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ABSTRACT

Two hundred and ninety (290) and twenty one (2ias were used respectively for litho-
description and palynological analysis. Sedimemficllly, the Gongila Formation contains
mainly shale, sandy at the upper end; deposited deltaic to marine environment. Fika
Formation is mainly shale with interbeds of sildagypsum at different levels; the shale is
dark grey to black in colour, deposited in a marigetting. Gombe Formation lies

unconformably on Fika Shale with basal conglomersdindstone, overlain by light brown to
light grey claystone deposited in continental emvinent; while the Kerrikerri Formation is

mainly sandstone, conglomeratic at the base andaaveby bulky shale and claystone

suggestive of lacustrine to fluviatile settings.

. Five palynological zones were established, inagdriorites africaensis assemblage zone
1 characterized by co-occurrence ©fassopollis brasiliensis, Triorites africaensis, and
Retimonocol pites sp; dated Turonian ag&yncolporites sp/Milfordia sp assemblage zone is
dated Senonian to Campanian based on the assenddl&yacolporites sp, Milfordia sp,
Mauritiidites crassibaculatus, and Aequitridites sp. The Spinizonocolpites baculatus
assemblage zonei1 is defined by the co-occurrence dfongapertites marginatus,
Periretisyncolpites sp, Trichotomosulcites sp, Auriculiidites sp, Foveotriletes margaritae,
Spinizonocol pites baculatus, Monocolpites marginatus, Striatopollis bellus and Retidiporites
magdalenensis, depictive of Maastrichtian age. TReoxapertites cursus assemblage zong

is distinguished from the older Maastrichtian seshinbased on the paucity palynomorphs
and appearance oferrutricolporites sp. Zone P400 (70-315m) is dated Eocene-Younger
based o the co-occurrence bfonoporites annulatus, Retibrevitricolporites protrudens,

Longapertites vernendenburgi and Lycopodium phlegmaria.

Key Words: Lacustrine, Fluviatile, Marine, Setting, Zone
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Introduction

Palynological research work was employed to inges#i the biostratigraphy of M-1
well in Bornu Basin, southeastern Nigeria. Thouglly palynological works were done on
the basin compared to other basins Nigeria; tinis réesearch study was necessitated in order
to understand the Ithofacies of the formation, ¢heonostratigraphy of the basin and their
associated paleoenvironment of deposition.

The lithostratigraphy of the well is well documesh@nd compare favourably with the
work of Avbovbo et al (1986). The stratigraphicdstwof the Bornu Basin have been widely
carried out by earlier workers such as Adegokd, €1878); Odusina, et al, (1983); Avbovbo
et al, (1986); and Olugbenro, (1997) to mentiopw. f

Recent studies include detail studies on Chad Rowmalescribing the different three
members contained in it and their environment opadiion (Ola-Buraimo, 2005);
granulometric and paleoenvironment of Kerrikerm@&stone (Ola-Buraimo, 2009); others are
the palynological investigation of Bima Formatiosted Albian to Lower Cenomanian (Ola-
Buraimo and Boboye, 2011); while detail lithofac@fsthe Bima Group and subdivision of
their geologic ages (Ola-Buraimo and Oluwajana,220Therefore, this present study is

intended to augment earlier works done on thisbasi

Geologic Setting

The geology of Bornu Basin has been widely inveséid by earlier workers such as
Falconer, (1911); Raeburn and Brynmor (1924); Catal (1963) and Barber, (1965). The
Formation of Bornu Basin was predicated on thirdeéharm of a triple junction formed
during the Albian due to opening of the South AtiarfWright, 1968; Burke et al, 1970).
Other authors that supported the plate tectoniorthmclude Genik, (1933); Kings, (1950);
and Avbovbo et al, (1980).

The stratigraphy of Bornu Basin have been widalyligid, these include the work of
Adegoke et al, (1978); Petters, (1978b); Kogbe,79)9 Petters (1981); Avbovbo et al,
(1986); Ola-Buraimo, (2005) and Ola-Buraimo, (200%he amount of biostratigraphic
studies in this basin is incomparable to otherraedtary basins in Nigeria. Few works done
include that of Barber and Jones, (1960); Cartexl,ef1963); Reyment, (1965); Adegoke et
al, (1978); Petters, (1982); Odusina et al, (19883nzy and Kogbe, (1983); Popoff et el,
(1986); Oti, (1990); Okosun(1995); Olugbemiro, (I9Pla-Buraimo, (2005); Ola-Buraimo,
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(2009); Ola-Buraimo and Boboye, (2011). Howevew fmalynological studies were reported
from the basin, including the work of Adegoke et @l978); Ola-Buraimo and Boboye,
(2011); Ola-Buraimo and Oluwajana, (2012).

Avbovbo et al, (1986) suggested six events leatiinghe evolution of the Bornu
Basin. These include the period of Pre-Albian, Atbi-Maastrichtian, Maastrictian-Danian
which led to cessation and collapse as sub-crgstalls, associated with folding, faulting,
sedimentation, erosion and volcanism. The fifthnéweas noted for stress redistribution and
initiation of secondary situation; followed by Tiary—Recent event characterized by
continental —lacustrine sedimentation and volcanism

Bima Formation is the oldest stratigraphic unit asfed under continental
environment. The formation is diachronous and Alblaironian age (Carter et al, 1963).
Lithologically, it was described to be poorly saitesparsely fossiliferous, thickly bedded,
cross stratified; sand size varies from feldspatuarse to conglomerate. Avbovbo et al,
1986 identified marine shale sequence deposited loealized conglomerates and poorly
sorted alluvial deposits lying unconformably on thasement. The distinct continental

deposit (conglomerate) is termed the Pre-Bima datkikn age (Oti, 1990).
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Figure 1: Geological map of Nigeria showing the location of Bornu Basin and the studied well

(modified after Whiteman, 1982 and Genik, 1993)
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MATERIALS AND METHODS

Ditch cutting samples of about 290 were arrangedlgein order of depth. Lithology
description was carried out by looking at the setita under the microscope; comparison of
the textural parameters with standard monograpteplaf Western Atlas was carried out.
Textural features taken into consideration inclugtajn size, shape in term of roundness and
angularity. Others parameters include sorting, wgltithology, post depositional effect such
as ferruginization; fossil contents, presence ofeasory minerals and effect of dilute
hydrochloric acid on the samples which depicts pihesence of carbonate. Samples for
palynological purpose were selected at 27.4m (9Ditgrval, thoroughly washed with
distilled water through apn polyester sieve in order to remove drilling mwhtaminants
and then dried for 24 hours at’&0

Ten (10) grams of each sample was digested with 0% to remove CaC®It was
later soaked with 60% hydrofluoric acid (HF) forh24 to digest the silica. The content was
sieve- washed (Bn) with water and later oxidized in Schulze solat{oixture of nitric acid
and potassium chlorate) for 30minutes, washed % potassium hydroxide, followed by
heavy liquid separation with ZBr, through centrifuging. The aliquotus were dispe nsti
polyvinyl alcohol, dried and then mounted on gladigles with DPX mountant. The
biostratigraphic study involved the analysis ofl@o] spores, dinoflagellates and algae under
the microscope for chronostratigraphic biozonatimnportant palynomorph pictures were

taken using Nikon koolpix P6000 digital camera.

Result and Discussion
Sedimentology

Four formations within the stratigraphic sectiore anarked out on the basis of
correlation with palynological ages derived frone fbalynological analysis of this research
work. The details of the stratigraphic units endewed in the well are discussed below (See

Figure 2)
Gongila Formation

The Gongila Formation is a transitional sequene lies in-between the underlying marine
shale of Bima Formation and the typical marineisgtbf the overlying Fika Formation. The

Gongila Formation is characterized at the base Hajessequence (1880-1930m), black,
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fissile, calcareous and fairly ferruginised in maturhe 50m thick marine shale is overlain by
intercalated sand and shale; the light gray sahdiesheterolith is defined by fine to medium
sand grains, well sorted sediment. The 60m hetbrdicies (1820-1880m) forms the
uppermost part of the Gongila Formation and depdsih a deltaic setting. The formation
was deposited in a deltaic to marine environmeut @dated Turonian to Senonian age. It is
remarkable that volcanic intrusive reported byieasorkers in this formation is not visible

here, therefore, it is suggested that the intrusias a local effect.
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Figure 2: Lithostratigraphy, ChronostratigraphyrrRation and Paleo-environment of Well
M-1 Bornu Basin, Nigeria. (Not to scale)
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Fika Shale

This formation varies in depth from 620-1820m wath estimated thickness of 1200m. This
seems to be the greatest thickness compared twdhe of Carter et al, (1963); Okosun
(1995) and Olugbemiro (1997); but it compares fagbly with the thickness derived from
seismic data of avbovbo et al, (1986). The Fikanfadion lies unconformably on the Gongila
Formation (Ola-Buraimo, 1990 Unpublished M.sc thesrhe formation is not entirely shaly
but rather shows intercalated gypsum at the loweniddle part of the sequence; while the
middle part is characterized by silty shale deaskietween interval 840-890m and it is 50m
thick. The uppermost part is a shale facies, shoave coarse to pebble sand grains;
calcareous and rare occurrence of gypsum serves a@essory mineral. The
paleoenvironment of deposition is suggested to lergmal to open marine while
transporting medium was of relatively high energyl @&rosive in nature (turbidity current)

which might be responsible for clast particles presn the shale sediment during deposition.

There is no trace of volcanic intrusive in this Wweélowever, the huge thickness of 1200m
observed in the well section may agree with Avbowical (1986) observation that the
Cretaceous beds thicken towards the centre ofabmbThus, it is likely that this well M-1 is

located in the middle of the basin.
Gombe Formation

The Gombe Formation occupies interval 385-620m witthickness of 235m. The
formation is characterized by a basal sandstoneadfirdibout 30m (590-620m). The sand is
brownish coloured conglomerate, fine to pebble rairgsize, and very poorly sorted. The
overlying interval 385-590m contains light brown light grey bulky claystone with an
interbed of sand. The environment of depositiosuggested to be of distal continental to

proximal fluviatile paleoenvironment.
Kerrikerri Formation

The Kerrikerri Formation is Eocene in age, lacustrat the upper part to proximal
fluviatile environment of deposition. The lower dgrpart varies from depth 280-320m (40m
thick). The interval is milky to pinkish in colouconglomeratic in nature; grain size varies
from medium to pebble, subangular to rounded, aratlp sorted. The basal sand marks the
unconformable contact with the older underlying G®emFormation. The sandstone is

overlain by light grey claystone intercalated bghti grey bulky shale. Therefore, the
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Kerrikerri Formation is not entirely continentaltbrather lacustrine to continental in term of

environment of deposition
Palynology

Miospore recovery is moderate to barren at differentervals. However,
palynomorph preservation is good. Microplanktores as well present in the well while their
presence is used to determine the paleoenvironnoéntdeposition. Palynozonation
interpretation is generally based on the evolutbthe miospores, their extinction and their
relative frequencies dependent on the ecology ahdr@nvironmental factors. Thus, five
palynozones were erected based on the assembldgdmgmostic forms which were
compared with the works of earlier researchersumtioly Jardine and Magloire, (1965);
Germaraad et al, (1968); Evamy et al, (1978); Laarad Moullade, (1986). Details of the

basis of establishing the palynozones are giveovbel

Zone: Triorites africaensis assemblage zone 1
Interval: 1755-1930m
Age: Turonian

Characteristics: The base of the interval is placed at 1930m wheeeahalysis commenced.
It is characterized by paucity of miospores and appearance dflassopollis brasiliensis
and Histrichosphaeridium sp. The near base of the interval has the admixtufe o
dinoflagellates such a&ndalusiella sp and Senegalinium sp; pollen such ag.iliacidites sp

andInaperturopollenites sp.

The top of the interval is marked by the top apaeee ofTriorites africaensis and
appearance oRetimonocolpites sp and Monosulcites sp. The interval is stratigraphically

equivalent to Gongila Formation (Figures 2 and 3).

Zone: Syncolporites/Milfordia sp assemblage zone 11
Interval: 1580-1755m
Age: Senonian-Campanian

Characteristics: This interval is composed of assemblage of palyorpims that are depictive

of Senonian and Campanian ages. The interval 168bfh has new appearances of
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Syncolporites sp, Milfordia sp, Aequitridites sp, Monosulcites sp and Cyathidites sp.
Microplanktons such a$enegalinium sp 2, Phelodinium bolonienae, and Dinogymnium

undulosum and microforaminiferal wall lining occurred at thingerval.

The top of the interval is composed of the assegeblaof Mauritiidites
crassibaculatus, Aequitriradites sp, and Retitricolpites operculatus. Dinoflagellates such as
Senegalinium sp, Senegalinium bicavatum, dinocyst and non pollen palynomorphs (NPP) are
present at the topmost interval. Thus, the lowet piathe interval is suggested to belong to
Senonian age, equivalent stratigraphically to uppst part of Gongila Formation while the
upper part of the interval belongs to Campanian bgsed on the top appearance of
Mauritiidites crassibaculatus and equivalent stratigraphically to lower parFdfa Formation
(See Figures 2 and 3). This form has been usedamal and Moullade, (1986); Edet and
Nyong, (1994); Ola-Buraimo et al, (2012) to dateatadNkporo Shale as Campanian age in
Calabar Flank, Nigeria.

Zone: Spinozonocolpites baculatus assemblage zone 111
Interval: 620-1580m
Age: Maastrichtian

Characteristics: The base of the interval coincides with the toghaf underlying zone 11
marked by top appearance M#auritiidites crassibaculatus. However, the overlying interval
is defined by new appearance of pollen assemblaghsding Longapertites marginatus,
Periretisyncolpites sp, Trichotomosulcites sp, Zlivisporites blanensis, Cyathidites sp, and
Auriiculidites sp. Other forms that characterize Maastrichtian agingents according to the
work of Van Hoeken klinkenberg (1964); Ogala et (@009); Ola-Buraimo and Adeleye,
(2010) and Ola-Buraimo et al, (2012) &ephanocolpites sp, Foveotriletes margaritae, and
Ulmoideipites krempii. Evamy et al, (1978) also reported the occurresicéhe following
forms in Maastrichtian as observed in this wellchsuas Retidiporites magdalenensis,
Proxapertites cursus, |naperturopollenites sp, Ctenolophonidites costatus, Spinizonocolpites
baculatus, Monocolpites marginatus, Distaverrusporites simplex, Longapertites
microfoveolatus, Tricolporopollenites sp, Sriatricolpites catatumbus, Striatopollis bellus and
Polyadopolenites sp.

The top of the interval is defined by the top ocence ofCingulatisporites ornatus,

Foveotricolporites sp, Bombacacidites sp, Ulmoideipites krempii, Aquilapollenites sp,
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Triporites cf iverseni, Constructipollenites ineffectus, Foveotriletes margaritae, Verrutrilletes
bullatus (Van Hoeken Klinkenberg, 1964), afgtidiporites magdalenensis. Apart from the
fact that the palynomorph assemblages in thisvatere conspicuously different from those
in the adjoining intervals, the palynomorph aburcdaand diversity of the uppermost interval
is quite richer than the overlying interval thapisor to barren. Such phenomenon had been
observed by Lawal and Moullade, (1986) and Ola-Booa (2012) (unpublished
M.Phil/Ph.D thesis).

Within the interval, there are some pollen and spdhat show a fairly continuous
occurrence, among them aréivisporites blanensis, Periretisyncolpites sp, Longapertites
marginatus, Retidiporites magdalenensis, and Ulmoidites krempii. The interval is well noted
for occurrences of dinoflagellate cysts suchHiestrichosphaeridium atellatum (Maier,
1959), Phelodinium bolonienae, Andalusiella sp, Senegalinium sp, Histrichosphaera
sergipensis, Andalusiella polymorpha, Cleistosphaeridium sp, Batiacasphaera sp, and
Histrichodinium pulchrum. The presence of the dinoflagelates known to dimedhlt water is
an indication that the sediments might have beemosited in a marine environment;
probably in a marginal marine setting due to thespnce of peridinacean forms. Therefore,
the interval (620-1580m) is conveniently dated Magistian age and equivalent in part to

Fika Formation (See Figures 2 and 3)

Zone: Proxapertites cursus assemblage aone
Interval: 315-620m
Age: Paleocene

Characteristics: The interval is characterized by the paucity diypamorphs. Though the
miospore assemblage present is different from twhunderlying and overlying intervals, it
is still not well represented. The basal intengabarren while the top interval is marked by
the assemblage oferruticolporites sp, Monosulcites sp, Leiotriletes sp, Cf. Aquilapollenites

sp and Cf. Cupaniedites reticulatus. Other forms present are algae suchBasyococcus
braunii and Calcium oxalate crystals (Ruta et al, 2007). The interval is tentativelyteda
Paleocene age based on the paucity of palynomahagitscharacterize Paleocene age from
Maastrichtian sediments. It is further based onsthetigraphic position of the interval which

contains fossils that are distinctively differemorh the miospore assemblages of the
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overlying and underlying intervals which contaimasigraphically diagnostic forms. The

interval is correlable to Gombe Formation (See g2 and 3)

Zone: Monoporites annulatus assemblage zone v
Interval: 70-315m
Age: Eocene-Younger

Characteristics: The interval is poor of palynomorph recovery. Hoese the base of the
interval coincides with the top of the underlyingne. It is characterized by the first
appearance d¥lonoporites annulatus. At interval 225-230m there is also hew appeararice
Retibrevitricolporites protrudens in association with other miospores suchPagxapertites
cursus and Monosulcites sp. The upper part of the interval is marked by tleeuorence of
Longapertites vernendenburgi while the top is defined by the appearance.yfopodium

phlegmaria (See Figures 2 and 3).

The upper part of the interval shows appearaneeiafoforaminiferal wall lining and
dinoflagelate cysts. The appearance of fungal sporeéhe claystone is suggestive of
deposition in a fluviomarine setting, probably eustrine environment. However, the interval
is dated Eocene to Younger age on the basis afdtecurrence oMonoporites annulatus,

Retibrevitricolporites protrudens andLycopodium phlegmaria.

Conclusion

Lithostratigraphy of the well section is composédhe base by Gongila Formation,
defined by black grey fissile shale, intercalatgdlight grey sandy shale; dated Turonian-
?Senonian based on the establishmenfiradrites africaensis assemblage zone 1 and partly
of Syncolporites sp/Milfordia spp assemblage zone 11. This is characterized by cor@nce
of Turonian africaensis, Classopollis brasiliensis, and Retimonocolpites sp. The Gongila
Formation was deposited in a deltaic to marine remwent. Stratigraphically, the Gongila
Formation is overlain by Fika Shale, characteribgdblack fissile shale with intercalated
gypsum at the upper end. It belongs to tMdfordia spp assemblage zone 11 and
Spinizonocolpites baculatus assemblage zone 111. The formation is dated Cdmpda
Maastrichtian based on the co-occurrenceVidffordia spp, Mauritiidites crassibaculatus,

Longapertites marginatus,, Foveotriletes margaritae,, Retidiporites magdalenensis,
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Trichtomosulcites sp, Periretisyncolpites sp, and Auriiculidites sp. The Fika Shale was

deposited in a typical marine system.

Gombe Formation overlies the Fika Shale. It is cosepl of basal brownish coloured
conglomeratic sandstone at the base, overlaingby tirey bulky claystone associated with
intercalated sandstone and reddish mudstone d@bptsPalynologically, the formation is
characterized by paucity of palynomorphs and d&aleocene. Kerrikerri Formation is the
youngest in the interval analyzed; composed of lmongratic sandstone at the base, overlain
successively by light grey bulky shale and ligheéygrclaystone. The formation is dated
Eocene age based on the co-occurrencélafoporites annulatus, Retibrevitricolporites
protrudens, Proxapertites cursus, and Longapertites vernendenburgi. The Kerrikerri

Formation was deposited in a fluviomarine environme



AGE
Eocene-Younger
Paleocene

PALYNOZONE
Nonoporitzs
annulatu
assemtlaze zcne 1
Properttes s
assenblzgezone

CALCIUM OXALATE CRYSTAL

NPP

FUNGALSPORE|

29

BOTRYOCOCCUS BRAUNI

MICROF ORAMINIFERAL W ALL LINING

HIS TRICHOS PHAERIDIUM 5P

DINOGYMNIUM UNDULOSUM
SEMEGALINIUM BICAVATUM

HISTRICHODINIUM PULCHRUM

BATIACASPHHAERA SP

TRICHODINIUM DELICATUM

CLEIS TOPHAERIDIUM SP

ANDALUSIELLA POLYMORPHA

HISTRICHOSPHAERA SERGIPENSIS

SENEGALINIUM SP.

1]

ANDALUSIELLA SP

PHELODINIUM BOLONIENAE

HISTRICHOS PHAERIDIUM STELLATUM

DINOCYST

CLASS OPOLES CLASSOIDES

MONOPORITES SP

TRIORITES AFRICAENSIS

LILIACIDITES 5P

RETITRICOLPITES OPERCULATUS
GALEACORNEA CAUSEA

AEQUITRIRADITES SP

RETIMONOCOLPITFS SP 2

TRICHOTOMOS ULCITES SP

PERIRETIS YNCOLPITES SP

ARAUCARIACITES 5P

DISTAVERRUSP ORITES SIMPLEX|

VERRUCATOS P ORITES SP

INAPERTUROP OLLENITES SP

AURICULIIDITES SP

RUGULATIS P ORITES CUPERATUS
EPHEDRIPITES MULTICOSTATUS.

MONOCOLPITES MARGINATUS

TRICOLPITES 5P

POLYADOPOLLENITES SP

SYNCOLPORITES 5P

CTENOLOPHONIDITES COSTATUS
STRIATOPOLLIS BELLUS

STRITRICOLPITES CATATUMBUS

TRICOLP OROP OLLENITES SP SP

TRIP ORITES SP

RETIM ONOCOLPITES 5P

MONOCOLPITES MARGINATUS

123111

ZLIVISPORITES BLANENSIS

LONGAPERTITES MICROFOVEOLATUS

VERRUCATOTRILETES BULLATUS

FOVEOTRILE TES MARGARITAE|

TRIP OROP OLLENITES STEPHANORETICULATUS,
CONSTRUCTIP OLLENITES INEFFECTUS.

BACUTRIP ORITES SP

VERRUCOSIS P ORITES SP

PROXAPERTITES OPERCULATUS

S TEPHANOCOLPITES 5P

LONGAPERTITES MARGINATUS

RETIDIP RITES MAGDALENENSIS

TRIP ORITES CF IVERSENI

CYATHIDITES SP

ULMOIDEIPITES KREMPII

BARREN

BOMBACACIDITES 5P

FOVEOTRICOLP ORITES SP

Yy sy 41 111
2|

CINGULATISP ORITES ORNATUS

VERRUTRICOLP ORITES SP

MOPORITES ANNULATUS

2

LEIOTRILETES 5P

BARREN

CUPANIEIDIDITES RETICULATUS,
AQUILAP OLLENITES SP

111171

PROXAPERTITES CURSUS

1
1
1

MONOSULCITES SP

RETIBREVITRICOLP ORITES PROTRUDENS

1

LONGAPERTITES VERNEEDENBURGH

LYCOPODIUM PHLEGMARIA

KERIKERA

FORMATION

585-500 |GOMBE

620-625

DEPTH[)
31530
675580
165710
945350

1025-10:

Masstrizhtizn
Sznonian-
Campaniar

Turonan

st

saculatus
11
esenblage zone 1

Spinzonocalptes
assemblage zore

diaspg zone 21

2|
1

1111
2031
1111

Distribution chart of important palynombs, palynozones, formations and their
corresponding geologic ages

Figure 3

1815-1850] GONGILA

1925-19

1305-131(

1395-1400)

1435-1490)
1530-158¢

10511
1215-12;
1655-161C
1755-17¢

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364



365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

1 Liliacidites sp

2-4 Monosulcites sp

5 Retimonocolpites sp

6-8 Monocolpites marginatus
9-11 Leiotriletes sp

12 Cyathidites sp

13 Laevigatosporites sp

14 Zlivisporites sp

15 Syncolporites sp

16 Distaverrusporites sp

17 Verrucosisporites sp

18 Foveotriletes margaritae
19-22 Milfordia sp

23 Inaperturopollenites sp
24 Mauritiidites crassibaculatus

25 striatricolpites catatumbus

PLATE 1



388

389
390

391
392

393
394

395
396

397
398

399

400

401

402

Magnification at X400

PLATE 1



403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

1 Longapertites verneendenburgi

2 Periretisyncolpites sp

3-4 Longapertites marginatus
5 Trichotomosulcites sp

6-7 Stephanocolpites sp

8 Ulmoideipites krempii

9 Ctenolophonidites costatus
10 Spinizonocolpites baculatus
11 Syncolporites sp

12-14 Tricolpites sp

15 Triorites africaensis

16 Triporites sp

17 Triporites cf iverseni

18-19 Tricolporopollenites sp

20 Polyadopollenites sp

21 Constructipollenites ineffectus

22-24 Retidiporites magdalenensis

25 Monoporites annulatus

PLATE 2



432

434

435

436

437

438

439

440

441

442

443

Magpnification at X100

21

22

13

PLATE 2

15




444

445
446

447
448

449
450

451
452
453
454
455

456

457

458

459

460

461

462

463

Magnification at X400 PLATE 3

e |
‘ﬁ

© 00 O O~ WNE

S = T
N B O

L |
o

11 12

Retibrevitricolporites protrudens
Auriculiidites sp

Monosulcites sp

Longapertites microfoveolatus
Cingulatisporites ornatus

Microforaminiferal wall lining
Phelodinium bolonienae
Batiacasphaera sp
Senegalinium bicavatum
Andalusiella polymorpha

Calcium oxalate crystal



464

465
466
467
468
469
470
471
472
473
474
475

476
477
478
479
480
481
482
483
484

485
486
487

488
489
490
491
492
493

494
495
496

References

Adegoke, O. S. Jan du Chene, R. E, Agumanu, E. Aand Ajayi, P. O., (1978):
Palynology and age of the Kerikeri Formation, Niger Nigeria Revista
EspanolaMicropallO (2), p. 267-283.

Avbovbo, A. A. (1980):Basement geology in the sedimentary basins ofridig&seology 8,

p. 323-327.

Barber, W. (1965): Pressure water in the Chad Formation of Bornu aikav® Emirates,
north-eastern Nigeria. Bull. Geol. Surv. Nigena35, 138p.

Barber, W. and Jones, D. G., (1960)The geology and hydrology of Maiduguri, Borno
Province. Rec. Geol. Surv. Nigeria (19680. p. 5-20.

Boltenhagen, E, (1978): Proteacidites sigali espece nouvelle de pollenepaoide de

Senonien de Gabon. Rev. Micropaleont, vol. 21, p. 43-15.

Burke, K. Dessauvagie, T. F. J. and Whiteman, A. J1970): Geological history of the
Benue valley and adjacent areas. In: DESSAUVAGIH;. J. & WHITEMAN, A.J.
(Eds.)— African Geology: Cretaceous rocks of Nigeria adeent areas. University
of Ibadan Press, Ibadan, Nigeria. p. 187-205.

Carter, J. D., Barber, W. and Jone, G. P. (1963):The geology of parts of Adamawa,
and Bornu provinces in northeastern NigaBia|. Geol. Surv. Nigeria30,109p.

Evamy, D. D., J. Haremboure, P. Kemerling, Knaap, W A., Morlly, F. A. and
Rowlands, P. H., (1978):Hydrocarbon habitat of Tertiary Niger Delta. A.AR.
Bull. vol. 62, p. 1-39.

Falconer J. D. (1911): The geology and Geography of Northern Nigeria. idan,
London.
Genik, G. J. (1993):Petroleum Geology of Cretaceous-Tertiary rift basn Niger, Chad

and Central African Republic. AAPG BUilZ (8), p. 1405-1434.

Germeraad, J. H., Hopping, C. A. and Muller, J., (968): Palynology of Tertiary
sediments from tropical areas. Rev. Paleobot. Balywol. 6, p. 189-348.

Jain Du Chene, R. E. (1977)Some new pollen species of the Upper Maastricthiiar
Sand, Abeokuta Formation. Southern Nigeria. Rew.B8icropal. IX (2), p. 191-
201.

Jardine, S. and Magloire, I. (1965)Palynologie et stratigraphic du Cretace des Badins

Senegal et de Cote d’ Ivoireler Coll. African Mipadi.,Dakar (1963) Mem. Bur.
Rech. Geol.Min. 32. p.187-245.



497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528

Kings L. C (1950): Outline and disruption of Gondwanaland , Geol. ¥I. ,
87, p. 353-359.

Kogbe, C. A., (1976):Geology of Nigeria, Elizabethan Pub. Co. Lago€pm3

Kotova, I. Z. (1978): Spores and pollen from Cretaceous deposits ofEdstern North
Atlantic Ocean. Deep Sea Drilling Project, Leg dites 367 and 370. Int. Rept. Deep
Sea Drilling Prog1, p. 841-881.

Lawal, O. (1982): Biostratigraphic Palynologiqueet paleoenvironmel@s Formations
Cretaceous de in Haute Benue, Nigeria Mid-Oriculdiese 3' cycle Uni. Nice,
GeologieetMinie.

Lawal, O. and Moullade, M., (1986): Palynological biostratigraphy of the Creteceous
sediments in the Upper Benue Basin, N.E. Niger&u. Riicropaleontol... vol. 29(1),
p. 61-83.

Muller, J., (1968): Palynology of the Pedawan and Plateau sandstorrenafions
(Cretaceous- Eocene) in Sarawak, Malaysia, Micexguablogy, 14(1), p. 1-37.

Odusina, A. A., Mubarak, S. O., Beka, F. R. and Nwagwu, U. (1983):Geology and
petroleum potential of the Nigerian sector of CHgakin, research Bull. Vol. Il
Expl.Resear. Section (R&D), Project no. ER/RE)YNNPC, Port-Harcourt, Nig. 47.

Okosun, E. A. (1995):Review of the Geology of Bornu Basin Jour. Min. &ieol., 312)
p.133 — 122.

Ola-Buraimo A. O., (2005): Sedimentological Characterization of the Chad Fdion,
Damagum area, Borno State, Nigeria. Earth ScieResgarch Comm. vol.1, no.4, p.
35-54

Ola-Buraimo A. O., (2009): Granulometric and Heavy Mineral Studies of
KerrikerriSandstone ,Daura, Bornu Basin, NigeriaieBce Focus, vol. 14 no. 1 p.
110-129.

Ola-Buraimo, A. O., (2012): Palynozonation and chronostratigraphy of the Albtan
Pliocene sediments of the Nzam-1 and Umuna-1 weilambra Basin, southeastern
Nigeria. M.Pil/Ph.D thesis submitted to DepartmeinGeology, University of Ibadan,
Nigeria. 422p.

Ola-Buraimo, A. O., and Adeleye, M., (2010)Palynological characterization of the Late
Maastrichtian Ute Coal Measure deposit, southweastigeria. Science Focus, vol.
15, n. 2, p. 276-287



529
530
531
532
533
534
535
536
537
538
539

540
541
542
543
544
545

546
547

548
549
550
551
552
553
554
555

556
557
558
559
560

Ola-Buraimo, A. O., and Boboye, O. A., (2011)Palynological investigation of the Albian
to Lower Cenomanian Bima Formation Bornu, Nigeviarld Applied Sciences Jour.
vol. 12, n. 7, p. 1026-1033.

Ola-Buraimo, A. O., and Oluwajana, O. A., (2012)Sedimentological characterization and
palynological age dating of the Pre-Bima and Binmnkations in Bornu Basin,
Northeastern Nigeria. Scottish Journal of Art, &b&8ciences and Scientific Studies
(In Press)

Ola-Buraimo, A. O., Oluwajana, O. A., and Olaniyan, A., (2012): Palynological
investigation of a Type Section of Early Maastrnaht Arimogija-Okeluse Shale
sequence, Dahomey (Benin) Embayment, southwestgeribl. International Journal

of Science and Emerging Technologies, vol. 3, p. B7-45.

Olugbemiro R. O. (1997):Hydrocarbon Potential, maturation and paleoenvirents of the
Cretaceous series in Bornu Basin, NE Nigeria. Piili2sis, Institut und Museum fur
Geologie and Palaontologie der Universitat Tubingeermany,14, 150.

Oti, M. N. (1990): Lower Turonian Carbonates on the Zambuk Ridge, Shad Basin:
The Ashaka Limestoneln: OFOEGBU, C.O. (Ed.) — the Benue Trough: Structure
and Evolution. Friedr.Vieweg&SohnVerlagsgesellsthaH.

Petters, S. W., (1978)Mid-Cretaceous paleoenvironment and biostratigraphghe Benue
Trough, Nigeria. Bull. Geol. Soc. America, vol. §2,151-154

Petters, S. W. (1982)Central West African Cretaceous-Tertiary benthacafinifera and
stratigraphyPal aeontographica Abt. A. 179 1-104.

Popoff. M. ,Benkhelil, J., Simon, B. and Motte, JJ., (1983)Approchegeodynamique du
fosse de la Benue (NE Nigeria) a partir des doulecterrain et de teledetection. Bull.
Centres Rech. Explor. Prod. Elf. Aquitaine 7, 1323-337.

Stover, L. E., (1964).Cretaceougphedroidpollen from West Africa. Micropoaleontology,
vol. 16, n. 2, p. 145-156.

Wright, J. B. (1968): South Atlantic continental drift and the Bertteugh . Tectonophysics,
vol. 6, p. 301-310.



