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THE Abakaliki and Anambra basins are tectonic
subdivisions within the Southern Benue Trough with
over 5.000 meters of Cretaceous sediments resting
unconformably on the Precambrian complex (Text-figure
1). The sediments of these two basins consist of
sandstones, limestones, paralic shales and coal measures.
Detailed stratigra phic work has been presented by
various workers (Reyment, 1964, 1965: Murat, 1972;
Dessauvagie, 1975; Peners, 1982; Peners & Ekweozor,
1982; Benkhelil, 1988) for the Benue Trough. The views
expressed by some of the workers regarding the
stratigraphic succession in the Benue Trough are
summarized and shown in Text-figure 2. In the Anambra
Basin, the post-Santonian sequences, separated by
unconformity from the underlying Cross River Group,
are the fluvio-deltaic sandstones of Owelli, Afikpo anel
Ajali formations; and the paralic shales of Enugu, Nkporo
formations and the Mamu and Nsukka coal measures.

The Nkporo Shale outcrop of the Anambra Basin,
exposed in a section along the Enugu-Umahia Express
Way at 84 km point (Text-figure 3), comprises alternating
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shales and sandstones. The shale samples yielded a
rich assemblage of pollen and spores, dinoflagellate
cysts, a few algae, and chitinous inner-tests (linings) of
microforaminifera. We present here palynostratigraphy
and interpret the depositional environment of the Nkporo
Shale outcrop within the Anambra Basin.

LOCALITY AND LITHOSTRATIGRAPHY

Although several outcrops encountered along the
Enugu-Umahia Express Way berween latitudes 5°37'-6°27'
N and longitudes 7°30'-37°0' E (Text-figure 3), only one
section at 84 km point (5°47'51" : 7°23'51") was selected
for the present communication because of its being

relatively thicker (28 m) than the others (at km 1, 2 and
8), and less exposed due to the top soil cover. The
basal part of about 20 m comprises highly fissile,
carbonaceous, gypsiferous, black and grey shales with
marl and siltstone nodules. The sequence is capped by
about 8 m thik alluvium. Four samples, mostly carbonaceous
shales, at an approximate interval of 4 m were collected
for the present investigation. The details of the section,
and sampling intervals are given in Text-figure 4.

PALYNOSTRATIGRAPHY

In recent years, palynology has gained increasing
importance in Nigeria, especially in the oil industry
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ever since its applicltion in stratigrarhy. In the Nigerian
Petroleum Industry. hulk of the work, although largely
unpublished (Evamy el al.. 1975), is concerned with
Tertiary sediments of the Niger Delta. The pollen zones
~Ind suhzones proposed for the Tertiary of the Niger
Delta by Evamy el al. (1975) are actually represented
hy alphabetical-numerical codes (P200-P900) rather than
the usual index-marker pollen species.

Recently. Rao and Kumaran (988) reviewed the
important published data on the Mesozoic and Cenozoic
plant life in Nigeria documented from outcrops and
bore-holes. The first ralynological rerort on Late
Cretaceous sediments of Nigeria is from the subsurface
of the Anambra Basin (Van Hoeken-Klinkenberg, 1964).
The subsurface samples were from the bore-holes that
renetrated the uppermost Enugu Shale-Formation and
the Lower and Upper Coal Measures. Other reports of
Late Cretaceous palynofloras from Nigeria are mostly
from other sedimentary basins (Benue Valley-lVlebradu,
1982; lawai & lVloullade, 19B6;Jan du Chene el at., 1978a;
Benin Basin-Jan du Chene. 1977; Jan du Chene el at.
197Bb: soutlnvestern Nigeria-Jan du Chene, 1980;
Okosun, 1990). Though there are a few palynological
reports (Salami, 1985: Mbuk el at, 1986) from the
Anambra Basin proper, no detailed palynostratigrarhic
work has heen done so far particularly on the outcrop
sections and as such it serves to compliment the available
dar,l f'or hiostr~1tigl-aphy of this basin.

8" 00

o Towns

",\

'-. "","

= Other Roads

I
i

ABAKALIKI TROUGH

I

I
\

/ ..

Enugu

7" 26'

- Old Enugu-Umahia Road ==. Enugu-Umahla ExpreSliway

_ •. - StateBoundery @ Sample location

6' 00'

5- 31'

6" 27'

Text-figure 4--1JislrJl,Lllloll l'il'll'l or p,lI) llol11orphs rl'ccll lTC'll lrol11 lhl' "'~r()ro ~h,\Ic' ()UllT"P a[ H..\ kill r"illi.

I·o

OCli
wZ
.... 0
.... 1-

~~
u<_....

W zllo.
< <0o 011:
.... II: U
< oi

~ ..
Ol-

E 'i-

~
=>-.. ""' ..

~
~el~
c5B tIS:

••• 11

·111··1·I

•• I.

POLLEN

+.1.11111.1 +1.III

SPORES
I I I - ILOCATION

SECTION AT KM 84,

ENUGU4JMAHIA

EXPRESS WAY

c::;:;-o-=-=_-_:=\..------jEu 191 I •• +. I. I I I
= = 00

I
~ ~ ~

. i '5 • ~ >i
Or'"l LEGEND §; ~ i ~ ~ ~ .: _ ;

• RARE .!! ~ ~ III ~ j ~ ~ ~ ~ " f ~ ~ 8~ - I ~ !! t
I FREQUENT • ~ ... i , ::0.. ". c "5 ~ • i . t • ~ ~ t ~ ... Ii l:;; 3 ~ I
+ COMMON ~ . ~ J ] ~ l! 1 ~ ~ j ~! il j .go ~ ~ ~ ~ 00 ~ a ~ J t I ~ ~ ~ i ~ ~ i i !: -a

4 ~ • 0 ABUNDANT g. ~ n ~ np "- ~ ~ g. g. ~ ~ '" ~ d' ~ I ~ ~ eo ~ eo H I ~ ~ g. :- ~ i ~ ; ~ d l .p ~ §
~.g.I~~~ll~l:II:~~ ~~;jl{t~g.~e~jj.~~jii~I.:~8je~~f~

. .. 1I1111111111111II 1111111111111I111I111111I11I11118, ~~~~~!Aga~~Jl~t~~ ~~!SG~~j!!3iii~££~l~l~~~1~~i~!~~

Eu 21 + • + I I • I I + •• I I + I • • I.. • I + 0 • Z
<
1=
J:

-----lEu 20 + • I I I I I I I + I I I + •• I I. I I ~
l­
V)

~
:::E
>­....

•• 111:
<w
Z
<
Z
<
llo.
:::E
<
U
w
!;i....28-- - - - - -

16

000 0
24-lt--..----------

00==0.-_-_- -\--jEU17I/ ••• I • •• 1 ••• / 0 .1 •••• 1.11.1+1·.
=_=_=_=_o~

20

V) V)
V) II:ww
ZI­
:.:w
U:::E
i':z
1--



KUiVIARAN & EDET-PALYNOSTRATIGRAPHY OF LATE CRETACEOUS NKPORO SHALE 375

PALYNOFLORA OF THE NKPORO SHALE

All the four shale samples of the section were richly
fossiliferous. The majority of the palynomorphs recorded
from the outcrop section are a ngiosperm pollen (mostly
of unknown botanical affinity) dominaled by
monocolpate genera such as LCi71[!,apertilcs (PI. 1. figs
5, 17), M0710culpopollclliles. Ecbil11ol1ocolpiles and
RetimonocolpilCS. Others include Foveol11onocolpitcs,
Praxapertilcs and Gemmazonocolpiles. Also significant
are pollen of other groups. such as tricolpates.
syncolpates. trichotomosulcates, demicolpates.
hexa porotricol pates, stephanocol pa tes, tricolporates.
syncolporates. monoporates. diporates and triporates.
The gymnospermous pollen are represented hy
tpbcdripiles, Monocolpiles :Jncl Arallcarlaciles with
pollen of uncel1ain gymnosperm or angiosperm affinities
(SrivastJ va, 1975). such as lnaperillrapolleniles ~l nd
Clauul ipollcn ilcs

The pteridophytic spores are dominated by trilete
genera, such JS Lygodiumsponfes. Cleicheniiclites,
Distauerntsporites. Dict)!opbyllidites, Densoisporilcs,
Foueolrilclcs, Tnpla no,lporiles. Lycopodi11111.IpOritcs,
Vcrmcosisporltes and Z/iuisporis (= Trzpora/elcs) Only
one monolete genus, lIerrucosisporiles, was recovered
Spores of Salviniaceae (aquc](ic pteridophytes) were
also recovered which include Azol/a and
A riadnaesporites.

Green alga Pediastrum and the Prasinophycean
(planktonic) alga-Plerospermopsis represent the algal
contents of the palynological assemhlage

Dinoflagellate cysts ,vere also abundant in the
palynological assemhlages but with less diversity. Among
the characteristic dinoflJgellates, Gonyaulacysla.
Palaeocyslodiniu 117, Cerodinilll11 Dejlandrea and
Spinileriles dominate the microplankton assemhlage

Of the four samples of the section, the pollen
assemblage of sample EU 17 is characterized by the
occurrence of 5ynco/poriles hO/lenhagcni (PI. 1, fig 7).

Tricolporopo!!enites sp. S-299 of LawaI and Moullade
(1986), MOl1oco/popo//enites sphcroldiles and
Periretisvncolpites pbospbaliCits (PI 1, fig 8) Significant
spores include Lycopodiumsporites palaeocenicus with
rare occurrence 01' Zliuisporis b/ancl1sis (PI. 1, fig. 14).
Spores of Salviniaceae (PI 1, fig. 18) are also rare.
while algae occur abuncl8ntly. Peridinoid dinoflagellates
have a greater frequency of occurrence than the chorate
cysts (skolochorJ te)

Samples EU 19, 20 and 21 are almost similar in
spore-pollen composition. The main characteristics are
the frequent occurrence of Echimonoco/piles dcnslts,
Monocolpitcs marginalus (PI 1, fig. 16), Syndcmicolpites
Iypicus (PI. 1, fig. ]0) and rare occurrences of
Periretisynco/pitcs magnosagenalus (PJ 1, fig. 12)
Echimorphomo71oco/piICS sp (PI. 1, fig. 20) is common

in these s<lmples especially in EU 21. Foucolrileles
111 a'pprilae, Distm 'erl1lsporiles simplex and DcnsOl,lporiles
jal71alcllsis are the characteristic spores of the
assemblages. Ariadnaesporilcs sp. is frequent to t:ornmon
in the sJmples PedlaslrUin occurs abuncbnrly in sJmple
EU 21 while microplanktons are rare. The relative
frequency of occurrence of palynomorphs from thi.s
outcrop section is shown in Text-figure 4.

Since most of the palynomorphs recovered from
the Nkporo Shale are known and well il1ustrJted in
earlier palynological literature no separ~1te attempt has
been made to descrihe: [hem individually' Ho\vever,
selected forms along with their registration numbers
are illustrated in Plate 1 The slides have heen deposited
in the p~.ilynological collection of the Department of
Geology, University of Calahar. Nigeria

AGE OF THE NKPORO SHALE

The palynoflora I assemblages recovered from four
samples from different levels of the: section show a
close similarity in composition and therefore appear to
be a single chronostratigraphic unit outcropping at 84
km point on the Enugu-UI11~lhia Express Way The
str:ltigraphically significant spore-pollen which dominate
the assemblage are Cin/l,ltlalisporilcs orllatus.
f.)c71soisporiles ja malellsis. Distaucrrtl,lporiles simp/ex.
Foucolrileles margarilae. l.ycopodium,lporitcs
pa/aeocenicus, ~lnd t:cbimo71oco/piICS clensus.
L071p,apertites sp. 3 of lawaI and fvJoullade (986),
Mo nocolp it es 117 clIj!,in alliS. Mc!Ilocolpopo!!c n itcs
spberoiditcs. Perirctisynco/piles phosphat iclts. P
magnosagc71alus, 5yndemicolpilcs tJPicus, Syncolporitcs
ho/tenbageni. Tricolporopol!enites sp. S-299 of Jardine
and Magloire (1965), ReliclljJorites l17agdalensis ~lI1d

h'chitriporiles trimzgu/ijormis These palynomorphs have
been reported from the Clmpanian and Maastrichtian
sediments of Nigeria. Senegal, Ivory Coast, Cameroon,
Egypt and Tndia (Jardine & MagJoire. 1965;Jan du Chene,
1977, 1980; Jan du Chene el a/., 1978c; Salard­
CheboldaeH, 1979; I3aksi & Deh. 1981. Salami. 1984h,
198'5; Lawai & Moullade, 1986; Schrank, 1987a. b, 1992;
Schrank Perch-Nielsen. 1985; Okosun, 1990,
Venkatachala et ct!, 1993)

Jardine anel Magloire (1965) described a Campanian
assemblage in their Sequence IV from the Senegal and
the Ivory Coast hasins ch:1facterized by the presence
of S)!l1colporites forma B (SCI. l'/f6). Tricolpiles sp. (=

S.261) anel Tricolporopol!cl1itcs sp (= S 299). Tn western
Nigeria, Jan elu Chene et a/ (1978c) described for the
first time 5Vnco1porites ho/tc71bagcni which resembles
the CJmpanian specimens of Sl'ncolporites forma 13 of
Jardine and Magloire (965) S bo/tenbagelli occurs
he low the Maastrichtian which may indicate its
appearance in the Late Campanian. In eastern Nigeria.
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Lawai and Moullade (986) described a Campanian­
Early Maastrichtian assemblage as their Longapertiles
sp. 3 assemblage zone from the Upper Benue Valley
Monoeolpites marginatus, Reliefzporites magdalensis.
Periretisyneolpites spp. and rare specimens of Buttinia
andreeua were considered characteristics of Early
Maastrichtian, and Syncolporites suhtilis (PI. 1, fig. 19),
Aurieuliidites retieulatus and Monoeolpopollenites
spheroidites were considered as markers of the
Cam panian. Hence the assemblage from the outcrop
of the Nkporo Shale studied here is assigned to a Late
Campanian-Early Maastrichtian age.

DEPOSITIONAL ENVIRONMENT OF
NKPORO SHALE

The palaeoecological interpretation is oased on the
spore-pollen composition and spore-pollen/dinocyst ratio
(Text-figure 5). Based on the above criteria, a brackish
swamp environment of deposition is suggested for the
outcrop section of the Enugu-Umahia Express Way
Although most of the palynomorphs encountered are
of unknown botanical affinities, in general the
assemblage has a dominance of angiospermous pollen.
Pteridophytic spores and gynospermous pollen are less
significant. The spores are less diverse, being mostly
triletes with herbaceous mangrove fern (Aerostie!.Jum sp.)
affinities. The more diverse pollen assemblage is
dominated by monocoJpates, such 3S Longapertites spp ..
Monoeolpopollenites sp .. and M0110colpopollenites
marginatus, Triehotomosuleites sp., and Proxaperli!es
spp. These pollen have been attributed to the mangrow
palms (Adegoke et a!., 1978; Salami. 19840: Frederiksen.
1985) Eehimonocolpites densus has a close resemblance
to 'Mauritia' (Jl!lauritiidiles sp.) and 'Nypa'
(Spinozonocolpites sp.) pollen (Schrank, 1987b) This
suggests a relationship of 1:..' densus to core mangrove
or peripheral mangrove palms.

Consistent occurrence of dinocysts in association

Sample RElATIVE ABUNDANCE DEPOSITIONAL

No. RATIO (%) ENVIRONMENT

100 MrOSPORES 0,.
I

t i
.0 MICROPLANKTONS 100

I--

Eu 21 •

Eu 20

~ BRACKISH
SWAMP

Eu 19

Eu 17

----
TeXI·figure 5-lkl.llivt: ethUlldet'Hc (Olflll .fll<1 dcposiliOIl.lI

environment of the Nkporo Shale outcrop.

with spore-pollen is usually indicative of brackish to
marine conditions (Upshaw, 1964; Tschudy & Scott,
1969), In addition, the majority of dinoflagellate cysts

PlATE 1 -+

(All magnifications ca x ')00)
1. Relidiporiles makdalensis Van der Hammen &. Garcia de MUlis

196'): Slide no. EU 17.22
2. J'dilfordia jarclinei Hochllii 1979. Slicle no. Ell 1715
3. Perlrelisyncolplles glganleus Kieser &. Jan clll Chene 1979: Slide

no Ell 21.2.
4. Baqllnporiles orluensisJan du Chene el al. 19715: Slide no. Ell

19.8.
5. Longap!'rilles sp. 3 sensu Lawai and i\loullade. 19li(,: Slide no.

Ell 21.4
6. Tlihisiephanocolpiles cvli'1driCliS Salami 1984: Slide no. Ell 175.
7 SVJlcolponles hotlenbageni Jan du Chene 1978: Slide no. EU

20.1.
8. Perirelisyncolpiles phospbalicus Schrank 1987: Slide no. Ell

20.3.

9 Trichololl2osulciles sp. 1 sensu Lawai &. Moullade. 1986.
10 SY11demicoljJileS lypiCIIs, V.H,K, 1964; Slide no. Ell 196.
11 Echilncolpiles sp .. Slide no. Ell 17.5.
12. PerirelisYJlcolplles nWfJl1.osagenallls (V.H.K.) Kieser & Jan (Iu

Chene 1979: Slide no. Ell 20.2
13 Ephedrepiles Slrolnlaceus (Kuyl el al.) Salami 1984; Slide no

EU 195
H. Zlioisporis hlClnensis Pacltova 1961; Slide no. fll 199
15. Ecbilriporiles Inal'lgulifonnis V.H.K 1964: Slide no. ElJ 177
16. klonocolpiles marginal/.lS Van der Hammen 1954: Slide no. Ell

196
17 LOl/gaperliles marp,in({/us V.H.K. 1964: Slide no. Ell 17.9.
18. Ariadnaesporiles spinosus (Elsik) Hills 1967; Slide no. Ell 19.1.
19. S)'ncolporlles sllhlitis Boltenhagen 1976; Slide no. EU 17.3.
20. Ecbill201phomo11owipiles sp, Slide no. EU 21. 5.
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recovered possess short apical processes which are
considered (Mebradu. 1982) to be characteristic of
dinoflagellate cysts in the brackish-swamp environment.

The presence of aquatic ferns Azalla cretacea and
Ariadnaesporites spp. (A nigeriensis and A
!ongiprocessum) of Salviniaceae in association with green
alga Pediastru111 in th.e Nkporo Shale indicates a
freshwater source and they were probably transporred
to the brackish swamp environment through channels
at the time of deposition. Recent forms of these plants
inhabit fresh water lakes, ponds and rivers. Such an
environment is further supported by the presence of
grey shales with abundance of rootlets. cuticles and
other organic fragments (Griggs. 1966; Mebradu, 1982).

Among 50 palynomorphs (excluding dinoflagellates
and acritarchs) recorded from the Nkporo Shale outcror.
the majority of them belong to the mangrove palms
and fern taxa, which have been preViously reported
from the Late Cretaceous to Early Teniary sediments of
the tropical-subtropical regions In West Africa. northern
South America and the Indian subcontinent (Germeraad
et aI, 1968; Frederiksen, 1985; Schrank, 1987b; Baksi
& Deb, 1981). Thus, it has been concluded that Nkporo
Shale was deposited in a mangrove swamp under the
prevailing humid tropical climate with terrestrial and
freshwater sources.
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