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Integrated floral and faunal (foraminiferal) data permit a precise interpretation of the age and depositional environment
of the outcrop section exposed along the Calabar-Itu Highway at 42.5 km point. The outcrop section belongs to the
Nkporo Shale of the Calabar Flank from which Ariadnaesporites nigeriensis Odébddé & Skarby was reported and described.
The results obtained indicate an Early Maastrichtian age and deposition in a brackish swamp environment. The biostratigraphic
and environmental significance of salviniaceous fossils have been consequently assessed.
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SPORES of the Salviniaceae belonging to
Ariadnaesporites (Potonié) Tschudy were reported for
the first time from the Cretaceous of southeastern Nigeria
by Odébddé and Skarby (1980). Their report consisted
essentially of systematic description of some new mega-
and microspores of Ariadnaesporites, including the new
megaspore species A. nigeriensis recovered from a
section exposed at the 42,5 km point on the Calabar-
Itu Highway. This outcrop, which lies on the Calabar
Flank, was previously interpreted as freshwater deposits
(based on the presence of Pediastrum, Azolla and also
the absence of dinoflagellates and planktonic
foraminifera). It was tentatively assigned a Campanian
age on the basis of the association of Azolla sp. with
Ariadnaesporites nigeriensis (Odébodé & Skarby, 1980).

This determination was, however, found to be
inconsistent with other palynological, foraminiferal and
ammonite data of Reyment (1965), Reyment and Tait
(1972), Petters (1980, 1982), Zaborski (1982), Nyong
and Ramanathan (1985), Kumaran and Ramanathan
(1986), and Nyong, Kuhnt and Wiedmann (MS) on the
age and depositional environment of the outcrops on
the Calabar Flank.

We demonstrate that Odébodé and Skarby’s (1980)
interpretation was based on insufficient information on
the stratigraphy and palaeontology of the Calabar Flank,
the mechanisms involved in the deposition of hydropterid
spores such as Ariadnaesporites, Azolla and the green
alga, Pediastrum and perhaps most importantly, the
loss of smaller palynomorphs of stratigraphic and
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environmental significance by using a single sieve
(p. 197) with such a large mesh size as 125 pum.

GEOLOGICAL SETTING AND SAMPLE LOCATION

Murat (1970 first adopted the phrase “Calabar Flank”
for the eastern-most region of southern Nigeria
sedimentary basin. However, Nyong and Ramanathan
(1985) gave a comprehensive review of the structural
location of the Calabar Flank which is characterised by
NE-SW trending crustal block faults of horst and graben
structures bounded by the Cameroon volcanics in the
east, the Ikpe platform in the west, the Oban Massif in
the north and the Calabar hinge line in the south (Text-
figure 1). This area contains about 1,000 meters of
Cretaceous sediments in outcrop sections including the
Albian sandstones and limestones of the Awi Formation
(Adeleye & Fayose, 1978); the Cenomanian-Early
Coniacian shales and marls variously referred to in the
literature as Odukpani Formation (Reyment, 1965); Eze-
Aku Formation (Reyment, 1965) and Nkalagu Formation
(Petters & Ekweozor, 1982); the Campanian-Maastrichtian
Nkporo Shale (Reyment, 1965) and the post Cretaceous
sands of the Benin Formation. The outcrop section
located at 42.5 km (latitude 5°13’42” N and longitude
8°11°10” E) on the Calabar-Itu Highway from which
Ariadnaesporites nigeriensis was first reported, belongs
to the uppermost part of the Nkporo Shale of the Calabar
Flank (Text-figure 2).

The studied outcrop is a 4 metre thick mass of
dark grey to black, carbonaceous, finely laminated, highly
fissile shales with interbedded mudstones and
gypsum bands. The samples studied were taken
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from different shale bands of the outcrop section (Text-
figure 3).

Chemical treatment of samples for palynomorph
concentration was accomplished using successively 40
per cent Hydrofluoric acid, 30 per cent Nitric acid and
5 per cent Potassium hydroxide. Sieving was done
through a stack of 200, 230 and 400 mesh sieves to
provide the added advantage of not losing the smaller
palynomorphs. The associated foraminiferal content was
analysed separately by using a 200 mesh sieve. All the
samples and the slides are stored in the repository of
the Department of Geology, University of Calabar,
Nigeria.

A list of palynomorphs and associated foraminifera
recovered has been given as follows. These species
are already known from the West African sediments
and elsewhere.

Spores
Ariadnaesporites nigeriensis Odébodé & Skarby 1980
Ariadnaesporates sp.
Azolla cretacea Stanley 1965
Azolla circinata Oltz & Hall 1968
Cyatbidites australis Couper 1953
Foveotriletes margaritae Germeraad el al. 1968
Verrucosisporites sp.
Pediastrum sp. (green alga)
Pierospermopsis sp. (Prasinophycean algal cyst)

Pollen
Bacutriporites orluensis Jan du Chéne et al. 1978
Echimonocolpites densus Gonzalez-Guzman 1967
Gemmatricolporites pilatus Jan du Chéne et al.
1978
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Text-figure 1—Location map and structural clements of the Calabar Flank and adjacent areas (atter Nyong & Ramanathan, 1985).
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Text-figure 2—Geological map of the Calabar Flank showing sampling
locality.

Longapertites marginatus Van Hoeken-Klinkenberg
1964

Longapertites microfoveolatus Jan du Chéne &
Adegoke 1978

Longapertites sp. 3 sensu. Lawal & Moullade 1986

Monocolpites marginatus Van der Hammen 1954

Periretisyncolpites giganteus Kieser & Jan du Chéne
1979

Periretisyncolpites magnosagenatus Kieser & Jan
du Chéne 1979

Echitriporites trianguliformis Van Hoeken-
Klinkenberg 1964
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Text-figure 3—Lithological section of outcrop at 42.5 km on the
Calabar-Itu Highway showing sampled levels.
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Proxapertites cursus Van Hoeken-Klinkenberg 1966

Proxapertites operculatus Van der Hammen 1956

Psilatricolpites sp.

Retidiporites magdalensis Van der Hammen & Garcia
de Mutis 1965

Spinizonocolpites baculatus Muller 1968

Syncolporites ifeensis Jan du Chéne 1978

Tricolpites sp.

Ephedrepites strobilaceous (Kuyl et al) Salami 1984

Dinoflagellates

Cerodinium diebelii (Alberti) Lentin & Williams 1987

Deflandrea laevigata Malloy 1972

Dinogymnium acuminatum Evitt, Clarke & Verdier
1967

Dinogymnium euclaense Cookson & Eisenack 1970

Palaeocystodinium australinum (Cookson) Lentin
& Williams 1976

Palaeocystodinium benjaminii Drugg 1967

Palaeocystodinium gabonense Stover & Evitt 1978

Phelodinium tricuspe (O. Wetzel) Stover & Evitt 1978

Svalbardella sp.

Associated Foraminifera
Ammobaculites sp.
Bolivina afra Reyment 1959
Gabonita elongata De Klasz & Meijer 1960
Gabonita nigeriensis Odébodé 1987
Praebulimina bantu De Klasz, Magne & Rerat 1963
Rugoglobigerina macrocephala Bronnimann 1952
Rugoglobigerina rugosa (Plummer) Bronnimann

1952

AGE OF THE OUTCROP SECTION

The palynofloral composition presented above from
the outcrop of Nkporo Shale includes stratigraphically
significant species comprising rare occurrences (<10%)
of Spinizonocolpites baculatus and frequent to common
occurrences (>10%) of Echimonocolpites densus,
Longapertites microfoveolatus, Monocolpites marginatus,
Periretisyncolpites giganteus, P. magnosagenatus,
Echitriporites trianguliformis, Retidiporites magdalensis
and Foveotriletes margaritae. These are endemic
Maastrichtian species known from tropical and subtropical
regions of the world (Jardiné & Magloire, 1965; Hemgreen;
1975; Jan du Chéne, 1977, 1980; Jan du Chéne et al., 1978a,
1978b, 1978c¢c; Adegoke et al., 1978; Baksi & Deb, 1981;
Salami, 1985; Lawal & Moullade, 1986; Schrank, 1987).

Schrank (1987) found a few specimens of
Spinizonocolpites baculatus from the Early Maastrichtian
of Egypt. Lawal and Moullade (1986) recorded a peak
occurrence of S. baculatus in the Late Maastrichtian of
Nigeria. Hence, the rare occurrence of S. baculatus in
the 42.5 km outcrop is significant and probably indicates
an Early Maastrichtian age.
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The foraminiferal assemblage from this outcrop
consisting of Rugoglobigerina rugosa, R. macrocephala,
Gabonita elongata, G. nigeriensis, Bolivina afra and
Praebulimina bantu, is also suggestive of a Maastrichtian
age as these forms have already been recorded from
the west African sediments (De Klasz & Rerat, 1963,
De Klasz et al., 1963; Reyment, 1965; Petters, 1982; Jan
du Chéne et al., 1978b; Okosun, 1990). Nearby, at 42
km on the Calabar-Itu Highway, Kumaran and
Ramanathan (1986) reported a similar Maastrichtian
foraminiferal assemblage and Zaborski (1982) reported
an ammonite fauna from adjacent strata including
Sphenodiscus lobatus costatus, Pachydiscus aff. P.
dossantosi and Baculites sp. which support an Early
Maastrichtian age. Furthermore, the relative abundance
of the dinoflagellates, Cerodinium diebelli,
Palaeocystodinium australinum, P. benjamini, P.
gaboense, Phelodinium tricuspe and Svalbardella sp.
recovered from 42.5 km outcrop suggests a Maastrichtian
age. The decreasing frequency of Dinogymnium
acuminatum and D. euclaense and the abundance of
Cerodinium diebelii are significant in fixing an age not
older than Early Maastrichtian (Kumaran, MS). In
addition, impression of Salvinia are common in the
outcrop. The earliest previous report of this genus is
Maastrichtian (Hall, 1974). Thus, the integrated floral
and faunal data indicate an Early Maastrichtian age for
the outcrop.

DEPOSITTIONAL ENVIRONMENT

Although most of the palynomorphs encountered
at the 42.5 km outcrop are of unknown botanical affinities,
a general overview of the assemblage reveals the
dominance of angiospermous pollen. Among the
pteridophytic spores, the hydropterid ferns are more
conspicuous than the non-hydropterids. The non-
hydropterid spores are low in diversity, being mostly
triletes with marshy fem (Acrostichum sp.) affinities. More
diverse pollen assemblage consisting of Echimonocolpites,
Longapertites, Proxapertites and Spinizonocolpites have
usually been attributed to mangrove palms (Adegoke et
al., 1978, Salami, 1984; Frederiksen, 1985; Schrank, 1987).
These pollen grains of mangrove palms and spores of
marshy pteridophytes are indicative of deposition in
brackish swamp environment.

The presence of dinoflagellates is usually indicative
of deposition under brackish to marine conditions. Low
ratio of dinoflagellates compared to miospores and
dominance by only a few species with short apical
processes are known to characterise brackish
environments (Upshaw,1964; Mebradu, 1982; Salami,
1984). Similar trends have been observed in the
dinoflagellates obtained from the outcrop section of
Nkporo Shale. Besides, foraminiferal linings (=
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“microforaminifera™) are frequent in all the palynological
preparations made from the shale samples which indicate
a shallow marine to brackish water depositional
environment (Kumaran & Rajshekhar, 1992).

The occurrence of hydropterid spores of the
Salviniaceae possessing ‘float structures’ (Hall, 1974),
the green alga Pediastrum which possesses thin, delicate
walls, and the prasinophycean Pterospermaopsis, indicate
probable transportation by water currents through
channels to the brackish-swamp environment, as
suggested by Rao and Kumaran (1988). Besides, the
low ratio of megaspores to microspores of
Ariadnaesporites is remarkable. Due to their larger sizes
and thicker exine with endosporium spore body, they
are less susceptible to transportation. Thus, their
occurrence in low numbers in this brackish swamp
environment reflects a relatively short distance of
transportation from their original fresh water habitat,
where the megaspores would otherwise show an
appreciable frequency of occurrence. This interpretation
is generally consistent, with the results from other
‘Ariadnaesporitesbearing’ outcrops in the Anambra Basin
of southeastern Nigeria (Edet, 1988).

CONCLUSION

The outcrop from which A. nigeriensis Odébodé
& Skarby was first reported, belongs to the Campanian-
Maastrichtian Nkporo Shale of the Calabar Flank. Contrary
to the previous report of Odébddé and Skarby (1980),
the palynological and associated foraminiferal
evidences from the outcrop indicate an Early
Maastrichtian age and deposition in brackish-swamp
environment. The significant elements include spores
and pollen grains, viz., Echimonocolpites densus,
Longapertites microfoveolatus, Monocolpites marginatus,
Periretisyncolpites gigcmteus, P. magnosagenatus,
Echitriporites trianguliformis, Retidiporites magdalensis,
Spinizonocolpites baculatus and Foveotriletes margaritae,
dinoflagellates : Palaeocystodinium australinum, P.
benjaminii, Cerodinium diebelii, Dinogymnium
euclaense, Deflandrea laevigata, Svalbardella sp. and
the foraminifera : Bolivina afra, Gabonita elongata,
G. nigeriensis, Praebulimina bantu, Rugoglobigerina
macrocephala and R. rugosa.

It should, however, be emphasized here that the
actual biostratigraphic range of A. nigeriensis is not yet
well established as the examination of more outcrops
and well sections in a regional setting would be
necessary.
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