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A B S T R A C T   

As a part of our palynological investigations of the Upper Cretaceous deposits from the Rif Chain, the present 
study of the dinoflagellate cyst assemblage distribution and palynofacies was carried out in the Bou Lila section, 
located northeast of the city of Ksar El-Kébir (External Rif, northwestern Morocco). The study focused on the age 
refinement and interpretation of paleoenvironmental conditions within the basin during the sediment deposition. 
The analyzed samples are rich in palynomorphs, formed essentially of diverse and well-preserved dinoflagellate 
cysts, which are associated with phytoclasts and rare microforaminiferal test linings, spores, pollen grains and 
algae. 

The Bou Lila section is assigned to the late Campanian, based on dinoflagellate cyst taxa, whose first 
appearance datums (FADs) or last appearance datums (LADs) are markers of the late Campanian. These taxa 
include Areoligera coronata, Areoligera senonensis, Cerodiniuum diebelii, Chatangiella? robusta, Cribroperidinium 
wilsonii subsp. wilsonii, Impagidinium rigidaseptatum, Odontochtina operculata, Odontochitina costata, Palynodinium 
grallator, Raetiaedinium belgicum, Rigaudella appenninica, Trichodinium castanea subsp. castanea, Trigonopyxidia 
ginella, Trithyrodinium evittii, Trithyrodinum suspectum, Xenascus ceratioides and Xenascus wetzelii. The high di-
versity of the dinoflagellate cyst taxa made it possible to correlate the Bou Lila section with biostratigraphically 
well-calibrated upper Campanian sequences from several Tethyan and also Boreal sites, including the type 
Campanian area and the GSSP for the base of the Maastrichtian in southwestern France and the type Maas-
trichtian area in Limburg. 

The fluctuations in the relative abundances of the selected dinoflagellate cyst groups and other quantitative 
palynological parameters allow a recognition of three paleoecological zones. They indicate a gradual passage 
from an inner neritic setting, with high productivity conditions in the most basal part of the section, to a stable 
outer neritic setting in the upper part of the section. 

The palynofacies analyses are in general agreement with the dinoflagellate cyst results, indicating a passage 
from a proximal depositional environment in the lowermost part of the section to a distal depositional envi-
ronment in the uppermost part of the section. The dinoflagellate cyst assemblage indicates a subtropical to 
temperate setting, with the presence of the northern high-latitude cold-water species Palynodinium grallator, 
suggesting a short cooling episode or also conditions of water stratification during the late Campanian.   
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1. Introduction 

This study of the distribution of dinoflagellate cysts and palynofacies 
is carried out using the marly succession, assigned previously to the 
Upper Cretaceous in the geological map of the Rif Chain (1:500,000) by 
Suter (1980a, 1980b). Paleogeographically, the Late Cretaceous is 
known by worldwide marine provinces, characterized by typical cli-
mates and biota. Connections between these marine provinces were 
marked by migrating organisms, controlled by oceanic thermohaline 
circulations and climatic changes (Luyendyk et al., 1972; Barrón, 1987; 
Michaud, 1987; Hay, 2009). The latest Cretaceous greenhouse time, 
notably the Campanian and the Maastrichtian, was characterized by a 
progressive global cooling with superimposed cool/warm fluctuations 
(e.g.,Thibault et al., 2015). 

Although dinoflagellates are planktonic organisms, characterized by 
a wide geographic distribution, certain taxa reflect a provincialism. 
Three paleobiogeographic provinces were defined by Lentin and Wil-
liams (1980), based on the latitudinal distribution of Campanian 
organic-walled dinoflagellate cysts: a tropical to subtropical province, a 
temperate province and a boreal province. The southward migration of 
dinoflagellates (e.g., Palynodinium grallator) caused by cooling events 
(Brinkhuis et al., 1998; Slimani et al., 2010; Chakir et al., 2020; Jbari 
et al., 2020) and northward migration (e.g.,Trithyrodinium evittii) caused 
by warming events (Smit and Brinkhuis, 1996; Nøhr-Hansen and Dam, 
1997) during the Campanian–Danian interval, were reported mainly in 
the Northern Hemisphere. Calcareous nannofossils and foraminifera 
reflect also fluctuations in sea-surface temperatures during this interval 
in the boreal sea and tropical South Atlantic and Pacific oceans, showing 
notably a warming during the late Campanian and cooling across the 
Campanian–Maastrichtian boundary (Thibault and Gardin, 2010; Thi-
bault et al., 2015, 2016). 

Dinoflagellate cysts are widely distributed from inner neritic to 

oceanic settings. Therefore, they have proven to be very useful for 
biostratigraphic and paleoenvironmental interpretations and effective in 
our previous palynological studies of the Rif Chain (Slimani et al., 2008, 
2010, 2012, 2016, 2019; Slimani and Toufiq, 2013; Guédé et al., 2014; 
Guédé, 2016; Chekar et al., 2016, 2018; Mahboub et al., 2019; Jbari 
et al., 2020; Mahboub and Slimani, 2020). The palynofacies analysis 
constitutes another tool, which is relevant for paleoenvironmental re-
constructions (e.g., Tyson, 1995). 

The first studies of Campanian dinoflagellate cyst assemblages, un-
dertaken in the Rif Chain, include studies of Guédé (2016) and Slimani 
et al. (2016) in the Sekada section (~40 km northeast of the study area) 
and also Jbari et al. (2020) in the Tattofte section (~6 km south of the 
study area). They aimed to provide paleobiogeographic interpretations 
and age control and refinement of deposits, assigned previously to the 
Upper Cretaceous in the geological map of the Rif Chain (1:500,000) by 
Suter (1980a) (Fig. 2B). 

The Bou Lila outcrop consists of a marly succession, which was also 
assigned previously to the Upper Cretaceous by Suter (1980a). The goals 
of this paper are:  

1) to refine the geological age of the sampled marly succession and 
correlate it with other Tethyan and Boreal sequences;  

2) to present new paleoenvironmental data and interpretations and 
compare the paleoenvironments suspected from fluctuations in the 
relative abundances of selected ecological groups of dinoflagellate 
cysts with those revealed by palynofacies analyses;  

3) and to place the study area in a paleobiogeographic setting; 

2. Regional setting 

The Bou Lila section is located geographically in the Ksar El-Kébir 
region, northwestern Morocco (Fig. 1), and geologically in the 

Fig. 1. Location map of the Bou Lila section, region of Ksar El-Kébir, northwestern Morocco.  
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southwestern border of the western External Rif Chain and northeastern 
border of the Gharb Plain (Fig. 2A). The Rif Chain constitutes the 
westernmost part of the Alpine Belt and an important part of the betico- 
rifo-tellian chains, which are the result of the rapprochement and a 
collision between the African and European plates during the progres-
sive opening of the Atlantic Ocean from the Jurassic to the Present 

(Patriat et al., 1982; Michard et al., 2002). The Rif Chain is subdivided 
into three main structural domains with Mesozoic and Cenozoic deposits 
(Fig. 2A), exposed from the north to the south: the Internal Rif or 
Alboran Domain, the Maghrebian Flysch Nappes and the External Rif 
(Suter, 1980a, 1980b; Chalouan et al., 2001). From the north to the 
south, the External Rif is structured into three zones, namely: the 

Fig. 2. Simplified structural map of the Rif Chain (A), modified after Michard et al. (2008), and geological setting of the Bou Lila section, region of Ksar El-Kébir, 
western External Rif, northwestern Morocco (B), adapted from the geological map of Rif at 1:500,000 (Suter, 1980a). 
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Intrarif, the Mesorif and the Prerif (Leblanc, 1975–1979; Suter, 1980a, 
1980b). 

The Bou Lila sequence is considered as a part of the Habt Unit (Suter, 
1980a, 1980b; Chalouan et al., 2001). It is located in the Koudiat Bou 
Lila (35◦ 5’7.50"N, 5◦48’40.92"W), approximately 14 km northeast of 
the city of Ksar El-Kébir and 2 km northeast of the village of Ennaye-
miyene (Fig. 1). It is exposed about 300 m from the right bank of the 
Ouarour River. From a lithological point of view, the section consists of 
an approximately 14-m thickness of marls, which alternate with marly 
limestone beds of decimetric thickness. From the base to the top, the 
section is composed of 3.8-m thickness of yellowish marls, followed by a 
1 m transitional interval of alternating decimetric yellowish and grey 
marly layers, which is overlain by 5.7 m thick of grey marls (Figs. 3, 6). 
From the base to the top of the section, fifteen rock samples were 
collected, including 5 samples (KBL1–KBL5) every 100 cm in the 
Yellowish marls, 7 samples (KBL6–KBL12) every 10–25 cm in the 
yellowish-grey marly transition, and 3 samples (KBL13–KBL15) every 
1–2.5 m in the grey marls (Fig. 6). 

3. Methods 

3.1. Sample preparation 

The fifteen samples were processed following standard palynological 
preparation techniques. The processing involved an initial treatment of 
40 g of sediment with cold hydrochloric acid (HCl, 20%), followed by 
two successive treatments for 96 h in cold hydrofluoric acid (HF, 40%) 
in order to dissolve carbonates and silicates, respectively. Samples were 
neutralized with distilled water between the acid treatments. The 

remaining material was treated in hot HC1 (20%) for 20 min in order to 
remove silicofluorides produced during the hydrofluoric acid treatment. 
The organic residues were sieved on a nylon screen with a mesh size of 
15 μm and mounted in glycerine jelly on two microscope slides. 

The palynological slides were studied, using a transmitted light mi-
croscope (Olympus BX53), equipped with a digital camera Olympus C- 
400 Zoom. All the slides are kept in the botanical collection of the Na-
tional Herbarium of Rabat (RAB), Scientific Institute, University 
Mohammed V, Rabat (Morocco). The England Finder (EF) coordinates of 
the figured specimens are given in the captions of the Plates 1–4. The 
nomenclature of dinoflagellate cyst taxa and references to their authors 
are based on the Lentin and Williams Index (Williams et al., 2017). 

Carbonate analyses were performed according to standard AFNOR 
(1996), which uses the acid attack and the CO2 measurement method. 

3.2. Approaches of study 

Biostratigraphic and paleoenvironmental interpretations are mainly 
based on dinoflagellate cyst analyses. Palynofacies are used as addi-
tional tool for paleoenvironmental reconstructions. 

The age determinations are here based mainly on the first appear-
ance datums and last appearance datums of dinoflagellate cyst taxa, 
previously considered as biostratigraphic markers. For paleoenvir-
onmental reconstructions, we used the following quantitative parame-
ters (cf. Versteegh, 1994; Guasti, 2005):  

1) the relative abundance (%) of dinoflagellate cyst groups that are 
often considered as paleoenvironmental indicators; 

Fig. 3. Photographs of the Bou Lila outcrop, region of Ksar El-Kébir, western External Rif, northwestern Morocco. A, B part of the channel, in which the samples were 
collected; C. transition yellowish-grey marls; D. grey marls. 
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2) the peridinioid/gonyaulacoid dinoflagellate cyst ratios (P/G) [(P/ 
G)=nP/(nP+nG)];  

3) the sporomorph (spores and pollen grains)/dinoflagellate cyst 
(dinoflagellate cysts and marine acritarchs) ratios (S/D) [S/D=nS/ 
(nD+nS)];  

4) and the inner neritic dinoflagellate cyst/outer neritic to oceanic 
dinoflagellate cyst ratios (IN/ON) [IN/ON=nIN/(nIN+nON)] 
(Table 3, Fig. 6). 

The relative abundances (%) of each group of dinoflagellate cysts are 
calculated in relation to the total of 400 specimens of dinoflagellate cysts 
per sample. They provide information on the environmental conditions, 
including oceanic environment, inner or outer neritic and lagoonal 
environment, as well as information on energy, bathymetry, salinity, 
temperature, nutrient supply, transgressive or regressive regime and 
oceanic circulation (Table 2). The S/D ratios provide information on the 
continental influence and changes in sea level (Versteegh, 1994; Pross, 
2001; Guasti, 2005), thus an eventual presence of palynomorphs of 
continental origin in a marine environment would be due to a conti-
nental influence favored especially by river transport. The P/G ratios 
reveal changes in primary productivity in the geologic past, a 
peridinioid-dominated assemblage indicating nutrient-rich and low- 
salinity conditions (Versteegh, 1994; Guasti, 2005; Carvalho et al., 
2016; Vieira and Jolley, 2020). The IN/ON ratios provide information 
on distance from land. 

Other information regarding depths and energy conditions of the 
basin was obtained based on the carbonate analyses and lithology. 

The palynofacies analysis is based on counting at least 500 paly-
nodebris in each sample in order to obtain paleoenvironmental infor-
mation, following Tyson (1995), Mendonça Filho et al. (2011) and 
McArthur et al. (2017). Three groups of the kerogen constituents were 
suggested in this study: (1) palynomorphs (spores, pollen grains, dino-
flagellate cysts and algae), (2) phytoclasts (opaque and translucent 
organic particles derived from terrestrial plants) and (3) amorphous 
organic matter (AOM) which includes structureless organic components 
derived from phytoplankton or degraded higher plant debris. The 
palynofacies of the samples also includes small amounts of micro-
foraminiferal test linings. The paleoenvironmental interpretations, 
revealed by the palynofacies composition, were compared with those 
inferred based on the relative abundance of the selected dinoflagellate 
cyst groups and the other parameters (P/G, S/D and IN/ON ratios). 

4. Previous studies on Campanian dinoflagellate cyst 
assemblages 

Campanian dinoflagellate cyst assemblages were thoroughly studied 
in many regions of the Northern Hemisphere, especially in the 

Campanian–Maastrichtian boundary sections. 
The Campanian dinoflagellate cysts in Europe were first studied by 

Wilson (1971), who presented preliminary results of dinoflagellate 
distributions. He attempted to make biostratigraphic correlations be-
tween the Campanian deposits from the type Campanian area at Char-
ente (southwestern France), the type Maastrichtian area of Limburg 
(Belgium and the Netherlands), southern Sweden and Denmark. Sub-
sequently, Wilson (1974) proposed, in his unpublished PhD Thesis, three 
dinoflagellate cyst zones (Ia, Ib, II) for the upper Campanian chalk in the 
Maastricht area and Denmark, and Schumacker-Lamry (1977) suggested 
two dinoflagellate cyst zones Ia and Ib for the lower Campanian and 
upper Campanian chalks in the northeast of Belgium. Meanwhile, 
Foucher (1976, 1979) summarized the stratigraphic distribution of 
dinoflagellate cysts in the Campanian in the Paris Basin and northern 
Europe. Neumann et al. (1983), Masure (1985), Foucher (1983, 1985) 
restudied Campanian dinoflagellate cyst assemblages from the Campa-
nian type area at Charente and the “Autoroute A10” in the Aquitaine 
Basin, and from the Maastrichtian type area, respectively. A new Cam-
panian to Maastrichtian dinoflagellate cyst zonation was proposed by 
Kirsch (1991) in southern Germany. Slimani (1994, 1995, 1996, 2000, 
2001a, 2001b, 2003) formally described more than 60 new species and 6 
new genera of dinoflagellate cysts in the Campanian to Danian chalk in 
the Maastricht area and northern Belgium, proposed a new dinoflagel-
late cyst zonation and made biostratigraphical correlations with other 
elaborated scales in Western Europe. He proposed four new dinofla-
gellate cyst zones for the late Campanian: the Exochosphaeridium? 
masureae, Hystrichokolpoma gamospina, Areoligera coronata and Samlan-
dia mayi zones, calibrated with the Belemnitella mucronata–Belelemnitella 
langei zones of the conventional belemnite zonation and with the 
Belemnitella woodi–Belemnitella minor zones of NW Europe belemnite 
zonation. From these dinoflagellate cyst studies by Slimani, apparent 
contradictions in the dinoflagellate scale were resolved in several re-
gions in the world. These studies, together with the revision of belem-
nites by Keutgen and Van der Tuuk (1990) and nannoplankton by 
Verbeek (1983), allowed the assignment of the Beutenaken Member to 
the upper Campanian, instead of lower Maastrichtian in its type locality. 
These changes lead to the removal of the inconsistencies between the 
stratotype of Beutenaken and other regions in the world (Slimani, 
2001a). Therefore, several dinoflagellate cyst events, dated as early 
Maastrichtian in previous studies (e.g., last appearance datums of 
Odontochitina operculata and Xenascus ceratioides, first appearance 
datum of Samlandia mayi), have been moved from the early Maas-
trichtian to the latest Campanian. Slimani’s dinoflagellate cyst zones 
proposed for the late Campanian, have been recognized in other regions 
in northern Europe and northern high latitudes, including Belgium 
(Slimani et al., 2011; Slimani and Louwye, 2011, 2013), Denmark 
(Surlyk et al., 2013), Poland (Niechwedowicz, 2019), and Central 

Plate 1. Campanian dinoflagellate cysts from the Bou Lila outcrop, western External Rif, northwestern Morocco. Scale bars represents 40 μm. 
1. Surculosphaeridium longifurcatum; sample KBL6, slide 2, EF J38; focus on processes. 
2. Florentinia aculeata; sample KBL13, slide 1, EF R23; focus on the archeopyle (combination of the precingular 3” and apical plates). 
3. Dipyhes colligerum; sample KBL13, slide 2, EF K46/2; focus on the antapical horn and processes. 
4. Tanyosphaeridium xanthiopyxides; sample KBL 6, slide 2, EF J49/1; focus on the wall surface and processes. 
5, 6. Raetiaedinium belgicum; sample KBL5, slide 2, EF X34; successive foci, showing the precingular archeopyle type 2P, the apical bulge and processes. 
7. Rottnestia wetzelii subsp. brevispinosa; sample KBL4, slide 2, EF P54; focus on the two pericoels. 
8. Florentinia ferox; sample KBL15, slide 1, EF; B40/3. 
9. Hystrichodinium pulchrum; sample KBL13, slide 1, EF G21/2. 
10. Coronifera oceanica; sample KBL7, slide 2, EF U35/2. 
11. Pterodinium cretaceum; sample KBL15, slide 1, EF P43/3. 
12. Impagidinium cristatum; sample KBL14, slide 1, EF J46/1; focus on sutural septa. 
13. Impagidinium sp. of Slimani et al. (2016); sample KBL6, slide 2, EF R42/2; focus on sutural septa. 
14. Unipontidinium grande; sample KBL14, slide 1, EF X46; focus on the distal sutural trabeculae. 
15, 16. Nematosphaeropsis sp. cf. lativittata; sample KBL7, slide 2, EF F56/2; 15, focus on the precingular archeopyle type P (3”), 16. ventral surface with focus on the 
penitabular trabeculae. 
17–19. Impagidinium rigidaseptatum; sample KBL14, slide 1, EF M35/3; successive foci showing the distal margins of septa (17), precingular archeopyle type P(3”) and 
ventral surface. 
20. Cannosphaeropsis utinensis; sample KBL7, slide 2, EF K32/4. 
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Plate 2. Campanian dinoflagellate cysts from the Bou Lila outcrop, western External Rif, northwestern Morocco. Scale bars represents 40 μm. 
1. Batiacasphaera solida; sample KBL14, slide 1, EF O27. 
2, 3. Valensiella foucheri; sample KBL11, slide 2, EF H36/2. 
4. Canninginopsis bretonica; sample KBL15, slide 1, EF X39; dorsal surface. 
5, 6. Cyclonephelium filoreticulatum?; sample KBL11, slide 2, EF C47/3. 
7. Areoligera coronata; sample KBL5, slide 2, EF V27/2; dorsal surface. 
8. Areoligera senonensis; sample KBL13, slide 2, EF H45; dorsal surface. 
9. Circulodinium distinctum subsp. distinctum; sample KBL7, slide 2, EF S60; 
10. Heterosphaeridium heteracanthum subsp. heteracanthum; sample KBL14, slide 1, EF R43/3; focus on the apical archeopyle and processes. 
11. Turnhosphaera hypoflata; sample KBL4, slide 2, EF L56/2. 
12. Senoniasphaera rotundata; sample KBL8, slide 2, EF W39/1; dorsal surface. 
13, 14. Senoniasphaera reticulata in Wilson (1974); sample KBL13, slide 1, EF S44/4; dorsal surface (13), ventral surface (14). 
15. Cassiculosphaeridia? intermedia; sample KBL10, slide 2, EF Q24/2; focus on the wall structure and archeopyle. 
16. Palynodinium grallator; sample KBL13, slide 1, EF C28/1; dorsal surface. 
17. Glaphyrocysta wilsonii; sample KBL6, slide 2, EF J31/3; dorsal surface. 
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Crimea (Guzhikov et al., 2020). The Campanian dinoflagellate cyst as-
semblages, recorded in the Maastricht region and northern Belgium, 
including most of the new dinoflagellate cyst taxa described by Slimani 
(1994, 1996, 2001b, 2003), were later encountered in the Global Sta-
totype Section and Point GSSP for the base of the Maastrichtian (Tercis 
les Bains, Landes, SW France) (Antonescu et al., 2001a, 2001b; Schiøler 
and Wilson, 2001). They helped to separate the Campanian strata from 
of those assigned to the Maastrichtian age during a multidisciplinary 
study carried out in this French region and to make biostratigraphic 
correlations with several boreal and Tethyan Campanian successions. 
Among these dinoflagellate cysts, the following species (with Wilson’s 
(1974) unpublished synonyms in brackets) are considered to be relevant 
by their first or last appearance datums for the determination of the 
Campanian in the Bou Lila section (this paper): 

Species with relevant first appearance datums are: Areoligera coro-
nata, Areoligera senonensis, Batiacasphaera solida (Chytroeisphaeridia sol-
ida), Cassiculosphaeridia? intermedia (Chytroeisphaeridia everricula), 
Cerodinum diebelii, Chatangiella? robusta (Trithyrodinium inequale), Cri-
broperidinium graemei (Cribroperidinium filosum), Glapyrocysta wilsonii 
(Glaphyrocysta perforatum), Impagidinium rigidaseptatum (Spiniferites cin-
gulatus var. prominoseptatus), Nematosphaeropsis philippotii (Nem-
atosphaeropsis delicata), Palynodinium grallator, Rigaudella appenninica 
(Adnatosphaeridium cf. aemulum), Rottnestia wetzelii subsp. brevispinosa 
(Hystrichosphaeropsis jubata), Senoniasphaera reticulata in Wilson (1974), 
Trithyrodinium evittii and Turnhosphaera hypoflata (Nelsoniella glomerosa); 

Species with relevant last appearance datums are: Cribroperidinium 
wilsonii subsp. wilsonii (Acanthaulax saetosa), Odontochtina costata, 
Odontochtina operculata and Xenascus ceratioides; 

Species with relevant first and last appearance datums are: Raetiae-
dinium belgicum, Senoniasphaera alveolata in Wilson (1974) and Xenascus 
wetzelii (Odontochtina wetzelii). 

Most of these synonyms are given in Slimani (1994, 1995) and Sli-
mani (2001a), pp. 192–194). 

Dinoflagellate cyst assemblages, mostly similar to those of the 
Maastricht region and northern Belgium, were also recorded in Cam-
panian strata from Hornby Island, British Columbia, Canada (McLachlan 
et al., 2018). Other Campanian dinoflagellate cyst assemblages were 
studied in the east coast region of the United States of America (Aurisano 
and Habib, 1977; May, 1980; Aurisano, 1989; Habib and Miller, 1989), 

Canada and Greenland (McIntyre, 1975; Ioannides, 1986; Williams 
et al., 2004; Fensome et al., 2009, 2016), England (Costa and Davey, 
1992), Norway (Setoyama et al., 2013), Siberia (Lebedeva et al., 2017) 
and Sambian Peninsula (Aleksandrova and Zaporozhets, 2008). 

In the Mediterranean regions, several studies were undertaken on 
Campanian dinoflagellate cyst assemblages from Spain (RiegelRiegel, 
1974; Riegel and Sarjeant, 1982; Radmacher et al., 2014), Italy (Cor-
radini, 1973; Roncaglia and Corradini, 1997; Roncaglia, 2002), Austria 
(Skupien and Mohamed, 2008; Mohamed and Wagreich, 2013), Middle 
East (Eshet et al., 1994; Hoek et al., 1996) and Egypt (Schrank, 1987; El 
Beialy, 1995; Schrank and Ibrahim, 1995; Makled et al., 2014). Cam-
panian dinoflagellate cyst assemblages were also studied in other re-
gions of North Africa from Ivory Coast (Masure et al., 1998), Ghana 
(Atta-Peters and Salami, 2004), Gulf of Guinea (Sánchez-Pellicer et al., 
2017) and elsewhere (Stover et al., 1996; Williams et al., 1993, 2004). 

In Morocco, the most important palynological studies, dealing with 
systematics, biostratigraphy and paleoenvironment of Campanian 
dinoflagellate cysts, were carried out in the “Phosphate Plateau” (Son-
cini and Rauscher, 1988; Soncini, 1990) and in the Rif Chain, in the 
Sekada section (Guédé, 2016; Slimani et al., 2016) and Tattofte section 
(Jbari et al., 2020). The Sekada and Tattofte sections are located at ~40 
km northeast and ~6 km south of the studied section, respectively. 

5. Results 

All the analyzed samples are very productive and the palynomorphs 
are well preserved. The identified assemblage is abundant in marine 
palynomorphs, particularly in dinoflagellate cysts (91%), associated 
with rare occurrences of algae (e.g., Palambages: 4%), acritarchs (2%), 
microforaminiferal test linings (1%) and spores and pollen grains (2%) 
(Fig. 4). All the dinoflagellate cyst taxa observed are listed in an order of 
their first occurrences in Table 1 and in an alphabetical order in Ap-
pendix A. 

Among the marine palynomorphs, 79 dinoflagellate cyst species have 
been recorded, including more than 40 taxa, which are good biostrati-
graphic markers of the late Campanian (Table 1). These include Anda-
lusiella gabonnensis, Andalusiella ivoiriensis, Andalusiella mauthei subsp. 
mauthei, Andalusiella mauthei subsp. punctata, Andalusiella spicata, Are-
oligera coranata, Areoligera flandriensis, Areoligera senonensis, 

Plate 3. Campanian dinoflagellate cysts from the Bou Lila outcrop, western External Rif, northwestern Morocco. Scale bars represents 40 μm. 
1. Alterbidinium varium; sample KBL12, slide 2, EF C24/2; dorsal surface. 
2. Palaeohystrichophora infusorioides; sample KBL5, slide 2, EF N26; dorsal surface. 
3. Senegalinium bicavatum; sample KBL5, slide 2, EF R32/4; dorsal surface. 
4. Chatangiella madura; sample KBL6, slide 2, EF H33/1; dorsal surface. 
5. Cerodinium boloniense; sample KBL5, slide 2, EF S36/6; dorsal surface. tripartite. 
6. Alterbidinium kirschii; sample KBL2, slide 1, EF O49; dorsal surface. 
7. Chatangiella? robusta; sample KBL2, slide 1, EF T32/3; dorsal surface with focus on the cingulum. 
8. Cerodinium diebelii; sample KBL4, slide 2, EF G36. 
9. Alterbidinium acutulum; sample KBL2, slide 1, EF A6/4. 
10. Isabelidinium variabile; sample KBL2, slide 2, EF 37/4; focus on the dorsal surface and intercalary type I (2a) archeopyle. 
11. Isabelidinium cretaceum; sample KBL15, slide 1, EF A39; focus on the dorsal surface and intercalary type I (2a) archeopyle. 
12. Isabelidinium cooksoniae; sample KBL13, slide 1, EF H26; 
13. Nelsoniella aceras; sample KBL8, slide 2, EF N29/2; focus on the dorsal surface and intercalary type I (2a) archeopyle. 
14. Apteodinium deflandrei; sample KBL13, slide 2, EF R45; focus on the precingular type P(3”) archeopyle. 
15. Trichodinium castanea subsp. castanea; sample KBL15, slide 1, EF Z44; focus on the precingular type P(3”) archeopyle. 
16. Trithyrodinium evittii; sample KBL14, slide 1, EF V50/3; focus on the dorsal surface and intercalary type 3I archeopyle. 
17. Apteodinium crassum; sample KBL14, slide 1, EF W47; focus on the thick wall and precingular type P(3”) archeopyle. 
18. Apteodinium crassum; sample KBL14, slide 1, EF H29/4; focus on the thick wall and precingular type P(3”) archeopyle. 
19. Cribroperidinium graemei; sample KBL2, slide 1, EF G48/2; focus on the tabulated wall and precingular type P(3”) archeopyle. 
20. Exochosphaeridium brevitruncatum; sample KBL10, slide 2, EF F43/3; Dorsal surface. 
21. Trithyrodinium suspectum; sample KBL11, slide 2, EF Q51; focus on the dorsal surface and intercalary type 3I archeopyle. 
22. Cribroperidinium cooksoniae; sample KBL5, slide 2, EF F30/4; dorsal surface. 
23, 24. Cribroperidinium wilsonii subsp. wilsonii; sample KBL12, slide 2, EF N40/4; dorsal surface (23), ventral surface (24). 
25. Codoniella campanulata; sample KBL14, slide 1, EFJ48/2. 
26. Palambage sp.; sample KBL7, slide 2, EF D46. 
27. Trigonopyxidia ginella; sample KBL7, slide 2, EF U36. 
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Chatangiella? robusta, Cassiculosphaeridia? intermedia, Criboperidinium 
wilsonii subsp. wilsonii, Impagidinium rigidaseptatum, Nesoniella aceras, 
Nematosphaeropsis philippotii, Odontochitina costata, Odontochitina oper-
culata, Odontochitina porifera, Palynodinium grallator, Raetiaedinium bel-
gicum, Rigaudella appenninica, Rottnestia wetzelii subsp. brevispinosa, 
Senegalinium bicavatum, Trichodinium castanea subsp. castanea, Trig-
onopyxidiella ginella, Xenascus ceratioides and Xenascus wetzelii. 

From a quantitative point of view, the dinoflagellate cyst groups, 
which record significant changes in their relative abundance along the 
Bou Lila section, include 6 groups of gonyaulacoid taxa and 2 groups of 
peridinoid taxa, previously considered as paleoenvironmental indicators 
(Tables 2, 3). These dinoflagellate cyst groups, followed by the included 
dinoflagellate cyst taxa between brackets, are: Areoligera-Glaphyrocysta 
(Areoligera, Glaphyrocysta), Deflandrea (Alterbidinium, Cerodinium, Isa-
belidinium, Lejeunecysta, Phelodinium, Senegalinium, Spinidinium), Cor-
dosphaeridium (Fibrocysta, Cordosphaeridium, Operculodinium), 
Spiniferite-Achomosphaera (Spiniferites, Achomosphaera), Cleistosphaeri-
dium, Impagidinium (Impagidinium, Pterodinium), Odontochitina and 
Palaeohystrichophora (Fig. 6). The Andalusiella, Cordosphaeridium, 
Deflandrea, Spiniferites-Achomosphaera and Palaeohystrichophora groups 

are the most abundant, reaching a maximum of 45%, 50%, 20%, 35% 
and 35%, respectively. The other groups (Areoligera-Glaphyrocysta, 
Cleistosphaeridium, Impagidinium, Odontochitina) record lower relative 
abundances (≤10%). The relative abundance of the Andalusiella group is 
maximum at the base of the section (45% in sample KBL1), but decreases 
towards the top, whereas that of the Spiniferites-Achomosphaera and 
Cordosphaeridium groups is minimum (5%, 8%) at the base, but increase 
upwards to a maximum of 50%, 38%, respectively (Table 3, Fig. 6). S/D 
ratios are very low (0–0.025). They are generally higher in the yellowish 
marls. P/G and IN/ON ratios vary between 0.1 and 0.8, with a maximum 
at the base of the section in samples KBL1 and KBL2, and gradually 
decrease upwards. The results of the counted particles of the three main 
groups of kerogen (Phytoclasts, AOM, Palynomorphs) are plotted in an 
AOM–Phytoclasts–Palynomorphs ternary diagram after Tyson (1995) 
(Fig. 7) and in Figure 8. The results show that most of the samples 
analyzed are characterized by a dominance of palynomorphs (essen-
tially dinoflagellate cysts: 55–80%) and phytoclasts (20–45%). Howev-
er, all samples contain a small amount of amorphous organic matter 
(3–12%). The lowermost part of the section (samples KBL1, KBL2) 
contains mainly phytoclasts (mostly coaly opaque fragments, belonging 
to the inertinite group: 58–60%), while the uppermost part (samples 
KBL14, KBL15) is the richest in palynomorphs (mostly dinoflagellate 
cysts: 75–80%). Spores and pollen grains are very rare (0.7%). 

The calcium carbonate content (CaCO3) is moderate throughout the 
section (20–35%). 

6. Interpretations 

6.1. Age determinations 

The Bou Lila section is dated as late Campanian based on marker 
bioevents (FADs and LADs) of selected dinoflagellate cyst species, whose 
stratigraphic distributions are plotted in Table 1. The biostratigraphic 
interpretations are based mainly on comparisons with Campanian 
dinoflagellate cyst assemblages from biostratigraphically well- 
calibrated sequences, including those of the Campanian type area in 
Charente (Neumann et al., 1983), in the GSSP for the base of the 
Maastrichtian in Tercis les Bains (Antonescu et al., 2001a, 2001b; 
Schiøler and Wilson, 2001) and in the Maastrichtian type area in Lim-
bourg (Wilson, 1974; Foucher, 1985; Slimani, 1994, 1995, 2001a, 2003; 
Slimani and Louwye, 2013). Comparisons were also helpful with dino-
flagellate cyst assemblages from northern Belgium (Slimani, 1994, 
1995, 1996, 2000, 2001a, 2001b, 2003; Slimani et al., 2011; Slimani 
and Louwye, 2013), England (Costa and Davey, 1992), Denmark (Wil-
son, 1971, 1974; Surlyk et al., 2013) and other regions from North 
Europe, USA, Canada and Greenland. Dinoflagellate cyst assemblages 
from the Mediterranean regions, such as Italy (Corradini, 1973; Ron-
caglia and Corradini, 1997; Roncaglia, 2002), Spain (Radmacher et al., 
2014), Morocco (Soncini and Rauscher, 1988; Soncini, 1990; Slimani 
et al., 2010, 2016; Jbari et al., 2020), North Africa and from elsewhere 
(Stover et al., 1996; Williams et al., 2004) were very useful for this study 

Plate 4. Campanian dinoflagellate cysts from the Bou Lila outcrop, western External Rif, northwestern Morocco. Scale bars represents 40 μm. 
1. Biconidinium reductum; sample KBL6, slide 2, EF S32/3. 
2. Biconidinium reductum; sample KBL5, slide 2, EF Q36. 
3. Palaeocystodinium lidiae; sample KBL11, slide 2, EF U50/1. 
4. Odontochitina porifera; sample KBL13, slide 2, EF J43/3. 
5. Odontochitina costata; sample KBL12, slide 3, EF V37/2. 
6. Odontochitina operculata; sample KBL12, slide 2, EF K53/3. 
7, 8. Xenascus wetzelii; sample KBL7, slide 2, EF G46. 
9. Andalusiella ivoirensis; sample KBL5, slide 2, EF S49. 
10. Andalusiella spicata; sample KBL5, slide 2, EF M31. 
11. Andalusiella mauthei subsp. mauthei; sample KBL5, slide 2, EF C37/3. 
12. Chatangiella? robusta; sample KBL2, slide 1, EF T32/3; focus on the tripartite cingulum. 
13. Xenascus ceratioides; sample KBL10, slide 2, EF G38/2. 
14. Rigaudella apenninica; sample KBL14, slide 1, EF V50/4. 

Fig. 4. Percentage of the main groups of palynomorphs (dinoflagellate cysts, 
sporomorphs, acritarchs, algae, foraminifera) in the Bou Lila section, region of 
Ksar El-Kébir, western External Rif, northwestern Morocco. 
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Table 1 
Ranges of stratigraphically significant dinoflagellate cyst species from the upper Campanian marly succession in the Bou Lila section,western External Rif, northwestern Morocco. 
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(refer back to chapter 4: previous studies on Campanian dinoflagellate 
cyst assemblages). 

The biostratigraphic interpretations of the studied section are given 
from oldest to youngest as follows: 

The following species, whose FADs are known in the Campanian 
(early–late Campanian) are Andalusiella gabonensis, Andalusiella ivoir-
iensis, Andalusiella spicata, Andalusiella mauthei subsp. mauthei, Andalu-
siella mauthei subsp. punctata (May, 1980; Schrank, 1987; Soncini, 1990; 
Williams et al., 1993; Schrank and Ibrahim, 1995; Hoek et al., 1996; 
Masure et al., 1998; Slimani et al., 2016; Sánchez-Pellicer et al., 2017; 
Jbari et al., 2020) and Biconidinium reductum (May, 1980; Kirsch, 1991; 
Slimani, 1995; Antonescu et al., 2001a, 2001b; Schiøler and Wilson, 
2001; Slimani, 2001a). The FAD of Alterbidinium varium was recorded in 
late Campanian strata in the Mediterranean and southern Europe (Eshet 
et al., 1994; Hoek et al., 1996; Antonescu et al., 2001a, 2001b; Schiøler 
and Wilson, 2001; Slimani et al., 2016; Jbari et al., 2020), or at the 
Campanian–Maastrichtian boundary in northern Europe (Kirsch, 1991; 
Slimani, 2000, 2001a; Slimani et al., 2011; Surlyk et al., 2013). The FAD 
of Alterbidinium kirschii was also reported in the late Campanian in 
Morocco (Jbari et al., 2020), or in the early Maastrichtian in Europe 
(Kirsch, 1991 as Alterbidinium sp. A; Slimani, 1994, 1995, 2000, 2001a). 
Pterodinium cretaceum ranges from the late Campanian to the Creta-
ceous–Paleogene boundary (Schiøler and Wilson, 1993; Slimani, 1995, 
2000, 2001a; Roncaglia and Corradini, 1997; Torricelli and Amore, 
2003; Slimani et al., 2008, 2010, 2016; Guédé et al., 2014; Jbari et al., 
2020) (see Slimani et al., 2010, p. 104). In the Bou Lila section, the 
previous Andalusiella species first occur successively within the sample 
interval KBL1–KBL3 (lower part of the section). Alterbidinium varium, 
Biconidinium reductum and Pterodinium cretaceum first occur in sample 
KBL1 and Alterbidinium kirschii first occurs in sample KBL2. 

The FAD of Chatangiella? robusta is a potential marker of the late 
Campanian in the Northern Hemisphere (Wilson, 1974; Aurisano, 1989; 
Slimani, 1995; Hoek et al., 1996; Antonescu et al., 2001b; Schiøler and 
Wilson, 2001; Slimani, 2001a, Slimani and Louwye, 2011; Jbari et al., 
2020). The FAD of Trithyrodinium evittii was reported in the late Cam-
panian in southern Europe and Mediterranean regions (Antonescu et al., 
2001a, 2001b; Schiøler and Wilson, 2001; Skupien and Mohamed, 2008; 
Slimani et al., 2016; Jbari et al., 2020), or at the 

Campanian–Maastrichtian boundary in the Equatorial Realm (Williams 
et al., 2004), or in the early Maastrichtian in northern Europe (Slimani, 
1995, 2000, 2001a; Kirsch, 1991; Marheinecke, 1992) and USA (May, 
1980; Aurisano, 1989). In the northern and southern Hemisphere high 
latitudes the FAD of Trithyrodinium evittii is younger (uppermost Maas-
trichtian to Danian) than in the middle latitudes and equatorial regions 
(Wilson, 1984; Helby et al., 1987; Nøhr-Hansen and Dam, 1997; 
Brinkhuis et al., 1998; Williams et al., 2004; Vieira et al., 2018, 2020). 
The FAD of Trithyrodinium evittii is then indicative of late Campanian in 
the southern Europe and Mediterranean regions (including the studied 
section), and Maastrichtian to Danian elsewhere in the Southern and 
Northern Hemisphere. Chatangiella? robusta and Trityrodinium evittii are 
associated with Cerodinium leptodermum, Cerodinium boloniense and 
Senegalinium bicavatum, whose FADs are also known in the late Cam-
panian (Slimani, 1995, 2001a; Roncaglia and Corradini, 1997; Oboh- 
Ikuenobe et al., 1998; Torricelli and Amore, 2003; Williams et al., 2004; 
Slimani et al., 2016; Guédé et al., 2014; McLachlan et al., 2018; Jbari 
et al., 2020). In the Bou Lila section, Senegalinium bicavatum first occurs 
in sample KBL3 and the other species in sample KBL2. 

Raetiaedinium belgicum and Xenascus wetzelii, which are restricted to 
the late Campanian, and Canninginopsis bretonica and Cassiculosphaer-
idia? intermedia, of which the FADs were also recorded in the late 
Campanian (Wilson, 1974; Foucher, 1985; Slimani, 1994, 1995, 1996, 
2001a, 2001b, Antonescu et al., 2001b), first occur in the sampling in-
terval KBL3–KBL4. The FAD of Cerodinium diebelii, which is a worldwide 
marker of the late Campanian (Antonescu et al., 2001a, 2001b; Slimani, 
2001a; Wilson and Schiøler, 2001; Williams et al., 2004; Radmacher 
et al., 2014; Slimani et al., 2016) is recorded in sample KBL4. 

The FADs of Areoligera coronata, Areoligera senonensis, Glaphyrocysta 
wilsonii, Rigaudella appenninica, Palynodinium grallator and LADs of Cri-
broperidinium wilsonii subsp. wilsonii and Chatangiella madura are good 
markers of the late Campanian in the Northern Hemisphere (Wilson, 
1974; Foucher, 1985; Kirsch, 1991; Roncaglia and Corradini, 1997; 
Costa and Davey, 1992; Slimani, 1995, 2000, 2001a; Williams et al., 
2004; Antonescu et al., 2001a, 2001b; Wilson and Schiøler, 2001; Surlyk 
et al., 2013; Radmacher et al., 2014; Slimani et al., 2011, 2016; McLa-
chlan et al., 2018; Jbari et al., 2020). In this study, these species are 
present in the upper part of the section (samples KBL5 to KBL15). They 

Table 2 
Paleoenvironmental interpretations of selected dinoflagellate cyst groups, after references.  

Dinocyst groups Dinocyst taxa Paleoenvironments References 

Gonyaulacoids Peridinoids 

Areoligera- 
Glaphyrocysta  

Areoligera, Glaphyrocysta Shallow open marine inner neritic environments, close to 
the coast with a high energy and increased water 
stratification. It may indicate, in great abundance, a marine 
transgression. 

Brinkhuis et al. (1992),  
Brinkhuis (1994), Powell 
et al. (1996), Stover et al. 
(1996) 

Spiniferites- 
Achomosphaera  

Achomosphaera, Spiniferites Outer neritic to oceanic environments with stable salinity. 
Cosmopolitan and can be associated with upwellings and 
river discharges. 

Wall et al. (1977), Brinkhuis 
(1994), Stover et al. 
(1996)). 

Cordosphaeridium  Cordosphaeridium, Fibrocysta, 
Operculodinium 

Open neritic environments, associated with transgression. Brinkhuis (1994), Powell 
et al. (1996), Sluijs et al. 
(2005)). 

Impagidinium  Impagidinium, Pterodinium Oceanic to outer neritic oligotrophic environments Brinkhuis (1994), Powell 
et al. (1996), Pross and 
Brinkhuis (2005) 

Cleistosphaeridium  Cleistosphaeridium Outer neritic. Sluijs et al. (2005)). 
Odontochitina  Odontochitina Outer neritic environments. Wilpshaar and Leereveld 

(1994), Leereveld (1995) 
Andalusiella Andalusiella, Palaeocystodinium Tropical-subtropical, nearshore environment with a rich 

nutrient availability. This group tolerates and thrive in high 
productivity upwelling systems. 

Wall et al. (1977), Lentin 
and Williams (1980),  
Brinkhuis et al. (1998) 

Deflandrea Alterbidinium, Cerodinium, 
Isabelidinium, Lejeunecysta, 
Phelodinium, Senegalinium, 
Spinidinium 

Coastal and inner neritic environments with high nutrients 
and high productivity. 

Brinkhuis et al. (1992),  
Brinkhuis (1994), Stover 
et al. (1996) 

Palaeohystrichophora Palaeohystrichophora Inner neritic environments with high nutrients, high 
productivity to outer neritic and also upwelling conditions. 

Habib and Miller (1989),  
Pearce et al. (2009), Peyrot 
et al. (2011), Prauss (2012)  
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are associated with Apteodinium crassum, Areoligera flandriensis, Batia-
casphaera solida, Exochosphaeridium brevitruncatum, Impagidinium rigid-
aseptatum, Impagidinium scabrosum, Nematosphaeropsis philippotii, 
Palaeocystodinium lidiae, Raetiaedinium laevigatum, Senoniasphaera 
alveolata in Wilson (1974) and Valensiella foucheri. The latter species 
have also their FADs in the late Campanian in Europe (Wilson, 1974; 
Foucher, 1985; Slimani, 1994, 1995, 2001a; Antonescu et al., 2001a, 
2001b; Schiøler and Wilson, 2001; Slimani et al., 2011; Slimani and 
Louwye, 2013; Surlyk et al., 2013) and Morocco (Slimani et al., 2016; 
Jbari et al., 2020). 

In summary, all the above-cited dinoflagellate cyst species charac-
terize the late Campanian in the Bou Lila section by their FADs or LADs. 
Furtheremore, the following species, which occur worldwide in the late 
Campanian, but generally do not cross the Campanian–Maastrichtian 
boundary (Powell, 1992; Williams et al., 2004), are present in the Bou 
Lila section, confirming its late Campanian age: Senoniasphaera rotun-
data, Surculosphaeridium longifurcatum, Odontochitina costata, Odonto-
chitina operculata, Odontochitina porifera, Trigonopyxidia ginella, 
Trichodinium castanea subsp. castanea, Trithyrodinium suspectum and 
Xenascus ceratioides. Cyclonephelium filoreticulatum?, Nelsoniella aceras 
and Senoniasphaera reticulata in Wilson (1974), whose LADs are not 
younger than late Campanian (Wilson, 1974; Foucher, 1985; Helby 
et al., 1987; Louwye, 1991; Slimani, 1994, 1995, 2000, 2001a, 2003; 
Williams et al., 2004; Jbari et al., 2020), are present in the studied 
section and therefore support the suggested late Campanian age. The 
Campanian strata in the Bou Lila section are correlatable with two 
dinoflagellate cyst interval zones of Slimani (2001a); namely the Exo-
chosphaeridium? masureae Zone (Subzone B: lower part of the late 
Campanian) based mainly on the first occurrences of Biconidinium 
reductum, Raetiaedinum belgicum and Xenascus wetzelii, and the Areoligera 
coronata Zone (middle part of the late Campanian) based mainly on the 
first occurrences of Areoligera coronata, Areoligera senonensis, Areoligera 
flandriensis, Palynodinium grallator and Rigaudella apenninica. The top of 
the Areoligera coronata Zone is recognized based on the last occurrence 
of Xenascus wetzelii (Fig. 5). The Hystrichokolpoma gamospina Zone, 
defined between the two previous zones by Slimani (2001a), is not 
recognized in the study section, since the characteristic dinoflagellate 
cyst taxa of this zone are absent. 

6.2. Paleoecological interpretations of dinoflagellate cysts 

The paleoenvironmental reconstructions inferred from dinoflagellate 
cysts are based on the following quantitative parameters: the relative 
abundances (%) of selected dinoflagellate cyst groups that are indicative 
of different paleoenvironments (Table 2) (refer back to chapter 5: re-
sults) and S/D, P/G and IN/ON ratios (Fig. 6). In the Bou Lila section, the 
Andalusiella, Cordosphaeridium, Deflandrea, Spiniferites-Achomosphaera 
and Palaeohystrichophora groups are the most abundant, however, the 
other groups (Areoligera-Glaphyrocysta, Cleistosphaeridium, Impagidinium, 
Odontochitina) are generally rare. The CaCO3 content is moderate 
throughout the section (25–30%), but slightly higher in the middle part 
(mostly around 34% in the transition yellowish-grey marls) than in the 
rest of the section (around 25%). The fluctuations of the relative abun-
dances of the dinoflagellate cyst groups, as well as, those of the P/G, S/D 
and IN/ON ratios, allowed the separation of three main paleoecological 
Zones (A, B, C): 

6.2.1. Ecozone A (sampling interval KBL1–KBL4) 
This ecozone extends from sample KBL1 to sample KBL4 (lower part 

of the section) and is correlated with the yellowish marls, dated herein 
as upper Campanian (lower part). The interval is characterized by the 
highest values of the S/D (up to 0.025), P/G (up to 0.9) and IN/ON (0.8) 
ratios and highest relative abundances of the following peridinioid 
dinoflagellate cyst groups: Andalusiella (up to 45%), Deflandrea (up to 
20%) and Palaeohystrichophora (up to 35%). The gonyaulacoids are less 
abundant. They are mostly represented by the Spiniferites- Ta
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Achomosphaera group (up 30%); the Cordosphaeridium group is less 
abundant (≤10%) throughout this interval except for the sample KBL3 
(20%). The other gonyaulcoid groups (Areoligera-Glaphyrocysta, Cleis-
tosphaeridium, Impagidinium, Odontochitina) are rare (mostly 0–9%). In 
this ecozone (A), the relative abundances of the Andalusiella and 
Palaeohystrichophora groups record respectively a maximum of 45% and 
35% in the most basal part of the section (sample KBL1), but decrease 
upwards to 23% and 25% in sample KBL2, 5% and 23% in sample KBL3 
and 10% and 23% in sample KBL4. This decrease is associated with a 
gradual decrease of the P/G ratios (from 0.9 in sample KBL1 to 0.45 in 
sample KBL4). On the other hand, the relative abundances of the Spi-
niferites-Achomosphaera are inversely proportional to those of the 
Andalusiella and Palaeohystrichophora groups. The Andalusiella group 
proliferates in nearshore environment systems with warm-water marine 
conditions, a rich nutrient availability and a high productivity, typical of 
upwelling and a tropical to subtropical setting (Wall et al., 1977; Lentin 
and Williams, 1980; Brinkhuis et al., 1998). The Palaeohystrichophora 
group may also proliferate in shallower neritic environments with high 
nutrient input and also in upwelling conditions (Habib and Miller, 1989; 
Pearce et al., 2009; Prauss, 2012) as well as in outer neritic environ-
ments (Peyrot et al., 2011). The Spiniferite-Achomosphaera group is a 
cosmopolitan, being found in neritic and oceanic environments with 
stable salinity and low nutrient input, as well as in high-productivity 
zones, influenced by river flows and upwellings (Brinkhuis, 1994; Sto-
ver et al., 1996; Zonneveld et al., 2013). These findings on the dino-
flagellate cyst groups and P/G ratios suggest for this ecozone (A): an 
inner to intermediate neritic setting reflecting ascending gradual 
offshore conditions, but with nearshore, warm-water and high produc-
tivity conditions in the most basal part of the section (samples KBL1, 

KBL2), which may be related to an upwelling zone. The highest values of 
the IN/ON ratios, reaching ~0.8 in sample KBL1 and ~0.7 in sample 
KBL2, suggest lowest depths and therefore supports the suggested 
nearshore conditions for the most basal part of the section. In this in-
terval, the Deflandrea group, which proliferates in shallower neritic with 
freshwater and high-productivity conditions (Brinkhuis et al., 1992; 
Brinkhuis, 1994; Stover et al., 1996), records moderate abundances 
(10–20%) and therefore supports the paleoenvironment inferred for this 
ecozone (A). The S/D ratios are proportional with the relative abun-
dances of the Deflandrea group, confirming a nutrient supply of conti-
nental origin and freshwater conditions, favorable for the proliferation 
of the Deflandrea group in this ecozone (A). The presence of rare spec-
imens assigned to the oceanic Impagidinum group in this marine neritic 
setting may likely be associated with the upwelling currents. 

6.2.2. Ecozone B (sampling interval KBL5–KBL12) 
This ecozone is correlated with the transition yellowish-grey marls, 

dated here as upper Campanian (middle to upper part). Compared to the 
previous ecozone (A), this ecozone records a significant increase in the 
relative abundances of the gonyaulacoid groups, mainly Spiniferites- 
Achomosphaera (up to 40%) and Cordosphaeridium (up to 50%). The 
Cordosphaeridium group, also proliferates in open neritic environments, 
but is associated with transgression (Brinkhuis, 1994; Powell et al., 
1996; Sluijs et al., 2005). The other gonyaulacoid groups (Areoligera- 
Glaphyrocysta, Odontochitina, Impagidinium, Cleistosphaeridium) are rare, 
but record a slight increase in this interval, reaching a maximum of 12%, 
7%, 5% and 4%, respectively. In this ecozone, the peridinoid dinofla-
gellate cysts record a significant decrease in the relative abundances of 
the inner neritic Andalusiella and Deflandrea groups (up to ~4%) and 

Fig. 5. Correlation of the Bou Lila section with the upper Campanian dinoflagellate cyst zones of Slimani (2001a), calibrated with North West Europe Belemnite 
zones (Ernst, 1964; Schulz, 1979; Christensen, 1995, 1999). The ranges of index dinoflagellate cyst species are also indicated. The highlighted (shaded in grey) area 
corresponds to the studied interval. 
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Palaeohystrichophora group (up to ~2%), associated with a decrease of 
the P/G ratios (up to 0,1), S/D ratios (up to 0) and IN/ON ratios (up to 
0.2). These changes were registered in the basal part of the ecozone B, 
especially in sample KBL6. All these findings suggest more offshore 
conditions than the previous ecozone (A), but under a transgressive 
regime inferred from the increase of the relative abundance of the 
Cordosphaeridium group. The presence of the Cleistosphaeridium group, 
which is indicative of outer neritic conditions (Sluijs et al., 2005) and the 
oceanic Impagidinium group, support the more offshore conditions 
inferred here from the increase of the relative abundance of the Cor-
dosphaeridium and Spiniferite-Achomosphaera groups. Furthermore, the 
Areoligera-Glaphyrocysta group, which increased abundance indicates a 
marine transgression (Brinkhuis, 1994; Stover et al., 1996), records a 
low abundance (12%), but it is the highest in the base of this interval 
(sample KBL6), slightly supporting the transgressive regime suggested 
previously by the Cordosphaeridium group. Also, the Odontochtina group, 
which is indicative of near shore marine environment (Wilpshaar and 
Leereveld, 1994; Leereveld, 1995), records low abundance (<5%) in this 
ecozone. 

This ecozone is characterized by important fluctuations in the rela-
tive abundances of the dinoflagellate cyst groups and the P/G, S/D and 

IN/ON ratios, which are likely related to a tectonic instability (e.g., 
discontinuous subsidence) (Slimani et al., 2016), a facies variation 
(alternating decimetric yellowish and grey marly layers) or fluctuations 
in the nutrient supply. 

6.2.3. Ecozone C (sampling interval KBL13–KBL15) 
This ecozone corresponds to the grey marls, assigned here to the 

upper Campanian (upper part). It is characterized by regular relative 
abundances of the dinoflagellate cyst groups, a dominance of open 
neritic groups (~60%), mainly the Spiniferites-Achomosphaera and Cor-
dosphaeridium groups, and by low P/G (≤.0.4), S/D (0%) and IN/ON 
(0.2) ratios, indicating a stable, outer neritic setting during a trans-
gressive regime. 

6.3. Palynofacies analysis 

Almost all the analyzed samples record very high proportions of 
dinoflagellate cysts (>90%) of the total palynomorphs (Fig. 4), indi-
cating a normal and a shallow to a deep marine environment (according 
to Federova, 1977; Duringer and Doubinger, 1985; Tyson, 1995). 

The projection of counting results of kerogen in the AOM- 

Fig. 6. Quantitative results for the paleoenvironmental reconstruction of the upper Campanian marly succession in the Bou Lila section, region of Ksar El-Kébir, 
western External Rif, northwestern Morocco. Lithology and sample position, calcimetry (CaCO3%), relative abundances of selected dinoflagellate cyst groups, 
percentages of dinoflagellate cysts, percentages of sporomorphs (spores and pollen), peridinioid/gonyaulacoid dinoflagellate cyst ratios (P/G), sporomorph/dino-
flagellate cyst (dinoflagellate cyst+marine acritarchs) ratios (S/D), inner neritic dinoflagellate cyst/outer neritic to oceanic dinoflagellate cyst ratios (IN/ON) and 
ecozones are presented. 
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Palynomorphs-Phytoclasts ternary diagram (after Tyson, 1995) revealed 
two palynofacies patterns (clusters A and B) (Fig. 7).The Phytoclast- 
Palynomorph palynofacies (cluster A) is recorded in two samples 
(KBL1 and KBL2). It is characterized by a high abundance of lath-shaped 
and equidimensional opaque phytoclasts (58–60%), sometimes large in 
size and angular forms (Figs. 7, 9A), as a result of a short transport and 
supports closer land proximity (see e.g., Radmacher et al., 2020). This 
palynofacies also includes a moderate abundance of palynomorphs 
(mostly dinoflagellate cysts) and a low abundance of light-colored 
granular AOM (marine origin: 3–12%), and therefore is located in 
fields III of Tyson (1995), indicating a proximal depositional 
environment. 

The Phytoclast-Palynomorph palynofacies (cluster B) occurs in 
thirteen samples (KBL3 to KBL15) and shows a slight change in the 
kerogen composition. It is characterized by a moderate to high abun-
dance of palynomorphs (mostly dinoflagellate cysts: 55–80% of the total 
kerogen; Fig. 8), a moderate amount of phytoclasts (mainly equi-
dimensional opaque phytoclasts small in size and rounded shapes: 
20–45%, Fig. 9E, F) and a low abundance of gelified AOM (derived from 
terrestrial organic matter degraded by bacteria; Fig. 9B) and granular 
AOM (marine origin, derived from microbial reworking), showing 
different colors (Fig. 9C, D). According to Valdés et al. (2004) and 
Ercegovac and Kostić (2006), the color of marine AOM derived from the 
phytoplankton degradation generally varies from yellow-green under 
oxic sedimentary conditions in coastal areas, to brown under dysoxic/ 
anoxic conditions in pelagic zones. In our study, the marine AOM 
identified in the lower part of the section (sampling interval 
KBL1–KBL4) shows a light color (Fig. 9C), suggesting a more proximal 
environment for this interval. While in the middle-upper part of the 
section (KBL5–KBL15 interval), the brown color of the granular AOM 
particles (Fig. 9D) indicates anoxic/deep-water conditions. Moreover, 
these offshore conditions/distal setting of the basin during the sedi-
mentation of the sampling interval KBL5–KBL15 are also supported by 
the kerogen assemblages which include small, equidimensional opaque 
to semi-opaque phytoclasts, mainly accumulated during transgressive 
periods of low terrestrial organic matter supply (Habib, 1982). 

Summing up, all the palynofacies contents distinguished above, 
revealed by dinoflagellate cysts, the lath-shaped to equidimensional 

opaque phytoclasts distribution and the color of the granular AOM (from 
yellow to brown), mainly support a proximal depositional environment 
in the lower part of the section (sampling interval KBL1–KBL4). This 
environment is followed by a transgressive period and more offshore 
conditions of the basin during the sedimentation of the middle and 
upper parts of the studied section. These findings regarding the paleo-
environment reconstruction are also in agreement with the interpreta-
tion based on dinoflagellate cyst assemblages, described and separated 
above in three ecozones (refer back to chapter 6.2). 

7. Discussion 

7.1. Biostratigraphic correlations 

The Bou Lila section belongs to a marly succession assigned to the 
Upper Cretaceous in the geological map of the Rif Chain 1:500,000 
(Suter, 1980a). It is here precisely dated as late Campanian based on 
FADs or LADs of marker dinoflagellate cyst taxa. These taxa include 
species, which are accepted as biostratigraphic markers of the late 
Campanian on the global scale (Areoligera coronata, Areoligera seno-
nensis, Cerodinium diebelii, Odontochitina costata, Odontochtina oper-
culata, Odontochitina porifera, Senoniasphaera rotundata, Trichodinium 
castanea subs castanea, Trigonopyxidia ginella, Trithyrodinum suspectum, 
Xenascus ceratioides) (Stover et al., 1996; Slimani, 1995, 2000, 2001a; 
Antonescu et al., 2001a, 2001b; Schiøler and Wilson, 2001; Williams 
et al., 2004; Slimani et al., 2011, 2016; Radmacher et al., 2014; Jbari 
et al., 2020). They are associated with taxa, which are markers of the 
late Campanian by their FADs, at least in the Tethyan Realm (Cerodinium 
boloniense, Chatangiella? robusta, Pterodinium cretaceum, Senegalinium 
bicavatum, Rigaudella appenninica and Trithyrodinium evittii (Soncini, 
1990; Williams et al., 1993; Hoek et al., 1996; Slimani et al., 2016; Jbari 
et al., 2020). Furthermore, other dinoflagellate cyst taxa, recorded in the 
late Campanian in Europe (Wilson, 1974; Neumann et al., 1983; 
Foucher, 1985; Masure, 1985; Slimani, 1994, 2001a, 2001b, 2003; 
Antonescu et al., 2001a, 2001b; Schiøler and Wilson, 2001; Aleksan-
drova and Zaporozhets, 2008; Slimani et al., 2011; Slimani and Louwye, 
2013; Surlyk et al., 2013; Niechwedowicz, 2019), are also found in the 
Bou Lila section and helped to refine the age of the studied section. 

Fig. 7. Ternary kerogen plots (Tyson, 1995) for the upper Campanian deposits, and sample clusters in the Bou Lila section, region of Ksar El-Kébir, western External 
Rif, northwestern Morocco. Different types of palynofacies are also shown. AOM=amorphous organic matter. 

H. Slimani et al.                                                                                                                                                                                                                                 



Marine Micropaleontology 162 (2021) 101951

18

These species include Alterbidinium kirschii, Apteodinium crassum, Areo-
ligera flandriensis, Batiacasphaera solida, Canninginopsis bretonica, Cassi-
culosphaeridia? intermedia, Cribroperidinium wilsonii subsp. wilsonii, 
Cyclonephelium filoreticulatum?, Exochosphaeridium brevitruncatum, 
Impagidinium rigidaseptatum, Impagidinium scabrosum, Nematosphaeropsis 
philippotii, Raetiaedinium belgicum, Raetiaedinium laevigatum, Rottnestia 
wetzelii subsp. brevispinosa, Palynodinium grallator, Senoniasphaera retic-
ulata in Wilson (1974), Valensiella foucheri and Xenascus wetzelii. Most of 
the latter species were recorded for the first time in upper Campanian 
sequences of the western External Rif, namely the Sekada sequence 
(Slimani et al., 2016), the Tattofte sequence (Jbari et al., 2020) and in 
the study outcrop. Thus, the dinoflagellate cyst assemblages of the Bou 
Lila section are composed of cosmopolitan, Tethyan and many other 
taxa, which were recorded previously in the late Campanian strata from 
the type Maastrichtian area and northern Belgium (Wilson, 1974; 
Foucher, 1985; Slimani, 1994, 1995, 2000, 2001a, 2001b, 2003; Slimani 
and Louwye, 2013), Denmark (Wilson, 1974; Surlyk et al., 2013), the 
Campanian type area (Neumann et al., 1983; Masure, 1985) and the 
GSSP for the base of the Maastrichtian (Antonescu et al., 2001a, 2001b; 
Schiøler and Wilson, 2001). That means that the dinoflagellate cysts can 

be a very useful tool for correlation of the Bou Lila section with Tethyan 
and also Boreal sections. The lower part of the section (yellowish marls: 
samples KBL1–KBL4) may be correlatable with the dinoflagellate cyst 
Exochosphaeridium? masureae Zone of Slimani (2001a), calibrated with 
the Northwest Europe Belemnitella mucronata Zone (lower part of the late 
Campanian). However the middle part (alternated beds of yellowish and 
grey marls: samples KBL5–KBL11) and the upper part (grey marls: 
KBL11–KBL15) of the section can be correlated with the dinoflagellate 
cyst Areoligera coronata Zone (middle part of the late Campanian), 
calibrated with the Northwest Europe Belemnitella wodii Zone (Figs. 5, 
10). 

7.2. Paleobiogeography and paleoclimate 

From a paleobiogeographic point of view, the Campanian dinofla-
gellate cyst assemblages in this section are characterized by the co- 
occurrence of peridinoid taxa from the temperate province (smaller 
forms of Chatangiella, Alterbidinium, Isabelidinium, Trithyrodinium) and 
taxa from the tropical province (Andalusiella, Cerodinium, Senegalinium), 
defined by Lentin and Williams (1980), suggesting a mixed subtropical 
to temperate setting. Similar dinoflagellate cyst assemblages, indicating 
subtropical to temperate setting, were recorded from the late Campa-
nian and Maastrichtian in Morocco, in the Phosphate Plateau (Soncini, 
1990) and Rif Chain (Slimani et al., 2010; Slimani and Toufiq, 2013; 
Slimani et al., 2016; Jbari et al., 2020). This setting may slightly be 
different from those recorded at other sites in the southern and eastern 
Tethyan regions, where dinoflagellate cysts registered a tropical to 
subtropical setting, such as Tunisia (M’Hamdi et al., 2013, 2014, 2015), 
Egypt (Soliman and Slimani, 2019; Tahoun and Mohamed, 2020) and 
Ivory Coast (Guédé et al., 2019). The presence of the northern high- 
latitude cold-water species Palynodinium grallator (Brinkhuis et al., 
1998) within the dinoflagellate cyst assemblage of the Bou Lila section 
may be explained by a southward migration through the Atlantic Ocean, 
probably related to the short cooling episode during the Campa-
nian–Maastrichtian transition (Barrera and Savin, 1999; Friedrich and 
Meier, 2006; Thibault et al., 2015, 2016). Similar records of Paly-
nodinium grallator have been mentioned in the upper Campanian de-
posits from the Tattofte section, located ~6 km south of the studied 
section (Jbari et al., 2020, p. 10). Also, Palynodinium grallator has 
recently been considered to be associated with other factors such as 
water stratification (Vellekoop et al., 2019). 

Trithyrodinium evittii is recognized as a warm-water species (Lentin 
and Williams, 1980; Smit and Brinkhuis, 1996) in the Tethyan province. 
The late Campanian age of the FAD of Trithyrodinium evitti, reported in 
southern Europe (Antonescu et al., 2001a, 2001b; Schiøler and Wilson, 
2001; Skupien and Mohamed, 2008), was confirmed in the Rif Chain 
(Morocco) by Slimani et al. (2016), Jbari et al. (2020) and used it for the 
age determination. On the other hand, the FAD of this species is getting 
younger (crossing the Cretaceous/Paleogene boundary) towards the 
higher latitudes of both Northern and Southern Hemispheres. The age 
differences of the FAD of Trithyrodinium evittii between the Mediterra-
nean and higher latitude sites suggest of a bipolar migration of this 
species in response to the global warming during the Late Cretaceous 
(Smit and Brinkhuis, 1996; Nøhr-Hansen and Dam, 1997; Brinkhuis 
et al., 1998; Willumsen, 2006). A northward migration can also be 
suggested here for Alterbidinium varium and Alterbidinium kirscuhii. The 
age of the FAD of these species is late Campanian in the Mediterranean 
regions and southern Europe (Eshet et al., 1994; Hoek et al., 1996; 
Antonescu et al., 2001a, 2001b; Schiøler and Wilson, 2001, Slimani 
et al., 2016; Jbari et al., 2020), but is younger (early Maastrichtian) in 
northern Europe (Kirsch, 1991; Slimani, 2000, 2001a; Slimani et al., 
2011; Surlyk et al., 2013; Ţabără et al., 2017). 

7.3. Paleoenvironments 

The paleoenvironmental interpretations in this study are based 

Fig. 8. Stratigraphic distribution of the palynofacies composition: AOM, phy-
toclasts and palynomorphs. 
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essentially on fluctuations in the relative abundances of the gonyaula-
coid Spiniferites-Achomosphaera and Cordosphaeridium groups, the peri-
dinioid Andalusiella and Deflandrea groups and from the P/G, S/D and 
IN/ON ratios and palynofacies analysis. The paleoenvironmental in-
terpretations inferred from these different quantitative palynological 
parameters are compared below (Fig. 10): 

The lower part of the studied section, corresponding to the yellowish 
marls, records an inner to intermediate neritic setting (ecozone A), with 
nearshore conditions in the most basal part of the section. This marine 
setting is associated with a relatively high productivity, a nutrient sup-
ply of continental origin and freshwater conditions favorable for the 
proliferation of the Deflandrea group, inferred from an increase, mainly 
in the sample KBL4, of S/D ratios and % of the Deflandrea group. From 
the base to the top of this interval (samples KBL1 up to KBL4), the 
dinoflagellate cyst assemblages show ascending gradual offshore con-
ditions, inferred from ascending progressive increase in the relative 
abundances of the open neritic Cordosphaeridium and Spiniferites-Acho-
mosphaera groups and decrease of the shallow neritic Andalusiella and 
Deflandrea groups. This environment is also confirmed by the paly-
nofacies analysis, suggesting a proximal depositional environment for 
the lowermost part of the section, (field III in the AOM-Palynomorphs- 
Phytoclasts ternary diagram of Tyson, 1995; Figs. 7, 8). Nearshore or 
oxic sedimentary conditions in coastal area of this interval are also 
supported by the Kerogen, which consists of a high amount of opaque 
phytoclasts (sometimes large in size and angular shapes as a result of a 

short transport), as well as low proportions of light-colored granular 
AOM (marine origin). 

The middle part of the section, corresponding to the yellowish-grey 
marly transition, records an intermediate neritic setting (ecozone B) 
with unstable, but more offshore conditions than the lower part (eco-
zone A), and a transgressive regime revealed by increasing of the rela-
tive abundance of the open neritic Cordosphaeridium group was outlined. 
The unstable conditions are likely related to a tectonic instability or 
fluctuations of the nutrient supply. The succession of alternating deci-
metric layers of yellowish and grey marls throughout this part of the 
section may also confirm such tectonic instability (a short period of a 
discontinuous subsidence for example). The palynofacies analysis also 
suggests a more offshore/distal depositional environment, indicated by 
the palynofacies of field V (in Tyson’s, 1995 diagram), which is char-
acterized by high abundance of palynomorphs (57–67%), a moderate 
abundance of opaque phytoclasts (mainly equidimensional particles; 
33–43%) and a low abundance of brown granular AOM (3–12%). 
Compared to the middle part of the section, the palynofacies analysis 
suggests here a more distal setting, revealed mainly in the uppermost 
part of the section (samples KBL14 and KBL15) by a palynofacies of field 
V with a high abundance of palynomorphs (70–80%) (mostly dinofla-
gellate cysts) and a low content of phytoclasts (20–30%) and granular 
AOM (5–7%) (Figs. 7, 8). 

From the base to the top of the Bou Lila section, a progressive in-
crease in the frequency of the palynomorphs (essentially dinoflagellate 

Fig. 9. Typical constituents of the different palynodebris groups recognized in the studied samples (all unoxidized residues; scale bar 50 μm). A. opaque phytoclasts, 
large in size and angular forms of terrestrial origin (KBL2 sample). B. particles of gelified AOM (continental origin; red arrows; KBL4 sample). C. granular AOM 
(marine origin) light in color, in association with very small coccoid bodies (bacteria or algae; blue arrows; KBL4 sample). D. dark-brown granular AOM (marine 
origin; KBL7 sample). E. small equidimensional opaque phytoclasts (KBL10 sample). F. equidimensional opaque phytoclasts small in size and rounded shapes, mixed 
with numerous dinoflagellate cysts (KBL13 sample). 
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cysts) and a decrease in the proportion of the phytoclasts (Figs. 7, 8), 
suggest ascending gradual offshore conditions, which are similar to 
those inferred based on the distribution of peridinoid and gonyaulacoid 
dinoflagellate cyst groups. These environmental changes are likely 
related to a transgression and probably a progressive subsidence 
(Fig. 10), and may be related to the third-order sea-level rise UZA-4.3 
(High Stand systems tract; HST) of Haq et al. (1988), which is sup-
ported by the relative sea level rise inferred from the IN/ON ratios (0.2). 
Furthermore, this phase of sea-level rise coincides with the first 
appearance datum of Palynodinium grallator, as indicated by Haq et al. 
(1988), Fig. 3). 

8. Conclusions 

The study of the palynofacies and dinoflagellate cyst distribution 
within the Upper Cretaceous deposits of the Bou Lila section, Ksar El- 
Kébir region (western External Rif Chain, northern Morocco), led to the 
following conclusions:  

1) The section is precisely assigned to the upper Campanian rather than 
the Upper Cretaceous as presented in the geological map of the Rif 
Chain (1:500,000), based on FADs and LADs of biostratigraphic 

dinoflagellate cyst markers. Biostratigraphic correlations of the sec-
tion were possible with the upper Campanian dinoflagellate cyst 
Exochosphaeridium? masureae and Areoligera coronata zones of Sli-
mani (2001a), calibrated with the Northwest Europe Belemnitella 
mucronata Zone and Belemnitella wodii Zone, respectively.  

2) The studied samples record an ascending gradual change, from an 
inner neritic setting (or proximal shelf) with nearshore, warm-water 
and high productivity conditions in the lowermost part of the section 
to a stable outer neritic setting (distal shelf) in the uppermost part of 
the section. These gradual changes of the paleoenvironment, inferred 
from both dinoflagellate cyst distribution and palynofacies compo-
sition, are likely related to a transgression and probably a progressive 
subsidence. They may reflect the third-order sea-level rise UZA-4.3 
(High Stand systems tract; HST) of Haq et al. (1988). The middle 
part of the section, corresponding to the yellowish-grey marly tran-
sition, records unstable marine conditions, inferred from important 
fluctuations in the relative abundances of the dinoflagellate cyst 
groups, which may be related to a tectonic instability or fluctuations 
in the nutrient supply.  

3) According to Lentin and Williams (1980), the sediments were 
deposited in a subtropical to temperate setting, indicated essentially 
by a peridinoid assemblage belonging to temperate and tropical 

Fig. 10. Recapitulation scheme of the biostratigraphy, paleoenvironments and paleobiogeography in the Bou Lila section, region of Ksar El-Kébir, western External 
Rif, northwestern Morocco. 
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provinces. Nevertheless, many studies show that peridinioids are 
known also from subpolar regions and they may rather be associated 
with increased nutrient availability than climatic provinces. The 
presence of the northern high-latitude cold-water species Paly-
nodinium grallator in this setting may be explained by a southward 
migration, probably related to a short cooling episode during the late 
Campanian. But also, this species may be associated with other fac-
tors as water stratification. These inferences between paleoenvior-
onmental and paleobiogeographical interpretations remain to be 
debated. 
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Appendix A. Dinoflagellate cyst taxa listed alphabetically by 
genera, Bou Lila section (western external Rif in Morocco) 

All dinoflagellate cyst taxa recorded in the Bou Lila section (western 
External Rif in Morocco) are listed alphabetically by genera and all 
species are followed by references of their authors (following Williams 
et al., 2017: DINOFLAJ3) and where possible by plate and figure ref-
erences in brackets 

6. Alterbidinium acutulum (Wilson, 1967b) Lentin and Williams, 1985 
(Plate 3, Fig. 9) 

22. Alterbidinium kirschii Slimani, 1994 (Plate 3, Fig. 6) 
7. Alterbidinium minus (Alberti, 1959b) Lentin and Williams, 1985 
8. Alterbidinium variumKirsch, 1991 (Plate 3, Fig. 1) 
24. Andalusiella gabonensis (Stover and Evitt, 1978) Wrenn and Hart, 

1988 
34. Andalusiella ivoirensis Masure et al., 1996 (Plate 4, Fig. 9) 
23. Andalusiella mauthei subsp. punctata (Jain and Millepied, 1973) 

Masure et al., 1996 
37. Andalusiella mauthei subsp. mautheiRiegel, 1974 (Plate 4, Fig. 11) 
1. Andalusiella spicata (Rauscher and Doubinger, 1982) Lentin and 

Williams, 1985 (Plate 4, Fig. 10) 
76. Apteodinium crassumSlimani and Louwye, 2013 (Plate 3, Figs. 17, 

18) 
5. Apteodinium deflandrei (Clarke and Verdier, 1967) Lucas-Clark, 

1987 (Plate 3, Fig. 14) 
53. Areoligera coronata (Wetzel, 1933b) Lejeune-Carpentier, 1938a 

(Plate 2, Fig. 7) 
56. Areoligera flandriensisSlimani, 1994 
54. Areoligera senonensis Lejeune-Carpentier, 1938a (Plate 2, Fig. 8) 
77. Batiacasphaera solidaSlimani, 2003 (Plate 2, Fig. 1) 
9. Biconidinium reductum (May, 1980) Kirsch, 1991 (Plate 4, Figs. 1, 

2) 
44. Canninginopsis bretonica Marshall, 1990b (Plate 2, Fig. 4) 
45. Cannosphaeropsis utinensis Wetzel, 1933b (Plate 1, Fig. 20) 
46. Cassiculosphaeridia? intermediaSlimani, 1994 (Plate 2, Fig. 15) 
25. Cerodinium boloniense (Riegel, 1974) Lentin and Williams, 1989 

(Plate 3, Fig. 5) 

47. Cerodinium diebelii (Alberti, 1959b) Lentin and Williams, 1987 
(Plate 3, Fig. 8) 

26. Cerodinium leptodermum (Vozzhennikova, 1963) Lentin and 
Williams, 1987 

71. Chatangiella ditissima (McIntyre, 1975) Lentin and Williams, 
1976 

61. Chatangiella madura Lentin andWilliams, 1976 (Plate 3, Fig. 4) 
28. Chatangiella? robusta (Benson, 1976) Stover and Evitt, 1978 

(Plate 3, Fig. 7; Plate 4, Fig. 12) 
10. Circulodinium distinctum subsp. distinctum (Deflandre and Cook-

son, 1955) Jansonius, 1986 (Plate 2, Fig. 9) 
43. Codoniella campanulata (Cookson and Eisenack, 1960a) Downie 

and Sarjeant, 1965 (Plate 3, Fig. 25) 
11. Coronifera oceanica Cookson and Eisenack, 1958 (Plate 1, Fig. 10) 
31. Cribroperidinium cooksoniae Norvick, 1976 (Plate 3, Fig. 22) 
12. Cribroperidinium graemei Williams et al., 1998 (Plate 3, Fig. 19) 
38. Cribroperidinium wilsonii subsp. wilsonii (Yun Hyesu, 1981) 

Poulsen, 1996 (Plate 3, 23, 24) 
30. Cyclonephelium filoreticulatum? Slimani, 1994 (Plate 2, Figs. 5, 6) 
74. Dipyhes colligerum (Deflandre and Cookson, 1955) Cookson, 

1965a (Plate 1, Fig. 3) 
13. Dinogymnium digitus (Deflandre, 1936b) Evitt et al., 1967 
14. Elytrocysta druggii Stover and Evitt, 1978 
69. Exochosphaeridium brevitruncatumSlimani, 1994 (Plate 3, Fig. 20) 
48. Florentinia aculeataKirsch, 1991 (Plate 1, Fig. 2) 
49. Florentinia ferox (Deflandre, 1937b) Duxbury, 1980 (Plate 1, 

Fig. 8) 
51. Glaphyrocysta wilsoniiKirsch, 1991 (Plate 2, Fig. 17) 
78. Heterosphaeridium heteracanthum subsp. heteracanthum Deflandre 

and Cookson, 1955 (Plate 2, Fig. 10) 
68. Hystrichodinium pulchrum Deflandre, 1935 (Plate 1, Fig. 9) 
32. Impagidinium cristatum (May, 1980) Lentin and Williams, 1981 

(Plate 1, Fig. 12) 
75. Impagidinium scabrosumSlimani, 1994 
79. Impagidinium rigidaseptatumSlimani, 1994 (Plate 1, Figs. 17–19) 
62. Impagidinium sp. of Slimani et al. (2016) (Plate 1, Fig. 13) 
39. Isabelidinium cooksoniae (Alberti, 1959b) Lentin and Williams, 

1977a (Plate 3, Fig. 12) 
15. Isabelidinium cretaceum (Cookson, 1956) Lentin and Williams, 

1977a (Plate 3, Fig. 11) 
16. Isabelidinium variabile Marshall, 1988 (Plate 3, Fig. 10) 
2. Nelsoniella aceras Cookson and Eisenack, 1960a (Plate 3, Fig. 13) 
57. Nematosphaeropsis philippotii (Deflandre, 1947a) de Coninck, 

1969 
58. Nematosphaeropsis sp. cf. lativittata Wrenn, 1988 (Plate 1, 

Figs. 15, 16) 
17. Odontochitina costata Alberti, 1961 (Plate 4, Fig. 5) 
29. Odontochitina operculata (Wetzel, 1933a) Deflandre and Cookson, 

1955 (Plate 4, Fig. 6) 
27. Odontochitina porifera Cookson, 1956 (Plate 4, Fig. 4) 
73. Palaeocystodinium lidiae (Gόrka, 1963) Davey 1969b (Plate 4, 

Fig. 3) 
18. Palaeohystrichophora infusorioides Deflandre, 1935 (Plate 3, 

Fig. 2) 
66. Palynodinium grallator Gocht, 1970a (Plate 2, Fig. 16) 
52. Phelodinium magnificum (Stanley, 1965) Stover and Evitt, 1978 
19. Pterodinium cretaceumSlimani et al., 2008 (Plate 1, Fig. 11) 
40. Raetiaedinium belgicumSlimani, 1994 (Plate 1, Figs. 5, 6) 
63. Raetiaedinium laevigatumSlimani, 1994 
65. Rigaudella apenninica (Corradini, 1973) Below, 1982b (Plate 4, 

Fig. 14) 
41. Rottnestia wetzelii subsp. brevispinosaSlimani, 1994 (Plate 1, 

Fig. 7) 
35. Senegalinium bicavatum Jain and Millepied, 1973 (Plate 3, Fig. 3) 
64. Senoniasphaera alveolata in Wilson (1974) 
4. Senoniasphaera protrusa Clarke and Verdier, 1967 
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55. Senoniasphaera reticulata in Wilson (1974) (Plate 2, Figs. 13, 14) 
42. Senoniasphaera rotundata Clarke and Verdier, 1967 (Plate 2, 

Fig. 12) 
36. Surculosphaeridium longifurcatum (Firtion, 1952) Davey et al., 

1966 (Plate 1, Fig. 1) 
67. Tanyosphaeridium xanthiopyxides (Wetzel, 1933b) Stover and 

Evitt, 1978 (Plate 1, Fig. 4) 
20. Trichodinium castanea subsp. castanea Deflandre, 1935 ex Clarke 

and Verdier, 1967 (Plate 3, Fig. 15) 
70. Trigonopyxidia ginella (Cookson and Eisenack, 1960a) Downie 

and Sarjeant, 1965 (Plate 3, Fig. 27). 
33. Trithyrodinium evittii Drugg, 1967 (Plate 3, Fig. 16) 
3. Trithyrodinium suspectum (Manum and Cookson, 1964) Davey, 

1969b (Plate 3, Fig. 21) 
21. Turnhosphaera hypoflata (Yun Hyesu, 1981) Slimani, 1994 (Plate 

2, Fig. 11) 
59. Unipontidinium grande (Davey, 1975) Wrenn, 1988 (Plate 1, 

Fig. 14) 
72. Valensiella foucheriSlimani, 1994 (Plate 2, Figs. 2, 3) 
60. Xenascus ceratioides (Deflandre, 1937b) Lentin and Williams, 

1973 (Plate 4, Fig. 13) 
50. Xenascus wetzeliiSlimani, 1996 (Plate 4, Figs., 7, 8) 
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micropaléontologique. Géol. Médit. 10 (3–4), 41–57. https://doi.org/10.3406/ 
geolm.1983.1243. 

Niechwedowicz, M., 2019. Odontochitina dilatata sp. nov. from the Campanian (Upper 
Cretaceous) of Poland: the importance of wall structure in the taxonomy of selected 
ceratiacean dinoflagellate cysts. Palynology 19 (3), 423–450. https://doi.org/ 
10.1080/01916122.2018.1458754. 

Nøhr-Hansen, H., Dam, G., 1997. Palynology and sedimentology across a new marine 
Cretaceous/Tertiary boundary section on Nuussuaq, West Greenland. Geology 25, 
851–854. 

Oboh-Ikuenobe, F.E., Yepes, O., Gregg, J.M., 1998. Palynostratigraphy, palynofacies, and 
thermal maturation of Cretaceous–Paleocene sediments from Côte d’Ivoire-Ghana 
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