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- ABSTRACT

Assemblages of micro-, mega-plant fossils, and foraminifera are recorded from both outcrop and subsurface sediments of the
Nkporo Shale of Calabar Flank, southeastern Nigeria. The predominance ofepipelagic heterohelicids and hedbergellids with Globotrun-
cana indicates that the lower part of the Nkporo Shale was deposited in a shallow shelf environment during the late Campanian. A
subsequent withdrawal of the sea during the latest Campanian—early Maastrichtian is indicated by the occurrence of endemic West Afrs
ican benthic foraminifera such as Gabonita elongata, G. lata, Praebulimina bantu and Heterohelix spp. along with agglutinated foramin=
ifera. The low diversity of agglutinated foraminifera and the occurrence of aquatic plants, e.g., Salviniaceae, marshy monocotyledons,
and dicotyl.edo nous leaf impressions indicate. a final regression in the Nkporo Shale.  Thus, the Nkporo Shale, composed mainly of highly
fissile dark grey to black carbonaceous shale, represents a cycle of transgression during the Campanian followed by a regressive phase in

the latest Campanian—early Maastrichtian.

INTRODUCTION ; e e

The Calabar Flank is located in the easternmost part ~
of the southern Nigerian sedimentary basin (Fig. 1). The
basin has NW-SE trend of crustal block faults of horst
and graben structure, and about 1,000 m of Cretaceous
sediments are exposed in outcrop sections. The young-
est lithologic unit of the Cretaceous sequence, the 3
Nkporo Shale, is highly fissile dark grey to black carbo-
naceous shale interbedded with thin ironstone beds and
intercalated with sandstones, marls and gypsum. It out- To e
crops as a narrow band all along the Calabar Flank
extending into the Benue Trough of Nigeria (Fig. 2),
where it was first described by Tattam (1944) as Nkporo
Shales. Reyment (1965) redefined the Nkporo Shale and
described its stratigraphic relationship with the adjoining
unit in the type locality near Nkporo in eastern Nigeria. In
Calabar Flank, the Nkporo Shale unconformably over- 5 Kms. |
lies the Turonian (?) Eze-Aku Formation and ‘'underlies SCALE
the Late Tertiary Benin Formation (Table 1).

Fossil fauna reported from the Nkporo Shale (Rey- : 55—
ment, 1965) include cephalopods, pelecypods, gastrop-
ods, foraminifera, and ostracods. The occurrence of
ammonites: Libycoceras, Sphenodiscus and Bacu-
lites; ostracods: Veenia, Togonia, and Soudanella; and
foraminifera: Afrobolivina, Gabonella, Rugoglobigerina
and Globotruncana are significant. Reyment (1965, \ | Basement Complex
p.52) inferred a shallow water origin for this lithounit.

Although a Campanian-Maastrichtian age is generally

Benin Formation

Nkporo Shale
Eze. Aky Shale

I FFRIFN

Odukpani Formation

Fig. 1.Geological sketch map of Calabar flankbased on Geological sur-
vey of Nigeria map (1974) and Dessaunagic (1975)
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assigned to the Nkporo Shale and its lateral equivalents,
Reyment (1965) referred these formations entirely to the
Maastrichtian. Petters (1980) also supported a Maas-
trichtian age for Nkporo Shale on the basis of foraminif-
eral evidence. However, Murat (1972), Dessauvagie
(1975) and Kogbe (1976) considered this entire formation
to range from upper Campanian to Maastrichtian.

A detailed study of the fossil foraminifera and micro-
and mega- plants from outcrop and subsurface sections
of Nkporo Shale of Calabar Flank was undertaken to
determine the age range and depositional environment
of the formation.

The Salviniaceous fossils are described here since this
is their first reported occurrence of vegetative and
reproductive structures from Nigeria.

The results of the foraminiferal distribution in both
outcrops as well as subsurface sections are discussed
here but their systematics and biostratigraphy are to be
published elsewhere.

MATERIAL AND METHODS

The locations of the outcrop sections and BH-2 bore-
hole from which the samples are studied here are shown
in Figure 3. ‘

The use of hydrogen peroxide solution for separation
of foraminifera was found to be highly satisfactory due to
the high organic content of the samples.
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Fig. 2.The outcrop limit of NK poro shalein Southern Nigeria.

The conventional method of digesting the sediments
with HF for release of plant microfossils was followed.
The mega-plant fossils were studied under reflected light.
Paraffin oil was applied to discern clearly the venation
pattern of the leaf impressions.

Table 1. Stratigraphic succession of Calabar Flank

CHRONO - LITHOSTRATIGRAPHY
STRATI - GROUP/
GRAPHY | FORMATION DESCRIPTION
LATE . . ! Ferrugenous sandstonss
TERTIARY Benin Formation Err\ar”eodnd:’d with minor
EARLY
TE RTIARY
MAAS - / L
TRICHTIAN Black carbonaceous
tNkporo  Shale highly fissile sholes
CAMPANIAN .
SANTONIAN
CONIACIAN
TURONIAN Eze - Aku Fm. | Interbedded Lst and
W silty grey shale
CENOMANIAN|'Z |New Ntim Fm | minet Tmastons
% 2 Mfamosing Limestone with
ALBIAN o 2 |Fm. Awi minor Fluvio -
© S| 5 Formation 30nds—geitaic_sands
APTIAN ’

FAUNAL AND FLORAL ASSEMBLAGES
ODUKPANI VILLAGE SECTION

The section at 0.5 km South of Odukpani Village
(Fig. 3) yielded a rich assemblage of foraminifera domi-
nated mainly by planktic species. Significant species of
the assemblage are: Globotruncana fornicata Plummer,
G. cf tricarinata (Quereau), Rugoglobigerina subrugosa
(Gandolfi), R. rugosa (Plummer), Heterohelix globulosa
(Ehrenberg), H. pulchra (Brotzen), H. planata (Cush-
man), H. reussi (Cushman) and Hedbergella spp.

G. fornicata is reported here for the first time from
Nigeria in the Nkporo Shale. The specimens have long
and narrow subcrescentic chambers on the spiral side
some of which exhibit distinct undulations. In India, G.
fornicata has been recorded from the late Campanian
(Rasheed and Govindan, 1968; Rao, Mamgain and Sas-
try, 1968; Govindan, 1972). Although, this species has
been reported from the Coniacian to early Maastrichtian
in the western hemisphere (Bolli, 1957; Olsson, 1964,
Pessagno, 1967; Barr 1968), it is mainly restricted to the
Campanian in the coastal ranges of northern California
(Douglas, 1969). G. fornicata mostly from the Campan-
ian of southeastern Columbia are closely comparable to
Nkporo specimens. The presence of Heterohelix reussi
(Cushman) supports a late Campanian age for this sec-
tion of the Nkporo Shale. The maximum range of H.
reussi is well within the Campanian (Bandy, 1967; Cush-
man, 1946; Pessagno, 1967).
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Fig. 3.Geological map of parts of Calabar Flank shouing sample loca-
tion, 1,0.5 km south Odukpani village. 2,36.8 km from Calabar
along Calabar itu road 3.42 km from Calabar along Calabar-Itu

highway, 4.B H 2well.

The floral assemblage of this section consists only of
poorly preserved leaf impressions. Most of these fossils
are fragmentary and could not be assigned to any partic-
ular group or taxon.

The preponderance of planktic foraminifera in this
section and the absence of both agglutinated and cal-
careous benthics indicate probable anaerobic bottom
conditions (Nyong and Ramanathan, 1985). Petters
(1980) reported similar faunal assemblage from black
shale intervals of Turonian to early Santonian age in the
Benue Trough. He attributes such occurrences to strong
oxygen minima caused by reduced oceanic circulation
and high organic productivity. The dominance of largely
epipelagic species of heterohelicids and hedbergellids in
this section is further indicative of water depths not more
than those of a shelf environment (Sliter, 1972).

[TU HIGHWAY - SECTION AT 368 KM

The lower part of the section exposed along Calabar-
[tu Highway at 36.8 km (Fig. 3) contains Bolivina afra
(Reyment) and Gabonita elongata (De Klasz and Meijer)
that have been reported from Campanian-Maastrichtian
sediments of West Africa (De Klasz and Rerat, 1963;
Reyment, 1965; Petters, 1982).

The upper part of the section has low foraminiferal
species diversity and is dominated by Ammobaculites
sp. However, this part is rich in plant fossils.

The floral assemblage consists of both micro- and
fairly well preserved mega-fossils. The basal part of the
fossiliferous bed contains abundant Salviniaceae, and
the Prasinophycean algal cyst, Pterospermella. The

upper part is dominated by the leaf impressions of Salui-
nia and angiosperms. Salvinia, a hydropterid heteros-
porous fern, dominates the assemblage. Even the entire
specimens of Salvinia with crowded leaves were obtained
from the shales. More than twenty specimens of leaf
impressions have been collected. Aquatic angiosperms,
especially monocotyledonous families of Aponogetona-
ceae and Potamogetonaceae (Pl. [—9 & 10) arealso
fairly represented. Leaf impressions (incomplete speci-
mens) probably belonging to Mitragyna sp. and Termi-
nalia sp. occur in the upper part of the section. These
species are common in the swamp vegetation of Nigeria.

The microfossils include the pollen grains of Mauritii-
dites sp., Longapertites sp., and Proxapertites sp. and
the seed remains of higher plants, e.g. Spermatites (see
fig. 6).

The foraminiferal assemblage indicates a shallow inner
neritic depositional environment for the lower part and
probably Pterospermella, being a floating cyst, could
have been carried by water currents and got deposited.
The presence of Azolla cretacea (microspore, glochidia
and massula). Ariadnaesporites (megaspores and mi-
crospores) and vegetative remains of Salvinia shows the
existence of floating vegetation near the sedimentary
basin during Nkporo Shale deposition. The relative
abundance of Salviniaceous forms in the fossiliferous
beds indicate that the source was near the depositional
site. The free floating Salvinia could have been easily
carried by water currents along with the sediments. The
occurrence of Salviniaceous fossils and the relative
abundance of angiosperms higher up in the section
indicate a transitional near shore environment.

BH, WELL

The foraminiferal assemblages and plant microfossils
of the section exposed along Calabar-Itu Highway at
36.8km are closely similar to those of the interval
between 15 and 11.4 meter of BH, -well representing the
lower part of the Nkporo Shale. Here, the dominance of
few calcareous benthic and planktic species was ob-
served. The interval above 11.4 meter, representing the
upper part, has low foraminiferal occurrence, consisting
dominantly of agglutinated forms. The cuticles of plants,
also occur in abundance in this part.

The occurrence of planktic and calcareous benthic
species of foraminifera in the lower part indicates a
neritic depositional environment, whereas the presence
of agglutinated foraminifera in the upper part suggests a
shallower, paralic environment.

CALABAR~ITU HIGHWAY: SECTION AT- 42KM

.The section exposed at 42 km along Calabar-Itu
Highway is dominated by calcareous benthic species.
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This section represents the uppermost part of the
Nkporo Shale in Calabar Flank. The faunal elements are
dominated by Gabonita elongata and G. lata (De Klasz
and Meijer), and rare occurrence of Bolivina afra, Hete-
rohelix pulchra (Brotzen), H. planata (Cushman), Prae-
bulimina bantu De Klasz, Magne and Rerat, Ammobacu-
- lites sp., Gavelinella sp., and Haplophragmoides sp.
Praebulimina bantu has been reported from the Maas-
trichtian of Gabon also (De Klasz et al., 1963)

The influence of oxygen minima which affected the
benthic species in the other sections examined is not
observed in the section exposed at 42 km along Calabar-
[tu Highway. This is evident in the mixed occurrence of
arenaceous and calcareous benthic as well as planktic
foraminifera. Therefore, this assemblage was most
probably deposited in a shallow marine, relatively well
oxygenated environment.

DISCUSSION

The section exposed at 0.50 km south of Odukpani
Village represents the basal part of Nkporo Shale where
this unit unconformably overlies the Eze-Aku Forma-
tion. It is rich in planktic foraminifera of Campanian age
representing a transgressive facies associated with late
Campanian eustatic sea level rise of the South Atlantic
Ocean (Reyment, 1980).

The lower part of the section exposed at 36.8 km along
Calabar-Itu Highway contains benthonic foraminifera,
viz., Bolivina afra, Gabonita elongata, Praebulimina
bantu, Gavelinellasp., Trochammina sp., and Ammoba-
culities sp.; the Prasinophycean algal cyst, Pterosper-
mella, and Azolla cretacea. The foraminiferal assem-
blage indicates possible open marine neritic environ-
ment. The fresh-water Azolla cretacea was possibly
transported through water channels to the marine depo-
sitional site. The fossiliferous Nkporo Shale beds of the
Calabar Flank have been suggested as the Campanian in
age on the basis of the earliest known appearance of
Azolla (Odébddé and Skarby, 1980). However, Azolla
cretacea occurrence in the upper part of the same sec-
tion associated with Salvinia may indicate a younger age
for these beds, as the earliest appearance of Salvinia is
considered to be in the Maastrichtian (Hall, 1974).
Furthermore, the occurrence of angiosperm mega
fossils like Mitragyna sp. and Terminalia sp.; pollen
grains, viz., Mauritiidites sp., Longapertites sp., and
Proxapertites sp. havingtaxomomic affinity with some of
the modern marshy palms in the upper part of the sec-
tion clearly reveals a younger aspect. Thus the Calabar-
Itu Highway section at 36.8 km ranges from late Campan-
ian to early Maastrichtian and represents a regressive
facies of the Nkporo Shale.

The contact between the Nkporo Shale and the over-

lying late Tertiary Benin Formation is exposed at 42 km
along Calabar-Itu Highway. The microfaunal assem-
blage of this section especially the foraminifera, described
earlier suggests a Maastrichtian age and deposition
under possible shallow marine conditions. Zaborsk:
(1982) reported ammonite fauna of Sphenodiscus lo-
batus costatus, Pachydiscus (P.) aff. dossantosi, P. (Neo-
dermoceras) sp. and Baculites, sp., and assigned an
early Maastrichtian age to this part of the Nkporo Shale.
The faunal data indicate that the age of the Nkporo Shale
ranges from the late Campanian to early Maastrichtian
and that the deposition was in a transgressive phase
during the Campanian followed by slight regressive con-
ditions during the early Maastrichtian.

SYSTEMATIC DESCRIPTION

Order Salviniales

Family Salviniaceae
Salvinia sp. cf. S. auriculata AUBL .
(PL.I—4 & 5)

Description: Leaf impressions, shape cordate; largest
more than 2 cm long with a maximum width of 2 cm;
midrib distinct; trichome (hair) bases prominent as small
depressions along the veins originating from the midrib,
meshes visible clearly in some specimens; leaf margin
entire, apical notch more prominent than the basal one;
leaves grouped together in some cases.

Occurrence: Vegetative remains of Cretaceous Salvi-
niaceae have been recorded rarely. Salvinia was re-

- corded from the lower Tertiary of Enugu, Nigeria

(Seward, 1924) and from the late Cretaceous of Mexico
(Hall, 1974). The earliest occurrence of Salvinia is consi-
dered from the Maastrichtian (Hall, 1974)

Salvinia, an aquatic heterosporous fern has 12 extant
species and is widely distributed in warm temperate to
tropical regions. The specimens from the Nkporo Shale
have a size comparable to Salvinia formosa Seward
(1924). The West African extant species S. nymphellula
(Alston, 1959) resembles the Nkporo specimens in shape
but is smaller. The upper Cretaceous S. elliptica des-
cribed by Hollick (1884) is smaller than Nkporo Shale
specimens. Other fossil records of Salvinia range from
the Eocene to the middle Pliocene (Reed, 1954 & 1965).

Azolla cretacea STANLEY, 1965
(Pl. I—1-3)

1965 Azolla cretacea Stanley, p. 256, pl. 33, figs. 1-5.

Occurrence: Odébddé and Skarby (1980) figured a mas-
sula and associated microspores of Salviniaceae from
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the Nkporo Shale. However, they did not describe the
structural details. The figures are not clear enough to
refer their specimens to Azolla cretacea. Azolla first
appeared in the Campanian and became abundant in the
upper Campanian-Maastrichtian strata (Srivastava,
1978).

Ariadnaesporites nigeriensis ODEBODE & SKARBY 1980

1980 bAriadnaesporites nigen’ensesOdédeé and Skarby, p. 198, figs.
2-5, 8A, 9A, 10A )

Remarks: The genus Ariadneasporites includes both
megaspores and microspores. A. nigeriensis was des-
cribed from the Nkporo Shale (Odébdde and Skarby,
1980). We recovered only a few detached microspores
and massulae but megaspores were rare.

Odébddeé and Skarby (1980) also found two other
Ariadnaesporites spp. associated with six microspore
species. One or more Azolla megaspore species, and
several detached floats were also obtained from the
black, silty shales of the section exposed at 42.5 km along
Calabar-Itu Highway.
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EXPLANATION OF PLATE

PLATE I

Azolla cretacea Stanley; single grain slide Nc. NKR-18/3; X ca 320.
2. Glochidium showing non-septate stalk, anchor shaped tip and recurved prongs; Single grain slide No. NKR-18/3, X ca 1250.
. Part of massula showing reticulum and the attached glochidia ca x 900.
4,5  Salviniasp. cf. S. auriculata Aubl., UCG 7/371 and UCG 7/383; X 1.
Spermatites sp., Single grain slide No. NKR-19/1; X ca 640.
. Pterospermella sp., Single grain slide No. NKR-7/2; ca 640.
8,11. Unidentified dicot leaf impressions, UCG 7/293 and UCG 7/379; X 1.
9,10. Unidentified monocot leaf impressions., UCG 7/197 and UCG 7/29 x 1.



