therefore was not considered in this
study.

Previous work on Moulay Yakoub outcrop,
Douyet (northern margin of the Sais Basin in the
vicinity of borehole KA 102), and Ain Lorma bore-
holes (western part of the Sais basin), show nor-
mal foraminiferal species diversity and high
P/B+P ratios similar to those of KA 102. However,
in this latter there are some levels with low diver-
sity. Sedimentation rate between 7.28 Ma and
7.35 of the same sections (Douyet 4,000 m/Ma,
BARHOUN & BACHIRI TAOUFIQ, 2008) or ~3,700 m/Ma
(DAYIA et al., 2005) Ain Lorma 2,014 m/Ma (TARr-
GHI et al., 2021) is variable. These high sedimen-
tation rates in these different sections could
reflect high sediment inputs due to tectonic uplift
in the Late Tortonian (CaPeLLA et al., 2018a,
2018b). However, on the southeastern margin of
the Sais Basin, sedimentation conditions are very
different in the Jenanat section, with quite low
rates (300 to 700 m/Ma) compared to other
sections. This area was protected from
sedimentary inputs (DAYJA et al., 2005). Between
7.28 and 7.35 Ma and throughout the Sais basin,
the sedimentation rate is variable in relation to
the position of the studied area which is exposed
or quite protected from sediment inputs
according to the basin topography.

THE TORTONIAN-MESSINIAN TRANSITION

The Tortonian/Messinian boundary is posi-
tioned at level 96 m. It corresponds to the re-
placement of Globorotalia menardii 5 by Globor.
miotumida group and a correlated age of 7.24
Ma. This limit is characterized by the regression
of the diversity index and the P/B+P ratio reaches
70% reflecting an open and relatively deep ma-
rine environment. The D/S ratio is low, indicating
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an epicontinental setting. At level 99 m, dinocyst
diversity decreases. The high G/P ratio indicates
the opening of the deposit environment.

From 93 m to 101 m IN/ON distality index
oscillates between 0.4 and 0.1 and shows that
distal dinocysts are superior or approximately
equal to proximal ones. The abundance of Pina-
ceae and the rarity of halophytes confirm that the
depositional environment of borehole KA 102 is
distal. Concerning the temperature index, the
W/C ratio curve shows values higher than 0.9,
which means that surface water was warm (Fig.
7). We noticed at level 101 m a slight cooling de-
tected by increase of cold indicator.

Comparison with data from Douyet (BARHOUN &
BACHIRI TAOUFIQ, 2008) and Ain Lorma (TARGHI et
al., 2021) shows that in KA 102 site the environ-
ment is maintained more or less distal and rela-
tively deep, while the tendencies at Douyet and
Ain Lorma are proximal at the Tortono-Messinian
transition. Species diversity decreased at all three
sites, while the reworked forms increase at the
levels 93 m and 99 m of borehole KA 102 im-
plying increased tectonic activity. This tectonic
stress mentioned in previous work (CAPELLA et al.,
2017b, 2018a, 2018b, 2019a, 2019b), that began
at the end of the Late Tortonian and continued at
the T/M boundary.

EARLY MESSINIAN

A succession of 2 biostratigraphic events: the
influx conical Globorotalia miotumida (7.18 Ma to
7.20 Ma), and LCO Globorotalia menardii form 5
(7.23 Ma), characterizes the upper part of the
borehole from 1.5 m to 96 m. The estimated age
for these deposit ranges between 6.52 Ma and
7.24 Ma and they are attributed to the Early Mes-
sinian. The sedimentation rate is around 300 m/Ma
and significantly lower than the Late Tortonian.
The higher planktono-benthic ratio and high to
medium diversity indicate that the Early Messi-
nian environment was relatively deep and open.
This is in agreement with the palynological data,
which also points towards a distal neritic environ-
ment with proximal tendencies. So, the D/S ratio
is always low where terrestrial inputs (which are
dominated by bisaccate pollen grains that are
presumably transported by the wind) dominate
dinocyst. Gonyaulacoid dinocysts are the most
represented and underlines the open nature of
the environment. All the levels show the abun-
dance of neritic dinocyst whereas the oceanic
ones are not very frequent, announcing conse-
quently that this is a platform. Distal neritic dino-
cysts dominates the proximal ones in most sam-
ples and suggests an external platform with some
inclinations towards an internal platform. Com-
parison with data from the Moulay Yakoub section
shows that this was at a ranging of 50 to 100 m
in the Early Messinian and thus reflecting a shal-
lowing upward into a middle shelf environment or
an intermediate environment straddling the outer
and inner platform (CaAPELLA et al., 2018). Where-
as in borehole KA 102 the environment corre-

sponded on a whole to an outer platform. Douyet
borehole indicates a relatively deep epibathyal
depositional environment (200 to 400 m) (Bouas
1992; BARHOUN, 2000; DAYiA, 2002; BARHOUN & BA-
CHIRI TAOUFIQ, 2008) and less distal than that of
KA 102 where continental inputs transported by
rivers are much less important (in KA 102 pollen
grains represented mainly by Pinaceae moved
usually by the wind) than in Douyet (BARHOUN &
BACHIRI TAouFlQ, 2008), IJbel Kaitone (BACHIRI
TAOUFIQ et al., 2000), and Ain Lorma (TARGHI et
al., 2021). This may suggest that the environ-
ment of KA 102 is deeper and more distal than
other sections in the vicinity (Douyet, Moulay
Yakoub section) and south of the Sais basin (Ain
Lorma borehole, Jbel Kaitone section) which are
characterized by abundant fluvial inputs.

The impact of the restriction of the South
Rifian Corridor in the Moulay Yakoub region was
recorded mainly around the Tortonian/Messinian
boundary, whereas during the Lower Messinian
the microfauna suggests a deep and relatively
protected environment from environmental dis-
turbances. This study site could represent the
deepest area of the Sais basin. Marine sedimen-
tation prevailed at the top of the borehole and
the continental marine transition, represented by
the transition from carbonate-rich lagoonal to la-
custrine sediments, observed in other areas, is
not present in borehole KA 102.

6. Conclusion

This study emphasizes the importance to inte-
grate previous work (sedimentological, biostrati-
graphical, structural, ..) to the current study
(based on planktonic foraminifera and dinocysts)
in order to understand the evolution of foreland
basins and their gateway.

A qualitative and quantitative study of the
planktonic foraminiferal associations in the sedi-
ments of the borehole KA 102 evidenced a note-
worthy richness in species and individuals, par-
ticularly in the upper part of the borehole (26
species belonging to 12 genera were identified).

The high-resolution biostratigraphy processed
in this work allowed us to distinguish the succes-
sion of six biostratigraphic events. Therefore, we
could locate precisely the Tortonian/Messinian
boundary in the studied borehole, recognize the
Late Tortonian and the Messinian and also accu-
rately date the studied sediments. These data im-
proved the chronostratigraphic framework of
borehole KA 102, formerly assigned to the Mio-
cene in the ONHYM internal report. It also pro-
vided biostratigraphic details on the Upper Mio-
cene of the Moulay Yakoub area, where previous
works mentioned the presence of Tortonian,
Lower, and Upper Messinian (WERNLI, 1988;
LAKHDAR et al., 2006). On the other hand, these
biostratigraphic results validate recent work in
the Sais Basin (CAPELLA et al., 2018a, 2018b).

The palynological study of the samples from
borehole KA 102 highlights the presence of a
phytoplankton rich in dinocysts and a microflora
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especially rich in Pinaceae, the other pollen grains
being poorly represented.

The Late Tortonian environment of the Moulay
Yakoub area is characterized by a normal diversi-
ty of planktonic foraminifera reflecting a relatively
deep marine depositional environment, with a va-
riable sedimentation rate as high as in other sec-
tions located in the Sais basin (e.g., Douyet).
Depositional conditions were much more per-
turbed because of the location near the pre-Rifian
ridges during the structuring phase.

Overall distality and temperature indexes from
borehole KA 102 demonstrated the existence of
an outer shelf neritic environment and warm sur-
face waters at the TMT (Tortonian-Messinian
Transition). Just below this boundary, a slight
cooling is detected in the surface waters. In the
Early Messinian, the environment is consistently
distal with warm sea surface conditions, trending
toward an inner platform.

One of the most important characteristics of
the studied sediments in the upper part of bore-
hole KA 102 (TMT and Early Messinian), is the re-
markable richness of planktonic foraminifera, di-
nocysts, and the presence of other pollen grains
except Pinaceae (highly represented).

The sedimentation rate and reworking remain
high, indicating important tectonic activity. The
depositional environment was probably more
distal and deeper in comparison with the sections
of the Moulay Yakoub, Douyet, Ain Lorma, and
Jbel Kaitone areas.
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Plate

Plate 1: 1: Globigerina bulloides (KA-102/49m); 2: Globigerina falconensis (KA-102/20m); 3: Globoturborotalita
nepenthes (KA-102/91m); 4-5: Globorotalia menardii with sinistral coiling (KA-102/476m); 6-7: Globorotalia
menardii with dextral coiling (KA-102/195m); 8: Globorotalia conomiozea (KA-102/66m); 9: Globorotalia miotumida
(KA-102/66m); 10: Globorotalia suterae (KA-102/329m); 11: Globorotalia scitula with sinistral coiling (KA-102/
329m); 12: Globorotalia scitula with dextral coiling (KA-102/185m); 13: Neogloboquadrina acostaensis (KA-102/
70m); 14: Globoquadrina altispira (KA-102/35m); 15: Sphaeroidinellopsis seminulina (KA-102/203m).
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