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P ;])msm‘ﬁwhy of the Maiganga coal mine js based on the availaple and

s recovered pal /
.. palynology of both existing and new palynoforms is vita] e paly palynomorphs whose

a no -characteristics of the Gombe

rarpaticn Sixty-one [61] palynoforms which comprise of spores, pollen grains and algac have been identified and their

_“mzﬁc palynology was deseribed. The palynoforms are characteristic of typical Maastrichtian period which form part
‘J.bf Jarger Cretaceous age that dominate the Gombe Formation in which the Maiganga coal deposit was formed. "lr;us
oy will sve as reference to future palynological studies for the study arca as the described palynoforms were
—covered from subsurface samples for the first time as against the previous similar studies on surface samples in the

sdy &2
ey words: Palynostratigraphy, Maiganga, systematic Palynology, Gomb e formation, Maastrichtian

10 INTRODUCTION

prlynology is the branch of Earth _Smcnccs that is concerned with the study of acid -resistant microscopic organic matters
covered from sediments or sedimentary rocks (Onoduku, 2013). These organic matters can be re cent or fossilized
pezeriels which have been deposited in a varicty of environments that range from terrestrial to aquatic (Andrew, 2004).

pvaolopical studies usually attempt to qualify and/or quantify the abundance and diversification of the organic mat ter
specics tht characterize a given portion (depth) of a penetrated well or borehole. The quality of the palynoforms that

Seruterize a particulzr range of depth of the well or borchole are used to deduce the biozonation, age, infer the
mieocavironment/paleoccology and correlation of such depth interval. The forgoing parameters of a defined depth
wenvz] of 2 well or borehole are useful for general mineral exploration program, oil and gas exploration, assessment of
dimate change as well as dating of a formation. The use of various palynoforms (pollen, spores, dinoflagellates,
srtarchs, 2lgae 2nd other organic matters) for the above listed geoscientific purposes is usually based on their adequate

reogaition, identification and description, the last being the scope of this paper which fits adequately into the field of
ssemstic Palynology. Systematic Palynology involves the microscopic study and description of palynoforms based on

their various forms such as apertures, shapes, sculptures, -structures, scars, number and arrangement of furrows/pores.

L1 The Gombe Formation
Formation, precisely at Maiganga coal mine, near Kumo in Akko

LA The Gombe Formation had been mapped as a unit by several workers (e.g. Falconer, 1911; Berber et al., 1954;

2 - - H i d deltaic sandstones, siltstones,

Psymes wod Parber, 1956 end Carter ef al., 1963). The Formation consxsEs of estuarine an : 4 8

tiales and limestone. There : ried by the above carlier workers and t his has been confirmed by the
s are thin coal beds repo y Maiganga coal mine which serve as the source of

et exploration -e0ing exploitation of the coal deposit at i ve as
gy h’ﬂ:'l stud ?“;\::xig: aggc opf the formation as at that time is unknown but a tentative assignat ion of Upper
Larpeniom) mmir’:.-masmichtian has been suggested. Its type locality is Gombe according to the earlier workers.

Toe present study area s located within the Gombe

=gl ( 1963) mapped the northeastem part of the Benue Trough and stated that u:: giﬁ]n:c;l;uagg;?;zi Sszi?z:;:
. : Benue depression and tha
2 wncomformably on the older folded rocks of the Upper Ben fPfcctc d the Upper Benue Trough s pre -Gombe,

e . hicha
-raneives folded. However, mapping reveals that the strong fo(l!dL\L wver Benue Trough, the main folds were generated in

;;au ba:: -mMMnc‘ml'ih;;;n Sndkl: ﬂ:,' 27 in] g;; A \l;’at:(i?tl:ﬁ‘ananw?]). The Gombe Formation is restricted to the western
; ur. .y ’ 4
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Gongola basin. It weathers to produce ferruginous ¢apping. The weathering

ol the \pat characterizes most of the outcrops, g1s responsible for the rugged hilly

pres”

istent and make ug thFe greater o fwhat was referred 1o as “bedded facies” by Zaborski (1997). South of Gombe
Jpper part of nmcD?}?ﬁl;%O)nlzla;?:po::ds é‘;l;?;d ‘Red Sa.ngstoncs Facies” by Zaborski (1997) probably due to its
ich colouration. ! 1onzons within the Gombe Form ti i
;:cd,ﬁworkm- The coal seams are presently being mined by the Ashaka Cement Com:a.:jyr? SR e ey
According 10 Hamidu (2012), the type locality of the Gombe formation was designated as the “Kware Stream™ by Carter
12l.(1963) which is about 3 km south of Gombe where 300 m of sediments were described as exposed. He however
sered that the 13_50,000_55313 geologlcal inap (Gorpbe sheet 36) provided in Carter et al. (1963) is inadequate to
ermine with certainty which of the “Kware” streams in the area actually contains the type section. He concluded, based

his field findings, that the type section for the Gombe Formation proposed by Carter et al. (1963) actuall 1
f; Arowa member (a member of the Gombe Formation)(Figure 1). Y et al. (1963) actually beloogs to

Age _ Formation Members
Paleocene Keri-Kt.:ri
Maastrichtian ‘ . Duguri member
Gombe
Campanian .
wa member

Figure 1: Lithostratigraphic subdivision of Gombe Formation (After Hamidu, 2012).

12 Coal seams

There are three distinct seams of coal within the Maiganga coal mine as observed during_lhc field work and these (prcc
“ams are currently being mined. The coal seams are intercalated in between an ow':rlymg sandslonc_ and ur_1derlymg
shale facjes, The uppermost seam 3 is about 1.2 m thick; the underlying seam 2 is about 1.5 m thick while the

g, i
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Figure 1: Maiganga Coal Scams

13 MORPHOLOGICAL DESCRIPTION AND TERMINOLOGIES USED IN PALYNOMORPH
DLSCRIPTION :

The firt main distinction for the morphological description and grouping of palynomorphs is usually made between
| sores and pollen grains (Jzuora, 1980). In general, it can be stated that with an ordinary light microscope, no
| &ffcrentiation can be observed in the wall or exine of spores. For pollen grains, however, a differentiation between a

mere af less structured outer layer (extexine) and a Structureless inner Inyer (endexine) can usunlly be scen, The main
& eena for morphological grouping for spores are based on the preserved nature of a scar and for pollen grains, on the
mzmber end arrangement of furrows and spores. For both pollen grains and spores, the sculpture of the exine is a distinct”
fanure used for selection, which can be further subdivided based on the size of the grains. Other ndditional features used
{or morpbological description of palynomorphs include their view and shape (monolete and trilete), structure of pollen
greas, sculpture and apertures. The terminologies used in the descriptio n of palynomorphs are as bricly statcd below just
far the guidance and refresh of the readers’ memory in Palynology. These terminologies include

0} View and shape — This refers to the manner of arrangement of the spores in the sporangium which dictate
the arvay of the tetrad marks. These marks could be trilete scar for radially symmetric spores and monolete
for bilaterally symmetric spores. Also, a group of 4 pollen gruins resulting from the division of one pollen
mother cell is called a tetrad while an indi vidual grain being arranged in a tetrahedron. The point of contact
between a spore and other ndjacent three within a sporangium is called the proximal pole and the area
opposite is called the distal pole. . .

(i) Structure of pollen grains - Pollen grains are structurally made of an outer cqal_cﬂllcd the exine and an inner

layer called intine. The exine usually forms the preserved fossil while the intine usually' d;_mnu':gr-mcs ?nd

disappears with the plant's exit. Under the light microscope, two 'luycr&ofthc exine arc distinguishable into
an inner Jayer called endexine and an outer layer called extexine. The extexine is further subdivided into an

outermost tegillum or tectum and Inner pillar-like elements called columellac or granulae. Thc. term
structure defines all the characteristics arising from the form and arrangement of the exine elements inside
the tegil

(1) SCU|p%url:T ';)‘If'l lIt;:ciisu'rir::.ﬁm:d as the ornamentation that is formed on or in lh‘c outer wall of a palynomorph,
When it protrudes outwards of the grain, it Is called positive-sculpture like psilate, scabrate, verrucate,

: treolute, gemmate, baculate, clarate, regulate, striate, perforate, foveolate, fossulate and reticulate.

(iv) Apertures ~ These refer (o scars, furrows, pores, as they characterize pulynumurp hs. T hc‘y provide FTPMh
poini(s) foc the gametes. Aperture can be simple or compound, Palynomorphs “’“":"“l nptl.r.l]urc.s f""l’ said to
be inaperturate. Elongated upertures ure called colpi (sing. .CGIP‘(JJS,) °l"hr “g‘ ‘;::l :; z:_l“;l; ‘I':'] ]tlh?: iﬁ:;‘;‘;‘:""s

2 wre called Pori (sing. Porus) or pores. They can be cither situnted in the !

MATERIALS AND METHODS
N

* Mmajor materfaly i i i ings, pnlynomorph charts and palynomorph albums.
Mheny prised of ditch cuttings, p 1
T Inclyde 5 puf;::f,):g;f:u:"n:?é':::::,fcu():gc?ss 230, bifocal and tronsmitted light source) altached with camera,
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and individunl past nuthors’ palynological albums and various literatures on systematic Palynology by various

g e methodology used In the study Involved the systematic microscopic study of the palynbslides prepared. In
hors lch palynoslides was thoroughly viewed under transmitted palynological microscope, searching for, marking
o 2% c:nurph seen, describing it and taking the photomicrograph of the specic. Marker or diagnostic species were

y pdlyn:;cr,;rihcd In detall. The depth of the studied wells at which the palynoforms described were encountered was

[ aﬁ{ccﬂfd‘d to correlnte with the age of the formation from which they ase deposited.

]

jo  RESULTS AND DISCUSSION
he esults of the systematic study und description of the palynaforms found in the palynoslides are as explained in 3.1
und shown on the photomicrograph.

1.1 Systematlc Palynology

The systematic Palynology adopled in this work generally follows the patterns of Potonic” (1956, 1958, 1960), Dcmnnnn
(1963) and Atta-Peters and Salami (2004). Other relevant previous works by Salami (1983), Van Hocken -Klinkenberg
(1964), 0jo (2009), Obianuju (2008), Aboul Ela (1978) and Onoduku (2013) were a Iso consulted especially I' or synonyms
and general descriptions of forms. Finally, the work of Ames and Spackman, 1985 on the catalog 91’ fossil spores anfi
pollen, was widely consulted for specics names, general description, authors and references. All speci es magnification is
X 1000.In this work, the analyzed palynomorphs have generally been grouped into three, namely Pollen, Spores, _and

Fresh Water Algae. For casy and less cumbersome systemalic, the palynomorphs have further been gmude and described
uder palyno-designated headings such as sporites and pollenites divisions (Aboul Ela, 1978), Ptcndopytf:s spores,
Gymnasperm pollen, Angiosperm pollen and Dinoflagellates. Preridopytes spores are discussed under sporites while

prmnosperms and angiosperms pollen are discussed under pollenites.

Divislon: Sparites Potonic’, 1956
Family: Pteridopytes spores
Subdivislon: TRILETES

Genus: Cyathldites (Couper, 1953).

Cyathtdites minor Couper, 1953
BA-7,32Tm
Fig. 25
Description: Trilete sporc, amb triangular with straight to slightly concave sides and rounded apices. Exine
psilate and thick
Age: Maastrichtian
Genus: Rugulatisporites (Pflug and Thomson, 1953).
Rugulatisporites caperarus Van Hoeken-Klinken-berg, 1964
BA-7,35m
Fig 35 )
Description: Trilete microspore, amb sub-triangular, triangular or spherical, sides '
convex, radial comers round triangular or sub -triangular forms, trilete .nmrk thin, arms moderate,
slightly raised but without Margo, exine moderate, rugulate and cavaliculate, both proximal and
distal surfaces are sculptured.
Age: Masstrichtian
Genus: Foveotriletes (Van der Hammen, 1954, ex Protonie, 1956).
Foveotriletes margaritae (Van der Hammen) Germeraad ef al., (1968)
BA-7,32m
Fig 23 .
Deseription: The species has foveolate distal surface, thin wall and short less pronounced trilete mark
Age: Maasirichtian
Genus: Osmunda (Martin and Rouse, 1966).
Osmundacidites sp. Martin and Rouse, 1966
BA-16,40m
Decre o 1B 19 _ _
Seription: Trilete spores, sub-spherical in outline, folded and crumpled. Famt Lacsurec, thin Margo
20lending the commissure, The ornamentzation consists of slender bacula which are slightly clavate. The bacula
¢ Sirtight and relatively uniform in size, shape and spacing.
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Age: Maastrichtian
Gleicheniidites (Potonice, 1956)

Genus:
Gleicheniidites senonicus Potonie, 1956
BA-16,37m
Fig. 30
Description: Trilete microspore, trilete mark, thin, amb triangular to sub -triangular, sides moderately concave,
corners round, tricrassate but crassitudcs are compressed as 1o appear cica tricose.

Age: Maastrichtian
Genus: Cingulatisporites (Van Hocken-Klinken-berg, 1964).
(f:‘ngufarisparftes ornatus Van Hocken-Klinken-berg, 1964
BA-16,37m

Fig. 59
Trilete microspore, amb triangular-round, sides convex, central body surrounded by a distinct

Description:
omnamented cingulum, trilete mark thin, armed long and extended to the margins of the central
body, not bordered by Margo, proximal surface convex, smooth but covered by low vernicae,
cingulum split into several clavate structures

Age: Maastrichtian
Subdivision: MONOLETE (Potonie, 1956).

Genus: Laevigatosporites (Protonic, 1956)
Laevigatosporites haardlii Protonie and Venitz
BA-17,3m
Fig. 11

Description: Monolete spore,

Age: Maastrichtian

Subdivision: CINGULATISPORATES

Genus: Zlivisporites (Pacltova, 1959)
Zlivisporites blariensis (Pacltova, 1959)

BA-17,27Tm

Fig. 15
Description: Specimen has cingulated sculptures which appear to represent residual perisporal membranes.

Age: Maastrichtian

posses limited sculptures and usually appears as tiny particles

Subdivision: VERRUCATI (Muller, 1968).

Genus: Distaverrusporites (Muller, 1968)
Distaverrusporites simplex (Muller, 1968)
BA-16,29m

Fig. 28

Description: Trilete microspore,

equatorial margin, not bordered by any

Age: Maastrichtian

nvex, trilete mark thin, arms long and extend to the

amb triangular, sides co 1
Margo, exine thick.

Division: Pollenites Potonie, 1956

Clays; Gymnospermae

Genus: Ephedripites (Boltenhagen and Azemd, 1974)
Ephedripites ambigus (Boltenhagen and Azemi, 1974)
BA-7,32m
g mic synonym of Equisotosporites (Singh, 1964, 1971),
covering the colpi.

Descri e
ption: The Ephedripites is regarded as a 1axono X
multicostate oval in outline, twice as long as broad, narrow ridges,

Age: Maastrichtian

Scanned with CamScanner



L —_

Cus® Monocolpates (Iversen and Troels-Smith, 1950).

Genus: Auriculiidites (Elsik, 1964, Elsik
Auriculiidites sp.,
BA-7,32m
Fig. 60
Description:  Oval monosulcate pollen £rain with
long, extending to diameter of the
| ornamentation and the overg]] smal

and Thaniknimoni, 1970) .

auriculate structyreg al
grain, exine thin, and
ler size differentiate (h

the extremitics of the grain. Sulcus
microreticulate, The microrcticulate

is Sp ecies from A. reticulotus,
. ichtian
Age: Maastrich

Genus: Spinizonocolpites (Muller, 1968).

Spinizonocolpites echinatus (Muller, 1968)
BA-16,42m

Fig. 55 )
Description: S. echinatus has smooth 10 finely reticulate Omamentation, closely spaced processes and expanded
or bulbous bases,

Age: Manstrichtian
Genus: Longapertites (Van Hoeken -Klinkenberg, 1964),

Longapertites microfoveolatus
BA-16,47m
Fig. 52
Description: Palm pollen, fine foveolate sculpture,
Age: Maastrichtian
Genus: Longapertites (Van Hocken-Klinkenberg, 1964)
Longapertites chlonovae (Boltenhagen, 1978)
BA-16,53m
Fig. 34
Age: Maastrichtian

(Jan du Chene and Adegoke, 1978)

Genus: Monocolpites (Van der Hammen, Pierce, 1961).

Retimonocolpites sp. (Pierce, 1961)
BA-7,22m
Fig 8 . .
Description: Intectate reticulate, Monocolpates pollen grain, endocolpi only. Th|e lumina of the reticulum vary
in size, appearing smaller on the two extremes of the pollen grain.

Class: Porosa (Potonie, 1970).

Sub-class: Triporines (Potonie, 1956) ‘ -
Genus: Proteacidites (Cookson, 1950)
- Proteacidites sigalii Boltenhagen, 1978
BA-17,20m
Fig. 24 : Amb angular, sides nearly straight,
Description: Pollen sub-isopolar, oblate, angular apertures, triporate. Ar EUIAr, Side T
apertures sub-circular, exine slightly thicker in the cquatorial inter-aperture regions, sexine abou
half as thick as nexine, ornamented with reticulum.

Age: Masstrichtian

Sub-clagy: Triporines (Potonic, 1960).

Genus: Echitriporites (Van Hoeken-Klinkenberg, 1964)

Fig. 39

: 64
Echitriporites triangullformis (Van Hoeken-Klinkenberg, 1964)
N

BA-17,2I'm
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pescription: It is characterized by [ine echinate or spinose f ;
circular, thick wall ' form. Triporate, riangular in . DO
conical sh : 'Slr.ucmrdcs& surface psilate, rather denscly and ev polar view, pores
shaped with fairly sharp points, y and even covered with spines,

Age Maastrichtian

Class: Tricolpates (Iversen and Truels-SniiLh, 1950).

Genus: Retitricolpites (Van der Hammen, 19560)
Retitricolpites irregularis (Van der Hammen, 1956b)
BA-7,47Tm <
Fig. 48
ription: Tricolpate pollen grain, prob e , _ .
Descrlp corsely reticulms_m probably iso-polar, radially symmetrical, short colpi, exine thick and

Age: Maastrichtian

Class: Psilatricolpates {(Van der Hammen and Wymstra, 1964)

Genus: Psilatricolpites (Van der Hammen and Wymstra, 1964)
Psilatricolporites Crassus (Van der Hammen and Wymstra, 1964)
BA-17,38m

Fig. 20
Description: Psilatectate polien grain wit

Constricticolpate.

h clearly visible columellae, Tricolpate, indistinct and short

Age: Maastrichtian
Class: Proxaperturates (Van der FHlammen, 1956).

Genus: Proxapertites (Van der Hammen, 1956b)
Proxapertifes cursus (Van Hoeken-Klinkerberg, 1966)
BA-17,37Tm
Fig. 17
Description: Proxaperturates pollen grains, reticulate, under the muri
of the lumina are without columellae, semi-tectate

of the reticulum are columellae, but most

Age: Maastrichtian

Class: Stephanocolpates

3).

Genus: Tubistephanocolpites (Salami, 198
(Salami, 1983)

Tubistephanocolpites cylindricus

BA-7,33m

Fig. 5 _

Descriptionz Stephanocolpates pollen, itis circular to sub
colpi with porcs. Exine is smooth.

_circular in outline, encircled by meridionally arranged .

Age: Manstrichtian

Class: Droseracene

Genus: Droseridites (Cookson, 1950 ex. polt;nsioc3 1956).
1

Droseridites senonicus (Cookson,
BA-7,23m
Fig. 22 . . .
Dncrlplion% The species is characterized by inoperturate and spinose pollen grains l:ugt mc.]uc:ﬁcd mdhlmsc
tetrahedral tetrads The grains are prolate, striate and Tricolpate. Theco pl_zfn: slender and long,
the strine arc vcry.ﬁnc, densely packed and situated parallel to the polar axis.

Age: Moastrichtinn

Class: Monoporates
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Genue: ! Manoporites (Cookson, 1930)
N Monoporites anrulatic (Van der Hammen, )9‘-11 .
BA-17.23m
Fig. 61
jon: The species consisis of a sphericel, ofien Sin-walled and river Targe graim. with 2 anglie U
They are characteristics of gasses. :

age: Mastrichtian

pescript

Genut: Monocolpopollcnitcs (Pflug znd Thomson, 1953}

Monocolpopollenites sphaercidires (Pliug snd Themsen, 1911)
BA-17,29m
Fig. 51

Description: Monocolpates copus, spherical in shape.

; Age: Maastrichtian
| PIIOTOMICROGRAPHIS OF PALYNOMORPIIS

ALL MAGNIFICATION IS X 1000

Monocolpites marginatus Psilatricolpaorites Crassus Botryococeus brasnil (A)
Mm dmlﬂgum HNIW ‘)M Booyocotrus braemir (B

Remmeonacolpetes Podlmorem i@

: g SPS BIERNIAL INTERNATTONAL COWEREWCE Q1758 558

Scanned with CamScanner



wwﬂ?fdﬂfpo”"’"‘" Sp- Ctenolophonidites costatus

Germmamonoporiles

Fungal spore (B)

Fungal spore (A) Proxapertiles cursus

bt
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Osmundacidites SP-

Droseridites Senonicus Foveotriletes margaritae

Gyathidites sp. Tricolporopollenites sp.

GlecheniditesSenonicus

Dillm:
€rMusporites simplex Nematosphaeropsis p-

W 968
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Cingulatisporites Ornatus Retitricolporites

mgaperﬁfes chlonovae ~ Rugulatisporites caperatus Auriculiidites sp.

-

Polypodiaceoisporites sp. Charred Graminae Cuticle Echitriporites trianguliformis

Gnetaceaepollenites sp.

Splnizonocolp{tes echinatus Auriculopollenites
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Lgevigatosporites haardli sp. Retitricolporites irregularis

T—

Wﬂu chlonovae Echitriporites trianguliformis Monocolpopollenites sphaeroidites sp
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pocolpites echinatus

B Dzstaverrusporiles simplex Glecheniidites senonicus
§i

Proteacidites Sigalii : Cingularisparites. ornatus sp.

Auriculiidites spp.

Monoporitesannulatus

{9 CONCLUSION

The paper has aptly dwelt on the descriptive systematic Palynology of the various palynoforms recovered from the
Maiganga coal mine situated within the Gombe Formation. The observed and described forms include various Spores

f Pollen grains as wel] as algal spores, totaling 61 species.
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