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ABSTRACT

The Kal anbai na Formation outcrops mainly in the centra
portion of the Sokoto enmbaynent. The Sokoto enbaynent forns
part of the southeastern flank of the |ullenmeden Basin which
covers an area of about 700,000 knf in Mali, N ger and

Ni geria, and the Republic of Benin.

The foram niferal mcrofaunas from the outcropping

Kal anbai na Formation in the Sokoto enbaynment are predom nantly
cal careous with sone arenaceous taxa. The assenblages from all
the horizons in the sections conprise calcareous taxa with

por cel aneous to hyaline wall structure and sone arenaceous
taxa with sinple structure. Most of the species encountered
have previously been described and provided a useful data

base for regional and |ocal pal eoecol ogic, paleogeographic

and stratigraphic interpretations.

The foram niferal assenblages of the Kal anbai na Fornmation
are characterised by the dom nance of |ocal Pal eocene species,

nanely Elphidiella africana, and Operculinoides bernudezi

foll owed by Rosalina koeneni, Cibicides praecursorius, and

Pararotalia perclara. Oher stratigraphically inportant

foram nifera identified and described include Nonion

graniferum Rotalia of trochidiforms, Nonionella sp.,

Pvram di na crassa, ProteJdphidi um subl aeve, Pleurostonella

pal eoceni ca and Thal manni ta nadrugaensi s.

Foram niferal species diversity is twenty and this
is low enough to suggest shallow water marine environnment

of deposition.
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Chapter 1 ) e ,T?"yi

INTRODUCTICN

1.1 "% Y General Introduction

The Kalambaina Formation is a fossiliferous marly
limestone which is the main marine lithotope in the
Sokoto Embayment. The Sokotn Embayment 1ltself is thaf
part of the southesastern portion of a wide intracratnonic
gedimentary basin known as the Iullemmeden Basin which
covers part of Mali and the western boundary of the
Republic of Niger and extends through northern Benin

Republic and northwestern Nigeria into eastern Niger,

A low escarpment, the "Dange Scarp" is the most
prominent feature in the basin and is closely related to
the geclogy. The area to the east of this escarpment
consists predominantly of a gently undulating, sandy
pi;in, which extends southwestwards to the boundary withﬁ R
the Basement Complex. The escarpment retalns a marked

NNE - S55W trend which approximately parallels the regioconal

strike. . . | .

It is interesting to note that in this basin, the
character of the landscape, is to a large extent determined
by thellithologiCal differences among the rocks and the
widessfead occurrence of lateritic ironstones which form a
resistant band above the weanker rocks. The regional dip .

-

is very gentle and iIs towards the northwest,

Although Palaeozoic and clder sedimentary rocks occur
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in the basin, much further north, in the Nigerian sector

the rocks are Cretacedus and Tertiary in age. The environment
of deposition of the sediments ranqge from continental through
marginal marine to normal marine. However, the lithostra-~
tioraphic unit studied in this nroject is the Upper Palencene
shallow marine marly limestcone which overlies marine
Maastrichtian epicontinental deposits. The marly limestcone

underlies the continental Gwandu Formation of Eocene age.

1.2 Location and Extcnt of Project Area

The project area is located 1in Sckoto in northwestern
Nigeria (Fig. 1.1). The area is about 400km northwest of
Zaria. Since the project is aimed at determining the age
of the exposed part of the Kalambaina Formation, and at
reconstructing the paleoecnlogy of the formation from its
foraminiferal composition and distribution, sampling was
also carried out at Dange (16 km from Sokoto town along
Sokoto - Gusau Road); Wurno (65 km north of Sgkoto town)

and at Malbaza (near the Nigeria - Niger border).

The major area covered is located between latitudes
13°00'N - 13920'N  and longitudes 5700'E - S73N'E with an
overall area of about 1944 km? covering a lenath of 54 km

and width of about 36 km,

1.3 Previo w

Geological work in the Sokoto embayment dates back to
the late 1800s, but most of the early published materials
deal with the general geclogy and descriptions of fossil

localities. Falconer (1911) published the result of his



pioneering study of the geology and geography of northern
Nigeria which included the Sokoto embayment. His observations
and descriptions are still of paramount importance to any study
of the Sokoto embayment today. However, the 'regional tectonics'
that resulted in the folding and fracturing of the rocks which
he dated as Bocene is now ‘hought to have occurred at the end

of the Faleocene (Koghe 1979). The subsequent period of

intense erosion took place during the Eocene.

Jones (1948) carried out the first detailed strati-
graphic study of the Sokoto embayment and his work has been
published as a bulletin of the Geological Survey of Niageria.
Subsequent investigations by Asseez and Fayose (1972) and
Petters (1977a, 1977b, 1978a, 197Rb, 1980, 1982) confirmed
the observations made by Jones (1948). Parker (1964) mapped
a large segment of the Sokoto province. Kogbe (1972, 1974,
1976, 1977, 1978, 1979) and Petters (1976a, 1978a) worked
on the geology and stratigraphy of the Sokoto embayment and

described foraminifera from many of the formations.

The water resources of the embayment were first studied
by Raeburn and Tattam (1930) and later by du Preez and
Barber (1965). Others who have worked in the area inglude
Carter (1964) and Reyment & Reyment (1978). Almost all these
studies are limited to the description and illustration of
different species of foraminifera from certain localities and
from borehole samples. Consequently, many nf the same Upper
Paleocene species have been oiven different names by different
workers. In most cases, the palececrlogic implicaticns of the

foraminifera described were not considered.



1.4 Aims and Obdectives of Pregsent Study

The aim of this study is to identify and describe in
details the Foraminifera from the Kalambaina Formation and
to deduce their palenecologic implications and reconstruct the
palecenvironment from their distribution and composition. Their
distribution should also be instrumental to the establishment
of the foraminiferal biofacies and comparisons with Paleocene
foraminiferal biofacies in other Nigerian sedimentary basins.
Emphasis is on the diversity of species, population structure,
benthonic/planktonic ratins, microfaunal composition and the

morphology of species as a means of deducing palecenvironment,

1.5 Metho of Study

Samples were taken from different localities where the
Kalambaina marly limestones ocutcropt and from stratigraphic
sections exposed along road cuts, qullies and the cement
quarry. The highest number of samples (10) were obtained
from the Kalambidina cement quarry. The samples were washed
mainly for microfossils. The foraminifera were studied in
detail, identified and classified through systematic
paleontology. This contributed immensely to the understanding
of the paleoecology of the formation and of the basin as a

whole.

Each sample was crushed with mortar and pestle before
it was boiled in water to which Hydrogen Peroxide has been
added prinr to washinag through a 230-mesh sieve. Each washed
sample was split sc that approximately 100 - 200 specimens

were available for counting (Table 3.1) and identification.



A list of statistically important species identified in this

project is given in Chapter 3.3.1 and Table 3.1

Foraminiferal count was done using 10 gm of washed
sample each to determine the relatlive abundance ~f species
and foraminiferal popula“ion in each sample. This was a
basis for calculaling the foraminiferal number (FN) as the

number of foraminifera/gm of the washed sample.



Chapter 2

QUTLINE GEOLCCY OF THE SOKOTC EMBAYMENT

2.1 Introduction

The southeastern flank of the Iullemmeden basin in
Nigeria is locally known as the Sokote Embayment. The
sediments of this region cover an area of about 29,9500
square kilometres. The physiography consists essentially
of a gently undulating plain with an averaqge elevation
varying from 250 -~ 400 metres above sea level. This
monotonous topography is interrupted at intervals by,
mesas - isolated, steep-sided, flat-topped hills and
also by a low escarpment named the 'Dange Scarp' by earlier

workers (Kogbe, 1972),.

The Sokoto Embayment forms a small portion (about
one~-tenth) of a far more extensive elongated sedimentary
and structural basin, centred in the Republic of Niger
and trending northwestwards. This basin is kncwn as the
Iullemmeden Basin (Radier, 1957) after the Tuareg tribe
which inhabited the central part. In the Niger Republic,
the basin attains its maximum development with the occur-

rence of Falenzoic, Mesozoic and Tertiary sediments.

The oldest rocks in the Sokoto Basin are continental
in origin and belong to the Gundumi and Illo Formations
which form part of the "Contimsental intercalaire" of
French-speaking neighbouring cruntries. These formations
were deposited disconformably on the Basement Complex. In
the Sokoto Basin, the Illo Formation lies to the southwest

while the Gundumi Formation occurs i» the northeast. It
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is supposed that the two formations form one continuous
outcrop partially separated by a basement ridoe located in
the area around Fekku, The Ille and Gundumi Formations
are lucustrine/fluviatile deposits and are very poorly
fossiliferous. Only fragments of silicified wood have
been recovered from both formations (Kogbe, 1972). The
Gundumi Formation is overlain by the Rima Group of
Maastrichtian age, while the Ille Formation is overlain
successively from east to west by the Rima CGroup, the

Sokoto Group and the Gwandu Formation. (Table 2.1.)

2.2 Stratiaraphic framework

The stratigraphic framework of the Sokoto Basin fits
neatly into three major depositional episcdes. The first
episode occurred during the Uppermost Jurassic to Lowermost
Cretaceous. This was a continental depositional phase
during which the deposits of the Gundumi and Illn
Formations were laid down unconformably on the Frecambrian
BasemenF Complex of gneisses, quartzites and granitic
complexes (Fig. 2.1). The area was far more removed
from the limits of the southern or Tethys seas and the

deposits are probably fluviatile or lucustrine in origin.

The second episode began with the Maastrichtian
transgression when the sea moved northwards from the Gulf
of Guinea through the mid-Niger basin (Kagbe 1979). The
Tethys seas moved southwards from north Africa through
the Sahara. The transgression continued into the Paleocene

during which the Rima Group (Maastrichtian) and the Snkoto
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- 41 =
Group (Paleocene) were depesited (Fig. 1.2 & Table 2.1).

The third and final episode begah during the Eocene
with the regression of the sea. Continental conditions
prevailed again and continues until the present. The Gwandu
Formation of Eocene to Miocene age was deposited durina this
episode and was followed by a period of laterization which
was very widespread in Nigeria and is still in progress

today.

2.2.1 The Bimg Group
The second episode in the the history of the Sokoto

basin commenced with the Maastrichtian marine transqression.
The sediments deposited during this transgression belong to
the Rima Group, which consists of three (3) formations

3) Wurno Formation

2) Dukamaje Formation

1) Taloka Formation

The Taloka and Wurno Formations consist predominantly
of friable sandstones and siltstones with some clayey and
carbonaceous horizons. The sediments are finely bedded and
deposited in a brackish water environment. The Taloka and
Wurno Formation are separated by the qgypsiferous and

calcareous Dukamaje Formation.

The type locality of the Taloka Formation is at the
village of Taloka about 2 kilometres east of Goronye. The
Dukamaje Formation is richly fossiliferous and the famous

Mosasaurus nigeriensis was recovered from the formation
(Kogbe 1979). The Dukamaje Formation was deposited during



the Maastrichtian marine incursien. This is confirmed by
the presence of the Upper Maastrichtian ammonite (Libycoceras
ap.) at the type locality in Dukamaje. Im Taloka village,
the Dukamaje Formation overlies the Taloka Formation with
its characteristic baonc bed lying directly at the base of

the formation.

The Wurno Formation is well exposed at its type
section at Wurno, but eclsewhere exposures are gquite rare.
The formation is about 23 metres thick at Wurno and consists
of whitish-grey coloured friable, fine grained sandstones,
siltstones andimtercalated mudstones. The sediments are

very lcosely consclidated and susceptible to weathering.

2.2.2 The Sckoto Group
Still in the second episode in the depositional history

of the sedimentary rocks of the Sokote basin is the Sokoto
Group of sediments, consisting of the Dange, Kalambaina
and Gamba Formations. This aroup is entirely marine in
origin. The formations within the group increase in
thickness northwestwards and attain maximum thicknesses
towards the centre of the Iullemmeden basin in the Niger
Republic. The beds arc of Upper Paleocene in age and richly
fossiliferous. The type locality of the Dange Formation
is along the road cutting north of the village of Dange

on the Sokoto - Gusau road. Type localities and type
sections of the Kalambaina and Gamba Formations can be
observed at the quarry of the Cement Company of Northern
Nigeria near the villace of Kalambaina about 6 kilometers

southwest of Sokoto town.
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groups of flat-topped steepsided hills and usually capped

by lateritic ironstones. The Gwandu Formation is made of
massive clays, clayey grits and sandstones varying from

fine to coarse grain size. The formation bears a general
resemblance to those of the Gundumi and the Illo Formations
but in the Gwandu Formation there is a considerably higher
preportion of clay. The clays are massive, non-plastic and
vary in colour from entirely white to blue and sometimes
purple. The grits are variecated, white, red, and blue and
contain a considerable amount of clay and sometimes grade to

gritty clays.

The type section of the Cwandu Formation occurs near
the village of Dutsin Badua about 4 kilometres north of

Birnin Kebbi on the Argungu road (Kogbe, 1972).

The Gwandu Formation overlies the Gamba Formation
unconformably in the northern and central parts of the
Sokoto basin. To the south, the formation overlaps the
Paleocene formations and rests directly on the pre-
Maastrichtian Illc Formation and the Maastrichtian Rima

Group.

The age of the Gwandu Formation has been very uncertain,
It was usually referred tc the Pleistocene, but palynologic
determination by Shell B.P., indicates a possible Eocene
age (Reyment 1965) and this has been confirmed by subsequent
palynologic determinations by Kogbe and Sowunmi (1875) in

which an Eocene-Miocene age was assigned.
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Chapter 3

' THE KALAMBAINA FORMATION | B

3.1 o f.:ﬁﬁgéggggigg |

"The Kalambaina Formation (Fig., 3.1) consists of a
white marine, c¢layoy, marly limestone and shale. The type
section nf the formation is at the guarry of the Cement
. Company of Northern Nigeris, near the village of Kalambaina,
located about & kilometres te the southwest of Sokoto township.
The thickness of the formation is variable because of the
subsurface dissclution of the limestone. The maximum
thickness recorded from borehcles, according to Kogbe (1876}
Is over 20 metres, but'usually only about 10 ﬁefkes of
section is exposed at the guarry (Fig. 3.2). fhe Kalambaina
Formation is reduced to about_4 metres near the village of
Dange (Fig. 3.32) and further south at Birnin Kebbi, the

Formation attains an approximate thickness of about 18

metres. : - . : ' - : g o

The Kalambaina Formation is very rich in invertebrate
fossils, mainly achiﬁcids, COréis; nautilinids, lamellibranchs,
and gastropods. Foraminifera and ostraceods have been
degcribed from the formation (Kogbe 1972; Foster gt al.,

1983; Reyment, 1965).

At the type locality, l.e. the Kalambaina quarry, the
type sections of the Kalambaina and Gamba Formations are
well exposed., The pr-file consists of the Kalambaina

Formation, which in turn is succeeded by an ironstone unit
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(Fig. 3.2). About 7 metres from the top of this section
begins the Kalambaina Formation. It continues down to
about 14 metres from the top. The Kalambaina Formation in
this locality is essentially yellowish-arey, white, marly,
soft limestone, with clay interbeddings. Clay content
increases upwards and the formation is generally richly
fossiliferous. Meaafossils include the shallow water
pelecypods - Lucina cf. pharaonis, Panopea sahariensis,
Pseudoheligmus nigeriensis, Ostrea multicostata, Mucula sp,,
the gastropod - Volutilithes cf muricing:; some nautiloids -
Deltoidonautilus molli and Cimonia sudanensis. Echinoids
are very abundant especially Linthia sudgnensis, Cisortia
brevis, and Rhgbdocidaris cottreani. There is a rich

ostracod fauna; and some bryozoans and corals, which are

yet to be described.

In this work, the Kalambaina Formation refers only to
the calcareous member and calcareous shale member of the
*Calcareous Group' of Raeburn and Tattam (1930), Jones

(1948) and Parker (1964),

The calcareous clays of the Kalambaina Foymation
contain vertebrate remains, mostly fish tecth, which have
been studied by Swinton (13930), White (1934) and Kogbe
(1979). They included the teeth of Odontaspis;
Ginglymostoma; Sguartina; Eotorpedo; Myliobatis: and
Rhinopters. Two forms, Pycnodus variabilis togoensis
(Stomer) and Hypolophites myliobatoides (Stromer), are

also known from the Eocene of Adabion in Togo.
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At Malbaza, in the Niger Republic, the limestone 1s
generally purer with a variable thickness of between 6 to
18 metres Kogbe (1979). On the flat lying terrain from
Sokoto town, s%}heast alona the Sokoto-Gusau Road, only
laterite is exposed until about 15 kilometers from Sokoto
town, where a few weathered sectinns nf the Kalambaina
marly limestones begin t« nutcrep., The section here is
about 4.5 metres of exposed Kalambaina limestone along
the road cutting and capped by a thin layer of laterite.
The Camba Formation here has been eroded so that laterite
forms directly on the limestone. Samples collected from
here and washed for foraminifera contain abundant Rotglia
cf. trochidiformis, Nonionella insecta, Elphidiellg africana,
Thalmannjita madrugaensis, Pararotalia tuberculifera and
Cibicides praecursorius. These samples also contain abundant

echinoid spines and ostracods.

In the village of Dange, about B metres of strati-
graphic section is exposed with the Dange shale accounting
for up to 4 metres at the base of this section (Fig., 3.3).
The Dange shale here is pale-greenish-arey, thinly
laminated and plastic under wet condition. At the top,
it becomes pale yellow and marly. This point is assumed
to be the point of transiticn from the Dange Formation to
the Kalambaina Formation., The Kalambaina Formation here
is identified on the basis of its typical 1lithology and

also on its content of megafcssils such as Lucina cf.

Rharaonis.

Most of the area along the road to Wurno consists of
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laterite and sand cover with poor Kalambaina expgéﬁ}és.
However, at Dinawa, small exposures of the Kalambaing
Formation are found in a little road side gqully, and mainly
consists of limestone pebble and cobbles. At the Wurno Hill
near the village of Wurno, a good sectinn of the Kalambaina

Formation is exposed overlying the Dange and Wurne Formatinns

i . [

(Fig. 3.4).

..'The contact betwaean the Dange and the Kalambaina L
.Foghations is gradational and well exposed cn the slopes of
the ridge at the northeorn extremity of Sokoto Basin. | |

(Geological Survey of Nigeria, 1:250,000 series, Sokoto
Sheet 2) at 5745'F and 13“45'N. The lithologic change

is marked by a gradual increase in calcareous content.

The lower marls as correlated to the Kalambaina qu;f;f.
.section contaln the richest microfauna in the Kalambaina
Formaticn., This is a shallow-water benthonic foraminiferal
assemblage dominated by smaller foraminifera'ﬁrincipal
amongst which are rotaliids, nonionids, and c¢ibicidids.
The overlying limestones contain predominantly larger

foraminifera with l:ow population but relatively higher

diversity and permit precise age determination.

Y The Kalambaina Formation has heen referred to as a
bioclastic wackestone with mudstone intercalations and
packstone nodules (Petters, 1979h). Some nf these nodules
contain turtle carapaces. CUstracodg. and Foraminifera -
occur abundantly in the wackestones. Small mounds of domsl
stromatolites have been reported from the base of the

Kalambaina Formation (Petters, 1979b)., There is an ashundant

occurrence of the coccolithn Braarudosphaero bigelowli which,
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together with the pelecypnd Lugcina, suggests a very shallow
and restricted environment of deposition for the Kalambaina
Formation (Petters 1982). However, living conditions in

the Paleocenc Saharan cpeiric sea had ameliorated to the
extent that pelagic invertabrates like nautiloids and rare
plankteonic foraminifura, together with a rich benthonic
foraminiferal assemblage, could survive in the basin, unlike

during Maastrichtian times.

The work of Krasheninnikov and Trofimev (1969) in the
Mali Republic shows that the Faleocene carbonate sequence
is more extensively developed toward the centre of the
basin, where four benthonic foraminiferal zones, spanning

the entire Paleocene, were recognized., (fig. 3.5).

The Kalambaina Formation is very arqgillaceous at the
top and changes gradually intoc the Gamba paper shales.
The Gamba Formaticn is lithologically akin te the Dange
Shales in that it is phosphatic, greenish-grey, and well
laminated. The Gamba Formation is not known to be gypsiferous,
however. Calcium phosphate occurs in the form of small
ellipsoidal pellets with horizental burrows lined with
fecal pellets. These nccur along the shale bedding planes,
suggesting the activity of some near shore organism that
mined the mud for nutrients. An impoverished arenacenus
foraminiferal assem®lage comprisinc Ammobaculites, >
Haplophraamoides, and Trochammina occurs in the Gamba shale

(Petters, 1979b). The Gamba Formation marks the final
withdrawal of the sea from the Sahara. The Danae and the

Gamba Formations represent marqinal marine environments,
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while the Kalambaina marl and limestone criginated in a

warm, shallow epeiric sea.

3.2 Falgontology

lacrofossils from the Kalambaina and assocliated
fcrmations in the Sckoto Basin have been described by
several workers (de¢ Lappar=nt, 1903: Bather, 1204; Newton,
19043 Farker, 1964: Kncbe, 1973). The macrofossils
cnllected during this sroject work were identified by comparing
them with those described by earlier workers. The great
majority of the fossils were cnllected from the Kalambaina

exposures at the cement guarry type locality and at Wurno.

Among the macrofossils collected from the Kalambaina
Formation are :
BIVALVES - Lucina pharaonis
- Cyclncardia hanguensis,
- Heligmotenia cf. molli,
- CLarbula cf atlantica,
- Liostrea lammellaris,
- Cardium sp
- Ustreca multicostata
NAUTILUS . Deltoidonautilus chudgan;,
-~ Deltoidonautilus toqgcensis,

- Cimonia landsensis,

- Cimonia sudanensis

CORALS - Adeaokeastrea ewekorcensis .
GASTROFCDS - Gisortia brevis ,

- Turriterlla sn.
ECHINOIDS - Linthia sudanegpsis,

- Plesiolampas saharae.
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3.3 Microoaleoﬁtolqu L e

The sediments of the Kalambalna Formation is rich in
~many microfessils. The method used in washing the samples
for this study {(as described in section 1.5) made it
possible to identify the following microfossils and their
distribution pepulatinn as thay occur in the Kalambalna

ok

sediments.

Foraminiféfa - large hopuiatiﬁn ; evenly distributed

; - throughout the samples.

Ostracodg - large population - evenly distributed
| | througheout the samples. s

"

Scanty populaticn — unevenly distributed

Micro-mollusgs

unevenly distributed

1

Sponge spicules - Scanty population

t

Cocecoliths . - Scanty population unaevenly distributed

All the samples studied were very rich in ostracods.
Kogbe (1979) and Reyment (1960, 1963, 196%, 1266) studied
the ostracods from the Sckoto embayment. Foster et al.,
(1983) identified and described the following ostracodg

species from the Kalambalna Formation:

Ambocythere tatteuliensis (Apostolesculi

Buntonia cf. Lichittensis (Apostolescu);

Bradleya sehonensis (Apostolescul;

Vegnia warricnsis (Reyment);

o

Bythocypris daredodui (Reyment):

Quadracythere sp. ex. gr. lagaohircboensis {(Apostalescu)-

Xestoleberis kekere (Reymaent);
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Bairdia sp- ex. gr. magna (Alexander);
Actinocythercis modestsy (Apostoleacul;

Acanthocythcreis ex. gr. teiskotensis (Reyment);
Krithe sp. cf. perratica (Alexander);

Buntonia tenuipuncat-ta (Apostolescu).

Byntonia anataygriv.ori (Reyment);

Bradleya cf. praccrassa (Apostnlescu);
Acanthocytherels ex. gr. vesiculosa;

Icrubaella cf. n. sp. I.:

Auri nov. sSp.?

Ovocytheridea nov. sp ?

3.3.1 Foraminifers

The foraminiferal microfauna is predominantly
calcareous with some arenacecus taxa. The assemblages
from all the horizons in the sections comprise calcareous
taxa with porcelaneous to hyaline wall structure and some
arenaceonus taxa with siﬁple structure. Most of the species
encountered have prcviously been described by Petters
(1978a, 1978b, 1979b, 1982) and Kogbe (1973) and provide

a useful data base for redicnal and lecal palececologic,

paleogeographic and stratigraphic interpretations.

The Kalambaina foraminiferal fauna is composed of
17 genera, and 10 families. However, nnly 5 genera -
Rotalia, Elphidiells, Cibicides, Nonion, and Operculincides -
are present in all the samples studied. The generic and
family names cnnform to the classification accordina tn
Loeblich & Tappan, (1964) with seme mndifications. Most

of the genera are benthonic; the ratio is 16 benthonic
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genera to one planktonic genus., The most abundant

families in terms of individuals are the Elphidiidac and
Rotaliidae.

" The charaeteristic foraminiferal species of the Kalambaina
Formation are giver below and arraznged from top to bottom in
trntal decrensina abundance from all samples combined:

e

1. Elphidiella africana (Lereoy 19%3) - .

2. Cperculin~idas bermudcezi (Palmer)

3. Rosalina koenani (Brotzen 1%48).$ ’ g .

4. Cibicides praecursorius (Schwager 1883)

5. Pararotalia perclara (Loeblich & Tappan 1957)

6. Nopion grapniferum (Terguem 1882)

7. Rotalia cf. trochidiformis (Lamarck 1804)

8. Anomalinoides umboniferye @ (Schwager 1883)

9. PFPararntaliaz tuberculifera (Reuss 1962)

10. Protelphidium sublaecve (Ten Dam 1944)

11. Pleureostomella palgocenica (Cushman 1947).

12, Pyramidina crassa (Brotzen 1948)

13. ZThalmannita madrugaensis (Cushman & Bermudez) '¢¥

14, Gavelinella sp

15. Flanoreotalites ehroenbergi Morogova 1957 (Planktonic

foraminifera’

16. Nonionella sp

17, Buliminella ap.

18. Rotalia saxgrum D'orbigny

19. PByrgo sp
20, Quingueloculina sp.
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Twenty samples from different localities and different
layers were selected and washed and their feraminiferal
fauna assemblage studied. (Many more samples were taken
but this study concentrates more on these 20 samples as

representative samples)

Samples 1 - 8 were tzken from the top of the formation
and labelled KL 1:; samples 9 - 13 were taken from the middle

and labelled KL 2; samples 14 - 20 were taken from the bottom

Sample No. Foraminjferal Assemblaqag

KL1.1 Elphidiglla africana, Cibicides praecurscrius,

Anomalinoides umbonifervs, Operculinoides

bermuclgzi, Rosalina koeneni, Rotalia cf

trochidiformig, Pararotalia perclara, Protelphidium

sublaeve, Nonion ograniferum, Pyramidina crassa,

Nonionella sp., Rotalia saxorum.

KL1.2 Cibicides praecursorius, Rotalia cf. trochidiformis,

Rnsalina koeneni, Elphidiella africana,

COperculinoides bermudezi, Protelphidium ve

Nonion graniferum, Thalmannita madrugaensis,

Pararctalis tuberculifera, Buliminella sp.,

Planorctalites ehrenberqi, Pleurcstomella

paleocenica

KL1.3 Rosalina kneneni, Protelphidium sublaeve, Rotalia

cf. trochidiformis, Operculinoides bermudezi,

Buliminella sp. Elphidiella africana, Cibicides

praecursorius, Pararotalia perclara, Noninn

graniferum, Gavelinella sp., Nonionella sp.




KL1.4

KL1.8%

KL1.6

KL1.7

Ancomalinoides umboniferus, Protelphidjum sublaeve,

Pararotalia tuberculifera, Cibicides _.pzzcursorius,
Rotalia cf. trochidiformis, Elphjdiella africana,
Nonion granifcrum, COperculinoides bermudezi,
Pyramidin, Crassa Pleurostomeclla leocenica,

Buliminella sn,

Pararotnliz nerclara, Elphidiells africana, Rotalia
of trochidiformis, Cibicides praecursorius, Nonion
graniferum, Resalina, koeneni, Operculinoides
bermudezi, Pararotalia tuberculifers, Thalmannits
madrugaensis, Fleurostomells paleccenica,
Planorotalites ghrenberal.

Protglphidium sublaeve, Pararotalia tuberculifera,
Rosalina koeneni, Elphidjella africana. Pleuro-
stomelly paleocenica, COperculinoides bermudezi,
Nonion graniferum, Planorotalites chrenberqi, Rotalia
cf. trochidiformis, Cibicides pragcursorius,

Anomalincides umboniferus, Gavelinella sp.,
Rotalia saxorum.

Pyramidina crassa, Ancmalinoides umboniferus,
Rosalina koeneni, Pararotalia perclara,
Operculincides bermudezi, Cibicides ecusorius,
Nonion araniferum, Frotelphidium sublaeve,
Elphidiells africana, Rotalia cf. trochidiformis
Gavelinella sp., Thalmannitas madrugaensis,
Nonionella sp
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KL1.8 Cperculincides bermudezi, Nonlon graniferum,

Anomalinoides umboniferus, Elphidiella africana,

Rotalig cf. trochidiformis, Pararotalia tuber-
culifera, Rosalina koeneni, Cibicides praecursorius,

Pleurostomell> palgocenica, Pararotalia perclara,
Pyramidina cr-3s+, Planorntalites ghrenteraqi.

KL2.9 Nonion graniferum, Pararotalia perclara, Pleurostomella
paleocenica, Elphidiella africana, Cibicides
praecurscorius, Rotalia cf. trochidiformis, Cpercu-
linoides bermudezi, Protelphjdium sublaeve,
Anomalinoides umboniferus, Pararotalia tuber-
culifera, Planorotalites ehrenberai, Rotalia saxorum.

KL2. 10 Rotalia cf. trochidiformis, Pararotalia perclara,
Rosalina koeneni, Thalmannita madrugaensis,
Operculinoides bermudezi, Anomalinoides umboniferus,
Cibicides praecursorius, Elphidiella africana, Nonion
graniferum, Protelphidium sublaeve, Pyramiding
crassa, Eyrqgo sp.

KL2.11 Cibicides praecursorius, Rotalia cf. trochjdiformis,
Anomalinonides umboniferus, Rnsalina koeneni,
Elphidic¢lla africana, Protelphidium sublaeve,

Nonion graniferum, Operculinoides bermudezi,
Fararotalia perclara, Pleurostomella paleccenica,
Pararotalia tuberculifera, Pyramidina crassa,
Pyrgo sp




KL2.12 Pararotalia tuberculifera, Elphidiella africana,

-

purclara, Rosalinag koeneni, Cibicides

o

Pararotali:

orius, Nonion graniferum, Rotalia cf.
trochidiformis, Gavelinella sp. Operculincides
bermudezi, Anomalinoides umboniferus, Pleurostomella
paleccenica, tyramidinag crassa

!

KL3.14 Elphidiglla africana, Cibjicides praecurscorius,
Anomalinoidaes umbonif sy Rotalia cf. trochidiformis,
Operculincides bermudezi, Nonion graniferum,
Pararotalia tuberculifera, Pleurostomella paleocenica,
Rotalia saxorum.

KL.3.15 Rosalina kceneni, Pararotalis perclara, Anomalinoides
umboniferus, Rotalia cf. trochidiformis, Elphidiella
africana, Cibicides praecursorius, Nonion graniferum,
Operculinoidcs bermudezi, Thalmannita madrugaensis,
Buliminella sp.

KL3.16 Nonion greniferum, Thalmannita madrugasensis,
Pleurostomella paleocenica, Operculinoides bermudezi,
Elphidig¢lla africana, Cibicides praecursorius,
Rotalia cf. trochidiformis, Buliminella sp.,
Nonionella sp.

KL3.17 Protelphidium sublaeve, Anomalinoides umboniferus,

Pararotalia perclara, Cibicides praecursorius,
Rotalia cf. trochidiformis, Elphidiella africana,
Nonion graniferum, Operculinnides bermudezi,

Nonionella sp.




KL3, 18 Operculinoides bermudezi, Ancmalincides

umboniferus, Fararotalia perclara, Cibicides

praecursorius, Rotalia cf. trochidiformis,

Elphidieila afrieana, Nonilon graniferum.

Protelphidivm sublaeve, Nonionglle sp., . . |
Quinguelonculina . . e

KL3.1% Pﬁrarotal;g tuberculifcrs, Gavelinella sp.,

Planorotalites shrenbergi, Cperculincides

bermudezl, Frotelphidium sublaeve, Nonion

graniferum, Rotalla cf. krochidifrrmis, Elphidiella

africang, Cibicides praecursorius, Rotalia saxorum,

KL3, 20 Protelphidium sublaeve, Ancmalineides umboniferus

Rotalia cf. trochidiformis, Operculincides bermudezi,

Cibicides prascurscrius, Elphidiella africana,

Nonion graniferum, Pararcotalia tuberculifera,

Nonionella sp. Quingueloculina sp.

Foraminiferal population and foraminiferal

number (FN) for each sample are shown in Table 3.1.
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Table 3.1

Foraminiferal count per 10g of washed sample and the calculated Foraminiferal
Number (FN /g) per gm of the sample.

%a = Percentage abundante of species in each sample

%, A= Percentage abundance of species in all samples combined .
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BIOSTRATIGRAPHY AND AGE CORRELATION

4.1 Biogtratigraphy

Within the last 25 years, planktonic foraminiferzal
microfossil zonation has become extensively developed. In
particular, each of the epochs of the Tertiary has been
provided with »a zﬁnatinn that makes it possible te study
them in great detail. Flanktonic foraminiferal biostrati-
graphic zonation of the Paleocene was first introduced by
Bolli (1957). Balli's zonation was then improved upon
and extended widely by different investigators such as
Leonov and Alimarina (2961); Hillebrant (1962, 1965);:
Alimarina (1963); Luterbacher and Primoli-Silva (1964),
Berggren (1965); Bolli (1960), and QOlsson (1970). The
Paleocene planktonic zcnation (Fabled,1) developed by
these investigators makes it possible to compare
relatively short intervals of time between near and
distant gecgraphic areas. Using planktonic biostratigraphic
control, it is possible to deal with various types of
paleogeographic problems. It 1s noted that the planktonic

foraminiferal species - Flanorotalites ehrenberagi - in the
Kalambaina Formati~sn corresponds te the Globorotalia

pseudomenardii zone of Bolli (1957)
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Aguo Zones o N

Eocene Glaoborotalia subbrtinasc

Globorotalla velascoensis .

Upper . Globorotalia psc:udﬂmenardli

GloborbtalL@ pusilla pusilla

Middle Gleoborotalla angulata
Cloborotalia uncinata

o

Globigerina trinidadensis

Lower : Globlgerina edita

® 3 @0 0 0 — D

Gloebigerinag cuguking

—

Table 4.1. Planktonic foraminiferal biostratigraphic
zonation - after Bolli (1957).

R

Fcr the purpose of analysing Palencene foraminiferal
bathymetric trends, the Palencene is arbitrarily divided
into Lower, Middle, and Upper parts. The 3 divisions are
based on the planktonic zonation shown in Tahle 4.1, The
reason for doing this is that the rate of evolutionary
change »f benthonic foraminifera is in general slower thawm
that of planktonic froraminifera. The low evolutionary rate
«.f the benthonic foraminifera 1s balanced by the widespread
evclution of planktonic foraminifera from the Upper Crepaceous
time. It is therefore possible to detect bionfacies changes
and certain cvolutionary events in the Palceocene by sampling

on this basis. : A .

et The biostratigraphic distributions of the benthenic

and planktonlic foraminifcers in the Kalambaina Formaticn are

shown in the distributisn charts of Figs. 4.1, 4.2, 4.3, 4.4,
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4,2. Age correlation

Stratigraphically significant foraminiferal species
such as Operculincides bermudezi, Elphjdiella africana and
Thalmannita madrucaensis were identified and described in
the assemblages from the Kalambaina Formation. These species
enable the conrrelaticon of the Kalambalina Formation with the
Upper Paleocene OUperculincides bermudezi zone in Mali and
Niger (Krasheninnikov and Trofimov, 1969), and the lower
part of the Esna Shale in Egypt (binstratigraphic unit II of

Leroy, 1953).

Some ostracods described from the Kalambaina Formation
also confirm an Upper Paleocene age. These include Bairdia
ilarcensis (Reyment & Reyment); Ambocythere? (Apnstolescu);
Buntonia bopaensis (Apostolescu); Cytherella sylvester bradleyi

(Reyment); Paracypris nigeriensis (Reyment); and Xgstolaberis
kekere (Reyment). These were also described by Reyment (1965)

from the Palencene of southern Nigeria.

Ammonites and Pelecypods furnish breoad ages for
correlating marine deposits in the lullemmeden Basin (Faure,
1966; Furon, 1963; and Radier, 1957). Tertiary megafossil
studies have focussed n the Paleocene Kalambaina Formation
(Parker 1964). The Sonkotn Embayment is also famous for its
rich Maastrichtian and Maleocene vertobrate fishes, crocodiles,
turtles and mosasaurus (Halstcad, 1974: Swinton, 1930: and
White, 1934). On the basis of the Paleccene ostrac~rds from
the Wurno Formation, Ficarelli (1976) revised the position
of the Cretacenus - Tertiary boundary in southeast Iullemmeden
basin and placed it at the base of the Wurno Formation, a

position arrived at by Petters (197Ba) on forminiferal
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evidence and corrcborated in this study.

Descriptions nf new Late Cretacecus - Tertiary benthic
Foraminifera from Gab-n by Chemnouard et al., (1960) de Klese
and Rerat (1961), de Klasz gt gl (1970) and Le Calvez gt al
(1974) also support an Upper Palecncene age for the foraminifera
identified and describec from the Kalambaina Formaticn. Some
of the benthic foraminifera in the coastal and interior
central West African basins have restricted stratigraphic
distribution., In the Kalambaina assemblaces, the genlogic
ages were determined using the assnciated planktonic fora-
minifera - Plancrotalites ehrenberai and published
paleontological and palynological ages for the various
lithostratigraphic units., Some species (Elphidiella
africana, Operculincides bermudezi, Nonion graniferum,
Rotalia trochidiformis, and Cibicides praecursorijusg) were

present in all the samples studied and therefore span the
entire Upper Paleocenc while nthers are restricted to

certain stratigraphic levels (See Table 3.1).

Similar biostratiqgraphic use has been made of benthic
foraminifera for aqge correlation in other parts of the world.
For example, broad benthic foraminiferal zones were established
for the Mesnznic-Cenozoic of the Scottish Shelf in eastern

Canada (Ascoli, 1976).

The Palencene is by far the most widely studied and
best known Tertiary cpoch in Nigeria. This is due tn the
rich invertebrate faunas of the Paleoncenc strata of north-
western and sonuthwestern Nigeria. Major reviews of the

stratigraphy of this epnch are available in Adegoke
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(1969, 1977), and Petters (1982).

The acomerphic maturity »f interior West Africa durina
the Paleocene contributed to the widespread marine invasion
of the region by » shallow southward embayment of the Tethys
sea. The Kalambaina Formation of neorthwestern Niageria is
a shallow water organcgenic marl that accumulated in this
epeiric sea (Petters 1977»). 1In the conastal basin of
scuthern Nigeria, the distribution of marine Paleocene beds
shows that the Palwocene marine transgressinn was not as
extensive northward as the earlier Late Cretacenus trans-
qressiéns. Two Paleocene marine sedimentary provinces occur
in the south, namely, an eastern predominantly clastic
province, and a western shoal water skeletal carbonate
province which occurs west of the Benin Hinge Line,

Deposits nf the eastern clastic province constitute the
Imo Shale, while the western carbonate seaquence belongs

to the Ewekore Formation.
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FORAMINIFERAL PALEOECOLCGY AND PALECBICGECGRAPHY

5.1 Foraminiferal Palececology
5.31.71 Introduction

Benthonic foraminifera have a wide bathymetric distri-
bution from various near-shore environments to continental
shelves and deep-sea. However, some species, genera or
communities have limited depth ranges. The study of
community structure and compoesitinn of Paleccene populations
from the Kalambaina Formation give clues on the bathymetry

and eccology of the strata in which they are found.

The object of this preject is to study the paleoecnlnaic
implications on the Kalambaina Formation from the distribution
and compositinn of Upper Palencene benthonic and planktonic
foraminifera in the sediments of this formation. The
foraminiferal distribution is also instrumental to the
establishment of palechbathymetric facies and probably to
compare these facies with other similar facles in the

Nigerian sedimentary environments.

In this prnject, the fcllowing generalized trends were
used to establish certain palenecologic parameters and
reconstructing a genernl Upper Paleoncene Kalambaina

paleoecnlogy based on the foraminifera:

1. Componsition, structure and form have been correlated with

environments.
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B Diversity gradients show a decrcase in species number
tewards shallow water. High dominance (lower diversity)
is characteristic of near shore-shallow water marine

environment.

3s Increase in percentage of planktonic foraminiferal
tests relative £7 the tests nf benthonic foraminifera
is a general index of increasing water depth (Phleger,
1960). The reverse case which applies to the
Kalambaina Formation indicates a shallow water

marine conditian.

5.1.2 Foraminiferal distribution and Palecacologic
Interpretation

Five species - Elphidiella africana, Operculinnides
bermudezi, Rosalina koeneni, Pararotalia perclara, and
Cibicides praecursorius comprise about B80% of the populatinn
in the Kalambaina Formation. The number ~f characteristic
species is 15. The diversity is 20 species and the dominance
averages about 35% (Table 3.1). Planktonic foraminiferal
percentage is very 1lrw ~ 1%. All thesc results indicate a
palenenvironment ~f shallow water marine condition of
depnsition for the Kalambaina Formation. This is in
accordance with Walton's (1964) palenenvironmental inter-

pretation of the Northwestern Gulf of Mexico.

The foraminifera from KL1 are relatively larger in
size with relatively higher diversity while those from KL3
are smaller with 1ow diversity. Appearance and disappearance
of specles in different strata, size variations, and diversity

fluctuations indicate slight intra-formational changes in



palececelogic parameters such as salinity and trophic
resources. The Kalambaina assemblage is als~ characterised
by high morphonlogic variability »f species and larqge

populations.

Mcdels nf modern ecusystems and their evolution have
been erected by Valentine (1968, 1569, 1972, 1973) and
Johnson (1364, 1972). These mndels help in reconstructing
ancient communities and ecosystems. They include models
of diversity gradients and diversity trends, models of
adaptive strategies for trephic resources, and models of
ecosystems and their cvolution. Marqgalef (1968) constructed

two communities models.

1. Communities occupying near-shore shallow marine
environments are characterised by low species diviersity.
They fluctuate in composition under the direct impact of

the physical envirnnment.

2. Off-shore communities ~f stable continental shelves are
characterised by high diversity, low dominance, small

species prpulation and low morpholngic variability.

This study indicates that the Kalambaina Formation
belonas to the first model which further buttreses the assum-
ption that the sediments of the Kalambaina Formation were

deposited in near-shore shallow marine environment.

In some samples, one species such as Elphidie}la africana
or Operculinoides bgrmudezi reach relative abundance of 56/57

percent. Lack of abundance studies nn some species has led
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previous investicgators working in North America e.c. Nogan
(1964) to consider that the less abundant fauna were of
relatively deep shelf origin. Apart from the 15 charac-
teristic species that occur more nften in hiagh abundance,

the nther species in the assemblages are usually very rare.
These are the ubiquitous species which occur in several

upper Palencene binfacies nf the Kalambaina Foarmation and
appear not to be characteristic of any ~ne palenenvironment.
Some workers (e.g Margalef, 1968) referred to such communities
as observed in the Kalambaina Formaticn as low grade or
immature communities while nthers like Bretsky and Lorenz (1969)
called them unstable environments, Following Margalef's

term, we can in general infer that the low grade foraminiferal
fossil communities of the Kalambaina Formation are charac-
terised by low species diversity and fluctuation in
composition, large population and persistence of species

(low evolutionary rate) and high morphologic variability.

Walton (1964), working in the northwestern Gulf of
Mexico, produced a curve nn a scattergram plot of faunal
diversity and percentace occurrence of dominant species.
He observed the distribution ~nf the samples with respect

to diversity, dominance and depth and concluded that

(a) Without exception, all faunas with less than 20 species

seccur in water shallower than 20 metres.

(b) All faunas whnsc dominant species constitute over 35%
of the entire fauna occur in water shallower than 20

metres.
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It is therefore reasonable to assume here that the
relationship between diversity, dominance and depth, and a
low planktnnic foraminiferal percoent places the Kalambaina

Formatien in a 1less than 20 metre marine environment.

The shallow water origin of the Kalambaina Formation
is also supported by mecafrnssils study of Koabe (1979) who
described shall w watcr pcelecypods - Lucing cf. pharaonis,

Panopea sahariensis, Ustrea multicostata and abundant
echincids especially Linthia sudanensis and Cisortia brevis.

Different types f faunal characteristics ~f benthonic
foraminifera have been used in the past for delineation of
the environmental parameters of the Upper Paleccene and other
epochs of the Tertiary. Frr oxample, nne type is the
specific faunal characteristic, which includes those aspects
of the populations based on specific, generic or morphogroup
features (Walton 1964). Attempts have been made on the
generic level for the delineation of palecenvirenments.

For instance, high frequencies of the genera Operculinoides,
Elphidiella, and Cibicidgs suggest shallow water depths.
Attempts at the specific and generic levels tn delineate
deeper water foraminifera from the Kalambaina assemblage did
not indicate any of such nature. If by any chance they occur
as the area is open for further investiagations, they might
only be said to sccurr in association with the Upper
Paleccene shallow waler speciecs. They should be part of

a community with a typical shallnw water structure. Low

percentage nf planktonic foraminifera and relatively 1ow
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diversity of specias is cnough reason to infer a shallow
water environment for all the Upper Paleocene genera in

this formation.

Modern ecologic studies have provided cdescriptions of
many of the circumstances which could have affected fossil
communities, and in many instances, the more that we learn,
the more complex the environment appears. Certainly, many
of the chemical actions and interactions between organism
and environment may ncver be understnond for certale fossil
groups, and other more apparent relationships amcng nrganisms

associated in the rocks may nnt always be apparent.

Ecnlogic interpretations based on species in Tertiary
foraminiferal faunas are regarded by most wrrkers as being
impossible, even with the broadest definition nf specles
(Albritton gt al., 1954; Glaessmer, 1963). However, Phleqér
(1960) has suggestcd that certain general aspects of the
faunas such as planktrnic - benthonic ratioc and number of
benthonic genera and species, may be more useful in summari-

zing ecologic infoarmation on foraminifera.

According to Norton (1930) the family Anomalinidae
which formerly included the genus Cibicides is rather uniformly
present at all depths and as a family does nnt seem to possess
very significant ecnlogic value. The high calcium carbonate
content of the Kalambaina se&iments, abundant calcareous
mudstone and shale, and absence of siliceous organisms

indicate a shallow water depth of depnsition.
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Paleoenvironmental conditions are recnnstructcd using
some paleoecnlogic paramcters and in this study cmphasis is
mostly on reconstructing palenecolrngy with regard to the

temperature, salinity, denth and turbulence.

L - R | Temperature T

As a group, the foraminifera are very tolerant of wide
temperature variations. The qroup nccurs all the way from
tropical lageons and tide ponls whose temperature may be
over 407C to high latitude areas where sea water is freezing
at nearly <27 However, individual species are much limited
in their temperature tolerances. The distribution of plank-
tonic species in particular seems tn be temperature controlled
and has been more throroughly studied than the distribution of

benthonic species.

The fact that the foraminiferal assemblage from all the
localities sampled in the Kalambaina Formation are dominantly
benthonic makes it more difficult to determine the paleo-
temperature under which the sediments were deposited. Factors
other than temperature may be involved in their distribution
and of course temperaturc seldom operates completely
independently of other variables. For example a foraminifera
may be able to survive cver one temperature range at a certain
salinity but the survival temperature may be different at
annother salinity. Not only does temperature exert great
influence on the genqraphic distribution nf the foraminifera,
but it alsn is important in controlling vertical distribution:

this is nften difficult tn prove decisively, thouch. Some

foraminifera exhibit the feature nf 'eguatorial submergence'
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in their distribution. A species that lives at the surface
nr in shallow water at higher latitudes cccurs at progres+

sively greater depths at lower latitudes. This apparently

is explained by temperature control.

Many e%amples ~f morphinloglec features of faraminifera
that vary with tempcerature have been described by Kennet
(19761}, Perhaps the most widely studied and used charactér
of this type is coulling direction. Students of foraminifera
have 1long noted that the coulled shells of certalin specles
may cnil either tr the right (dextral) nr tmn the left
(sinigtral). Bandy (1960} and Erickson {1959) independently
noted that the cclling direction in modern asscmblages of

Neogloboguadrina pachydermg appeared to depend on the growth

temperature. When the temperature was less than 9OC, specimens
of this species were dominantly sinistral in coilling direction.
At tamperatures higher than about QSOC, assemblaages are
predominantly dextral with mixtures of dextral and sinistral
occurring between 10° and 45°C, Applying this to the
Kalambaina Formation and if this should be applicable to

the planktonic species - Planorotalites ehrenbergi, it is

observed that this species separately and strongly coiled
to the right in some samples (KL1,5; KL1.8) and also coiled
to the left in the remaining samples from which they were
ldentifled. This observatinsn, though nf high speculative
value would possibly place the paleotemperature at the time
of depesition nf the Kalambaina sediments in the Upper

Paleocene time at between 10° and 15°C,
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Cruld there be any functional sianificance to this
correlation between coiling direction and temperature?
This question does nnt seem to have cver bheen satisfactorily
answered, but several suqggestinns have been made. Perhaps
coiling direction is genectically linked with some physionlngic
features of foraminifera that do not have adaptive signi-
ficance relative to temperature. Ferhaps the dextral and
sinistral forms actually represent separate species that
have different temperature¢ sensitivities. Perhaps one of
the coiling directions is found in sexually produced forms

and the other in asexually prnduced individuals.

Several other featurces of foraminiferal morphology
vary with temperaturc in modern species. The near-conical
shape of the planktonic foraminifera - Planorotalites
ehrenberai - indicates subtropical climates as such conical
planktonic foraminifera are found in present day subtrepical
waters (Dodd & Stanton Jr. 1981). The pornus appearanca f

the same species - Planorotalites ehrenberai is asscciated

with tropical climatic zones where sea water is less dense
than in colder climates. The presence nf evapcrites and
carbonates along the margins of the Sokoto basin suagests
that the basin was closed (Petters, 1979b) and the
occurrence of abundant reptilian remains (Swinton, 1930;

White, 1934) indicates tropical conditions.

8+ 1e2a2 Salinity
The complex ornamentation and thick walls of the
foraminifera from the Kalambaina Formation point to a

hypersaline condition during the depositicon of the sediments
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of the Kalambaina Formation. Boltovskoy and Wriaght (1976)
indicated that forms from lower salinity habitats tend t»
have reduced nrnamentation and thick walls. However there
was a sliaght variation in the salinity as transgression
continued. The upper 8 meters of the Kalambaina Formation
probably represent a relatively meore open marine conditions
and higher salinity than the lower part. This is inferred
from the fact that overall tast size is bigger in the samples
from the upper part and relatively smaller in those from the
lower part. Boltovskcy and Wright (1976) attributed such
size variations of the same species from different localities

to salinity chances.

Petters (1980, 1981) attributed the sediments of the
Kalambaina Formation and indeed the Iullemmeden Basin to the
saharan epeiric sea that witnessed salinity crisis throughout
most of its existence. He concluded that the develnpment of
hypersaline conditions is evident in the marginal marine
shales and the nrganogenic marls in the Iullemmeden Basin
and indeed in the Kalambaina Formation. He also frund
benthic foraminiferal evidence for hypersaline environments
in the late Paleocene Kalambaina Formation by comparina them
with those nf recent environments (eq. Culver & Buzas, 1980,

1981, 1982; Douglas, 1979; Harris, 1981; Murray, 1973).

The dominantly calcareous benthic foraminiferal assem-
blage in all the samples from the Kalambaina Formation plot
within the hypersaling lagoon field in the triangular diagram
(Fig. 5,1, 5.2, 5.3) and are somewhat similar to that of the

inner lagoons in the Trucial coast of the Arabian Gulf
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¢-Middle of the Kzlambaina Formation (samples KL2 )

Total foraminiforal population = 842
Rotaliina = 840 % = 99-80/0
Miliolina = 2 = 0.2%
Textulariina = — = 0%
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Fig. 5.3 Triangular plot for Kalambaina benthic foraminifera

( fields for Recent environments based on Murray, 1973 ).

0 — Bottom of the Kalambaina Formation [samples KL3 )
Total foraminiferal population = 1149

Rotaliina = 1147 - 99.8%

Miliclina = 2 0.2%

Textulariina = — 0%
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(Murray, 1973). All samples from the base of the Kalambaina
Formation are characterised by a low diversity assemblage
dominated by milinlids/rotaliids. This microfaunal assemblages
are similar tc those of Recent hypersaline lageonms and tropical
shallow water carbonate environments (Murray, 1973). The
evidence presented here and as correlated with ~ther marine
facies suggests the existence nf extensive hypersaline epeiric
phases in the northwestern reaion of Nigeria during the Upper

Paleocene time.

S-1w2-3 M

Foraminiferal assemblage from the Kalambaina Formation

is dominated by calcareous forms. Because the solubility of
calcium carbonate (CnCU3) incrcases with depth, most calcareous
forms would have disappeared at greater depths. Agglutinated
species usually increase in abundance at great depths. In fact
the high ratio of calcarenus to agglutinated forms can be used
as an approximate index of depth. This phenomenom as observed
in the Kalambaina assemblage, suggests shallow depth of

deposition.

Saidova (1961) noted that the calcareous to agalutinated
ratio in the sublittoral zone nf the north Pacific was usually
about 100:1. The ratio drops to about 30:1 in the upper
bathyal zone and less than 1:1 in the abyssal zeone. The very
low planktonic/benthonic ratio which in the Kalambaina
Formation is 0.24% sugonests a near-shore shallow-marine
environment. The relative proportion of planktonic to benthonic

foraminifera in the sediments is strongly influenced by depth



- 58 <

of depositinn. VPlanktonic foraminifera are much less common
in shallow near-shorc water than in deep open ocean water
(Dodd and Stanton 1981). This may be due to the less stable
environment in the near shaore area and the lesser volume of
water in which the specimens can live to depths nf several
hundred metres in the open ocean. In shallow water only a
porticn of the potential space for occupancy is available,
thus a small number ~f planktnnic foraminifera live in a
given area in shallow water than in deep water. On the
other hand, the abundance ~f benthonic species is greater

in shallow water where food on the sea flonr is likely to

be more abundant. This technique of planktonic/benthonic
ratio to determine water depth has been used by several
workers including Stehli and Creath (1964) who used it to
determine the paleobathymetry of the Cretaceous in the Gulf

Coast area.

A number of morpholoaical features that vary with depth
have been described in the literature (eq. Bandy, 1964;
Boltovskoy and Wright, 1976). Fnr example, the porcelanecus
wall structure foraminifera which are common in the Kalambaina
assemblage do not usually occur at depth areater than a few

tens of metres.

5.1.2.4 Turbulence

The foraminiferal assemblage in the Kalambaina Formation
is characterised by a large population. Because nf their small
size, foraminifera usually have difficulty in maintaining
their position in turbulent environments. Consequently, the

large population of foraminifera in the Kalambaina Formation

-
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can be attributed-tola low—-enerqgy éhvir6nmen£; The scarcity
of current-induced sedimentary structures in the transitional
paralic facies of the sedimentary rocks in the basin and the
prevalence of muddy sedlments attest to very low-energy
conditions taoward the limits of the marine embayment

(Petters, 1979b).

5.2 Palachingecagranhy

Watér.depth and lithofaclies strongly contfol the ﬁistri-;
bution of benthonic foraminifera (Bergaren and Aubert, 1975).
Thus, neritic assemblaqes are quite distinct from slope and
ahyssal plain assemblages and each assembladge has many
cosmopolitan elements. In the neritic deronsits ~f the
Atlantic, Caribbean and Mediterranean basins, Berggren (1974)
showed that the Palencene bhenthonic foraminiferal assemhlages
of shallow water, inner-shelf to middle-shelf carbnnate
deposits - termed the "Tethyan carbonate fauna" are different
from the assemblages of detrital shelf deposits termed the
"Midway-type fauna." Two aspects of the "Tethyan carbonate
fauna" were also distinguished based on latitudinal position.
The first assemblage is tropical and is confined to latitude

o}

5° . 35°N with Uperculinoides bermudegi among other species in

the assemblage. The second assemblage is both tropical and

boreal and is characterised by Rotalia trochidiformis and

Thalmannits madrugaensis among others, Elements of both
subdivisions of the "Tethyan carbonate fwuna" occur in the
Kalambaina Formation.

NI 1

The Saharan faunal province has been proposed for the

Late Cretacecus - Early Tertiary benthic frraminifera ~f the
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West African interior basins. The Maastrichtian - Paleocene
benthic foraminiferal assemblages in the lullemmeden basin
contain mostly endemic arenaccous foraminifera (Fetters, 1979b)
and dwarfed and impoverished calcareous taxa. The Paleocene
benthics clearly belong to the "Tethyan carbonate fauna"™ with
characteristic species such as Cperculinocides bermudezi,
Thalmannita madrugzensiw, Botalia trochidiformis Lamarck

and Pararotalia tuberculifera (Reuss). This assemblage is

similar tc the Tethyan carbonate faunas in Cuba, Cuinea,
Senegal and Pakistan (Berqgren, 1374: Haque, 1956). The
Saharan "Tethyan carbonate fauna" contain many species in
common with the coeval western European Meridimnal Faunal
Frovince - Paris Basin, Mons Basin, Limburqg Basin - the
faunas of which are discussed by Ponzaryska and SZCzechura
(1968, 1970). The presence of the "Tethyan carbonate fauna"
in Senegal on the West African coast was due to proximity

to direct "Tethyan influence" towards the riorthern boundary

of the Guinea Faunal province.

Studies con the Maastrichtian - Paleocene marine sediments
in the Sokoto c¢mbayment show that it forms an arcuate belt
that trends in a N - SW direction. Regionally the outcrop
belt narrows to the SW where there is pronounced thinning
and wedging cut of marine units. They represent the proximal
portion of the sedimentary sequence that thickens towards
the northwest, and attains its maximum development in Niger
and Mali (Kogbe, 1979). It is assumed that limited marine
conditions prevailed in the Nigerian side during Maastrichtian

times, when the Tethys sea extended to the southeast of the



Rl
interior cof Western Africa.

of evaporite-bearing shales,
where many workers including

described reptilian and fish

This resulted in the deposition
the Dukamaje Formation from
Kogbe and Wnzny (1979) have

remains.
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Chapter 6

DISCUSSICN AND CONCLUSICN

The Kalambaina Formation is the most marine of all
the sedimentary formaticns in the Sokotc embayment. The age
of the Kalambaina Formation is determined using local

diagnostic benthic foraminiferal species (eg. Thalmannit

madrugaensis and Cperculinoides bermudezi) as Upper Paleocene.

The sedimentary sequence in the Sokoto embayment is

broadly divisible into

a. Basal non-marine sandstones, siltstones and mudstones

of the Gundumi and the Illo Formations.

| Middle marine shales and limestones intercalated with

sandstones and siltstones of the Rima and Sokoto Groups.

C Upper continental/paralic sequence of the Gwandu

Continental terminal (Table 2.2).

The basal non-marine seguence of the Sokotn embayment
was named the Damergo sequence by Petters (197%a). This
unconformity-bounded sequence rests on a wide-spread Permian -
Triassic erosion surface and is disconformably overlsin by
marine deposits of the Maastrichtian - Paleocene trans-
gression. The overlying non-marine beds of the continental

terminal constitute the Dosso sequence (Petters, 1979a).

The marine Maastrichtian - Paleocene beds of the Sokoto
embayment were described by Falconer (1911); Greigert (1966);
Jones (1948); Kogbe (1279); Petters (1279c, 1580, 1981) and

Raeburn & Tattam (1930), 7Two cyclothems constitute the
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Maastrichtian -- Paleocene marine seguence in the Sokoto
embayment (Petters, 1980). The Rima cyclothem of
Maastrichtian age comprises the Taloka Formation (about

SOm of brown, laminated, parallel-bedded, carbonaceous

.fine grained sandstones, siltstones and mudstones), overlain
by the Dukamaje Formatior. (about 10m of basal bone bed, gypsi-
ferous, fissile, grey lower and upper shales and middle
marls). The Paleocene Sokoto cyclothem comprises the

Wurno Formation (approximately 20m of soft, tabular mudstones,
muddy siltstoncs and fime graimed samdstenes) at the base

and grades upward into the Nange Shale (10m thick), and the
Kalambaina Formation (about 12 - 20m of nodular marly limes-
tones and shales) at the top. The Kalambaina Formation was
studied in detail in this project with special emphasis on

its foraminiferal content.

A shallow fluctuating embayment of the Tethys sea
occupied the West African Saharan interior basins from
Cenomanian to Palecocene (Petters, 1982). 1In the south,
another fluctuating embayment which was the inland extension
of the Gulf of Guinea lay along the Benue Trough. The
saharan epeiric sca that led to the deposition of the
Kalambaina scdiments was warm, shallow and subject to high
salinities while the shallow Benue seca was subject to low

salinities and oxygen depletion (Fetters, 1982).

Results obtained in this study based on the following
foraminiferal methods conform with the palecenvironmental

analysis of the Sokoto embayment by Petters (1982).
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1. The relative abundance of thelférahinifergl suborders -
Miliolina (Porcelaneous? and Rotaliina(hyaline calcareous)
were plotted on a triangLlar diagram on which the
composition or fields far Recent environments (Murray,

1973) are shown (Fig. 5.1, 5.2, 5,3).T o \

2. Benthic foraminiferal predeminance in the Sokoto province
was compared with those of Recent environments (eg.
Culver & Buszas, 1980, 1981, 1982; Douglas, 1979;

Harris, 1981; Murray, 1973).

3. For stratigraphic intervals where foraminiferal counts
were made, guantitative specles diversity calculations

were done based on 10gm of the washed sample from which

.

the corresponding Foraminiferal Number (FN} were also
CaICUl atede ’ " - 2( oo '*

7

L

Based on these methods the Kalambaina Formatlion 1s

placed in a hypersaline epeiric sea.

All the samples from the Kalambalna localilti:s coﬁtéin
abundant calcareous foraminifera and a few arenacenus species.
Diagnostic deep water species were not observed. This confirms
the shallow and marginal condition under which the Kalambaina

sedimentation took place.

Maximum marine transgression oc¢curred in the Late
Paleocene and resulted in the deposition of the marly
limestone lithofacies of the Kalambalna Formation. The
bottom sections (usually about 8m from the separation from
the Dange Formation) contains the richest microfauna in

terms of population but low diversity while the top part



has the richest assemblage in terms nf diversity of spocies.
Samples from all sections are characterised by shallow
water tenthic foraminiferal assemblage with the bottom
section assemblage dominated by large rotaliids, nonionids,
and cibicidids while the overlying section contains larger

foraminifera that permit precise age determination.
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Chapter 7

SYSTEMATIC FALECNTOLOGY

The Foraminifera are members nf the Crder Foraminiferida,
Subclass Rhyzopoda, Class Sarcodina, Fhylum Protozoa. They
constitute about 2.5% of all animals known from the Cambrian

to the Recent.

There are 20 species in all identified from the
Kalambaina Formation. The systematics as presented here
conform with the Treatise on Invertebrate Faleontology of

Loeblich & Tappan (1964).

Order : Foraminiferida

Suborder ‘ Miliolina Delage & Herouard 1896.
Superfamily : Miliclacea Ehrenberg 1839

Family - Miliolida Ehrenberg 183y

Subfamily : Quinaueloculinae Cushman 1927
Genus Quingueloculina D'nrbigny 1926.

Quingueloculina sp

Flate I, fiao.(a)

Desc tion

Test small, compresscd, broadly elliptical, neriphery
broadly rcunded, chambers inflated, a half coil in length,
S in number, sutures distinct, depressed, aperture rounded
with a simple tcoth at the end of the last formed chamber,

wall calcarcous, porcelaneous, imperforate



Remarks
Quinguelcculina sp occurs sporadically at the bottom

part of the Kalambaina Formation. One species each was
identified based nn foraminiferal count per 10gm of washed
sample in samples No. KL 3.18 and KL 3.20 as obtained from

the localities in the appendix.

Genus : Fyrge Defrance 1824

Pyrgo sp

Plate 1, fig.(b)

Description

Test free, inflated, discoidal to ovate, proloculus
followed by chambers one-half coil in length, chambers
arranged in biloculine pattern, wlth successive discoidal
to hemispherical chambers opposing each other; wall
Calcareous, Imperforate, porcelanecous; aperture terminal,
near junction of last 2 chambers, rounded to eclongate,

with distinct bifid tooth.

Remarks

Occurs sporadically in samples KL2.10 and KL2.11
obtained from the bottom of the Kalambaina section at the
quarry and the Kalambaina-Danae contact at Dange village

respectively.

Suborder ¢ Rotaliina Dalage & Herouard 1896.
Suberfamily : Buliminacea Jones 18%5%
Family t Turrilinidae Cushman 1927

Turrilininae Cushman 1927

Subfamily
Genus - Buliminella Cushman 1211



Buliminella sp

Plate 1, fig (c)

e

Description

Test free, elangate, with high clescd spiral side
formed by numerous narrow chambers; wall calCafeous,
pefforate, radial in structure, surface smooth, slightly
striate to spinose: aperture loop-shaped, with upper énd
relatively broady, internal tooth plate connescting aperture

with that of previous chamber.

Remarks ) '_'@ ' -
Occurs sporadically in the top 4m in the Kalambaina
section at the quarry and in samples KL2.13 and KL3.15

obtaimed from the Kalambaina outcrop at Wurno village.

Genus : Pvramiding Brotzen 1948.'“

Pvramidina c¢rassa

Plate IV , fig., (K)

Description

Test frec,subtriangular in section, chambers broad,
low, triscrially arranged and subanoular; wall calcareous,
finely perforate, surface somewhat nodose; apcrture a high
loop-shaped opening with a tendency to close at basal part,
remaining only as more or less defined suturédéonnecting

subterminal aperture to base of chamber. ..

-
Al

Remarks .
Qccurs sporadically at the top, middle and bottom
parts in the Kalambaina section at the quarry; and in

samples No, KL2.11 and KL2.12 obtained from tho Kalambaina



exposure at the Dange road-cut section.

Superfamily : Discorbacea Ehrenberg 1838

Family . Discorbidigae Ehrenberq 1838

Subfamily - Disconrbidinae Ehrenberqg 1838
Genus : Rosalina 1826

Rosalina koeneni Brotzen 1348.

Part III , fig. (1)

D tion

Test planoconvex, free, all chambers visible from
convex spiral side, only those of final whorl visible
around open umbilicus on umbilical side; aperture a low
interiomarginal arch at the base of final chamber near
periphery on umbilical side, with broad chamber flap just
beneath apcrture extending into open umbilicus, secondary
sutural openina at opposite side of flap, those of previous

chambers also remaining open.

Remarks

Occurs abundantly in the samples cbtained from the
top and middle part of the Kalambaina section at the quarry
and 18 species were identified, based on foraminiferal count
of 10gm of washed sample from sample No. KL3.15 obtained

from the Kalambaina section at Wurno.

Rosalina koeneni was originally described from the

Paleocene »f Swedan.
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Superfamily : Rotaliacea Ehrenbera 1839
Family - Rotaliidae Ehrenberqg 1839
Subfamily : Rotaliinae Ehrenberg 1839

Genus : Rotalia Lamarck 1804

Rotalia cf. trochidiformis Lamarck 1804

Plate VI, fig, (r)

De tion

Test frze, trochospiral to plano-convex, all whorls
visible from spiral side, spire multilocular, direction of
coiling random, chambers simple; septa primarily double,
formed by upward bending of chamber floor; wall calcareous,
coarsely perforate, of radially fibrous calcite; spiral
side smooth, umbilical side with plug split by anastomosing

fissures into numerous tubercles.

Remarks
Rotalia cf. trochidiformis occurs in all the samples

obtained from the Kalambaina Formation.

Rotalia saxorum

Plate III fiq.({)
Description
Test free, biconvex, low trochospiral coil of three
velutions; sutures slightly curved, thickened, depressed
on umbilical side, septa primarily double; wall calcareous,
finely perforate, radial in structure; umbilical surface with
irreqular granules along suture, umbilicus with open

umbilical fissures and plug; aperture 1nteriomargina1.



Remarks
Occurs in samples XL 1.1, KL1.6, KL2,9, KL3.14 and

KL3,19 (sce appendix for localities)
Genus 5 Pararotalia Le calvez 19495

Pararotalia perclara. (Loeblich & Tappan 1957)
Plate 1, fig. (d)

Desc tion

Test free, trochospiral, umbilicus filled by plugs
broken out in preservation, chambers rounded to ovate with
smoothly roundad periphery, umbilical region of each chamber
partially covered by umbilical flap; wall calcareous,
perforate, radially built, variously ornamented with fine
scattered spines, aperture on umbilical side, extraumbilical,
with lip; intercameral foramen narrow, elongate and comma-

shaped, consisting of portion of former apcrture.

Remarks

Occurs abundantly in most of the sample obtained from
the Kalambaina Formation. This species was criginally
described as Globorotalia perclara by Loeblich & Tappnan
(1953) from the Paleocene - Lower Eocene of the United

States Atlantic coastal plain.

Pararotalia tuberculifera (Reuss 1862)
Plate IV, fig.(m)

Description

Test biconvex, ventral side more convex, dorsal side

less, outline circular, peripheral margin sharp, ragged.
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Each chamber of the last formed whorl has sometimes more,
sometimes less developed spines at the periphery. Chambers
visible only in last formed whorl, centre of dorsal side
covered by numercus tubercles, the centre of ventral side
filled by distinct knobs, well separatced from chamber walls.
Wall calcarecus, perforate; sutures depressed, distinct on
ventral side, almest not visible on dorsal side; aperture

more or less loop~-shaped, surface rough.

Remarks

This species occurs in most of the samples from the
Kalambaina Formaticon. It has been reported from the
Maastrichtian - Paleocene of Holland, and in the Paleocene

of Belgium and Poland.

Genus: Operculinoides Hanzawa 1935

Operculinoides bermudezi

Description

Tzst planispiral, coiled, involute, wall calcareous,
porcelaneous, imperforate; sutures distinct; aperture
terminal. This species is larger than all the foraminiferal
species from the Kalambaina Formation and can easily be seen

with the naked eye.

Remarks

Occurs abundantly in all the samples from the Kalambaina
Formation but most abundant in the samples from the top
parts of the Kalambaina sections.

Subfamily . Cuvillierininae Loeblich & Tappan 1957

Genus - Thalmannita Bermudez 1952
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Thalmannita madrugaensis Cushman & Bermudez 1547

Plate III fia.(h)

Rescription
Test small, slightly trochoid in early stage, later

planispiral, peripheral outline lecbulate, peripheral margin
rounded, sutures slightly curved, wall calcarous, surface
ornamented, with strong spiraling costac interrupted at

sutures, sometimes spinose; aperture a low equatorial sliz.

Rem
Occurs sporadically in six samples from the Kalambaina

Formation., (See table 3.%)

Family : Elphidiidae Galloway 1933
Subfamily : Elphidiinae Galloway 1233

Genus : Elphidiella Cushman 1936

Elphidiella africana (Leroy 1953)
Plate II, fig. (e)

Description

Test free, planispiral, involute, bilaterally
symmetrical with equ@nt. chambers commonly leaving axial
umbilical plug which lacks radial canals:; sutures with
openings to subsutural and vertical canals, generally forming
double row of alternating pores along each radial suture,
without retral proccecsses; wall-calcareous, radial and
ldminated in structure; aperture multiple, consisting of

scattered pores in apertural face.
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Remarks _g'ﬁ; _ @;;f

Elphidiglla africana occurs abundantly in all the

samples from the Kalambaina Formation. This species was

originally described as Elphidiup gfricang by Leroy (1953)

Y i’
- -

from the Paleocene of Egypt. . R
1956

¥

Genus : Protelphidium Haynes

Protelphidium sublacve (Ten Dam 1944)

~ Plate II, fig. (f) _ ) o

Description
Test coiled, planispiral involute, wall calcareous,
.perforate with radial wall structure, no sutural pores or
retral processes, vertical canals plercing umbilical plug
of secondary shell material; primary aperture not seen{ﬂ.

rosslbly interiomarginal. -

Remarks SR I

Occurs sporadically in most of the samples from the

L
sl

Kalambalna Formation. Protelphidium sublaeve was originally

described as Nonlon sublaeve by Ten Dam (1944) from the
Paleocang of Hofland.® o ‘

Superfamily Globigerinacea Carpenter, Parker
& Jones 1862

.

Family _ Globorotalifdae Cushman 1927

Subfamily " Globorotaliinae Cushman 1927
N Genus ¢ ' Planorotamlites -Morozova 1957

N

oo



Planorotalites ehrenbergi

Plate V, Fig.(0)

De on

Test free, trochospiral, periphery carinate, chambers
angular-conical; sutures thickened: wall calcareous, finely
perforate, nonporous keel, surface smooth to cancellate;
aperture extraumbilical - umbilical arch bordered by lip.

Species is planktonic foraminifer.

Remarks
Occurs sporadically in six samples from the Kalambaina

Formation. (See Table 3.3%)

Superfamily : Orbitoidacea Schwager 1876
Family z Cibicididae Cushman 1927
Genus : Cibicides De Montfort 1808
Cibicides praecursorius (Schwager 1876)

Plate VI, fig. (p)

De tion

Test planoconvex, spiral side flat, evolute, umbilical
side strongly convex, involute; wall calcareous, coarsely
perforate on spiral side, finely perforate on umbilical

side; aperture a low interiomarginal opening with narrow lip.

Remarks

Occurs abundantly in all the samples from the Kalambaina
Formation. This species was originally described as
Discorbina praecursorius by Schwager and Leroy (1876) and

it is a widely dist‘?uted Paleocene speci=s in many parts of

the world - . & e S —————eta |
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Superfamily : Cassidulinacea D'Orbigny 1839
Family : Pleurostomellidae Reuss 1860
Subfamily : Pleurostomellinae Reuss 1860

Genus : Pleurostomella Reuss 1860

Pleurostomella paleocenica Cushman 1947

Description
Test small, elongate, chambers in early stages
curneate, later uniserial, sutures oblique in early stage,

later straight and horizontal, wall calcareous, granular,

aperture terminal, with projecting hood at one side.

Remarks

Occurs sporadically in eleven of the washed samples
from the Kalambaina Formation. (See table 3.3 for sample

number and appendix 1 for sample localities).

Pleurostomella paleocenica was originally described

from the Paleocene of the Culf coast.

Family : Nonionidae Schultze 1854

Subfamily : Nonioninae Schultze 1854
Genus - Nonicn De Montfort 1808

Nonion graniferum (Terquem 1882)
Flate IV, fig. (1)

D on

Test planispiral, involute, slightly compressed,
chambers numercus, increasing gradually in size as added;
sutures distinct, slightly curved; wall calcareous,

granular in structure; aperture equatorial arched.



Remarks
Nonion graniferum occurs abundantly in all the samples

from the Kalambaina Formation. This species was originally

described as Nonjionellz graniferum by Terquem and Le Calvez
(1882) in the Paleogene of Europe.

Genus Nonionella Cushman 1926
Nonjonella sp.

Plate V, fig.(n)

Dggggiggion

Test trochospiral, slightly compressed, spiral side
partially evolute, opposite side involute with final chamber
overhanging umbilical region and appeared to form distinct
umbilical flap; chamber relatively many; wall calcareous,
perforate; aperture a low arch near periphery extending
somewhat onto umbilical side.

R )
Occurs sporadically in six samples from the Kalambaina

Formation (See Table 3.1).

This species is differentiated from Nonion araniferum
in being asymmetrical and trocchospiral, and in possessing

an asymmetrically developed final chamber.

Family 3 Anomalinidae Cushman 1927

Subfamily : Ancmalininae Cushman 1927

Genus 3 Anomalinojides Brotzen 1942
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Anomalincides umboniferus
Plate II fig.(qg)

Description

Test small, plano-convex, involute on both sides,
compressed, peripheral margin bluntly acute, lobulate,
chambers 6 in number in the last whorl, rapidly increasing
in size as added; sutures distinct, depressed, wall
calcareous, porforate; aperture slit bordered by a narrow
lip.
Remarks

Occurs in most of the samples from the Kalambaina
Formation. Abundant in the Paleocene Ewekoro Formation,
widely reported in the Paleocene strata in many parts of

the world.

Genus : Gavelinella Brotzen 1942

Gavelinella sp
Plate VI, fig.(q)

Desc tion

Test small, biconvex, low trocheospiral coil; circular
to subcircular outline, sutures depressed and curved; wall
calcareous, perforate; aperture a low extraumbilical arch

at the base of the chamber.

Remarks

Occurs sporadically in five samples from the Kalambaina
Formation. See table 3.1 and appendix I for sample Ho.

and localities.
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APPENDIX

Simple Localities

KL.1.1 - Kalambaina Quarry 2.0m . from top
KL.1.2 - Kalambaina Quarry 2.5m from top
KL.1.3 - Kalambaina Quarry 3.0m from top
KL.1.4 - Kalambaina Quarry 3.5m from top
KL.1.5 - Kalambaina Quarry 4.0m from top
KL.1.6 - Kalambaina Quarry 4.5m from top

KL.1.7 = Kalambaina Quarry 5.0m from top

KL.1.8 - Kalambaina Quarry 5.5m from top
KL.2,9 - Dange Village 4m. from boundary with Dange Shale
KL,.2.10 - Kalambaina Quarry 9m. from top

KL.2.11 - Dange Village 20km from Sokoto town
Road Cut Section

KL.2.12 - Dange Village 20km from Sokoto town Road
o Cut Section

KL.2.13 =~ Wurno Village - Road Cut Section

KL.3.14 - Dange Village. Contact with Dange Shale.

KL.3.15 = Wurno Village Road Cut Section

KL.3.16 - 1 Km. West of Dinawa Village

KL.3.17 - Wurno Village Road Cut Section

KL.3.18 - Kalambaina Quarry 4m from bottom of section

KL.3,19 - Wurno Village Surface Sample

KL.3.20 -~ Wurno Village Contact with Dange Shale.



