FORAM NI FERAL AND OSTRACODE Bl OSTRATI GRAPHY
AND PALECECOLOGY OF KALAMBAI NA FORMATI QN, SOKOTO BASI N;
SOKOTO STATE, N GERI A

ENAM O OBl GSI O

A THESIS SUBM TTED TO THE POSTGRADUATE SCHOOL, AHVADU BELLO
UNI VERSI TY, | N PARTI AL FULFH LLMENT OF THE REQUI REMENTS FOR THE
AWARD OF THE DEGREE OF MASTER OF SCI ENCE.

Depart ment of Geol ogy
Faculty of Science
Ahmadu Bell o University,
Zari a

MARCH, 1994



I declare that this thesis is my own work and has not
been submitted in any form for another degree or diploma at
any other University or Tastitution: information derived from

published or unpublished work of others has been acknowledged

in the text.

16TH MARCH, 1994

ii



CERTIFICATION

This Thesis entitled "Foraminiferal and ostracode
biostratigraphy and palevecology of the Kalambaina Formation,
Sokoto Basin; Sokoto State, Nigeria by Enam O. Obiosio meets
the regulations governing the award of the degree of Master of

Science of Ahmadu Bello University and is approved for its

contribution to knowledge and literary presentation.
P

v ks

Chairman, Supervisory Committee
(Name and Signature)

G P D M /// / / 76

—— o ——

4 < 9 Lo
Member, Supervisory Committee Date:_ -~ Sﬂ /65
(Name and Signature)

e —— i ———————— Q ------- - ?_(Lf\ 1"(‘1
Dean, Postgraduate School Date:

iii




ACKNOWLEDGEMENTS

I would like to take this opportunity to express my
gratitude to my first supervisor, Professor S. 1. Abaa, for
constructively criticizing and linguistically improving the
manuscripts.

I am also very thankful to my second supervisor, Dr. E.
A. Okosun for introducing me into the world of foraminifers
and ostracodes, and for his encouragement and excellent
guidance during the course of this study.

I also wish to thank Mr. S. A. Alagbe, Dr. J. 1. Omada,
Professor E. C. Tke and Mallam H. Halidu for the encouragement
during the course of this project. I also want to express my
gratitude to the management of Cement Company of Northern
Nigeria, Sokoto for granting permission into the quarry for
sampling. I am very grateful for assistance rendered by the
quarry manager, John Maivaki and the mining engineer. 1 would
like to thank the technical staff of the Department, Mr. C.
Bobai, for preparing sections, Mr. S. Bolorunduro for
cartographic assistance. 1 wish to thank Mr. J. Nnachi for
ably typing the thesis. Mr. Ayo Akowe, is to be mentioned for
his companionship during the preparation of samples. In
addition, 1 am appreciative of the concern shown by Muyiwa
Owolabi, Ferd Nkwatoh, Taiwo Anifowoshe, Maria Bare, Dr. Nuhu
Obaje and Najime.

iv



I am most grateful to my parents, Mr. & Mrs. O. J.
Obiosio for support, understanding and patience.
Above all, I am thankful to my heavenly Father, Jesus

Christ, who has made everything possible.



ABSTRACT
A total of 22 sanples collected fromthe Upper Pal eocene
Kal anbai na Formation, yielded 31 species of benthonic, 2
species of planktonic foramnifers, and 18 species of

ost r aeodes. One foramnifera species, Nonion planaturn has

J ust been reported from the For mati on. Bent honi ¢
foramni feral and ostracode assenbl ages were investigated with
r espect to their strati graphy, pal eoecol ogi cal and
pal eobi ogeogr aphi cal significance.

The Kal anbaina Formation is correlated by neans of
bent honi ¢ and pl anktonic foramnifers, and ostraeodes. Those
foramnifers and ostraeodes are referable to the Thaneti an age
on the basis of known ranges of these species. The benthonic
foramniferal faunas are simlar to the Pal eocene Tet hyan-type
fauna, and are associated wth planktonic foramnifers
referable to zones P4 and P5 of the standard planktonic
foramniferal zonation. These zones are correlated wth the

Oper cul i noi des bernmudezi and Trachyl eber is teiskotensis units

recognized for the benthonic foramnifers and ostraeodes
respect ively.

The interpretation of the paleoecology of Kalanbaina
Formation is based on quantitative study of the distribution
of the foramnifers and ostraeodes in the sections. The
foramnifers and ostraeodes are abundant and fairly

diversified, a circunstance which tend to increase their

\Y



useful ness as pal eoecol ogi cal indicators. Pal eoenvironnents
interpreted from foramniferal assenblage suggest a shallow
depth of approxinmately 10 netres with open marine conditions.
The presence of planktonic foramnifers in sone sanples
corroborates the open marine conditions interpreted from the
bent honi c assenbl age. The ostracode assenbl age point towards
an open marine, shallow depth of relatively |ow hydrodynam c

ener gy.

A conpari son of pal eobi ogeographi cal pattern between the
Kal anbai na and Ewekoro formations showed the existence of two
foramniferal pal eobi ogeographic province separated by a
barrier. The conparison of ostracode assenbl ages between the
two formations shows that simlarity exists. The presence of
a barrier inplies that there was no comuni cati on between the
seas. The results obtained in this study support the
hypot hesi s that the Saharan sea that occupied the Sokoto area

nmoved in southeast wards from the Tethys sea.
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Chapter One

1.1 General Introduction

The Kalambaina Formation is a fossiliferous marly
limestone which is the main marine lithotope in the Sokoto
basin. The Sokoto basin which is the area of study is one-
tenth of a whole basin known as Jullemmeden basin (Kogbe,
1979). The main feature which dominate the Sokoto basin is
the "Dange scarp" (Carter, 1964), and it is attributed to the
geology of the Sokoto basin. According to Kogbe, (1979), the
best outcrops of the Paleocene strata are confined to the face
of the escarpment. The escarpment has a marked NNE-SSW trend
which approximately parallels the regional strike. The
regional dip is low with a WNW trend. The sediments exhibit
different degree of resistance to weathering and erosion
because of the differences in lithology.

The rocks in the Sokoto basin are Cretaceous, and
Tertiary in age respectively. Kogbe (1979) deduced deposi=-
tional environments ranging from continental through marginal
marine to normal marine for the lithostratigraphic units of
the basin, on the basis of sedimentological and paleon-
tological studies. The lithostratigraphic unit studied in
this work is the Upper Paleocene, shallow marine, Kalambaina

marly limestone,.

m —



2

1.2 Location and Extent of Project Area

The project area is located in Sokoto, northwestern
Nigeria. The arca is about 400km northwest of Zaria. Since
the primary objective of this investigation is to compare the
paleoecology of the foraminifers and ostracodes, based on
their composition and distribution. Sample collection was
limited to areas of good exposures of the Kalambaina
Formation.

Sampling was carried out at the Cement quarry. Dange
{16km from Sokoto town along Sokoto - Gusau Road); Wurno {65km
north of Sokoto town) and Dinawa (along Wurno - Sokoto road).
The area of {nvestigation is situated between latitudes

13%0'N - 13%20°N and longitudes 5%0°E - 5%30'E (fig. 1.1).

1.3 Previous Work
Falconer (1611) published the result of his study of the

geoiogy and geography of northern Nigeria. He assigned an
Eocene age to the regional tectonics of the Cretaceous which
is how Dbelieved to have occurred during the Late Paleocene
(Kogbe 1979). The Eocene period witnessed an intense erosion
of sediments. Studies related to the stratigraphy of the
Sokoto basin began when Raeburn and Tattam (1930) designated
the Kalambaina Formation as "“"Calcareous Groups"; Dange
Formation as "clay-shale Group”™ and assigned an Eocene age to

both.
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The first systematic study of the Cretaceous, and
Tertiary sediments of the Sokoto basin was carried out by
Jones (1948}, As part of his geological reconnaissance, a
shallow marine environment was e¢stablished for the Kalambaina
Formation, on the basis of the micro and macro faunas. Later,
Parker (1964) mapped a large portion of the Sokoto province
and proposed the name “Kalambaina Formation" for the
Calcareous group of Raeburn and Tattam (1930). Parker
attributed the Kalambaina sediment to a marine environment of
deposition and also mentioned the occurrence of ostracode
fauna and a large foraminifer. Based on the fossil fauna, he
assigned a Paleccene age to the calcarecus Kalambaina

Formation. Reyment (1965) also made mention of the larger

foraminifer, Qperculinoides bermudezi from the Kalambaina
Formaticon. He published a list of Paleocene Ostracode

microfauna present in the West African basins which he found
to have a wide West African distribution. Reyment and Reyment
{1978) studied the oatracode fauna of the North African Sokoto
and Southwestern Nigeria Coastal basins and from their
observation were used to hypothesize a4 merger of Tethys and
Gulf seas. Asseez and Fayose (1970) correlated the
foraminifera fauna of Kalambaina and Ewekoro formations, and
according to Peters (i982), they wrongly assigned an Eocene
age to the Kalambaina Formation, Petters attributed the error
in dating to contamination of samples. Kogbe et al. {(19072)
published a list of the ostracode and forminifers of Dange,
Kalambaina and Gamba formations; An Upper Paleocene age was

assigned to these formations.
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Petters (1976a, 1977, 1978a, 1978b, 1980, 1982) studies
shows that the Maastrichtian-Paleocene foraminifers of the
Sokoto basin revealed three distinctlive foraminiferal
biozones; Hypersaline marginal environment, hypersaline
partially enclosed sea, and shallow epeiric sea. Kogbe {1972,
1974, 1876, 1377, 1978, 1979} mapped the lithostratigraphic
unit of the Sokoto basin, and gave a range of environments of
deposition based on sedimentological and paleontological data.
He considered the Kalambaina Formation as marine. Ficcarelli
{1976) published a 1list of foraminifera and ostracode
microfaunas of the Sokoto basin, His findings support the
conclusion by some workers. Obaje (1987) studied the
paleoecology of the foraminiferal fauna and assigned a
paleacene age, and established a shallow macine conditian.
Okosun (1989) did a study on the ostracode of Dange Formation
and designated the palecenvironment as typically shallow
marine.

Swinton (1930), White {(1934) and Carter (1964) reported
the occurrence of a number of fossil fish tooth and reptiles
which suggest a tropical warm climate of deposition for the
sediments, Adegoke (1969) noted the similarities in the

Molluscan fauna: Deltonautilus, Gisortia, Crommium,

Venericardia of the Sokoto basin and their Tethyan affinities.

The hydrogeology of the Sokoto basin was first studied by
Racburn and Tattam (1930) and later by Du Preezée and Barber

(1965). The studies on the sediments of the Sokoto basin are
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limited to illustration and description except for detailed
paleocecologic study by Petters (1932) and Okosun (1989). For
the Kalambaina Formation, which is the subject of study, the
paleocecologic implications of the ostracode fauna were not

given full attention.

1.4 Aim and Objective of Present Study

The Kalambaina Formation was chosen as ideal area for
study because it contains a rich and fairly diverse benthonic
foraminifera and ostracode assemblage, few elements of which
are dJdistributed in sediments of comparable age in North
African and the Southwestern Nigerlian Coastal basins.

This study aims at providing a detailed description of
the foraminifera and ostracode faunas from the Kalambaina
Formation and a systematic description of the species, with
the view of re-appraising the paleoeccology and paleobio-
geography, by comparative analysis.

Quantitative studies of the foraminifers and ostracodes
in this work provide the data from which the biostratigraphy
and paleocecology was deduced, The species diversity,
Planktonic/Benthonic ratio and population composition are
considered. This study is also aimed at updating and

continuing the work of earifier investigators

1.5 Methods of Study

Samples were collected from different localities where
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the marly limestone outcrops and from road cut section. A
total of 22 samples were collected at vertical interval of
0.305m, with about three-quarters taken from the quarry of the
Cement Company of Northern Nigeria, Sokoto. All samples
examined were composed of carbonate sediments of various
degree of induration. 1In all cases, an original sample of 100
grams (dry weight) was used., The samples were processed in
the Department of Geology (A.B.U.) Laboratory. The samples
were soaked in water containing & table spoon of sodium
carbonate; the more indurated samples were treated with 15%
Hydrogen peroxide solution (IOij) to aid in their breakdown,
The mixture in each case was allowed to boil. After boiling,
the mixture was allowed to simmer before pouring into a 200
mesah sieve under running water. The washing continued until
the water running through the sieve was c¢lean. The washed
material was flushed into crucibles and oven-dried at 100°C
for 20 minutes. All size {fractions of washed and dried
residues were examined for foraminifera and Ostracode fauna.
The frequency counts were based uwpon a minimum of 250 specimen
except in few cases in which there was a paucity of both
faunas. The percentages of each species was then calculated
based on the number of specimens of the species in proportion

to the total number of specimens (Total population) in the

sample. Thin sections were used to study the large
foraminifer, Operculinoides bermudezji; equatorial and axial

sections.
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Chapter 2

GENERAL GEOLOGY AND STRATIGRAPHY

2.1 Regional Geologic Setting

The purpose of this introductory section on the general
outline of the geology of the JTuliemmeden basin, s to provide
a regional stratigraphic framework which would facilitate
better understanding of the Sokoto basin. The term
Iullemmeden basin was first proposed by Radier (19537) to
define the sedimentary basin which covers parts of Mali,
Republic of Niger and eXtends to northern Benin Republic, and
northwestern Nigeria.

The Iullemmeden basin covers an area of about 700,000
sguare kilometres (Kogbe, 1979). It is important to note that
one tenth of the basin lies in Nigeria, where it is locally
referred to as the "Sokoto basin" (Jones, 1948). The
Iullemmeden basin is an extensive elongated sedimentary and
structural basin which trends northwest direction from Nigeria
into the Republic of Niger (Radier, 1957; Greigert, 1966).
This sedimentary basin is filled with Paleozoic, Mesozoic and
Tertiary formations (Table 2.1). The basin is underlain by
basement rocks consisting of igneocus and metamorphic rocks
(Kogbe, 1979). The Iullemmeden basin has been affected by a
series of marine transgression during the paleozoic, Mesozoic

and Tertiary. These transgressions progressively affected a
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Table 2.1

Correclation of Mesozoic=Tertiary Strata in the Iullmedden Basin*

. v . . Damergou and
N ‘e _
Period ‘orth—-west Sector Central Sector Wwestern Chad Sokoto Sector
Basin
Focene— {(Continental rluvio-lecustrine sands and clays with lignite

Mio-Fliocene terminal)

Falaeocene-Lower
Focene

fragments and oolitic ironstones (up te 450uw)
o~ local -~

Gwandu Formation

Limestones, laminated ('paper') shales and Fluviatiie

e e

(c.300m)

Kalsmbaina and

maris (upt to oOm). and 18ehi- Gemba Formations c.30m Sokoto Groug
trine sands Dé&nge Formation c.25m (Marine)
Miastrtshtisn sandstones, shales and limestones wilh and clavs Wurno Formatiion
g y Libhycoceras (up to 220m) Hoamwy<.tm»: {(non-marine) C.30m
: IEETET TN §solitic Dukamaje Formation
Seunonian W : . p : (marine) 0-25m Rima Group
ontinental lime- bauxite Seca) Glécntoin
stone and shales (Koutous ity
(up to 60,) Formation in emuoxw Formation
part) {non marine) c.200x
Sands end clavs ? ?
of the
Continental
Hamadien
Turonien Marine limestones, Gundumi and 111c
shales, sandstones Formation (non-—
- . and cdolomites (up to marine (200-300m
¥ Cancmanien e 275m) o (Kandi Sands in v
o Benin)
1. Cretaceous Tecama Sandstone Group (up to 1000m) Tegama
. . Sandstone ?
Mwmwwwwwmmwwu Irnezer Clays (up to 500m) Group ﬂ
Termian— ? Fluvio-lacustirine ?
Jurassic(?) a sandstones and q
arkoses (up to 300m)
Palacozoic Cambro-Ordovician ——
and to Carboniferous T
Precambrian —~—— ——
Metamorpnic basement metamorphic Lasement metatorphic metamorphic basement
vasement
Source: Wright et. al. (19%5)
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greater portion of the basin in a southward direction (Kogbe,
1979). The Paleozoic transgression deposited sediments
ranging in ages from Cambrian - Carboniferous and Permian -
Lower Cretaceous (Greigert, 1966)., Joulia (1963) dated marine
focks from Upper Ordovician, the Silurian, Middle and Upper
Devonian, and Carboniferous. During the Permian - Lower
Cretaceous, the environment was interpreted as Continental
(Kogbe, 1979). The Illo and Gundumi formations in Sokoto
basin are thought to correspond to the "Continental
intercalarie"™ (Faure, 1951). Cenomanian to Maastrichtian
sediments are also represented. The Cenomanian is marine in
most parts of the Iullemmeden basin and is characterized by
the presence of Neolobites {(Kogbe, 1970), The Cenomanian
overlies the Tegama Group of sediments unconformably and
consists of 100 metres of shales, sandstone, and black
fossiliferous 1limestone (Kogbe, 1979). Upper Cretaceous
{Maastrichtian}) is characterised by an alternation of marine
deposits consisting predominantly of shales and Iimestone with
brackish water sediments made up of siltstones, clays and
sandstone {(Kogbe, 1979). The Upper Cretaceous is very rich in
vertebrate fossils as well as in fossil wood. Tertiary
sediments consists of laminated shales and limestone with
Upper Paleocene Tauna (Kogbe et al., 1972) but the lower
Paleocene is generally absent.

Throughout the basin, the Lower Tertiary marine deposits

are overlain by a thick series of ferruginized sandstone,
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nmudstone and clayey sandstone {Rogbe, 157%). According to
him, in the BSokoto basin, a slight erosional uvnconformity
exists at the base of the Continental Terminal, Each
transgression overlapped the preceeding one towards the south
and the marine series diminish in thickness southwards passing
laterally into continental series (fig. 2.1). The Upper
Cretaceous and Paleocene formations have been mildly deformed
during the phase of uplift which took place at the margin of

the basin (Bertrand - Sarfati et, al., 1977}.

2.2 Local Geploric Setting

The sediments of the Sokoto basin constitute one tenth of
the Iullemmeden basin (Jones, 1943). In the Sokoto basin,
Mesozoic and Tectiary sediments have been documented {(Table
2.2). The sediments of Sokoto basin were accumulated during
three main phases of deposition; Continental Mesozoic and
Tertiary phases (the first and third}, with an jintervening
marine Maastrichtian and Paleocene phases being the second
(Kogbe, 1979). These sediments overlie the basement complex.
The basal sequence of the Sokoto basin which belongs to the
Gundumi and I1lo formations have been assigned a Late Jurassic
to Mid-Cretaceous age (Kogbe and Lemoigne, 1876). The second
phase §is divisible with two cyclothems of Maastrichtian and
Falecocene age respectively (Petters, 1978a). The
Maastrichtian cyeclothem began during the Maastrichtian

transgression, According to Kogbe (1979), the sea moved
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Table 2.2: Summary of the geological sequence in the northwestern
Nigeria {3okoto basin) Sedimentary basin
AGE FORMATION GROUP ENVIRONMENT

Quaternary Sandy drifts, - Contlinental
laterites

Eocene to Gwandu Fm "Continen- Continental

Miocene tal

Terminal”

—————————————— ~Unconformity- | ~--—wommmce b e e e

Upper Ganiba Fin

Paleocene | —=—=————-memeeee- Sokoto Marine
Kalambaina Fm Group

Maastrichtian

Dange Fm
-Unconformity-
Wurnoc Fm

Brackish water
with brief
intercalation

Taloka Fm
—————————————— -Unconformity- |- - - - - —————- ———————— e ——
Lowermost iilo and "Continen- Continental
Cretacecus Gundumi Fm tal
(OR OLDER) inter-

calarie"
—————————————— -Major Uncon- |
formity
PRECAMBRET AN BASEMENT COMPLEX
Source: Kogbe, 1979
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northward from the Guif of Guinea through the mid - Niger
basin, and the Tethys sea moved southwards from the north.
During this period, the Rima Group was deposited unconformabiy
an the pre-Masstrichtian continental sequence. The presence
of the Maastrichtian-Paleocene unconformity, however makes it
evident that there was a break In sedimentation between the
Maastrichtian and Paleocene {Kogbe, 197%). The Paleocene
cyclothem took place in the Paleocene during which time the
Sokoto Group was deposited. Each cyclothem consists basically
of three lithofacies (Petters, 1978a). The third phase
commenced with the gradual withdrawal of the sea at the end of
Paleocene and a subseguent laving down of the Continental
Gwandu Formation in the Eocene {Kogbe, 1979). T h ¢ s ¢
sediments dip geatly and thickens gradually towards the north-

west (fig. 2.2).

2.2.1 Lithostratigraphy of Sokoto Basin

The stratigraphy of the Sokoto basin  has been
established. In this study new descriptions and data obtained

for the Kalambaina Formation are added to the previous dJdata.

2.2.1.1 Gundumi and Illo Formations

These formations constitute the Dbasal stratigraphic
sequence of the Sckoto basin. They were first described by
Raeburn and Tattam (1930), then by Jones (1948) and Kogbe et.

al (1972). These formations consists of clayey grits, clays
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sandstone and pebbly beds of lacustrine and fluviatile origin
{Koghe, 1976). Kogbe (1976) and Jones (1948} are of the
gopinion that the Guadunmi and Iilc formations are
contemporaneous and lateral equivalents. The total thickness
of the formations was estimated at more than 26%m {Kogbe,
1976}. A Cretaceous age was attributed by those authors to
the formations. According to Kogbe (1576), the Gundumi
Formation is overlain only by the Rima Group while the Illo
Formation is overlain successively from east to west by the

Rima Group, Sokoto Group, and Gwandu Formation.

2.2.1.2 Taloka Formatjion

The Maastrichtian cyclothem began when the Taloka member
of the Rima Group was deposited unconformably on the Pre-
Maastrichtian continental beds (Kogbe, 1976}, The type
sections of the three Maastrichtian formations were described
by Rogbe (1972). The thickness of Taloka Formation was
estimated to be 100 metres, at the type locality (Kogbe,
1976). The formation consists of white parallel-bedded, fine-
grained unconsclidated sandstones and siltstone, with
intercalations of tar, laminated to thin-bedded and massive
mudstone (Peters, 1978a and Kogbe, 1976}, Petters (1978a},
sugpested a depositional environment of coastal origin for the
formation, on the basis of occurrence of Ophiomorpha warm

burrows and the presence of shelly siltstone.
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2.2.1.3 Dukamaje Formation
Dukamaje Formation overlies the Taloka Formation. It
consists of a lower gypsiferous, fissile, grey shale, a middle
gypsiferous marl band and an Upper gypsiferous, fissile, grey
shale (Petters, 1978a). The lower shale has a basal bane bed
consisting of turtle carapace, Crocodile and Mosasaurus
banes.

Kogbe (1979) recovered Mosasaurus higeriensis from the

formation. A Late Maastrichtian age was attributed to the
formation on the basis of the Ammonite. Lybicoceras (Kogbe,

1976), and foraminifers, Guembelitria cretacea and QOrbjigyna

inflata (Petters, 1978a}. The occurrence of Thoracophaesa

indicate a Late Cretaceous age {(Petters, 1978a).

2.2.1.4 Wurno Formation

Wurno Formation is considered to be similar to the Taloka
Formation (Kogbe, 1976). The type locality (3 at Wurno, where
the formation attains a thickness of about 23 metres In
surface exXposures, and a thickness of over 50 metres in
borehole samples (Kogbe, 1976. The top of the Wurno Formation
represents the Cretaceous - Tertiary boundary in  the

northwestern Migeria (Kogbe, 1979),

2.2.1.5 Dange Formatlion

The Dange Formation overlies the Wurno Formation. The

formation was described by (Jones, 1948; Petters, 1978;
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Kogbe, 1979) and is mainly composed of phosphatic gypsiferous,
greenish-grey shale. Its thickness varies from 22 to 45
(Kogbe, 1979). The type section for the formatlion is near
Dange on the Sokoto - Gusau road (Kogbe, 1972). Jones {1948)
suggested that the Dange shale was deposited under estuarine
conditions because of the presence of catfishes whose living
rtepresentativea inhabit tropical freshwater. Foraminifera
micro-fauna assemblage of the formation suggest a hypersaline
marsh environment (Petters, 1978a). Vertebrate fossil

assemblage have been described by (White, 1934, Kogbe, 1976},

2.2.1.6 Kalambkaina Formation

The formation consists of a white marine clayey limestone
and shales (Kogbe, 1979). The type locality is at Kalambaina.
The thickness of the formation is variable because of the
subsurface removal of the calcareous beds by solution, causing
gubstantial reduction in thickness (Kogbe, 1976). The
formation is rich in invertebrate fossils; mainly echinoids,
and Holothurian sclerites, Nautilus, Lamellibranch, Gastropods
and Corals (Kogbe et. al., 1972; Adegoke, 1977). Foraminifers
and ostracodes have been described from the formation (Revment
1965; Kogbe et al., 1972; Petters, 1976a and 1976b;
Ficcarelli, 1976). An Upper Paleocene age was attributed to
this formation (Reyment, 1965; Petters, 1976a; Kogbe, et al.,
1972), on the basis of ostracode and foraminifera microfaunas.

Petters (1978a) suggested an hypersaline condition for an
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association of Miliolid microfauna at the base of the
Kalambaina Formation and a return to normal marine through the

Upper Paleccene of the formation,

2,2,1.7 Gamba Formation

The formation consists of phosphatic grey shales
overlying the Kalambaina Formation. The shales appear to be
folded due to removal by solution of the underlying limestone
and the siumping of the overlying bed. The thickness of these
shales varies from 2 to 10 metres (Kogbe, 1876)., The Gamba
Formation is fossiliferous. An Upper Paleocene age was

assigned to the formation {(Kogbe, 1979).

2.2.1.8 Gwandu Formation

The third phase in the sedimentary history of the Sokoto
basin was the deposition of the overlying continental
sediments of the Gwandu Formation onn the Gamba Formation
(Kogbe, 1976; Petters, 1978a). The sediments of Gwandu
Formation are continental and lacustrine in origin and
composed of massive clays interbedded with medium and coarse-
grained sandstone, mudstone and peat bands (Kogbe, 1872).
Palynological studies by Kogbe and Sowunmi (1975) suggested an
Eocene to Miocene age for the Gwandu Formation., The Gwandu

Formation is covered by a mantle of loose sand and laterite.
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2.3 Xalambaina Formation Stratigraphy

The term Kalambaina Formation was introduced by Parker
(1964). The formation ts better exposed at the type locality
and type section at the guarry of the Cement Company of
Northern Nigeria located to the southwest of Sokoto township.
The Upper Paleocene sequence of the Sokoto Group shows that
the Dange shales lies at the bottom and is overiain by the
Kalaimba and Gamba formations In superposition. The
Kalambaina Formation consists mainly of gritty white limestone
and marls with thin intercalation of carbopaceous shale. The
Kalambaina Formation s rich in invertebrate macrofauna,
Echinoids, Nautiloid, Pelecypods, Gastropods and microfaunas.
This lithologic wnit is relatively constant and easily

recognizable over the area but the thickness is variable,

2.3.1 Kalambaina Field Sections

The lithologic data are based on observations during the
caollection of samples,. At the Kalambaina guarry, the type
locality and type sections were well exposed. The profile
attains & thickness of 12.5 metres, consisting of the
Kalambaina Formation at the base overlain conformably by the
Gamba Formation, and the Gamba is overlain by an Oolitic
ironstone Unit (fig. 2.3). At this locality, the formation is
represented by a yellowish - grey marl at the top, marl at the
middle and the gritty white limestone at the base. The gritty

limestone contain an intercalation of carbonaceous shales,



153

AGE |FM. | M SECTION| LITHOLOGIC DESCRIPTION FAUNA
0 m——

AR
2

Ferruginized sandstane, and
indurated, massive,
pisalitic and oolitic

laterite with [aterally
continous 47 jronstone

vernier

LATERITE

S Laminated paper shale.
o ‘Dark’ brown- grey

GAMBA

Shally limestone, whitish-

; Forammifera. Ostracods.
yellow , marly in parts

Lamellibrach or
pelycepods

PALEOCENE

Carbonaceous shale within lime-
stonea

Gritty whitfe limestone, !
indurated in paris

KALAMBAINA

@ | Arqgillaceous content! increase upward

Fig.2.3. Kalambaina and Gamba Formations at the cemen:
quarry (near Sokoto } socuthern part.
0BIOSIO, 1993
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which is dark in colowr. The formation at this locality shows
variability in thickness, which could be attributed to the
formation water. The carbonate content decreases upward, a
reflection of the lithologic characteristic of the formation.
Megafossils include shallow-water Pelecypods, Echinoids and
Gastropods. Foraminifera species, QOpesculipnojdes bermudezi
occur abundantly in the gritty-white limestone and marl layer.
Operculinvides besrpudezi tend to be stratigraphically abundant
at the base of the Formation. Eighteen samples were studied.

About 16 kilometres south of Sokoto on the Sokoto - Gusau
road, 3.5 metces of Kalambaina Formation is exposed along a
foad cutting comprised mainly of serees of the carbonate ({ig.
2.4). At this locality, Kalambaina Formation is overlain by
a laterite cap, and the profile, is represented by the marl
and yellowish-grey marl. There are abundant megafossils. One
sample (KL 19} was studied from the top of the Kalambaina
Formation.

Along Wurno - Sokoto road, a amall exposure of Kalambaina
Formation was found at the fringe of a pond with screes of
limestone pebbles and cobbles scattered on the face of the
exposure, The Kalambaina Formation at the focality is
represented by a yellowish - grey marl. One sample was
studied (KL 22). At Wurno Hill near Wurno village, a profile
exposes the laterite at the top which is underlain by the
Kalambaina Formation followed by the Dange Formation and the

Wurno Formation at the base {fig. 2.35}. The Kajambaina
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< (Linthia sudanensis)
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s ey in shale with
By Operculinoides bermudez)
|ty it

Fig. 2 4. Kalambaina and Dange Formation exposed
in road cuts 16 kilometres along Sokoto

Gusau road

OBIOSIO, 1993
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Formation in this locality is located by marl and yellowish-
grey marl, The Kalambaina Formation in this locality is rich
in macrofossils. Two sample Trom the yellowship-grey marl
horizon were studied (KL 20 and KL 21). The correlation

sections are presented in fig. 2.6

2.3.2 Paleontology
The macrofauna collected during this work from the
Kalambaina Formation are tabulated betlow.

Fossils Localities

Class: Lamellibranchiata

Lucina pharaonis Kalambaina, Wurno, Dange
LiOstrea Lame]laris Kalambaina, Wurnc
Cardium sp Kalambaina, Dange, Wurano

Class: Gastropoda

Gigortia brevis Kalambaina, Dange, Wurao

Tujgcjitella sp

Class: Cephalopoda

Deltoidonautilus chudeani Wurno, Kalambaina

Class: Echinoidea

Linthia sudanensis Kalambaina, Wurno, Dange

Plesiolampas saharae Dange, Wurno, Kalambaina
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2.3.3 Micropaleontology

The sediments of the Kalambaina Formation are
characterized by a varied microfauna. The microfauna consists
of foraminifers, ostracodes, micromolluscs and Holothurian
Sclerites. Microfauna considered in this study are

foraminifers and ostracodes.

2.3.3.1 Foraminifera

The foraminifera microfauna is characteristically
caicareaus with a few arenaceous taxa. Some faunal assemblage
of considerable ecological and stratigraphic importance were
found in all the horizons. The assemblage in all the samples
collected comprise of calcarecous taxa with hyaline to
porcelaneous, and few acrenaneous taxa with simple structure,
The foraminiferal fauna comprises chiefly of calcareous
benthic forms. Arenaceous and planktonic forms are sparse.

A total of 23 genera are present in the samples, with
about 5 genera being so abundant to be ecologically and

stratigraphically important; Cperculinoides, Cibicides,

Rotalia, Elphidiella, Nonion. The characteristic

foraminiferal species of the Kalambaina Formation are listed
below.

Operculinoides bermudezi

Elphidiella africana (Lecoy 1953)
Cibicides pragccurgorius {Schwager 1883)

Pararotalia perclara (Loeblich & Tappan 1957)
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Nonion graniferum
Rotalia cf trochidiformis
Anomalinoides umboniferus
Pararotalia tuberculifera
Protelphidium sublaeva
Pleurostomella paleocenica
Pyramidina crassa

veline sp
Planorotalites ehrenbergi
onio sp
Buliminella sp
Rotalia saxocum
Pyrgo sp
Quingueloculina sp

2.3.3.2 Ostracoda

(Terquem 1882)
Lamarck 1804
(Schwager 1883)
Reuss 1862

(Ten Dam 1944)
Cushman 1947
Brotzen 1948

(Cushman & Bermudez 1947)

The samples studied were found to be rich in ostracodes.

The dominant characteristic of the ostracodes in the samples

studied is the occurrence of mainly shallow-water genera.

Bairdia ilaroensis
Paracypris nigeriensis
Bythocypris olaredodui

Leguminocythereis lagaghiroboensis

Trachyleberis teiskote
Quadracythere la iroboensi

Reyment & Reyment 1959
Reyment 1960

Reyment 1960
Apostolescu 1961
(Apostolescu 1961)

(Apostolescu 1961)



20

Buntonia beninensis Reyment 1960
Buntonia bopaensis Apostolescu 1961
Buntonia livida Apostolescu 1961
Buntonia pulvinata Apostolescu 1961
Cytherella sylvesterbradleyi Reyment 1960
Veenia warriensis Reyment 1960
Ovocytheridea pulchra Reyment 1963
Xestoleberis kekere Reyment 1963
Paracypris sp

Ambocythere tatteuliensis Apostolescu 1961

Twenty-two samples were examined for foraminifera and

ostracode species (Tables 2.3 and 2.4).
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Chapter 3

FO B OECO Y

3.1 Biostratigraphy

The biostratigraphic subdivision of the Kalambaina
Formation, based on foraminiferal data does not provide good
resolution zones, because of the abundant occurrence of long
ranging species in the formation. Benthonic foraminifers were
found more frequently than planktonic foraminifers. The
benthics occur abundantly while the planktonic foraminifers
comprise of 2 species, sparsely distributed. The species
identified in this study have widespread biostratigraphic
utility and are diagnostic of Late Paleocene. The
foraminiferal assemblage at the Kalambaina Formation contain

some diagnostic biostratigraphic species typical of the

"Tethyan" Upper Paleocene. The foraminiferal association
consist of Operculinoides bermudezi, Thalmannita

madrugaensis, Pyramidina c¢rassa, Rotalia trochidiformis,
Rotalia saxorum and Pararotalia perclara, The Paleocene

planktonic foraminifera zonation of Berggren (1974b) was used

in this study. Only one of the zone erected by Berggren for

the Paleocene was recognized in the Kalambaina section:

Globorotalia pseudomenardi. The planktonic foraminiferal

species in the studied sample, Planorotalites ehrenbergi,

corresponds with the G.pseudomenardii, zone of Berggren
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{1974a). The association of Globorotalia pseudomenardii and

Planorotalites ehrenbergl in a kianown Paleocene (Hofker, 1961)

affirm a Lower Thanetian age for the Kalambaina Formation.
The foraminiferal assemblage, as a whole indicates an Upper
Paleocene epoch. The biostratigraphic distribution of the
foraminifers (benthonic and planktonic) Iin the Kalambaina

Formation are shown in the distegibution chart (fig. 3.1).

3.2 Ape Correlatjion

The Kalambaina Formation has vyielded an abundant Jow
diversity calcareous benthic foraminifers. Krasheninnikov and
Trofimov (1969) presented a summary of the Malian type of
Paleocene benthonic foraminiferal species recorded in other
areas of the Tethys and northwest Eurape. Their work is
fundamental to this study, because of the regional consistency
in the foraminiferal assemblages of these areas, These
authors erected four benthonic foraminiferal zones for the
Paleocene of Mali (fig. 3.2). Only one of these zones, the

Operculinoides bermudezi is represented by the sgediments of

the Kalambaina Formation. The nominal species of benthonic
foraminifers from the Tethyan region of Senegal, Cuba, Libya,
and Pakistan were found to be associated with index planktonic
foraminifer of the early Thanet ian Plaporotal ites
pseundomenarcdii planktonic foraminiferal zone (Berggren,
19744g). The geologic age of Kalambaina TFormation was

determined using the associated planktonic foraminifer.
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FORAMINIFERAL SPECIES
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In this study, the occurrence of a planktonic

foraminifer, Planorotalites ehrenbergi has permitted the
correlation of the Operculinoides bermudezi zone with the

standard planktonic foraminiferal zonation of Berggren
(1974a). The stratigraphic range of Planocrotalites ehrenbergi
is from Morozovella angulata to Globorotalia pusilla pusilla
zone to the middle of the Globorotalia pseudomenardii zone

(Postuma, 1971). The association of Globorotalia

pseudomenardii and Planorotalites ehrenbergi (Hofker, 1961},
whose range is restricted to the Globorotalia pseudomenardii

zone correlates the Kalambaina Formation with the lower part

of G.pseudomenardii zone. On this basis, the Operculinoides

bermudezi zone is correlated with the Lower Thanetian age.
Stratigraphically significant foraminifers such as
Operculinoides bermudezi, Thalmannita madrugaensis,
Elphidiella africana, in the Kalambaina Formation enables the
correlation with the Upper Paleocene Operculinoides bermudezi

zone in Mali, Niger (Krasheninnikov and Trofimov, 1969), and

the Lower part of Esna shales of Egypt. (Leroy, 1953).
Description of late Cretaceous to Early Tecrtiary benthonic
foraminifers from Gabon by (Chenouard et. al., 1960; De Klasz
and Rerat, 1961; De Klasz et al. 1970 and Le Calvez et. al.,
1674) also supports an Upper Paleocene age for the Kalambaina

foraminiferal assemblage. The Operculinoides bermudezi unit

correlates with zone P4 of the standard planktonic

foraminiferal zonation of Berggren (1974a).
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3.3. Palececology
The Kalambaina Formation consists of an association of

calcareous benthonic foraminifers. Benthonic foraminifers

have a wide bathymetric distribution from various near shore
environments to continental shelves and deep sea. The study
of community structure and composition of Paleocene
populations from the Kalambaina Formation gave clues on the
depth and ecology of the strata. The objective of the work
through foraminiferal analysis is to study the paleocologic
and paleobiogeographic distribution of the foraminifers in the

Upper Paleocene Kalambaina Formation. This approach is taken

in order to establish certain factors that are responsibie for

the foraminiferal distribution. Comparison is made with other
contemporary Southwestern Nigeria Coastal, and West and North

African basins.

In this study, three ecologic criteria were used to
establish observable palececologic parameters.

{a}) Composition, structure and form have been correlated with
environments and depth (Bandy, 1964 ).

(b) Diversity gradient shows a decrease in species number and
genera toward shallow water. High dominance (lower
diversity) is characteristic of near shore shallow marine
environment.

{c) 1Increase in percentage of planktonic foraminifer test
relative to the test of benthonic foraminifers 1s a

general index of ipcreasing water depth (Phleger, 1960).



25
Thus, the paleocecological interpretation of foraminiferal
assemblage studied is based in part on the above generalized
trends and in part on comparison with information available

from other areas of the world.

3.3.:1 Foraminiferal DistributionPattern and Paleoecologic
Interpretation

The reasons for the pattern of distribution of
foraminifers are to be found in the complex physical,
chemical, and organic interplay present at a particular time
in a particular area. Many of these ecological features were
not constant for long period of time, and the precise set of
ecological factors prevailing at the depth and burial of an
organism may have been markedly different from those
conditions which surrounded the organism during much of the
lifetime. Modern ecological studies have provided
descriptions of many of the circumstances which could have
affected fossil communities.

Fourteen family group taxa representing 33 species are
present, but 6 dominate the total foraminiferal assemblage.
These are the Operculinoides, Cibicididae, Elphidiidae,
Rotaliidae, Nonionidae. The Elphidiidae make up an average of
15.3% of all the foraminifera population varying from 2.49%
(KL 15) to 31.24% (KL 22). 8Six species of Rotaliidae account
for most of the percentages. Five species of Cibicididae vary

from 0.60% (KL 2) to 15% (KL 2); Two species make up most of
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these. Sample XL 1 was the most fossiliferous, containing 179
specimens in a fraction of 100 grams weight of washed samples.
Sample KIL. 6 was the least fossiliferous, containing 93
specimens. The diversity is 33 species and the dominance is
mostly below 15%. Planktonic foraminiferal percentages are
very low (1.3%). The dominant species in the assembliage
constitute over 35% of the entire foraminiferal fauna. The
Katambaina Formation has a rfich association of calcareous
benthonic foraminifers at the gritty white limestone level,
whereas the association of the marl and vellowish-grey marl
are fairly rich. The wvariation in abundance which is not
regular could be attributed to the increase in argillaceous
content. The samples studied at the Kalambaina quarry, Dange,
Dinawa and Wurno do not exhibit much faunal variation to
Justify recognition of more than one biofacies. The low
diversity assemblages tend to show fluctuation in abundance

and dominance of Elphidiella africana.

3.3.2 Paleoecologic Interpretation

Different types of faunal! characteristic of benthoaic
foraminifers have been used in the past for delineation of the
environmental parameters of the Paleocene. For example, one
type is the specific faunal characteristic which includes
those aspects of a population based on specific generic or
morphogroup features (Walton 1964). It is also possible to

reconstruct models of Paleocene ecosystem or communities by
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comparison with a living ecosystem that shares some attributes
with the Paleocene communities.

Models of modern ccosystem and their evolution have been
erected by Valentine (1968, 1969, 1972, 1973} and Johnson
(1964, 1972). These models help in reconstructing ancient
communities and ecosystems. They include models of diversity
gradients and diversity trends, models of adaptive strategies
for trophic resources, and models of ecosystems and their
evoelution,

The foraminiferal assemblage of the Kalambaina Formation
fluctuates Iin composition bLetween arenacecous, calicareous
hyaline and porcelancous, and planktonic specles,. High
morphologic variability of the genera, Cibicides is a
characteristic feature of the Kalambaina assemblage. The
population is large and the species persist throughout the
strata. The foraminiferal community of the Kalawmbaina
Formation also compares with Margalef’s (1968) lowgrade or
immature communities. This low-grade fossil community of
Margalef is characterized by low species diversity and
fluctuation in composition, they are also characterized by
large populations and persistence of species (low evolutionary
rate) and high morphologic variability of species.

Paleoenviconmental conditions are reconstructed using
some paleoecologic parameters. In this study, reconstruction
is approached with respect to depth, temperature, salinity and

turbulence,
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3.3.2.1 Depth
Margalef (1968) erected two communities model., These

are:

(a) Communities occupying near-shore shal low mafrine
environments which are characterized by low species
diversity. They fluctuate in composition under the
direct impact of physical environment.

(b) Offshore communities of stable continental shelves which
are characterized by high diversity, low dominance, small

species population and low morphologic variability.

The absolute abundance and percentage abundance of the
Kalambaina foraminiferal species shows that the number of
characteristic species that occur more are between 10 and 15.

These species are Operculinoides bermudezi (14.7%), Cibicides

pragcursorius (3.67%), Elphidiella africana (15.3%),
Pyramidina crassa (2.92%), Pararotalia tuberculifera (7.81%)

Rotalia saxorum (9.22%), Nonion graniferum (7.02%),
Protelphidium sublaeva (6.41%), Thalmanita madaugaensis
(3.38%), Cibicides burlingtonensis (3.56%). The others in the
assemblages are usually rare. These characteristic species
are ubiquitous species which occur in several Paleocene
biofacies. The low diversity assemblage of the foraminifers
of the Kalambaina Formation tend to exhibit fluctuation in
abundance and dominance of Elphidiella africana. The

population structure of the foraminiferal assemblage is also
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characterized by high morphologic variability of species and
large population. This study places the foraminiferal
assemblage in the Kalambaina Formation, in the first model,
which suggests a shallow-water deposition.

Walton (1964} examined foraminifers from the North
eastern Gulf of Mexico with respect to diversity, dominance
and depth. He arrived at a conclusion that the sediments were
deposited at water depth less than 20m at a percentage
dominance of over 35% for the dominant species of the entire
fauna., His result is strikingly similar tao that obtained for
Kalambaina foraminiferal assemblage. The dominant species
from the Kalambaina Formation constitute over 68.42% of the
total foraminiferal assemblage., It is therefore assumed that
the relationship between diversity, dominance and a low
planktonic foraminifer percentage of 1.3%, sugrest a depth of
less than 20 metres. The total species diversity as well as
the relative abundance of planktonic specimens are considered
to increase with increasing water depth (Phleger, 1960. In
the Kalambaina Formation, the foraminiferal speciesa diversity
and the percentage of planktonic foraminiferal species are
low, thus indicating am overall shallow sea. The very low
planktonic to benthonic ratio of 1:70 recorded for the

Kalambaina Formation supports a shallow marine determination.

The occurrence of Operculina sp, Cibicides simplex and

Pararotaiia tubegrculifera in the Upper Paleocene at Rockall

Bank was intecrpreted by Berggren (1974h) as indicating a water
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depth of not more than 10 metres. The above assemblage is
similar to the Operculinoides bermudezi, Cibicides simplex,
Pararotalia tuberculifera assemblage of the Kalambaina
Formation. The presence of abundant Braarudosphaera bigelowi
in the Kalambaina Formation was interpreted as indicating a
restricted shallow-water conditions (Petters, 1978a). The
Kalambaina carbonate biofacie is therefore interpreted as
having been deposited in water shallower or not exceeeding 10

metres,

;2,242 mperature

The Kalambaina foraminiferal fauna is mainly comprised of
calcareous benthonic forms. The distribution of planktonic
foraminiferal species is considered to be temperature
controlled and has been more thoroughly studied than the
distribution of benthonic species (Dodd & Stanton, 1981).
This limits the use of benthonic foraminifers in paleo-
temperature reconstruction. The fact that the foraminiferal
assemblage from all the studied samples are dominantly
benthonic renders them invaluable for the determination of the
palectemperature in which the sediments were deposited. The
foraminiferal assemblage of Kalambaina Formation has few (less
than 2%) planktonic species; Plaporotalites ehrenbergi and

Globigerina sp.

Kennet (1976) has described a range of morphologic

features of foraminifers which vary with temperature. The
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most widely studied and used character of this type is the
coiling direction. It has long been noted that the coiled
shells of certain species may c¢oil either to the right
(dextral) or to the left {sinistral). Bandy (1980) and
Erickson (1959) independently noted that the coiling direction

in Neogioboquadrina pachvderma appeared to depend on the

growth temperature. At temperatures greater than about 15°C,
assemblages are predominantly dextral with mixtures of dextral
and sinistral occurring between 10'C and 15°C. Bandy (1960)
noted the production of dextral Jdominance in warm water and
the reverse in cold water. The general results of Bandy can
be extended to the results obtained ia this study.

Planorotalites ehrenbergi was observed to contain a mixture of

dextral and sinistral forms, with a dextral dominance.
Dextral dominance in the planktonic foraminifer of the
Kalambaina Formation is interpreted as indicating a warm water

environment of deposition, at between 10% and 15°C.

3.3.2.3  BSalinity

The rarity of arenaceous foraminifers in the Kalambaina
Formatjion suggest that the environment was unfavourablie for
the existence of this group of foraminifers. The dominantly
calcarecus benthic foraminiferal assemblage in all samples
from the Kalambaina Formation plots within normal marine field
in the triangular diagram (Fig. 3.3, 3.4, 3.5). However, the

alpha-diversity values of a range 5 to 8 {(fig. 3.6) compare
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with values for modern marine environments (Murray, 1971). It
is therefore likely that the sea had normal marine condition,
which is in agreement with the inference from the triangular
plat.

Bandy (1964) related test forms of benthonic foraminifers
and the environment in which they live. A more recent attempt
by Murray (1991) summarized in Table 3.1a shows that
hypersaline and brackish environments exhibits a smaller range
of morphological variety in theic foraminiferal fauna than
normal marine environment. The foraminiferal assemblage of
kalambaina Formation exhibits a high morphologic variation in
forms (Table 3.1b). This high morphologic variation suggests
that a normal marine condition was prevalent during the Late

Paleocene times.

3.3.2.4 Tusrbulence

Foraminifers have difficulty in maintaining their
position in turbutent environment because of their small size.
Consequently, fewer foraminifers are found In sediments
deposited in high energy environment than in gquieter setting.
Thus abundance of foraminifers in Kalambaina Formation can be
attributed to a low-energy environment. The foraminiferal
tests form can be compared with the general trend for energy
of environment (Table 3.1a & b). The test types studied from
the samples show a fairly wide ranges including Non-septate

and septate. It is therefore inferred that a low energy
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condition prevailed. Sedimentological evidence has yielded

results indicating a low-energy environment (Kogbe, 1979).

3.4 Foraminiferal Paleobiogeography

Water depth, availability of substrate, the role of
plate-tectonics in opening oceans and associated barriers
(Berggren, 1972; Berggren and Aubert, 1975) are amongst the
factors that affect the distribution of organisms. Thus,
neritic assemblages are quite distinct from slope and abyssal
plain assemblages and each assemblage has many cosmospolitan
element .

Berggren and Aubert (1975) proposed two major types of
benthonic foraminiferal assemblages developed within the
Paleocene of the Tethys sea. A shallow water assemblage
characterized by various Cibicidids, Nonionids, Rotaliids,
Discorbids, Elphidiella and large foraminifers, termed as
"Tethyan Carbonate" assemblage. The second assemblage is
characterized by various Anomal inids, Gavelinellids,
Nodosariids and Polymorphids, termed "Midway type" assemblage.
Two aspects of the Tethyan-Carbonate fauna were also
distinguished based on latitudinal position. The first
assemblage which is tropical is confined to latitude 5 - 35°N

with Operculinoides bermudezi among other species in the

assemblage. The second assemblage is both tropical and

boreal, and is characterized by Rotalia trochidiformis and

Thalmannita madrugaensis among other element. Both sub-
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Table 3.1a: Relationship between environment and test architecture
(partly after Brasier 1982)

Test Architecture Salinity Energy

Byper- Normal Brack- |High Low
saline marine ish

1. Non-septate
(4] Contained growth X >1lmm X >1lmm X
(b) Continvous growth X X
1. Seplate
{a) Dniserial
(b} Biserial x X
“ {c} Planispiral X Rare X X
{d) Trochospical X X X X X
{e) Niliolid X X X X X
(f] Aemular, cyelic X X M X M
(g) Fusiform planispiral X X X X
X | X

X
M

examples present
Miliammina

Source: Murray (1991)
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division occur in the Kalambaina Formation which bears record

of a Tethyan assemblage. The characteristic foraminiferal

species such as Operculigojdes begmudezi, Thalmannita

madrugaensis, Rotalia trochidiformis, Rotalia SAXO U,

Pararotalia tuberculifera, Pyramidina c¢rassa, Pararotalia

peirciara are found in the Kalambaina Formation. This
assemblage s similar to the Tethyan carbonate fauna in Cuba,
Guinea, Senegal, Mali, Libya and Pakistan (Berggren, 1974b;

' fauna contain

Hayne, 1956). The Saharan "Tethyan Carbonate'
many species in common with the coeval or boreal Western
Europe Meridional Faunal province - Paris, Moas and Limburg
basins, the faunas of which were discussed by Porzaryska and
Szczechura (1868, 1970). Petters (1982) expliained that the
presence of the Tethyan carbonate fauna in senegal, on the
West African was due to its proximity to direct Tethyan
influence towards the northern boundary of the Guinea Faunal
province., According to Peters (1978b), the southeastern
margin of the Iullemmeden basin coincided with the southern
1imit of the tast Saharan epeiric sea.

A microfaunal compacrison between the Kalambaina and
Ewekoro formations and some Paleocene sediments from North
Africa shows that the Ewekoro foraminiferal assemblage is
completely different from those of Kalambaina Formation in
Northwestern Nigeria, Republic of Niger, Mali (Table 3.2).
The distinct foraminiferal assemblages could be attributed to

difference in paleogeography.
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Chapter Four

OSTRACODE BIOSTRATIGRAPHY, PALEOECOLOGY
ALEOB APHY

4.1 Biostratigraphy

The ostracodes of the Kalambaina Formation are abundant
in the majority of the studied samples and the occurrence of
various biostratigraphically important species has provided
biochronologic framework for this study. 1In the localities
investigated it has been possible to recognize Paleocene
ostracodes from the base to the top of the Kalambaina section.
The following ostracodes were recovered from the formation,
they also confirm an Upper Paleocene age: Bairdia ilaroensis
Ambocythere tatteulensis, Brachycythere sp. Trachylebereis

teiskotensis, Buntonia bopaensis, Cytherella
sylvesterbradleyi, Paracypris nigeriensis, Xestoleberis

kekere. Similar ostracode species have been described by
Reyment (1963, 1965) from the Paleocene of South-western
Nigerian Coastal basin (Ewekoro Formation).

The assemblage as a whole indicates an Upper Paleocene
age. The biostratigraphic distributions of the ostracodes in
the Kalambaina Formation are shown in the distribution chart
(fig. 4.1). The distribution pattern of ostracodes in the
formation shows uniformity in ostracode assemblage in all

sampled localities.
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3.2 Age Correlation

The regional similarities in the ostracode assemblage of
wWest and North Africa allows for correlation. An account of
similarities in the ostracode species af West Africa regions
were published ({Apostolescu, 1963). This account is
significant because it indicates that these species are widely
distributed. The ostracode zonal scheme for North and West
Africa proposed by Apostolescu (1961) and Reyment (1966} shows
a good correlation between the ostracode assemblage of the
Kalambaina Formation obtained in this study and the

Trachyleberis teiskotensis Unit (Table 4.1 and 4.2) of Reyment

(1966) and Okosun, (198%). The Trachvleberis telskotensis

unit was identified in the marine Kalambaina Formation and
this enables the correlation with the Ewekoro Formation

(Reyment, 1963), Libya (Barsotti, 1963) and Mali (Apostolescu,

1961). The Trachyleberis teiskotensis unit spans the Lower
Thanetian and part of the Middle Thanetian. This unit

apparently covers zones P3, P4 and lower part of PS5 of the

standasd planktonic foraminiferal zone of Berggren (1974a}.

4.3 Paleocecology
Paleoecological analysis using ostracode assemblage in
the Kalambaina Formation is based on the following methods,

a. Actualistic comparison or comparison to living
representative of fossil species.

b, Population structure of species (patterns of
distribution).



TABLE 4.1:

Correlation betweein
Reyment (1966) and Ostracod zones of (Okosun,

j6a

the informal ostracod zones of

1987}

System/Series

Stage

Ostracod zonal
tndex Reyment
(1966)

Ostracod zone
{(Okasun,
1987)

Eocene

Priabonian

Ypresian

C.(Cldahomey

C.(Cldahomeyi

Paleocene

Thanetian

Danian

T.teiskotensis

B.{(P)
triaggulata

Barren interval

B.(P) triangu-
lata

Barren interval

Cretaceous

Upper Maastr-
ichtian

Veenia (N)
nigeriensis

V.(N)n.pnigerien
S5
B.bopaensis/B
armata
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Table 4.2: Comparison between the benthonic foraminifera zones of

Petters (1983) and Ostracode zones of Okosun (1987)

Svstem/ Stage Benthonic Ostracod Zones
Series Foraminifera {Okosun, 18987)

Zonation

{Petters, 1983

Priabanian Nonion oyae

Eocene Lutetian

Uvigerina hourgi | C{C})dahomeyi

Ypresian

Paloecene

Thanetian

Opercul inoides
bermudez i

Barten interval

T.teiskotensis |

Danian umboniferus -~ B{(F)triangulata
Eponides
pseudoelevatus Barcfen interval

Ainoma i inoides

Cretaceous

Magastrichtian

Bolivina afra
Haplophragmoides
talokaense

V.{(N)n.nigerien
sis/D.bopaensis
/D, armata
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c. Morphology of carapace characters.

d. Analysis of accompanying fossil grouwp, for example,
foraminifers.

4.3.1 Ostracode Distribution Pattern and Paleocologic

Interpretation

Eight family group taxa representing eighteen species are
present but three dominate the total fauna. These are the
Bairdiidae, Cytherellidae and Cyprididae. Two others are
common; Paracyprididae and Cytheridae. The cyprididae make up
an average of 36,10% of all the ostracode species varying from
3% (KL 5) to 37.05% (KL 6). Two species account for most of
the percentage. Sample KL 6 was the most fossiliferous with
155 specimens in a fraction of 100 grams weight of washed
sample. Sample KL 13 was the least fossiliferous containing
47 specimens. The Kalambaina ostracode assemblage is
dominated by 2 species of Cyprididae and a species of
Bairdiidae. These two group of taxa make up an average of
47.05% of the ostracode population. The formation has a rich
abundance of ostracodes at the gritty white limestone level,

The variation in abundance is not regular in the Kalambaina
section. The samples studied at the Kalambaina quarry, Dange,
Dinawa and Wurno proves the presence of a single biofacies
because of lack of faunal variation. '

Paleoenvironmental conditions are constructed using sone
palececologic parameters. The reconstruction of the
Kalambaina environment is approached with respect to salinity,

depth and turbulence.
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4.3.1.1. Salinity '

Ostracodes are found over a broad range, being common in
marine, brackish and freshwater as well as hypersaline water
of 80% or higher (Benson, 1961). The ostracode assemblage of
Kalambaina Formation consists of both euryhaline and
stenohaline forms similar to those of Ewekoro Formation.
Reyment (1963) suggested a marine environment of deposition
for the contemporary Ewekoro Formation based on the generic

composition of the ostracode assemblage which is made up of

mixture of euryhaline and stenchalines types. The Ewekoro
Ostracode assemblage comprises: Bairdia f(euryhalinej,
Brachycvtheres sp. (eurvhaline), Buntonia (euryvhaline),

Leguminocythereis (euryhaline), Quadracythere (euryhaline),
Bythocypris {stenchaline)}, Cytherella (stenchaline),

Paracyvpris {(eurvhaline), Xestolebereia {(euryhaline). On the

basis of generic similarities between the ostracodes of
Ewekoro and Kalambaina formations, a normal marine environment
is suggested for the Kalambaina assemblage. However, the
alpha diversity values of a range of 4 to 5 (fig. 4.2)
suggest that the Saharan sea had marginal to normal marine
condition of salinity. Diversity values of less than 5 can be

attributed to the occurrence of euryvhaline forms.
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4.3:1.2 Depth

The ostracode species of the Kalambaina Formation display
well developed eye tubercles. The significance of this is
generally taken as an indication of very shallow water depth.
The dominant characteristic of the ostracodes in the samples
studied is the occurrence of mainly shallow water genera. The
only genus which lives preferentially in deeper, cooler water
is Bythocypris (Benson, 1959). However, recent species of
this genus occurring in the Niger Delta thrive well in shallow
depth (Reyment, 1966). In the Kalambaina ostracode assemblage
Bythoc i olaredodui has the highest abundance with
percentage abundance of 25.81%. Applying Reyments finding of
a similar occurrence in the Niger Delta, it can be inferred
that the overall depth of the Kalambaina Formation was
shallow. Reyment (1982) interpreted a depth of approximately
10 metres for Niger Delta, on the basis of the ostracode

species, Cytherella sylvesterbradleyi. This determination is

of significance in this study because of the abundant
occurrence of C. sylverterbradleyi in the Kalambaina section.
This occurrence is comparable to that in the Niger Delta and
would therefore, suggest that the sediment was deposited
approximately 10 metres.

The population structure of ostracode assemblage is
characterized by possession of heavy calcified and ornamented
carapace which resulted in the development of frills in the

genus Trachyleberis, Buntonia; reticulation in Quadracythere,
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Leguminocythereis; and tuberculation in Tiachylebereis.

Overall ostracode carapace morphology was correlated Dby
Pokorny (1978) from shallow and deep water envirfonment, His
finding revealed that ostracodes in shallow water species have
heavy calcification. Applying Pokorny's determination to the
ostracode composition of the Xalambaina Formation would

suggest an overall shallow water depth.

4.3.1.3 Turbulence

Turbulence affects ostracodes by its effects on the
substrate. Ostracodes are too smaii to be stable in very
turbulence environments, Indications of low energy coaditions
is a large number (greater than 50%) of closed carapace in the
sediments of Kalambaina Formation. The high percentage
{greater than 50%) of closed valves to open valves in the
Kalambaina ostracode assemblage indicates a Jow energy
conditions of the environment, a phenomenon which also may
point towards & relatively high rate of sedimentation.

(Oertli, 1971).

4.4 oOstracode Paleobiogeography

The Kalambaina Formation has abundance of oastracode
species which are similar to the ostracode assemblages between
Norith Africa {Libya), Mali and Southwestern Nigeria Coastal

basins.
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Reyment (1963, 1965, 1966) working within the
Southwestern Nigerian Coastal basin was the first to publish
accounts in which the strikingly great numbers of species were
found to be common between Libya, Nigerie, Mali and Republic
of Niger. Kogbe (1979) recorded a few species for the Sokoto
basin. Barsotti {1963) listed 20 West African species among
the total of 23 form (Table 4.3). These works are fundamental
in comparing the ostracode assemblages from these regions with
those of Kalambaina Formation. The distribution of these
oatracodes provides a basis for the paleobiogeography of these
areas,

The pronounced resembiance of the ostracode assemblages
of the Southwestern Nigerian Coastal basin with that of the
Kalambaina Formation would be expected to suggest a shallow
seaway connection during the Paleocene time. The
formaminiferal data for the Ewekoro Formation (Asseez and
Fayose, 1970), and the Kalambaina Formation in this study,
suggest the existence of two separate benthonic foraminiferal
paleobiogeographic province for both. The existence of two
separate paleobiogeographical provinces implies that there was

a barrier.
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Table 4.3 pistribution chart for Paleocene Niperisn constal basih
ostracods occurring in the lullemeden Basin (MW Nigerie,
Niger, Mali).

Specics - T eyt Nagert T aeaa
Delta
1. Cytherella sylvesterbrodleyl Ieyment : . 1
2. Paracypris nigoriensis Reyment o e 2
3« Bairdia ilarcensis Reyment & Reyment;'-.s _ :3 B 3
4. %ggthggzzﬁhereis lagaghirohoans#s 4. . 4 4
5. NMornibrookella lagaghirobornsis Apos- JBT s é
tolescu L X
6. Trachyleberis teiskotensis Apostolesen 6 _ \6_ 6
7. Buntonin bhenincusis Reyment I A 7 7
8. Buntonin apatayoriyoerii Reyment 8 8
9. Suntomdps Cf. tichittensis Apostolescu 9 9
10. Buntonia bopaensis Apontolescu o 10 | 10 'IiO
11. Buntonia pulvinaﬁa Apostolescu 13 1 1 .
12. Duntonia (Quasibuntonia) livida 12 12 92
Apoatelescu .
173. Xestoleberis kekere Reyment 13 . 13 13
14, "Jradleya” teiskotensis Apostolesen 14 14 f 14
15. Aradleya ? prbecrassnlnpestolcscu o T 15 15
16. Bradleya ? culirata Apostolescu ) .16 ' 16
17. Bradleya ? vesiculosa hpostolescu g | ié
18, Anticytherels bopaensis Apostolescu 18 ﬁ 18 18
19. Veenin warriensis nejment 19 19 19
20. ¥sohabrocythere? teiskotensis 20 20
Apostolescu : .
21. Actinocythere is modesta Apostelegcu 21 -7
o2, Protobuntonia loruba Reyment‘ 22 22
23. JTorubaella e¢loguni Neyment I 23 23
24. Bythocypri8 olaredodul Reyment - 24 24
25. Ovocytheridea pulchra Reyment 25 ' 25
26. Dahomeya alate Apestolescu S 26 26 28

Sourcea: Apostolescu (1961). (Barsottl (1963). -
, Reyment -(1966), Reyment (1979),
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Chapter Five

DISCUSSION AND CONCLUSION

The Kalambaina Formation consists of about 7 metres of
fossiliferous limestone. The base of the formation which is
expaosed at the quarry c¢consists of gritty white limestone,
overjain by a grey marl. The grey marl grades gradually into
the Uppermost level, which is yellowish-grey but marly. These
broad subdivision of the Kalambaina Formation is consistent
with those of {Petters, 1978b; Kogbe, 1979, Adetunji, 1980).

Three geographical areas already used in the description
of the field sections were consjidered., The section at Dange,
Wurno, and Kalambaina display, during the Paleocene times, a
benthic foraminifer association typical of Tethyvan-type. The

foraminiferal association consists of Operculinoides

bermudezi, Parfacrotalia perclara, Rotalia ¢f trochidiformis,

Pararotalia tuberculifera, Pyramidipna crassa, Thalmannita

madrugaensis and Rotalia saxorum. This assemblage belongs to

Operculinoides bermudezi zone of Krasheninnikov and Trof imov,
(1969). The ostracode association is also similar and common
with certain parts of West and North Africa. The sample
localities do not exhibit much faunal variation to justify
recognition of more than one biofacies or change in biofacies.
The foraminiferal and ostracode assemblages has an abundance
of shallow-water element. The occucrrence of Braarudosphaera

bigelowli (Petters, 1978bh), Lucina pharaonis {(Kogbe et al.,
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1972), and abundant Cibicides sp. are additional evidences in
support of shallow depth,

Normal marine condition in the Kalambaina Formation is
evidenced by the presence of abundant Ostracodes,
foraminifers, nautiloid (Deltonautilus chudeani) and
echinoderm (Linthia sudapensis and Plesiolampas saharae).
However, Petters (1978a) is of the opinion that the Saharan
sea of the Kalambaina area experienced abpnormal salinity
conditions. Petters interpreted amiliolid association at the
base of the Formation as indicative of hypersaline condition.
Such association was not encountered in this study to
ascertain the claim. Liu (1992) working in the Tethyan region
interpreted a Miliola dominated association as indicating a
shallow depth. A Miliola association also indicates a
transitional environment (Murray, 1973). The presence of this
association could be easily understood as indicating a waning
effect of a change from the transitional Dange Formation to
marine Kalambaina Formation. This could have been possible
and not that the condition was established beyond this level.
The Miliola association is also indicative of a shallow depth
of deposition for the Kalambaina Formation. He also recorded
alpha-values of less than 3 for the foraminifers of the
Kalambaina Formation. This value indicate an abnormal
salinity condition. The alpha-value recorded by Petters
(1978a) is against all background supportive of a normal

marine condition established for modern environment by (Murray
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1973). The alpha diversity values of greater than 5 obtained
for the foraminifers in this study, suggest a normal marine
condition for the kalambaina Formation. However, alpha -
values of less than 5 but greater than 4, obtained for the
ostracode species does not suggest abnormal condition but
rather the abundant occurrence of euryhaline species in the
sediments of the Kalambaina Formation.

A quantitative study based on the distribution patterns
of the foraminiferal and ostracode taxa of the Kalambaina
Formation has shown that assemblages can be discriminated with
respect to environmental tolerance. For example the rarity of
arenaceous foraminifer suggest that the Kalambaina environment
was unfavourable for their existence.

The foraminiferal and ostracode microfaunas establish a
striking correlation of the Kalambaina Formation age which is
Lower Thanetian on the basis of the standard planktonic
foraminiferal zonation of Berggren (1974b). An Upper
Paleocene epoch for the Kalambaina Formation is supported by
macrofauna findings. Adegoke (196%) noted the similarities
between the Molluscan fauna of Ewekoro and Kalambaina
formations. Kogbe (1979) gave ages ranging from Upper
Paleocene to Eocene. The <continuation of the Kalambaina
Formation into the Niger Republic was dated Upper Paleoccene by
Monciardini (1963}.

A micro faunal comparison between the Kalambaina and

Ewekoro formations, and other contemporary Paleocene sediments
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from the West/North Africa shows that the  Ewekoro
foraminiferal assemblage is completely different from that of
the Kalambaina Formation. Ewekoro assemblage is dominated by

Dentalia, Lenticulina, Nodosaria, Vaginulina, Polymorphid and

Anomalids (Fayose and Asseez, 1972). This assemblage has
affinity of Midway -~ type fauna while the Kalambaina
agssemblage has a Tethyan - Carbonate type affinity. However,
the ostracode species for both formations are similar,
Similarities in the ostracode species should imply =&
connection between the two basins, but the foraminiferal
assemblage does not suggest so, The existence of two separate
benthonic foraminiferal paleobiogeographic provinces suggest
the existence of two paleogeographic areas and some physical
barrier to mutual faunal exchange (Pozaryska, 1963, 1977).
Opinion on the possibility of a merger is divided among two
groups. The first group whose proponent are (Reyment, 1963;
Kogbe, 1976) believes that there was a merger of the Saharan
sea and the Gulf of Guinea via the Niger valley during the
Paleocene based on similarities in the ostracode assemblages
between the Kalambaina and Ewekoro formations., The second
Rroup (Burser, 1966; Petters, 1978b) do not believe that
there was a merger of the seas in the Paleocene because the
foraminiferal assemblages are distinctly different. Petters
(1977) espoused the hypothesis of migration from the Guinean
Coastal basin around the Atlantic stretch of African down

through the Sahara. His reasoning being founded on the lack
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of fossil evidence and the absence of outcrops in the Niger
valley and the dissimilarity in the foraminiferal assemblages
of the Kalambaina and Ewekoro formations. Reyment (1979)
believe Petters hypothesis lacks paleobiogeographical support
in view of the fact that only one species of ostracode
(Trachyleberis teiskotensis) is common between the Senegal
Paleocene and the Sokoto basin. The discovery of many
ostracode species common to Senegal, Mauritania, Nigeria,
Tunisia and Libya (Okosun, personal communication) and the
fact that there are no field evidence in the Niger valley
(Petters, 1978b) challenges Reyment's decades of ostracode
paleobiogeographic data along the Atlantic coastline. Pokorny
(1978) noted that shallow warm-water ostracode species cannot
easily cross geographic barcrier. This observation has
application in this study where the existence of two separate
benthic foraminiferal paleobiogeographic province implies that
there was a physical barrier to exchange of fauna. Since the
Kalambaina ostracode species are shallow warm-water, it is
unlikely that they crossed the barrier to mix with the Ewekoro
sea.

Paleoenvironmental reconstruction determined in this
study using foraminifers is largely consistent with those
obtained for the ostracodes of the Kalambaina Formation. The
results indicate that the overall depth was shallow,
approximately 10 metres; normal marine, and low-energy

conditions was prevalent. The temperature was also warm.
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Warm tropical climate evidence is supported by molluscan
families such as Turritellidae and Volutidae (Parker, 1964),
and the presence of Myliobates, Odontaspis and Ginglymostoma
(Swinton, 1930, White, 1934) as well as the occurrence of bony
plates of turtles (Petters, 1978a).

Finally, this study supports the conclusion reached by

Petters (1978b) on the separate existence of the Tethys and

Gulf seas.
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Chapter Six

SYSTEMATIC PALEONTOLOGY

The systematic paleontology is divided into parts 1
and 2, which deals with the description of the
foraminiferida and ostracoda respectively. Authors cited
at generic and suprageneric levels have not been guoted

in the list of references.

PART 1: FORAMINIFERIDA
The systematics as presented here conform with the
Treatise on invertebrate paleontology of Loeblich and
Tappan (1964) Thirty-three species were identified in all

the samples. Synonymies as given for species.

Phylum: Protozoa

Class: Rhizopoda

Order: Foraminiferida

Genus: Opercul inoides Hanzawa, 1935

Opercul inoides bermudezi
Plate 2, fig 5i-ii

Description
Test free, large, planispirally coiled, involute.

Distinct, transparent on both sides, sutures distinct on both



49
sides. The axial section show the amount of overlap of the
whorl. The equatorial section show the height of successive

coils. The number of coils is few from 3 - 5.

Remarks
The species occurs in great abundance especially at the
gritty white carbonate horizon, which corresponds to the level
of high cabonate content.
g ce
Found in Madruga Fm (Cuba), Mali, Surfa Fm (Libya),

Egypt and in all samples from studied localities.

FAMILY CIBICIDIDAE Cushman 1927
GENUS Cibicides De Montfort, 1808

Cibicides praecursorius. (Schwager 1883)

1883 Discorbina praecursorius Schwager, p.125, pl.27, fig.12-

135

Description

Test plano-convex, spiral side flat and evolute,
Umbilical side strongly convex and involute, wall calcareous.
Test coarsely, distinctly perforated on spiral side. The
sutures are distinct on the convex side, depressed between

chambers; Apertures a low interiomarginal opening.
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Remar k§

Occurs abundantly in all the samples from the studied
localities. This species is a widely distributed Paleocene

species in many parts of the world (Leroy, 1953).

Cibicides simplex Brotzen 1948
Plate 5, figs 3i-ii
1948. Cibicides (Cibicidoides) simplex Brotzen, p.83, pl.13.
1960 Anomalina simplex (Brotzen) Suckaja, p250, pl.3 fig 1,2
1960 Cibicides simplex Olsson,p.53,pl.12,fig.7- 9

Description

Test plano-convex. Dorsal side flat or even slightly
convex. Ventral side moderately convex. Coiled involute, the
inner whorls not visible. Sutures very strongly curved and
raised on both sides especially on the dorsal side. Apertures
arched at the base of last chamber, extending on dorsal side
bordered by a narrow lip., Wall coarsely perforated on dorsal
side.
Remarks

Variations are considerable; It applies to general size
of specimens, The species is rare in the Kalambaina
Formation.
Occurrence

Common in Upper Cretaceous and Danian from Sweden, North
America and Upper Paleocene of the Crimes (Suckaja, 1960),

Rockall Bank (Berggren, 1974a).
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Cibicides burlingtonensis Jennings 1936
plate 5, figs 4i-ii; pl.6, Figs.li-ii
1936 Cibicides burlingtonensis Jennings, p.39, pl.5, fig
5a-c
1941 Cibicides burlingtonensis Toulmin, p.609, pl.82,
fig.14,15.

1948 Cibicides burlingtonensis Brotzen, p.84,pl.13, fig 3

Description

Test small, plano-convex, completely involute on both
sides, compressed, peripheral margin bluntly acute, ventral
side slightly convex, dorsal flat or even slightly concave
chambers 6 - 7 in the last whorl, rapidly increasing in size.
The last chamber strongly inflated, sutures distinct,
depressed, strongly curved. Asmall distinct central plug on
both sides. Wall distinctly perforated.
Remarks

Variations in size is insignificant., 1[It applies mainly
to the general shape which can be round, or more elongated.

. e

Common in Danian and Paleocene at Bochotnica and Gora

Pulawska (Poland), and in Danian and Lower Paleocene of Sweden

and Denmark. Very common in the Eocene of North America.

Cibicides succedens Brotzen 1648

Pl. 6, figs 1li-ii
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1948 Cibicides succedens Brotzen. p.80, pl.12, fig 1-2
Test strongly convex on ventral side, flattened or
slightly convex on the dorsal. Distinct, large, transparent

plugs on both sides, covering inner whorls, The plug strongly

elevated on dorsal side. Peripheral margin acute 9 - 10
chambers in the last whorl. Sutures distinct not raised,
slightly depressed, strongly curved, transparent. Aperture

present but indistinct.
Rema
The specimens are generally big and rare,
Occurrence
Cibicides succedens is very common in Montian in Europe
as well as in America. 1In Late Paleocene of Sweden, and Sirte

Basin of Libya.

GENUS Cibicidoides Thalmann 1939
Cibicidoides sp
Plate 3, fig 6
Description
Test bi-convex, Umbilical side tending to be more convex
than spiral side, periphery acute, moderately coarsely
perforate, except over sutures and on periphery; sutures
depressed, radial on Umbilical side, limbate and oblique on

spiral side.
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Remarks
Cibicidoides sp has strongly curved sutures on the
umbilical side, and a generally plano convex profile.
Occurrence
Found in sediments worldwide ranging in age from Late

Cretaceous-Late Paleocene.

FAMILY ROTALIDAE Ehrenberg, 1839
GENUS cancris
Cancris sp

plate 2, fig 2
Description
Test rather coarsely perforate, compressed periphery
subrounded, somewhat lobate; chambers inflated; last chamber
large and highly inflated.
Remarks

Small and lobate in shape

GENUS Rotalia Lamarck, 1804
Rotalia cf trochidiformis Lamarck 1804

Plate 1, fig 6
Description
Test free, trochospiral to plano-convex. All whorls
visible on spiral side, direction of coiling random, Chambers

simple. Wall calcareous, coarsely perforate spiral side
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smooth, wumbilical side with plug split by anastomosing
fissures into numerous tubercles.
Remarks
Rotalia c¢f trochidiformis occurs in considerable
abundance
Rotalia saxorum
plate 2, fig. 1
Description
Test free; biconvex, low trochospiral coil sutures
slightly curved, thickened, depressed on umbilical side; wall
calcareous, finely perforate. Aperture interiomarginal.

Rema ES

Large in size and abundant

GENUS Pararotalia Le Calvez, 1949
Pararotalia perclara (Loeblich & Tappan 1957)
Plate 2, fig.3
1957 Globorotalia perclara Loeblich & Tappan, p.191,

pl.40, fig.7
Description
Test free, trochospiral plano-convex to biconvex. 6
chambers in final whorl; periphery sharply keeled and with
granular ornament, umbilical side convex with deep umbilicus.
Remarks
Occurs in most of the samples collected from the

Kalambaina Formation.
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Pararotalia tubesrculifera Reuss 1862
Plate 2, fig. 4

1862 Pararotalia tuberculifera Reuss, p.313,pl. 2. fig 2
Description

Test biconvex, ventral side more convex, dorsal less,
outline circular, peripheral margin sharp, ragged. 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
numerous tubercles, the centre of ventral side filled by
distinct knobs, well separated from chamber walls. Sutures
depressed especially in central part of whorl on ventral side,
while almost not visible on dorsal side. Surface rough
throughout all chambers.

Re Ks

Occurs abundantly
Occurrence

It has been reported from the Maastrichtian - Paleocene

of Holland, and in the Paleocene of Belgium and Poland.

FAMILY LITUOLIDAE De Blainville, 1825
GENUS Haplophragmoides Cushman, 1910
Haplophragmoides sp.

Plate 1, fig. 2
I e ——
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Description
Test free, small, planispirally coiled, involute; in
flated, periphery broadly rounded 4 - 6 chambers in final
whorl, increasing very slightly in size towards the final
chambers, sutures straight, radiating from the umbilical area;
umbilicus slightly excavated. wall finely agglutinated;

aperture not visible due to small size and poor preservation.

Remarks

Specimens are small and occurrence in the Kalambaina

Formation is rare.

GENUS Ammobaculites Cushman, 1910
Ammobaculites sp.
Plate 1, fig 3

Description

Test free, large; early portion coiled involute, slightly
biumbilicate, periphery broadly rounded, 3 to 5 chambers
visible, sutures flush or moderately constricted; later
portion rectilinear, Uniserial, of 3 to 6 chambers; chambers
broader than high, medianly inflated; sutures more or less
horizontal; walls coarsely arenaceous, colour white or
colourless; aperture, terminal, flush, simple.
Remarks

Rare and the state of preservation is poor.
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FAMILY AMMODISCIDAE Reuss, 1862
GENUS Ammodiscus Reuss. 1862
Ammodiscus sp.
Plate 1, fig 1
Description
Test free, of medium size; discoidal, slightly biconcave
or flat, consisting of a small globular proloculus, followed
by a planispirally wound second chamber of almost constant
diameter and height; the number of volutions varies from 6 to
8; coiling is regular producing an almost circular test; wall

arenaceous, composed of fine grains. Wall often translucent,

Remarks
This species has been reported from Kalambaina Formation

by Petters (1978a). Rare.

GENUS Gavelinella Brotzen, 1942
Gavelinella sp.
Plate 4, fig. 1
Description
Test free, trochospiral, slightly biconvex, periphery
rounded to slight angled; 8 - 10 chambers in the final whorl,
all expanding gradually in size; sutures distinct, slightly
depressed; umbilicus forms a central depression; aperture is
low, interiomarginal extending from near periphery to

Umbilicus.
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Remarks
Broad, open umbilicus is characteristic of this species,

Occurs sporadically.

FAMILY BULIMINIDAE Jones, 1876
GENUS Buliminella Cushman, 1911
Bulimine sp.

Plate 1, fig. 4.

Description

Test free, elongate, with high closed spiral side formed
by numerous narrow chambers; wall perforated, surface smooth,
slightly striate, aperture loop-shaped with upper end
relatively broad.
Remarks

Occurrence is sparse and localized at the Kalambaina

Formation type locality and very few at other localities.

FAMILY GLOBIGERINIDAE Carpenter, Parker & Jones, 1962
GENUS Globigerina D'Orbigny, 1826
Globigerina sp.
Plate 3, fig. 2
escriptio
Test free, low trochospiral; chambers spherial to ovate;
wall calcareous, perforate, surface smooth; 33 globular

chambers in final whorl.



59
Remarks
Globigerina triloculinoides described by Kogbe (1979)

bears close resemblance to the species described in this

study.
GENUS Cibicides De Montfort, 1808
Cibicides sp.
Plate 6, fig. 3
Description

Test small, plano-convex Dorsal side bears small umbonal
plug. Ventral side with the central portion slightly
depressed sometimes with small plug. Chambers distinct,
increasing gradually in size as added. Sutures are curved on
the dorsal side. Wall smooth. Apesrture at the base of last
formed chamber, at the periphery with a slight lip, extending
over into the dorsal side.

Remarks
This species is similar to Cibicides simplex but it seems

to be an inversion of C. simplex

FAMILY MILIOLIDAE D'Orbigny, 1839
GENUS Quingqueloculina D'orbigny, 1826
Quinqueloculina sp.

Plate 5, fig. 1
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Description

Test small, compressed broadly elliptical, periphery
broadly rounded, chambers inflated, half coil in length, 4 in
number, sutures distinct, depressed, aperture rounded with a
simple tooth, at the end of the last formed chamber. Wall
calcareous, smooth, porcelaneous, imperforate.
Remarks

Specimen in most samples from the studied localities are

partially re-crystallized.

GENUS Pyrgo Defrance 1824
Pyrgo sp.
Plate 5, fig. 2

Test free, inflated, discoidal to ovate, proloculus
followed by chambers one half coil in length, chambers
arranged in biloculine pattern, with successive hemispherical
chambers opposing each other, wall calcareous, imperforate,
porcelaneous; aperture terminal, near junction of last 2
chambers rounded to elongate.

Remarks

Specimens are re-crystallized
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GENUS Thalmannita Bermudez 1952
Thalmannita madrugaensis (Cushman & Bermudez 1547)
Plate 4, fig. 7
1947 Rotalia madrugaensis Cushman & Bermudez, p.27, pl.5,

fig.4

Description

Test free, slightly trochoid in early stage, later
planispiral, peripheral outline lobulate, peripheral, margin
rounded, sutures slightly curved, to radial, wall calcareous,
perforate in structure, surface ornamented with strong
spiraling costae interrupted at sutures and interrupted by
median ridges on chamber or broken into smaller nodes and
ridges; aperture a low equatorial, interiomarginal slit.
Remarks

Fairly abundant in the Formation occurs in the Paleocene

of Madruga Fm (Cuba).

FAMILY DISCORBIDIDAE Ehrenberg, 1838
GENUS Rosalina Ehrenberg, 1826

Rosalina koeneni Brotzen 1948
Plate 3, fig. 1

1948 Rosalina koeneni Brotzen, p.73, pl.9, fig.11
Description

Test free, trochospiral, planoconvex, spiral side gently

convex; umbilical side has depressed, star-shaped umbilicus;
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6 - 8 chambers in last whorl, final chamber large; aperture
interiomarginal, umbilical.
Remarks
Occurrence is sporadical. Rosalina koeneni was first

reported from the Paleocene of Sweden.

FAMILY ELPHIDIIDAE Galloway, 1933

GENUS Elphidiella Cushman, 1936

Elphidiella africana (Leroy 1953)

Plate 3, fig, 4

1953 Elphidium africana Leroy, p.28,p1.3, fig.11-12
escription

Test free, compressed, biconvex, planispiral involute and
bilaterally symmetrical with equitant chambers commonly
leaving axial umbilical plug; periphery subrounded; sutures
limbate, flush, with a double row of septal pits; up to 10-15
chambers in the last whorl.
Remacks

The specimen occur in great abundance in all the samples
studied. This species was originally described as Elphidium
africana by Leroy (1953) from the Paleocene of Esna shales
(Egypt).

GENUS PROTELPHIDIUM Hayne, 1956

Protelphidium sublaeve (Ten Dam 1944)

Plate 3, fig. 5

1944 Nonion sublaeve Ten Dam, p.109, pl.3, fig.8
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ipti
Test coiled, planispiral involute, wall calcareous
perforate, periphery rounded and lobulate, 8 - 10 chambers in
the outer whorl; sutures backward curving, depressed and
excavated; umbilicai with a small amount of tubercular

ornament; primary aperture not seen, possibly interiomarginal.

(=) s
Similar to Nomion graniferum. The specimen is very

abundant in the samples from the Kalambaina Formation.

SUPERFAMILY GLOBIGERINACEA Carpenter, Parker
& Jones, 1862

FAMILY GLOBOROTALIIDAE Cushman, 1927

GENUS Planorotalities Morozova, 1957

Planorotalites ehrenbergi

Plate 3, fig. 3

Description

Test small, plano-convex, closely coiled, peripheral
margin broadly rounded. Dorsal side flat, ventral convex.
Only few chambers in the spire, chambers inflated, rapidly
increasing in size as added, 5 in last whorl, the last
strongly swollen, sutures depressed. Umbilicus narrow deep.
Apertures, a low arched opening, extending from the umbilicus

towards the periphery. Wall smooth, very finely perforated.
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Remarks
Rare. Species consists of dextral and sinistral coiled

types.

GENUS Pyramidina Brotzen, 1940
_Pyramidina crassa Brotzen 1948
Plate 1, fig 5

1948 Pyramidina crassa Brotzen, p.63, pl.6, fig. 8

Description

Test tapering, twice as long as broad greatest breadth
towards the apertural end, iInitial end angular, blunt,
triangular in the transverse section, peripheral margins
broadly rounded side, slightly depressed. Chambers

triserially arranged, 5 - 6 in each row, rapidly increasing in

size as added, gently inflated. Sutures distinct strongly
curved, lobate, slightly depressed Wall smooth. Aperture
terminal .

Remarks

Occurs sporadically through the section of Kalambaina

Formation.

FAMILY ANOMALINIDAE Cushman 1927
GENUS Anomal inoides Brotzen, 1942

Anomal inoides umboniferus (Schwager 1883)

Plate 4, Fig 6
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1883 Discorbina umbonifera Schwager, p.126, pl.27, fig.14
Sencr ot

Test free nearly planispiral, but asymmetrical, periphery
broadly rounded, spiral side partially evolute with umbonal
boss, opposite side involute and umbilicate; wall calcareous,
coarsely perforate, granular in structure; sutures distinct,
Remarks

Fairly abundant in the middle and top section of the
Kalambaina Formation at type locality. Occurs in Paleocene of

Ewekoro Formation, and many parts of the world.

GENUS Gavelinella Brotzen, 1942
Gavelinella danica (Brotzen 1940)
Plate 3, fig 7
1940. Cibicides danica Brotzen, p.31, pl.7, fig.2

1955 Gavelinella danica (Brotzen) Hofker, 111, p.49,fig.la-g

S iptio

Test small rounded or slightly oval biconvex. Peripheral
margin broadly rounded, slightly lobate: 5 - 6 Chambers in the
last whorl, often invisible, the last more inflated.
Umbilicus opened, shallow. Aperture at the base of the last
chamber, extending to the centre. Wall coarsely and
distinctly porous on both sides
Remarks

Occurs sporadically in studied samples
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FAMILY NONIONIDAE Schultze, 1854
GENUS Nonion De Montfort, 1808
Nonion graniferum (Terquem 1882)
Plate 4, fig. 3
1882 Nonionina granifera Terquem, p.42, pl.2, fig.8a-b
1939 Nonion graniferum (Terquem) Cushman, p.4., pl.1,
figs.9-11
Description
Test rounded, circular, compressed, umbilical region
sometimes larger, sometimes less peripheral margin broadly
rounded lobulate, chambers distinct, slightly inflated 8 in
number in last whorl, sutures distinct, depressed, gently
curved., Wall smooth, finely perforated.
Rem S
Similar to Protelphidium sublaeva and abundant in all

samples from the Kalambaina Formation.

Nonion planatum Cushman & Thomas 1930
Plate 7, fig 2

1930. Nonion planatum. Cushman & Thomas, vol.4. p. 37, pl.3.
fig. 5.
De iptio

Test small, biconvex, involute; peripheral margin broadly
rounded, chambers distinct, 6-9 in number in last whorl,
sutures distinct, gently curved. Umbilicus depressed. Wall

smooth and finely perforated,






