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ABSTRACT 
Palynological examination of twenty (20) ditch shale samples from sedimentary 
succession penetrated by Akukwa-2 Well at depth interval of 3,296 - 3,850 m was 
undertaken to investigate the occurrence of Palynomorph in the sediments of 
Anambra Basin with a view to determining the age of the sediments and reconstruct 
the depositional paleoenvironment. Standard Palynological procedure was 
followed and the samples were processed using the conventional acid maceration, 
alkali treatment and staining methods. The oxidized residues were sieved with 
5micron nylon sieves using digital Sonifier 450 machine and mounted on glass 
slides with Norland adhesive gel. Laborlux 12 (Ernst Leitz) transmitting light 
microscope was used for identification and counting or the palynomorphs. The 
palynological analysis was done using the population and species of pollen grains, 
spores and dinoflagelate. The analyzed palynological slides yielded forty-nine (49) 
palynomorphs species identify in the ditch samples, forty (40) were Miospores 
(pollen and spores) and nine were Dynocysts. However, some diagnostic forms that 
are stratigraphically useful are present and are used for the palynozonation. 
Delineation of the well section produced three main palynological zones based on 
stratigraphic distribution. Zone 1 characterized by the quantitative base 
appearance of Triorites Africaensis Assemblage indicating Marginal Marine 
paleoenvironment and of Turonian age; Zone 2, marked by Droseridites Senonicus 
assemblage also of Marginal Marine but of Coniacian age, Zone 3, marked by 
Milfordia spp. Acme Zone, purely Marine and of Campano- Maastrichtian age. The 
study further reveled that Palynomorph recovery in Akukwa-2 well was not that 
impressive both in terms of abundance and preservation. In most cases, the 
macerals present seems to indicate high geothermal effect suggesting that some of 
the kerogen might have been overcooked to imply inability to generate 
hydrocarbon or such generated hydrocarbon have turned into carbon. 
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INTRODUCTION 
In this ever-changing economic and political climate, petroleum explorationists and field 
development geologists are being asked to find more oil and develop older reserves [1] This 
increasing search for hydrocarbon has led to the application of improved technologies such as 
the use of Palynology and Paleo-environmental analyses in locating the required stratigraphic 
sequences and structures. The use of improved technologies helps in reducing cost of drilling 
or payback for drilling and production cost [2]. 
 
These technologies will assist in better delineation of paleo-environmental reconstruction, 
chronostratigraphic framework, stratigraphic units and depositional environment. The Benue 
Trough (Fig. 1) is a unique rift feature on the African Continent in that it occupies an intra-
continental position and has a thick compressionally folded Cretaceous supracrustal fill which 
is generally divided into Lower, Middle and Upper Benue Trough [3, 4, 5, 6, 7, 8, 9, 10]. 
 
Palynology was once limited to the study of spores and pollen. However, it has recently been 
extended to encompass other organic-walled microfossils, collectively termed palynomorphs 
[1]. The palynological method had been used to determine the Age and Paleo-environment of 
Gongola Basin [11]. The method was also used on Ubaije-1 well samples to delineate 
stratigraphy, Age and Paleo- environment of Awgu Shale of Anambra Basin [12]. [13] studied 
the occurrence of palynomorphs in the sediments of Anambra Basin obtained from Amansiodo-
1 well and used the results to arrive at the age and paleoenvironment of the Shale Samples. The 
aim of this study is to predict the depositional environment, determine the ages of the 
sediments and chronostratigraphic correlation across the basin. By studying the fossils in many 
wells, a geologic model for the area can be built up. Such paleogeographic maps, combined with 
seismic profiles and other geologic data sets, are the tools used in the search for hydrocarbons.   
 
Location of the Study Area 
The basin is roughly triangular in shape and covers an area of about 40,000 square kilometers 
with sediment thickness increasing southwards to a maximum thickness of 12,000m in the 
central part of Niger Delta. The basin lies between latitudes 5.00N and 7.00N and longitudes 
7.00E and 8.00E. 
 
Anambra Basin is located west of the lower Benue Trough and often considered newest 
formation from the Benue Trough [14]. The basin is bounded to the south by the Niger Delta 
Basin hinge line [15]. It extends north-westward into the Niger valley, northward to the Jos 
massif and north east-ward into Lafia. The eastern and western limits of the basin are defined 
by Abakaliki Anticlinorium and Ibadan massif, respectively [15]. The well of interest falls 
between Longitude 7008’32’’E and Latitude 5054’48’’N as shown in Figure 2. 
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Figure 1: Regional Stratigraphy of the Anambra Basin showing sampling location [16]. 
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Figure. 2: AKUKWA-2 Well Location, Anambra Basin 

 
MATERIALS AND METHODS 

The ditch-cutting samples of Akukwa-2 wells were collected from the Nigerian Geological 
Survey Agency (NGSA) Kaduna. The detailed stratigraphic description of each sample was made 
(Table 1). Stratigraphic and lithologic descriptions were provided for Akukwa-2 well, especially 
those samples that fall within the depth of interest. The standard palynological analysis 
methods of [17, 18, 19, and 11] were used. The samples were processed using the conventional 
acid maceration, alkali treatment and staining methods. These help to concentrate and recover 
the acid insoluble organic microfossils. The oxidized residues were sieved with 5micron nylon 
sieves using digital Sonifier 450 machine and mounted on glass slides with Norland adhesive 
gel. Laborlux 12(Ernst Leitz) transmitting light microscope was used for identification and 
counting of the palynomorphs. The pollen, spores, dinoflagellates, fungal and spores were 
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determined for each sample in terms of abundance and diversity; and were interpreted by 
comparison with established works [20]. Photographs of important palynomorphs were taken 
with Nikon Koolpix P6000 digital camera.  
 

RESULTS AND INTERPRETATION 
Palynology 
The abundance and diversity of Palynostratigraphy of the well section (Table 2) were 
interpreted from the palynomorphs marker species that were recovered in the analyzed 
samples. Palynomorph recovery in Akukwa-2 well is not that impressive both in terms of 
abundance and diversity (Table 2). In most cases the macerals present seems to indicate high 
geothermal effect suggesting that some of the kerogen might have been overcooked to imply 
inability to generate hydrocarbon or such generated hydrocarbon have turned into carbon. The 
analysis also suggests that probably only samples 3,576 and 3,591m that do not show effect of 
overheating. The recovery of pollen and spores is moderate to relatively high in upper segment 
of the interval, while the upper part of the lower segment is poor in Palynomorph abundance 
and diversity. Some diagnostic forms that are stratigraphically useful are present and are used 
for the palynozonation. 
 

Table 1: Lithologic description of the studied interval of AKUKWA-2 Well, Anambra 
Basin 
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Table 2: Abundance and diversity of Palynomorphs groups recorded in AKUKWA-2 well 
Depth 

(m) 
Pollen & Spores 

Diversity 
Pollen & Spores 

Frequency 
Dynocysts 
Diversity 

Dynocysts 
Frequency 

Fungi Spore 
Frequency 

B. Braunii 
Frequency 

3297 9 14 0 0 1 0 

3314 2 6 0 0 0 3 

3346 4 4 0 0 1 8 

3369 13 21 0 0 0 9 

3412 14 19 1 1 0 8 

3474 5 8 0 0 0 7 

3481 6 8 0 0 0 6 

3514 6 8 1 1 0 2 

3543 12 21 2 3 0 6 

3558 11 15 2 2 2 8 

3576 3 7 0 0 0 4 

3591 5 5 0 0 0 2 

3619 9 10 1 1 0 7 

3647 4 4 1 1 0 3 

3689 2 2 0 0 0 1 

3704 0 0 1 1 0 0 

3766 2 2 1 1 1 1 

3793 7 7 2 3 0 3 

3809 7 9 2 3 0 8 

3850 2 3 2 3 0 0 

Total  173  20 5 86 

 

 
Fig.3: Percentage Distribution of Palynomorphs Recovered 
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Biozonation and Age Determination 
Interval:  3,766 m - 3,863 m 
Zone: Triorites africaensis Assemblage Zone 1 
Age: Turonian 
 
Characteristics: the base of the interval is marked by the appearance of Tiorites africaensis, 
Classopollis sp, and Cyathidites sp. The interval is further characterized by relative moderate 
palynomorph abundance, Syncolporites sp, Monosulcate pollen and Tricolporopollenites sp. The 
top of the interval is marked by the top appearance of Triorites africaensis and 
Inaperturopollenites sp. Other forms that appear within the interval include Retimonocolpites 
sp., Zlivisporites blanensis, Monocolpites marginatus, Ulmoideipites krempii, trilete spore, 
Syncolporites sp, Senegalinium sp., Andalusiella sp., Andalusiella polymorpha and Batiacasphaera 
sp. Importantly, Cretacaeioporites spp which also characterize this zone is absent or better 
described to have disappeared before reaching the interval analyzed for this study. Its non-
appearance in the interval suggests that the interval belongs to the upper part of 
Cretacaeioporites spp. acme zone described by [21] for the Eze Aku Formation in Anambra 
Basin, Nigeria. The interval also correlates very well with zone 1 described for the Ubiaja-1 well 
in Anambra Basin, Nigeria [22]. The interval is thus conveniently dated Turonian age; 
stratigraphically equivalent to Eze-Aku Formation deposited in a marginal marine environment 
based on the co-occurrence of Andalusiella spp. and Senegalinium sp. 
 
Interval: 3,689 m - 3,766m  
Zone: Droseridites senonicus Assemblage Zone 2 
Age: Coniacian 
 
Characteristics: The base of the zone coincides with the top of the lower and older zone 
belonging to Triorites africaensis assemblage zone. The top of the zone is marked by the first 
uphole appearance of Cingulatisporites ornatus, Constructipollenites ineffectus, 
Periretisyncolpites magnosagenatus and Longapertites sp. The interval shows paucity of of 
palynomorph while there is no appearance of marker forms that characterize the zone. 
Therefore, the tentative erection of the zone is based on the stratigraphic position and paucity 
of palynomorphs. This characteristic feature was reported in Ubiaja 1 well, Anambra Basin, 
Nigeria [22]. The interval is dated Coniacian age and stratigraphically equivalent to Awgu Shale 
(Table 1). 
 
Interval: 3,297m - 3,647m  
Zone: Milfordia spp. Acme Zone 3 
Age: Campanian 
 
Characteristics: the base of the zone is defined by the appearance of Campanian to 
Maastrichtian forms such as Constructipollenites ineffectus, Periretisyncolpites magnosagenatus 
and Cingulatisporites ornatus. The zone is characterized by well development of Milfordia sp, 
Milfordia jardinei and Auriculiidites spp such as Auriculidites sp and Auriculiidites reticulatus. 
The interval is relatively richer in abundance and diversity of palynomorphs than the older 
zones 1 and 2. 
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The top of the interval is marked by the appearance of Echitriporites trianguliformis, 
Longapertites vaneendenburgi, moderate occurrence of Auriculiidites sp and rare occurrence of 
Milfordia sp. The interval shows relatively moderate to high frequencies of Milfordia spp., 
Auriculiidites spp., and Syncolporites spp. Other stratigraphically significant forms present are 
Proxapertites cursus, Concavissimisporites punctatus, Longapertites marginatus, 
Longapertitesmicrofoveolatus, Syncolporites reymentii, Milfordia jardinei, Auriculiidites 
retulatus, Tricolporopolenites sp., Verrucossisporites sp, Monosulcites sp, Syncolporites 
marginatus, Foveotriletes magaritae, Zlivisporites blanensis, Periretisyncolpites sp., Retidiporites 
magdalenensis, Syncolporites subtilis, Proteacidites spp, Buttinia andreevi, Monosulcites sp and 
Cyathidites sp. The palynomorph assemblage of this interval is similar in part to those reported 
for Campanian to Maastrichtian sediments of Senegal and Cote d’ Voire [23], Longapertites sp 3 
for the upper Benue trough, Nigeria [24], for the Nkporo Shale in the Orekpekpe-Imiagba area 
of Anambra Basin, Nigeria [25], and the Nkporo Formation delineated in the Ubiaja-1 well, 
Anambra Basin, Nigeria [22]. 
 
Therefore, the interval is conveniently dated Campanian age based on the top occurrence of 
Echitriporites tranguliformis reported not to range beyond Campanian age [24] and also based 
on the continuous quantitative occurrence of Milfordia spp and Auriculiidites spp. [26]. Thus, the 
interval is stratigraphically equivalent to Nkporo Shale. The sediments were deposited in 
deltaic to marginal marine setting based on the absence and presence of dinoflagellate cysts 
respectively (Table 3).   
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Figure 4: Photomicrograph of some palynomorphs recovered from Akukwa-2 well, Plate 1. 
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PLATE 1
1 Echitriporites trianguliformis Van Hoeken-Klinkenberg, 1964
2 Cyathidites sp 
3 Longapertites marginatus Van Hoeken-Klinkenberg, 1964
4 Tricolpites sp
5 Monosulcites sp 1
6 Triorites africaensis Jardine and Magloire, 1965
7 Cyathidites sp
8 Stephanocolpites costatus
9 Syndemicolpites typicus Van Hoeken-Klinkenberg, 1964
10, 11 Tricolporopollenites sp. S. 152 in Jardine and Magloire, 1965
12 Auriculiidites sp Elsik, 1964
13 Senegalinium sp Lawal, 1982
14 Constructipollenites ineffectus Van Hoeken-Klinkenberg, 1964
15 Tricolporopollenites sp in Jardine and Magloire, 1965
16 Senegalinium sp 5 Lawal, 1982
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Figure 5: Photomicrograph of some palynomorphs recovered from Akukwa-2 well, Plate 2 
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Figure 6: Photomicrograph of some palynomorphs recovered from Akukwa-2 well, Plate 3. 
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PLATE 3
1 Stephanocolpites sp
2 Senegalinium sp Lawal, 1982
3 Syncolporites subtilis Boltenhagen, 1976
4 Senegalinium sp 5 Lawal, 1982
5 Andalusiella sp Lawal, 1982
6 Tricolporopollenites sp. S. 152 Jardine and Magloire, 1965
7 Isabelidinium sp Lawal, 1982
8 Senegalinium sp
9 Dinocyst
10 Milfordia sp Ola-Buraimo and Akaegbobi, 2013b
11 Retimonocolpites sp
12 Triporites sp
13 Proteacidites sp. 5 Lawal, 1982
14 Retidiporites magdalenensis Van der Hammen and Garcia, 1966
15 Indeterminate pollen
16 Graminidites sp Jardine and Magloire, 1965
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Figure 7: Photomicrograph of some palynomorphs recovered from Akukwa-2 well, Plate 4. 
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PLATE 4
1 Monosulcites sp 1 Lawal,1982
2 Longapertites marginatus Van Hoeken-Klinkenberg, 1964
3,4 Longapertites marginatus Van Hoeken-Klinkenberg, 1964
5 Periretisyncolpites sp Ola-Buraimo and Akaegbobi, 2013b
6 Monosulcite sp
7 Monocolpites marginatus Van der Hammen, 1954
8 Milfordia sp Ola-Buraimo and Akaegbobi, 2013b
9 Tricolpites sp
10,15 Retidiporites magdalenensis Van der Hammen and Garcia, 1966
11,12 Retimonocolpites sp Lawal, 1982
13 Cyathidites sp
14 Inaperturopollenites sp Jardine and Magloire, 1965
16 Batiacasphaera sp in Lawal, 1982
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Figure 8: Photomicrograph of some palynomorphs recovered from Akukwa-2 well, Plate 5. 

PLATE 5
1 Monocolpites sp 3 Lawal, 1982
2 Buttinia andreevi  Boltenhagen, 1967
3 Retitricolportes sp
4 Monocolpites marginatus Van der Hammen, 1954
5,6 Syncolporites sp
7 Tricolpites sp
8 Monoporites sp
9 Echitriporites trianguliformis Van Hoeken-Klinkenberg, 1964
10 Zlivisporites blanensis Pacltova, 1961
11 Leiotriletes sp
12 Periretisyncolpites magnosagenatus Kieser and Jan du Chene, 1979
13 Longapertites vaneendenburgi Germeraad et al, 1968
14 Milfordia jardinei Hochuli, 1979
15 Verrucatosporites sp
16 Tricolporites sp
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Table 3: Akukwa -2 Well Chart 

 
 

EHITRIPORITES TRIANGULIFORMIS

LONGAPERTITES MARGINATUS

CONSTRUCTIPOLLENITES INEFFECTUS

TRIORITES SP.

CYATHIDITES SP.

LONGAPERTITES VANEENDENBURGI

TRICOLPITES SP

AURICULIIDITES SP.

MILFORDIA SP

SYNCOLPORITES SP

PROXAPERTITES CURSUS

TRICOLPOROPOLLENITES SP.

CONCAVISSINISPORITES PUNTATUS

LONGAPERTITES MICROFOVEOLATUS

TRICOLPOROPOLLENITES SP. S. 152

SYNCOLPORITES SUBTILIS

MONOCOLPITES SP.

SYNCOLPORITES REYMENTII

LONGAPERTITES SP. 3

MILFORDIA JARDINEI

AURICULIIDITES RETICULATUS

MONOSULCITES SP.

VERRUCATOSPORITES SP.

MONOCOLPITES MARGINATUS

LAEVIGATOSPORITES SP.

STRIATOPOLLIS BELLUS

RETIDIPORITES MAGDALENENSIS

FOVEOTRILETES MARGARITAE

ZLIVISPORITES BLANENSIS

PERIRETISYNCOLPITES SP.

CINGULATISPORITES ORNATUS

PROTEACIDITES SP. 5

BUTTINIA ANDREEVI

SYNCOLPORITES MARGINATUS

PERIRETISYNCOLPITES MAGNOSAGENATUS

INAPERTUROPOLLENITES SP.

ULMOIDEIPITES KREMPII

RETIMONOCOLPITES SP. 2

SYNCOLPORITES IFEENSIS

ANDALUSIELLA SP.

SENEGALINIUM SP.

SUBTILISPHAERA SP.

SENEGALINIUM SP. 5

SENEGALINIUM SP.

DINOFLAGELLATE CYST

BATIACASPHAERA SP.

ANDALUSIELLA POLYMORPHA

BOTRYOCOCCUS BRAUNI

FUNGAL SPORE

3,
29

7
1

1
1

1
2

1
1

5
1

1
18

11

3,
31

4
4

1
3

9
4

3,
34

6
1

1
1

1
12

1
17

6

3,
36

9
1

1
1

4
1

1
1

2
1

4
2

1
1

9
31

15

3,
41

2
1

1
1

1
1

3
2

1
1

1
1

1
3

1
10

31
17

3,
47

4
1

1
1

3
2

7
14

6

3,
48

1
2

1
1

1
2

1
6

15
8

3,
51

4
1

1
1

2
1

2
1

2
14

9

3,
54

3
1

1
2

3
2

1
1

2
1

4
1

2
2

1
6

39
19

3,
55

8
3

1
1

1
1

1
1

2
2

1
1

1
1

15
2

35
16

3,
57

6
2

4
1

4
13

6

3,
59

1
1

1
1

1
1

2
9

8

3,
61

9
1

1
1

2
1

1
1

1
1

1
7

19
12

3,
64

7
1

1
1

1
1

3
10

8

3,
68

9
1

1
1

5
4

3,
70

4
1

1
1

3,
86

6
1

1
1

1
7

5

3,
79

3
1

1
1

1
1

1
1

1
2

3
18

11

3,
80

9
1

2
1

2
1

1
1

1
2

8
24

11

3,
86

3
2

1
1

2
15

6

PA
LE

O
EN

VI
RO

N
M

EN
T

PALYNOMORPH ABUNDANCE

O
TH

ER
S

AG
E

PALYNOMORPH DIVERSITY

DEPTH(M)

LITHOLOGY

FORMATION

PO
LL

EN
 A

N
D 

SP
O

RE
S

DI
N

O
FL

AG
EL

LA
TE

 C
YS

T

PA
LY

N
O

LO
G

IC
AL

 
ZO

N
ES

 
CH

AR
AC

TE
RI

ST
IC

S 

Th
e 

zo
ne

 is
 ch

ra
ct

er
iz

ed
 b

y 
qu

an
tit

at
iv

e 
oc

cu
rr

en
ce

 o
f M

ilf
or

di
a 

sp
, M

ilf
or

di
a 

ja
rd

in
ei

 in
 

as
so

ci
at

io
n 

w
ith

 co
nt

in
uo

us
 o

cc
ur

re
nc

e 
of

 
Au

ric
ul

iid
ite

s s
p.

, A
ur

ic
ul

iid
ite

s r
et

ic
ul

at
us

, 
Lo

ng
ap

er
tit

es
 ve

ne
en

de
nb

ur
gi

; r
es

tr
ic

te
d 

w
ith

in
 

th
e 

zo
ne

 ar
e 

Ec
hi

tr
ip

or
ite

s t
ria

ng
ul

ifo
rm

is
, 

Lo
ng

ap
er

tit
es

 va
ne

en
de

nb
ur

gi
 an

d 
qu

an
tit

at
iv

e 
oc

cu
rr

en
ce

 o
f S

yn
co

lp
or

ite
s s

pp
. T

he
 to

p 
of

 th
e 

zo
ne

 is
 m

ar
ke

d 
by

 q
ua

nt
ita

tiv
e 

ab
un

da
nc

e 
of

 
pa

ly
no

m
or

ph
s 

 

M
ilf

or
di

a 
sp

p.
 

Ac
m

e 
Zo

ne
 

CA
M

PA
N

IA
N

 
TO

 
EA

RL
Y 

M
AA

ST
RI

CH
TI

AN
 

 

M
AR

IN
E 

M
AR

G
IN

AL
 

M
AR

IN
E 

_-
_-

-_
-_

__
---

__
--_

--_
_-

-_
--_

-
---

__
---

__
---

-_
--

-_
_-

--_
--_

_-
--

__
---

-_
_-

-_
_-

---
--_

---
__

---
-_

_-
--

-_
__

---
--_

_-
---

__
--_

_-
-_

__
-

__
__

-_
__

--_
-_

-

_-
-_

-_
-_

-_
__

-
__

---
-_

_-
--_

-_
--

-_
---

-_
_-

---
-

__
_-

---
__

__
---

-

__
---

-_
__

---
__

_-
--_

__
---

-_
--

--_
_-

---
-_

_-
---

_-

---
--_

_-
---

-_
_-

---
-_

---
--_

__
---

---
-

__
-_

---
__

--_
_-

--
-_

_-
---

__
---

-

__
_-

--_
---

--_
_-

-

---
__

--_
_-

---
-_

--
---

--_
---

__
---

-_
--

--_
-_

---
---

_-
---

__
_-

--_
-_

--_
_-

-

__
--_

_-
--_

_-
-

__
---

__
--_

_-
---

-
__

---
-_

_-
---

__
--

--_
_-

--_
_-

---
-

__
---

__
---

-_
_-

--

-_
_-

---
__

---
-_

---
-_

---
--_

---
-_

_-
---

__
---

-_
_-

---

__
__

---
-_

__
_-

--
---

-_
_-

-_
--_

---
_-

---
__

---
-_

---
__

--
---

-_
_-

---
__

---
-

_-
---

-_
__

_-
---

-

__
---

__
---

--_
---

__
--_

---
__

-_
_-

- 

N
KP

O
RO

 
SH

AL
E 

Tr
io

rit
es

 
af

ric
ae

ns
is

 
As

se
m

bl
ag

e 
Zo

ne
 

D
ro

se
rid

ite
s 

se
no

ni
cu

s 

As
se

m
bl

ag
e 

Zo
ne

 

N
KP

O
RO

 
SH

AL
E 

N
KP

O
RO

 
SH

AL
E 

Tu
ro

ni
an

 

Co
ni

ac
ia

n 
N

ot
 p

ar
tic

ul
ar

ly
 c

ha
ra

ct
er

iz
ed

 b
y 

di
ag

no
st

ic
 fo

rm
s,

 ra
th

er
 

ba
se

d 
on

 it
s 

st
ra

tig
ra

ph
ic

 p
os

iti
on

 a
nd

 p
au

ci
ty

 o
f m

io
sp

or
es

 

In
te

rv
al

 m
ar

ke
d 

by
 th

e 
oc

cu
rr

en
ce

 o
f T

rio
rit

es
 

af
ric

ae
ns

is
 in

 as
so

ci
at

io
n 

w
ith

 C
la

ss
op

ol
is

 sp
, 

Re
tim

on
oc

ol
pi

te
s s

p,
 M

on
oc

ol
pi

te
s m

ar
gi

na
tu

s,
 

Sy
nc

ol
po

rit
es

 sp
 an

d 
U

lm
oi

de
ip

ite
s k

re
m

pi
i 



 
 

  
 
 

356 Services for Science and Education – United Kingdom 

Vol. 11, Issue 3, June-2023 European Journal of Applied Sciences (EJAS) 

Table 4: Summary - Akukwa-2 well Palynozones 
Sample No Depth (m) Palynozones Age Paleo-Environment 

AKU 1 – AKU 14 3,296 – 3,647 Milforda spp          
Acme Zone 3 

Campanian to Early 
Maastrichtian 

 
Marine 

 
AKU 15 – AKU 16 

 
3,689 – 3,704 

Droseridites Senonicus  
Assemblage Zone 2 

 
Coniacian 

 
Marginal Marine 

AKU 17 – AKU 20 3,866 – 3,850 Triorites Africaensis 
Assemblage Zone 1 

Turonian Marginal Marine 

 
CONCLUSION 

Twenty samples collected from a shale sequence in an upward order are composed mainly of 
dark grey to black silty shale facies with intercalated mudstone and sandstone. Palynological 
analysis indicates that the samples contain a relatively high abundance and diversity of 
palynomorphs. The entire sequence is dated Campanian to Maastrichtian based on the 
maximum development of Botryococcus braunii; thus, the sequence belongs to Milfordia spp 
acme zone characterized by strong development of Indeterminate pollen, Monosulcite sp. 
Milfordia sp. Longapertites marginatus and Tricolporopollenites sp. based on distinctive 
palynomorph assemblages in particular and sedimentation pattern in relation to sea level 
changes. 
 
The lower part of the studied Nkporo Shale is characterized by relative quantitative occurrence 
of indeterminate pollen, associated with rare occurrence of Botryococcus braunii, Monosulcites 
sp, Senegalium sp, batiacasphaera sp. deposited in marginal marine setting. The samples (15-
20) with interval 3,689-3,863m are suggested to belong to Campanian age. 
 
The middle section (samples 8-14) is characterized by moderate abundance and continuous 
occurrence of Botryococcus braunii, Monosulcites sp. and Milfordia sp. compared with the 
underlying section dated Campanian. Other forms present are Perireisyncolpites sp, 
Syncolporites subtilis, Tricolpites sp. And indeterminate pollen different forms of dinocysts and 
microforaminiferal wall lining. The sedimentation pattern is mainly deposited in marginal 
marine environment, therefore suggested to belong to Late Campanian age. 
 
The upper section (samples 1-7) dated Campanian to early Maastrichtian is based on high 
abundance and diversity of palynomorphs; marked by maximum development of Botryococcus 
braunii, Milfordia sp. moderate frequency of indeterminate pollen and Tricolpites. It is further 
characterized by a deepening marine paleo-environmental setting, within which is the location 
of maximum flooding surface. 
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