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Abstract

A palynological study of 84 cutting samples from Cape Three Points 1 (CTP-1) well in the Tano basin
allows the identification of three biozones based on the First Appearance Datum (FAD) and Last
Appearance Datum (LAD) of stratigraphically significant sporomorphs taxa recovery. These are
Elateropollenites jardinei - Reyrea polymorphus Zone, Elaterocolpites castelainii - Afropollis jardinus
Zone, and Cretacaeiporites polygonalis — Classopollis classoides Zone, which permit an age assignment
of early — middle Albian, late Albian - early Cenomanian and late Cenomanian respectively.

The diagnostic miospores from the samples are characteristic of the Albian-Cenomanian Elaterate
paleofloral Province in a semi-arid to arid climate, with sediments yielding mixed kerogen assemblage
which reflects a marginal marine or nearshore environment.

Four palynofacies assemblages (P-1 to P-4) and kerogen types identified indicate deposition under
marginal dysoxic-anoxic basin (kerogen type III), shelf to basin transition (kerogen type III/II), a distal
suboxic- anoxic basin (kerogen type II>I) and distal dysoxic-anoxic shelf (kerogen type II) conditions
respectively. Thermal maturity values obtained from colour changes of psilate spore (Deltoidspora,
Cyathidites) reveal that samples from P-1 and P-2 are within immature phase and P-3 and P-4 are
mature.

Keywords: Palynofacies; Ghana, Cretaceous,; Thermal maturity,; Palynology,; Kerogen.

1. Introduction

The Tano Basin is located on the easternmost portion of the Cote d’Ivoire Basin. It is
bounded by the Saltpond Basin in the east and the St. Paul Fracture Zone in the west. The
Tano Basin covers an area of about 3000km?2, with an onshore extent of about 1165km?2 [1]-
The basin is part in the Gulf of Guinea Province which also includes the Saltpond, Cote d'Ivoire,
Keta, the Benin Basins and the Dahomey Embayment in the northwestern part of the Gulf of
Guinea (Fig. 1). The Gulf of Guinea according to [2]1 was formed at the culmination of Late
Jurassic to Early Cretaceous tectonism that was characterized by both block and transform
faulting. This faulting was superimposed on an extensive Paleozoic basin during the breakup
of Africa and South American paleocontinents. The province has thus, undergone a complex
tectonic history which is divided into pretransform (Late Proterozoic - Late Jurassic), syn-
transform (Late Jurassic — Early Cretaceous), and posttransform (Late Creataceous - Holo-
cene) stages of basin development. These tectonic complexes or stages have also been re-
ferred to as pre-rift, syn-rift and post-rift stages by [31. [2] posited that the structural basins
within the provinces are aligned in east-west direction, with boundaries delimited by an east-
west transform fault system and north-south structural arches.

The Tano basin is a typical transform margin basin which originated during the early Cre-
taceous (Albian) at the onset of the separation of the Africa Plate from the South American
Plate. [4] reported that movement along a series of transform faults including major east- west
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oceanic transform faults in the Romanche Fault Zone and the St. Paul fracture zone during the
continental separation led to the development of the large rift basin in the Tano area of Ghana.
These movements resulted in the formation of the rift basin around the Aptian - early Albian
time. The prevailing conditions at the time which formed a continuous —anoxic seaway in the
late Albian to Turonian were apt for the deposition of organic rich shales. [51 were of the view
that the large ancestral River Tano in western Ghana may have drained extensive areas to the
north during the early post transform period and deposited large amounts of clastics sediments
during the Cenomanian. [51 have also stated that seismic data indicate large turbidites chan-
nels developed in the basin during the Maastrichtian and their presence supports the interpre-
tation that the large fans or detached sandstone bodies may lie in deeper parts of the basin.
This aim of the study is to establish biostratigraphic zonation based on stratigraphic distri-
bution of palynomorphs, to evaluate the use of marker palynomorph species to assign the age
of the sediments from the CTP-1 well and the application of palynofacies associations to in-
terpret the depositional environment of the sediments. The hydrocarbon potential of samples
is evaluated based on the thermal maturity levels of the organic matter using visual assess-
ment of spore coloration and organic thermal parameters.
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Fig. 1. Location map of CTP-1 well Offshore Tano Basin (modified after GNPC Report, [111),

2. Geology and tectonic setting

[6] reported that the rocks of the Tano Basin are part of the Apollonian System of Cretaceous
age. These rocks overlie the Precambrian basement rock (mainly schist, phyliite and volcano-
clastics) of the Birimian system. [6] described the lithology onshore as consisting mainly of
limestones with alternating clays and sands, with a general SSW dip direction and low dip
angles. At depth, these sands and clays compact to form sandstones and shales.

Basin development in the Tano area suffered three important tectonic periods that influ-
enced the structure and sedimentation rate; the Pre-rift, Syn-rift and Post-rift. The pre-rift
stage according to [3], consist of Precambrian to Triassic rocks that outcrop in the Voltaian and
Tano Basins of Ghana. In the Tano basin, the oldest pre-rift sequence is represented the
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Elmina sandstone Formation of the Sekondian Group, which was encountered in the Cape
Three Points 4-1 (CTP 4-1) well, and '] assigned a Devonian age. This age, however, has
been reviewed as palynological evidence point to a late Ordovician to early Silurian age [71,
Further offshore mixed siliciclastic rocks, dated palynologically as early Carboniferous were
penetrated in the Central Tano Structure 1 (CTS 1) [8l, These rocks succeed the Paleozoic
rocks further eastward which can be seismically interpreted to underlie the Carboniferous sec-
tion encountered in CTS 1 well [8],

According to [®1 and [1°], data on age of volcanic intrusives associated with initial block
faulting in Liberia, southern Sierra Leone and Ghana, indicate that the syn-rift stage started
no later than the middle Jurassic. The syn-rift sedimentation was tectonically controlled and
took place in small rotated fault blocks trending northwest —southeast. The lowermost Cretaceous
syn-rift sediments in the basin were deposited during continental conditions [&191, According
to them, however, during the late Aptian - early Albian times, the environment became mostly
marine, resulting in sequences of alternating sandstone and shales and shales with some
black, coarse sandstone, conglomerate, and minor limestone. Uplifts and tilting of the syn-
rift sequences characterized the end of syn-rift stage during the late Albian with subsequent
faulting and erosion. This episode resulted in a major unconformity, which separated it from
the marine post-rift rocks of the latest Albian and Cenomanian [59-10],

The post rift period in the Tano basin has a similar tectonic and stratigraphic history with
the Cote I'voire Basin [31, They also reported that the post-rift continental margin tectonism
was driven by thermal subsidence from Cenomanian with the first transgression into the Gulf
of Guinea [1°], [8] reported that the Cenomanian rocks include sandstone, shale, siltstone,
mudstone and limestone; black shales and limestone were deposited on the crest of the horst,
whereas turbidites accumulated in the graben. The Turonian to Maastrichtian rocks include
marine sandstone, shale, limestone and minor conglomerates and major unconformities bound
the Cenomanian to Maastrichtian rocks in the basin [1%1. The overlying unconformable Cenozoic
or Tertiary rocks consists of marine sandstone, shale, and limestone and the regional Oligo-
cene unconformity is present in the basin separating the Miocene from the Eocene rocks.

3. Materials and methods

A total of 84 cutting sample slides between intervals 6020ft-13780ft from CTP-1 well, off-
shore Tano Basin [11] (Fig. 1) were obtained from the Core Laboratory of the Ghana National
Petroleum Corporation (GNPC). Palynological samples were prepared using the standard acid-
based (HCI/HF) palynological extraction techniques [*2], The organic residues were sieved us-
ing 20 um and 10 um nylon meshes. The residues were not oxidized since this would hinder
the study of the kerogen particles and spore colouration. The particulate organic matter (POM)
and palynomorphs were examined qualitatively and quantitatively using Leica DMEP 750 mi-
croscope fitted with an AmScope Toup View 3.2 digital camera for microphotography. For
palynofacies analysis, a total of 400 particulate organic matter (POM) was counted for each
sample to determine the relative abundance in percentage of POM at each studied depth. In
order to establish the ratio of sedimentary organic matter grouping (palynomorphs, phyto-
clasts and amorphous organic matter (AOM)), cluster analysis (Q-mode) using the IBM SPSS
Statsistics 25 program (Ward’s method) was employed. The AOM-Palynomorphs-Phytoclasts
(APP) ternary plot of [*3]1 was used to reveal the depositional environments of the various
palynofacies assemblages.

For the purpose of estimating thermal maturity, optical examination of the exine colours of
the thin-walled psilate spore (Deltoidspora, Cyathidites) was used. The colours were compared
with [41 spore/pollen colour chart to obtain the numerical thermal alteration index (TAI) of
the samples. Equivalent vitrinite reflectance (Ro %) values were obtained using the correlation
chart of [*51, All slides used for the study are stored in the Palynological Laboratory of GNPC.
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4. Results and Discussions
4.1. Palynostratigraphy

The miospore (spore and pollen) ranges have been utilized for the biozonation purposes
with dinoflagellate cysts providing additional supporting evidence where applicable. Biozona-
tion and age assessment of sediments was based on the vertical distribution by the First Ap-
pearance Datum (FAD) and the Last Appearance Datum (LAD) of stratigraphically important
miospore taxa.

4.1.1. Elateropollenites jardinei- Reyrea polymorphus Zone

This zone is recognized in the deepest part of the CTP-1 well between the intervals 13350
- 80ft. (4,045 - 55 m) to 10,780 - 90 ft (3,266 - 3,270 m) (Fig. 2). This zone is defined by
the FAD and LAD of the stratigraphically important taxa E. jardinei, and R. polymorphus re-
spectively

The general characteristics of this zone includes the presence of E. klaszii, E. protensus, E.
verrucatus, common to highly abundant angiosperm pollen species including Crybelosporites
pannuceus, Classopollis classoides, C. perplexus, Ephedripites spp., (straight and twisted
ridges of Ephedripites barghoornii-staplinii-jansonii form group), Reyrea polymorphus, Af-
ropollis jardinus, Callialasporites dampieri, Araucariacites spp. Some Psila/Retitricolpates pol-
len are observed in this zone, however, in lower quantities. Pteridophytic spores of the Cy-
athidites, Concavisporites, Deltoidspora, Cicatricosisporites form group are also present. Ma-
rine dinocysts include Oligosphaeridium, Subtilisphaera, Florentina, Cyclonephylium, Coronifera.

Elateropollenites jardinei, the first elater pollen has been recorded in early Albian - middle
Albian in Brazil [*6-201 middle Albian in Senegal and Céte d’'Ivoire 211, It has not been recorded
from post-middle Albian sediments [1°], [22] reported that, stratigraphically important taxa
that have their last occurrence in the middle Albian include Elateropollenites spp, Reyrea pol-
ymorphus and Ephedripites irreguaris. 1171 described Reyrea polymorphus, an inaperturate
grain of unknown affinity from the lower to middle Albian in Brazil and so did [2°1 from Vene-
zuela. In Africa, however, it has been reported from sediments which range in age from late
Barremian to early Cenomanian [23-29],

Crybelosporites pannuceus one of the seven stratigraphically terrestrial miospore species
for dating the mid-Cretaceous strata in Egypt [2°] has a stratigraphic distribution from Albian
to Cenomanian. It has also been reported for the same interval by [17:26:30-33] 5|50 reported it
presence in the Albian of Brazil.

Elaterosporites klaszii, is widely accepted to mark the base of the middle Albian in the
Elaterate Phytogeographical Province [341, [35] reviewing the distribution of elaterate pollen
from Peru and Colombia, recorded E. klaszii from the late Albian - early Cenomanian. It has
been reported from Albian - Cenomanian of Libya [36] |ate Albian - early Cenomanian of north-
ern Sudan [37-38] |ate Albian in Nigeria [391 early Albian - early Cenomanian of Brazil [18] early
Albian - early Cenomanian of Eygpt [4°I middle Albian - middle Cenomanian [2°1 middle Albian
- late Cenomanian in Gabon 41 and Senegal [42],

Based on the FAD of E. jardinei and LAD of R. polymorphus just above the FAD of E. klaszii,
an early to middle Albian age is assigned to this interval.

4.1.2. Elaterocolpites castelainii - Afropollis jardinus Zone

This zone is defined by the FAD of Elaterocolpites castelainii and the LAD of Afropollis jardi-
nus between the sample intervals of 10670 - 700 ft. (3,233 - 3,242 m) and 6950 - 80 ft.
(2106 - 2115 m) respectively (Fig. 2). The general characteristics of this zone is the common
occurrences of Afropollis jardinus. E. klaszii, E. protensus, E. acuminatus, E. verrucatus,
Elaterocolpites castelainii, Sofrepites legouxae, Galaecorna causea, Cyberosporites
pannaceus, Classopollis classoides, Ephedripites spp. Araucaricites spp, Inaperturopollenites
spp. There is also the presence of spores of the Cyathidites, Concavisporites, Deltoidspora,
Cicatricosisporites form group. Dinocysts are rare and include Oligosphaeridium, Sub-
tilisphaera, Florentina, Cyclonephylium, Coronifera.
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Fig. 2a. Lithologic column and palynomorph ranges in the CTP-1 well.

E. castelainii is reported to have appeared first in late Albian — early Cenomanian sediments
[431, Tt has also been reported from late Albian - early Cenomanian in Gabon and Senegal [17-
18,21,37,42] [19] have also reported E. castelainii from the late Albian - middle Cenomanian in
Brazil. Elater-bearing pollen in the ASA region has been reported from the early Albian - late
Cenomanian [1844]1 [42] reported earlier forms of Elaterosporites klaszii, Elaterosporites ver-
rucatus, Elaterocolpites castelainii and Elateroplicites africaensis as being restricted to the
Upper Albian of the Lower Benue Trough in Nigeria. Elaterosporites klaszii, Elaterosporites
protensus and Elaterosporites verrucatus recovered from this interval have also been reported
from Middle to Upper Albian sediments in Senegal, Cote d’'Ivoire and Gabon [42]; from middle
Albian rocks of Brazil [17-18] gnd from the CIG transform margin [27]1, [45] states that the co-
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occurrences of E. klazsii, E. castelainii, G. causea, points to an early Cenomanian age. Accord-
ing to [371 E. klaszii and E. castelainii have a short stratigraphic range and are restricted to
the middle Albian — Cenomanian in the ASA region.
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Fig. 2b. Lithologic column and palynomorph ranges in the CTP-1 well.

[18] reported that Sofreipites legouxae is an index fossil in the late Albian - early Cenoma-
nian strata in Brazil. It has, however, been reported from the late Albian — middle Cenomanian
of Brazil and Ecuador [*?1, The species has also been reported from the late Albian - early
Cenomanian in Senegal and Gabon [20-21,26,34,42,45,47-48]
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Galaecornea causea has been reported from late Albian - Cenomanian of Brazil [17-18,26,49]
and from Senegal and Portuguese Guinea [50], late Albian - early Cenomanian of Senegal and
Gabon [21:42] |ate Albian — early Cenomanian of Egypt [3851-53] |ate Albian - late Cenomanian
of Brazil and Ecuador [1°], [46] have intimated that G. causea is a late Albian - early Cenoma-
nian marker, which appears above E. klaszii as recorded from sediments of the ASA region
(equatorial Africa, NE Brazil, Nigeria, Senegal, and Egypt).

Afropollis jardinus has been recorded from the Late Albian in Senegal [21], middle/late Al-
bian - middle Cenomanian of Northern Gondwana. [54], in late Albian to early Cenomanian of
Brazil [17-181 Sydan [37:551 Colombia [351; middle Albian — middle Cenomanian of Egypt [56],

The FAD of E. castelainii, together with G. causea, S. legouxae, and the LAD of A. jardinus,
in this interval suggests a late Albian to early Cenomanian age.

4.1.3. Cretacaeiporites polygonalis — Classopollis classoides Zone

This zone is characterized by the FAD of Cretacaeiporites polygonalis at sample point 6770-
80 ft (2052 - 2055 m) and the LAD of Classopollis classoides at the sample point 6020-50 ft.
(1842 - 1833 m) (Fig. 2). The zone has moderate to common occurrences of triporate/tri-
colpate pollen. Also present are the elater-bearing forms which disappear just below the LAD
of C. classoides. Dinoflagellates are few and are mainly Oligosphaeridium, Subtilisphera, Florentina.

Cretacaeiporites polygonalis has been reported from late Albian - late Cenomanian in Sen-
egal [21], Brazil [18], |ate Albian — Turonian in Sudan [551, Gabon [57-58]1, Nigeria [5°1, Cameroon,
Congo and Angola [69], [61] reported also that common representatives of angiospermic pollen
belonging to Cretacaeiporites and Hexaporotricolpites appeared in the late Cenomanian. 341 in their
compilation of ranges of important Cretaceous marker species in different phyt ogeographic
provinces in north and west Africa, north South Africa, put the range of C. polygonalis from
late Albian - late Cenomanian.

The stratigraphic ranges of Classopollis classoides and its other forms put together by [55]
from West African coastal basins, straddles from the Aptian to late Cenomanian. [611and [22]
established that the quantitative important elaterates and Classopollis disappeared at the
Cenomanian/Turonian boundary. These two bioevents have been observed in this section of
the CTP 1 well.

The FAD of Cretacaeiporites polygonalis and LAD of Classopollis classoides and the elaterate
pollen and common occurrence of triporate/tricolpate suggests a late Cenomanian age for this zone.

5. Palynofacies analysis and kerogen types

Palynofacies is a powerful analytical tool that can be applied in the determination of kerogen
types and their abundance, provide indications of depositional environment and hydrocarbon
potential. [62] intimated that palynofacies analysis entails the integrated study of all aspects
of the palynological organic matter assemblage, which include the identification of individual
particulate components, assessment of their absolute and relative proportion, article size and
their preservation states. The palynofacies assemblage proposed in the study are based on
the quantitative analysis of the recorded palynofacies constituents, AOM, opaque phytoclast,
translucent phytoclast and palynomorphs. Cluster analysis (Q mode) revealed four discrete
groupings (Fig. 3). These are Clusters P-1, P-2, P-3 and P-4, which are indicative of palynofa-
cies type 1, 2, 3 and 4 respectively.
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Fig. 3. Dendogram by Q-mode of CTP-1 well showing the grouping of samples.

5.1. Palynofacies 1 (P-1): [Phytoclasts (PHY) and Opaques (OPA) -Equal Domi-
nance] (Plate 4; A, B)

This type of palynofacies is recorded mainly from samples between the interval 13680-710
ft (1,145 - 55 m) and 11750-60 ft. (3,560 - 64 m). It is characterized by relatively equal
percentage of translucent phytoclasts (phytoclast) and opaques phytoclast (opaques) of up to
38% and 37% respectively. The AOM and palynomorphs also have almost equal abundances
in this assemblage with a percentage abundance of 12% and of 13% respectively. The phy-
toclasts consists mainly pale brown and often well preserved structured plant fragments.
Opaque phytoclasts (equant to lath-shaped fragments) are mainly products of oxidation of
translucent woody material from prolonged transport or post-depositional alteration [631, The
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AOM is orange to brown in colour with often diffused edges. The palynomorphs are mainly of
terrestrial origin and are yellowish to medium brown in colour.

Kerogen type: This facies represents kerogen Type III (gas — prone material), due to the
abundance of translucent and opaque phytoclasts.

Palaeoenvironmental interpretation: This facies is characterized by high percentages
of phytoclasts and opaques which are normally associated with relatively coarse grained, high
energy, poor organic facies [13:64]1 According to [65], a higher percentage of phytoclasts is
usually found close to the fluvial source where they dilute any opaque phytoclasts, palyno-
morphs or AOM that are present. The dilution of the AOM by the phytoclasts suggests a shallow
marine setting greatly influenced by runoff from and proximity to adjacent high landmass [38],
The common occurrence of Classopollis also supports this shallow marine condition [66], The
frequent occurrence of Classopollis, and Ephedriptes pollen which are produced by xerophytic
plants in these intervals indicate a warm relatively arid to semi-arid local paleoclimatic condi-
tions. Dinocysts are few and are of the Subtilisphaera, Cyclonephelium form group that sup-
ports a brackish condition in an inner shelf marine setting [33:67],

Redox condition: As deduced from the APP ternary diagram of [*3] (Fig. 4), the studied
samples are concentrated in the palynofacies field II indicating marginal marine dysoxic -
anoxic basin.

Phytoclasts

* Palynofacies type 1
® Palynofacies type 2

Palynofacies type 3
¢ Palynofacies type 4

AOM Palynomorphs

Fig. 4. Key to palynofacies field, kerogen types and corresponding environment of deposition in present
study using the APP ternary diagram of [13], II — Marginal dysoxic-anoxic basin (Type III kerogen), IV -
Shelf to basin transition (Type III or II kerogen), IX - Distal suboxic-anoxic basin (Type II>I kerogen),
VII - Distal dysoxic-anoxic ‘shelf’ (Type II kerogen).

5.2. Palynofacies 2 (P-2) [Phytoclasts (PHY) Dominant] (Plate 4; C, D)

Palynofacies 2 is recognized within the intervals 11,660-70 ft (3533 - 36 m) and 10,780-
90 ft. (2,667 - 70 m) and is characterized by the dominance of phytoclasts of relative per-
centage abundance of 34%. The relative percentage abundances of AOM, opaques and paly-
nomorphs (mainly terrestrial) for this assemblages are 16%, 29% and 22% respectively. AOM
is the least preserved in this assemblage. They show mostly diffused edges and are orange to
brown in colour. The phytoclasts are well preserved, with structured plant fragments com-
posed mainly of tracheids and cuticles. The opaques are well preserved, equant to lath shaped
fragments of different sizes.

Kerogen type: The dominant phytoclasts with relatively high amounts of opaques and
terrestrial palynomorphs points to Kerogen Type III (gas-prone materials) for Palynofacies 2.
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Paleoenvironmental Interpretation: Palynofacies 2 is characterized by high abundance
of translucent phytoclast which dilutes the other palynofacies elements. Palynomorphs are
predominantly terrestrial with high numbers of spores compared to pollen. Dinocysts occur in
low numbers similar to that of P 1, but dominated by Subtilisphaera (restricted inner-shelf
cysts) reflecting low salinity water during sea level fall [681, The admixture of high terrestrial
material of large clasts and low marine elements indicates deposition in a fluvio-deltaic to
marginal marine (inner shelf) environment.

Redox conditions: As inferred from the APP ternary plot (Fig. 4), the samples plot in field
IVa pointing to a shelf to basin (dysoxic — suboxic) transitional environment.

5.3. Palynofacies (P- 3) [Amorphous Organic Matter (AOM) Dominant] (Plate 4; E, F)

The bulk of palynofacies 3 occurs between intervals 10,670-700 ft (3233 - 42 m) and
7,400-30 ft. (2242 - 51 m). It is made up mainly of AOM with a relative percentage of 73%.
Phytoclasts contributes (13%), opaques (6%) and palynomorphs (8%) to this assemblage.
The facies consists of AOM with fluffy appearance and often uniformly granular. [6°1 and [13]
established that a high percentage of AOM simply indicates a dysoxic-anoxic conditions where
depositional site was located relatively further from high terrestrial organic matter input and
with prevailing reducing conditions that must have enhanced AOM preservation. Phytoclasts are
pale brown to medium brown, with the opaque being equant and lath-shaped. The palynomorphs
(pale brown to dark brown) are mainly terrestrial in origin (90% of total palynomorphs).

Kerogen type: Kerogen Type II>I (oil prone material) is suggested for the facies due to
the abundance of AOM.

Paleoenvironmental interpretation: The higher relative percentages of the AOM with
moderate terrestrial phytoclasts, suggests slightly deeper marine setting during deposition [701
and [711, Marine elements though few and sporadic include Florentinia, Spiniferites, and Oli-
gosphaeridium which are middle shelf cysts. Low counts of opaques compared to phytoclasts
have been suggested by [631 and [72] to represent low salinity due to close proximity to active
fluvio-deltaic sources. This facies also contains higher numbers of the freshwater Pediastrum.
[731 in [33]1 have reported that, Pediastrum represents an allochthonous component carried by
rivers and streams from freshwater catchment areas. [74], assumed that the occurrence of
Pediastrum and other algae in such marine deposits reflect the predominance deposition of
fluviatile sediments related to the discharge of rivers into shelf seas. The abundance of both
the freshwater algae (Pediastrum) and AOM in these samples maybe related to high terrestrial
influx of freshwater algae brought in by rivers or from deltaic sources. The composition of
palynomorph data and palynofacies elements suggests a shallow marine environment (inner-
middle neritic)

Redox condition: As deduced from the APP ternary plot of [*31(Fig 4), the studied samples
plot in the field IX which represents deposition in distal suboxic-anoxic basin.

5.4. Palynofacies (P-4) [Amorphous Organic Matter (AOM) relatively dominant with
Phytoclasts (PHY)] (Plate 4; G, H)

This palynofacies assemblage is recorded between sample depths between 7310-40 ft
(2215 - 24 m) and 5020-50 ft. (1521 - 1530 m). It is characterized by a dominance of AOM
and with phytoclasts of relative percentage abundance of 48% and 22% respectively. Opaques
contribute 13% of POM whilst palynomorphs contribute 17%. The AOM is mainly diffused at
the edges, well preserved and pale yellow to orange in colour. The phytoclasts are pale brown,
moderately to well - preserved structured plant fragments. Opaques are equant and lath-
shaped, the palynomorphs are medium to dark brown in colour and are mainly of terrestrial
origin (about 80% of total palynomorphs). Marine dinoflagellate cysts are few.

Kerogen type: Kerogen Type II (oil - prone material) is assigned to this facies due to the
abundance of AOM and common phytoclasts and few marine dinocysts.

Paleoenvironmental interpretation: This environment is characterized by high abun-
dance of AOM and translucent phytocalsts along with palynomorphs of terrestrial origin.
Opaques are recorded in less abundance and marine dinoflagellate cysts are few to rare.
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Based on the integration of palynomorph data and palynofacies signals i.e dominance of ter-
restrial palynomorphs (Deltoidspora, Cyathidites, Triplanosporites, Classopollis, Ephedripites,
Cyberosporites etc), and phytoclasts over few brackish water dinocysts (Subtilispheara, Cy-
clonephylium, Systematophora) a marginal marine setting is suggested for this environment.

Redox condition: From sample plots in the APP diagram (Fig 4), the studied samples are
mainly concentrated in the palynofacies field VII pointing to a distal dysoxic to anoxic shelf
condition.

‘ L
"
1 P

1pm

T

Plate 1. Fig. A. Ephedripites elsikii Herngreen, 1975; Fig. B. Matonisporites crassiangulatus (Balme)
Dettman, 1963; Fig C. Deltoidospora mesozoica (Theigart) Schuuram, 1977; Fig. D. Deltoidospora sp;
Fig. E. Afropollis jardinus (Brenner) Doyle, Jardine & Doerenkamp, 1982; Fig. F. Verrutriletes sp.;

Fig. G. Deltoidspora minor (Couper) Pocock, 1970; Fig. H. Classopollis spinosus Herngreen, 1973;
Fig. 1. Deltoidospora toralis (Leschik) Lund, 1977; Fig. J. Deltoidospora psilostoma Rouse, 1953 ;

Fig. K. Cicatricosisporites sp.; Fig. L. Triplanosporites sp.; Fig. M. Cibotiumspora jurienensis (Balme)
Filatoff, 1975; Fig. N. Leptolepidites sp.; Fig. O. Classopollis obidosensis Groot & Groot, 1962;

Fig. P. Retimonocolpites variplicatus Shrank and Mahmoud, 1998; Fig. Q. Reyrea polymorphus Hern-
green, 1973; Fig. R. Dyad of Sofrepites legouxiae Jardine, emend Boltenhagen, 1982; Fig. S. Ephedrip-
ites sp.;Fig. T. Tricolpites sp.
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Plate 2. Fig. A. Classopollis torosus (Reissinger) Balme, 1957; Fig. B. Cretacaeiporites polygonalis
(Jardine & Magloire) Herngreen, 1973; Fig. C. Gnetaceaepollenites sp. ; Fig. D. Cycadopites cf. carpen-
tieri (Delcourt & Sprumomt) Singh, 1964; Fig. E. Gleichenidiites senonicus Ross emend. Skarby, 1964;
Fig F. Triplanosporites sinuosus Thomson and Pfung, 1953; Fig. G. Elaterosporites acuminatus (Stover)
Jardine, 1967; Fig. H. Elaterosporites klaszii (Jardine & Magloire) Jardine, 1967; Fig. I. Elaterosporites
protensus (Stover) Jardine 1967; Fig. J. Elaterosporites verrucatus (Jardine & Magloire) Jardine, 1967;
Fig. K. Classopollis classoides Pfung, 1953; Fig. L. Leptolepidites psarosus Norris 1969; Fig. M. Ephed-
ripites jansonii (Pocock) Muller, 1968; Fig. N. Cyathidites australis Couper, 1953; Fig. O. Cyathidites
sp.; Fig. P. Chomotriletes minor (Kedves) Pocock, 1970; Fig. Q. Crybelosporites pannuceus (Brenner)
Srivastava, 1977; Fig. R. Galeacornea causea Stover 1963; Fig. S. Elateropollenites jardinei Herngreen,
1973; Fig. T. Murospora sp.
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Plate 3. Fig. A. Dictyophyllidites harrisii Couper, 1958; Fig. B. Ephedripites irregularis Herngreen, 1973
Fig. C. Cicatricosisporites australiensis (Cookson) Potonie, 1956; Fig. D. Tricolpites vulgaris (Pierce)
Srivastava, 1969; Fig. E. Aequitriradites spinulosus (Cookson & Dettman) Cookson & Dettman, 1961;
Fig. F. Araucariacites australis Cookson ex Couper, 1953; Fig. G. Inaperturopollenites dubius
(Potonie & Venitz) Thomson & Pflung, 1953; Fig. H. Ephedripites ovalis Muller, 1968; Fig. 1. Striopol-
lenites sp.; Fig J. Coronifera tubulosa Cookson & Eisenack, 1974; Fig. K. Spiniferites multibrevis (Davey
& Williams) Below, 1882; Fig. L. Coronifera oceanica Cookson & Eisenack, 1958; Fig. M. Systematoph-
ora sp.; Fig. N. Subtilisphaera senegalensis Jain & Millepied, 1973; Fig. O. Odontochitina operculata
(Wetzel) Deflandre, 1946; Fig. P. Cyclonephilium vannophorum Davey, 1969; Fig. Q. Florentinia lacin-
iata (Davey and Verdier) Below, 1982; Fig. R. Coronifera tubulosa Cookson & Eisenack, 1974 ; Fig. S.
Florentinia berran Below, 1982; Fig. T. Spiniferites ramosus (Ehrenberg) Loeblich & Loeblich, 1966;
Fig. U. Oligosphaeridium complex (White) Davey and Williams, 1966; Fig. V. Oligosphaeridium pulcher-
rimum (Deflandre & Cookson) Davey and Williams, 1966; Fig. W. Oligosphaeridium poculum Jain, 1977;
Fig. X. Oligosphaeridium perforatum (Gocht) Davey & Williams, 1969; Fig. Y. Spiniferites sp cf. S. fluens
(Hansen) Stover & Williams, 1987. Fig. Z. Pediastrum sp.
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Plate 4. Fig. A, B. Photomicrograph showing recorded palynofacies assemblage P-1; Fig. C, D. Photomi-
crograph showing recorded palynofacies assemblage P-2; Fig. E. F. Photomicrograph showing recorded

palynofacies assemblage P-3; Fig. G, H. Photomicrograph showing recorded palynofacies assemblage
P-4.
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6. Organic thermal maturation

Thermal maturity which is influenced by source rock organic matter type, the presence of
excess free hydrocarbon, mineral matter, content, burial depth and age can be inferred from
the degree of thermal alteration of organic matter due to prolonged heating [75:78],

[76-781 have reported that Vitrinite Reflectance (Ro) provides an overview of maturity dis-
tribution as it is the most reliable and commonly used maturity indicator. Ro values between
0.5 and 0.7 % are indicative of a low source rock grade. That between 0.7 to 1.0 % indicates
a moderate source rock grade and values between 1.0 and 1.3 % refers to a high source rock grade.

In observations of spore colour and correlation of values to Thermal Alteration Index (TAI)
and Ro values (Fig 5), the observed pollen colours of the simple thin — walled psilate spores
(Deltoidspora, Cyathidites) ranged from yellow to yellowish orange with TAI values of 1+, 2,
-2 and Ro values of 0.3 - 0.5 %. The values suggest immature stage (Kerogen Type III) which
is gas-prone for Palynofacies 1 (P-1) and Palynofacies 2 (P-2).

For Palynofacies 3 (P-3) and Palynofacies 4 (P-4) the observed exine colours are from bright
orange to brown/tan (TAI values 2+, 3-, 3) equivalent to Ro values of 0.5 - 0.9 %. The values
infer a mature phase (Kerogen Type II) which is oil prone. The suggested kerogen types from
palynofacies analysis corroborates that of the thermal maturity studies for the various assem-
blages.

Correlation to other scalq

Exine colowr | Spove/ Organic TATL Vitrinite
of present pollen thermal 1-8 reflectance
material colour matwrity

1 0.2%

IMMATURE 1+

0.3%

0.5%

MATURE

MAIN PHASE
|OF LIQUID 3.
__ |PETROLEUM N
GENERATION

0.0%

3+ 1.3%

DRY GAS
OR 4
BARREN 2.0%

Fig. 5. Exine colour of spores in present study compared to the Pearson’s spore/pollen colour chart.
(modified after [781),

7. Conclusion

The studied samples from well CTP-1 offshore Tano Basin, revealed that, the sediments are
characterized by microfossil assemblage of abundant and diverse miospores and subordinate
dinoflagellates. Three miospore assemblage zones have been proposed for the sediments
based on the FAD and LAD of stratigraphically important species. These are: Elateropollenites
jardinei - Reyrea polymorphus Zone, Elaterocolpites castelainii - Afropollis jardinus Zone and
Cretacaeiporites polygonalis — Classopollis classoides Zone. These assemblage zones span
from early Albian to late Cenomanian age. The miospores belongs to the Albian-Cenomanian
Elaterate paleofloral Province with sediments deposited in a relatively warm and arid paleocli-
mate in a shallow marine environment.

Four palynofacies associations have been identified in the study. These are: P-1 deposited
in a brackish condition in an inner shelf marine setting under marginal dysoxic-anoxic basin
and characterized by Kerogen Type III (gas prone); P-2 reflects deposition in a fluvio-deltaic
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to marginal marine (inner shelf) environment under shelf to basin transition depositional con-
ditions and characterized by Kerogen Type III or II (gas prone); P-3 suggests a shallow marine
environment (inner-middle neritic) in a distal suboxic- anoxic basin environment with POM
indicating Kerogen Type II>I (highly oil prone); and P-4 suggests a marginal marine setting
characterized by distal dysoxic-anoxic shelf condition and indicative of Kerogen Type II (oil prone).

TAI values of 1+ to 2, -2, equivalent to 0.3 - 0.5 % Ro of palynomorph exines from P-1
and P-2 infers immature phase, while TAI values of 2+, 3-, 3, equivalent to 0.5 - 0.9 % Ro
from P-3 and P-4 suggest mature stage.

Acknowledgement

The authors are grateful to the Ghana National Petroleum Corporation (GNPC) for providing samples
from the CTP-1 well for this study.

References
[1] Kesse GO. The mineral and rock resources of Ghana. A. A Balkema Publishers, Rotterdam.
1985; 610 pp.
[2] Brownfield ME. Assessment of undiscovered oil and gas resources of the Gulf of Guinea Prov-

ince, West Africa. In: Brownfield, M.E., compiler, Geologic assessment of undiscovered hy-
drocarbon resources of Sub-Saharan Africa. U. S. Geological Survey Digital Data Series 69 -
GG, 2016; Chap.4, 27pp.

[3] Brownfield ME, and Charpentier RR. Geology and total petroleum systems of the Gulf of
Guinea Province of west Africa. U. S. Geological Survey Bulletin 2207 - C, 2006; 32 pp.

[4] Davies G. Geological and tectonic framework of the Republic of Ghana and petroleum geology
of the Tano Basin, Southwestern Ghana. Unpublished consultancy report prepared for Petro-
Canada International Corporation on behalf of GNPC, 1989.

[5] MacGregor DS, Robinson J, and Spear G. Play fairways of the Gulf of Guinea transform mar-
gin. In: Arthur T ], MacGregor DS, and Cameron NR. (Eds), Petroleum geology of Africa -
New themes and developing; Geological Society, London, Special Publications, v. 207. 2003;
131 - 150. https://doi.org/10.1144/GSL.SP.2003.207.7

[6] Kitson AE. Provisional Geological Map of the Gold Coast and Western Togoland with Brief
Descriptive Notes Thereon. Gold Coast Geological Survey Bulletin, 1928; 2: 10 - 11, PI. XIV.

[7] Bar P, and Riegel W. Les microflores des series Palaeozoique du Ghana (Afrique Occidentale)
et leurs paleofloristiques. Sci. Geol. Bull., 1974; 27 (1-2): 46 - 47

[8] Tucker ME. Sedimentary Petrology: An Introduction. ELBS Edition. Blackwell Scientific Publi-
cations, 1992; 252 pp.

[9] Dumestre MA. Northern Gulf of Guinea shows promise: Oil and Gas Journal, 1985; 83(18):
154 - 165.

[10] Kjemperud A, Agbesinyale W, Agdestein T, Gustafsson C, YlUkler A. Tectono-stratigraphic his-
tory of the Keta Basin, Ghana with emphasis on late erosional episodes. In: Cumelle R. (Ed.),
Geologie Africaine - 1st Colloque de stratigraphie et de paleogeographie des basins sedimen-
taires ouest-Africans, 2nd Colloque Africain de Micropaleontologie, Libreville, Gabon, May 6 -
8, 1991; EIf Aquitaine Memoir, 1992; 13: 55-69

[11] GNPC. Ghana Hydrocarbon Potential Report, Tano and Cape Three points, (unpublished),
2010; 25 pp.

[12] Phipps D and Playford G. Laboratory techniques for extraction of palynomorphs from sedi-
ments. Papers, Department of Geology, University of Queensland, 1984; 11(1): 23 pp.

[13] Tyson RV. Palynofacies analysis. In: Jenkins, DG. (Ed), Applied Micropaleontology Amster-
dam. The Netherlands, Kluwer Academic Publishers, 1993; 153-191.

[14] Pearson DL. Pollen/Spore Colour “Standard”, Version 2, Phillips Petroleum Company, Geology
Branch, Bartlesville, Oklahoma 200. 1984.

[15] Traverse A. Paleopalynology, 2nd Edition. Topics in Geobiology Series, vol. 28. Springer, Dor-
drecht, Netherlands, 2007; 814 pp.

[16] Regali MSP, and Viana CF. Late Jurassic-Early Cretaceous in Brazilian sedimentary basins:
correlation with the international standard scale, PETROBRAS, Rio de Janeiro, 1989; 95 pp.

[17] Herngreen GFW. Palynology of Albian-Cenomanian strata of borehole 1-QS-1-MA, State of
Maranhdo, Brazil. Pollen et Spores, 1973; 15: 515 - 555.

[18] Herngreen GFW. Palynology of Middle and Upper Cretaceous strata in Brazil. Med. R. Geol. D.
ns, 1975; 26: 39-116.

Pet Coal (2024); 66(3): 966-984
ISSN 1337-7027 an open access journal

981


https://doi.org/10.1144/GSL.SP.2003.207.7

Petroleum and Coal

[19] Dino R, Pocknall DT, and Dettman ME. Morphology and ultrastructure of elater bearing pollen
from the Albian to Cenomanian of Brazil and Ecuador: implications for botanical affinity. Rev.
Palaeobot. Palyno. 1999; 105: 201-235.

[20] Muller J, De Di Giacomo E, Van Erve AW. A palynological zonation for the Cretaceous, Ter-
tiary, and Quaternary of northern South America, American Association of Stratigraphic Pal-
ynologists, Contributions Series, 1987; 19: 7-76, pl. 1-4

[21] Jardiné S, and Magloire L. Palynologie et stratigraphie du Crétacé des bassins du Sénégal et
de Cote d'Ivoire. Mémoires du BRGM (Paris), 1965; 98 (32): 187-245.

[22] Herngreen GFW. Cretaceous sporomorph provinces and events in the equatorial region. Zen-
tralblatt fur Geologie und Paldontolgie, 1998; 1, 1996 (11/12): 1313-1323.

[23] Thusu B, and Van der Eem, JGLA. Early Cretaceous (Neocomian-Cenomanian) palynomorphs.
Journal of Micropaleontology, 1985; 4(1): 131-149.

[24] Lawal O, and Moullade M. Palynological biostratigraphy of Cretaceous sediments in the upper
Benue Basin, NE Nigeria. Revue de Micropaléontologie, 1986; 29(1): 61-83.

[25] El Beialy SY. Aptian to Cenomanian palynomorphs from the Qarun 2-1 borehole, Western
Desert, Egypt. Qatar University Science Journal, 1993; 13 (1): 152 - 160.

[26] Schrank E, and Ibrahim MIA. Cretaceous (Aptian — Maastrichtian) palynology of foraminifera-
dated wells (KRM-1, AG-18) in northwestern Egypt. Berliner geowissenschafliche Abhand-
lungen 1995; (A) 177: 1 - 44,

[27] Masure E, Rausche R, Dejax J, Schuler M, Ferre B. Cretaceous-Paleocene palynology from
the Cote d'Ivoire-Ghana transform margin, sites 959, 960, 961and 962, Proceedings of the
Ocean Drilling Program, Scientific Results, 1998; 159: 253-276.

[28] Mahmoud MS, and Moawad AMM. Miospores and dinocyst stratigraphy and palaeoecology of
the Middle Cretaceous (Albian-Early Cenomanian) sequence of Ghoroud-IX borehole, north-
ern Egypt. Proceedings of the First International Conference on the Geology of Africa, Assiut
I (a), 1999; 1-13.

[29] Zobaa MK, and Okoh-Ikuenobe FE. The magnificent seven: the stratigraphically most im-
portant mid-Cretaceous terrestrial palynofloral species in the north Western Desert, Egypt.
Journal of Iberian Geology, 201; 44: 243 - 255.

[30] Mahmoud MS, and Moawad AMM. Cretaceous palynology of the Sanhur-1X borehole, north-
western Egypt. Revista Espanola de Micropaleontologia, 2002; 34 (2): 129 - 143.

[31] El Beialy SY, El Afty HS, Zavada MS, El Khoriby EM, and Abu-Zied RH. Palynological, palyno-
facies, paleoenvironmental and organic geochemical studies on the Upper Cretaceous suc-
cession of the GPTSW-7 Well, northern Western Egypt. Marine and Petroleum Geology, 2010;
27: 370 - 385

[32] Tahoun SS, Ibrahim MI, and Kholeif S. Palynology and paleoenvironments of Middle Jurassic
to Cenomanian succession, Alamein-IX well, north Western Desert, Egypt. Revista Espanola
de Micropaleontologia, 2012; 44 (1-3): 57 - 78.

[33] El Afty H. Palynofacies as a paleoenvironmental and hydrocarbon source potential assessment
tool: An example from the Cretaceous of north Western Desert, Egypt. Paleo biodiversity and
Paleoenvironments. 2021; http://doi.org/10.1007/si2549-020-00474-9

[34] Deaf AS, Harding IC, Marshall JEA. Cretaceous (Albian? early Santonian) palynology and stra-
tigraphy of the Abu Tunis 1x borehole, northern Western Desert, Egypt. Palynology 2014;
38: 51-77.

[35] Herngreen GFW, and Jimenez HD. Dating of the Cretaceous Une Formation, Colombia and
the relationship with the Albian-Cenomanian African-South American microfloral province.
Review of Palaeobotany and Palynology, 1990; 66(3-4): 345-359.

[36] Batten D], and Uwins PJR. Early Cretaceous-Late Cretaceous (Aptian-Cenomanian) palyno-
morphs. In: B. Thusu, & B. Owens (Eds), Palynology of Northeast Libya. Journal of Micropale-
ontology; 1985; 4(1): 131-150.

[37] Schrank E. Palynology of the clastic Cretaceous sediments between Dongola and Wadi Mugad-
dam, northern Sudan, Berliner geowissenschaftliche. Abhandlungen, Reihe A, 1990; 120 (1):
149-168.

[38] Zobaa MK, El Beialy SY, ElI-Sheikh, HA, and El Beshtawy MK. Jurassic Cretaceous palyno-
morphs, palynofacies, and petroleum potential of the Sharib-1X and Ghoroud-1X wells, north
Western Desert, Egypt. Journal of African Earth Sciences, 2013; 78: 51-65.

[39] Abubakar MB, Obaje NG, Luterbatcher HP, Dike EFC, Ashraf AR. A report on the occurrence
of Albian- Cenomanian elater-bearing pollen in Nasara-1 well, Upper Benue Trough, Nigeria:
Biostratigraphic and palaeoclimatological implications. Journal of Afican Earth Sciences, 2006;
45: 347-354.

Pet Coal (2024); 66(3): 966-984
ISSN 1337-7027 an open access journal

982


http://doi.org/10.1007/si2549-020-00474-9

Petroleum and Coal

[40] Mahmoud MS, and Deaf AS. Cretaceous Palynology (spores, pollen and dinoflagellate cysts)
of the SIQEIFA 1-X Borehole, Northern Egypt, Rivista Italiana di Paleontologia e Stratigrafia,
2007; 133(2): 203-221.

[41] Doukaga M. Etude palynologique dans le Crétacé moyen du bassin sedimentaire du Gabon.
Lille, France: Université des Sciences et Technologies de Lille, 1980; 174.

[42] Jardiné S. Spores & expansion en forme d'élatéres du Crétacé moyen d'afrique occidentale.
Review of Palaeobotany and palynology, 1967; 1(1-4): 235-258.

[43] Hochuli PA. North Gondwanan floral elements in lower to middle Cretaceous sediments of the
southern Alps (southern Switzerland, northern Italy). Review of Paleobotany and Palynology,
1981; 35(2-4): 337-358.

[44] Batten DJ. Palynofacies and paleoenvironmental interpretation. In: Jansonius J, and McGregor
DC. (Eds), Palynology: Principles and Applications 1996; 3: 1011 - 1064.

[45] Makled WA. Palynostratigraphical studies on some subsurface middle Albian —-early Cenoma-
nian sediments from North Western Desert, Egypt. Egyptian Journal of Petroleum. 2013;
https://dx.doi.org/10.1016/j.ejpe.2013.11.005

[46] El Beialy S, EI-Soughier M, Mohsen SA, and El Atfy H. Palynostratigraphy and paleoenviron-
mental significance of the Cretaceous succession in the Gebel Rissu-well, north Western De-
sert, Egypt. Journal of African Earth Sciences, 2011; 59(2-3): 215-226.

[47] Aboul Ela N, Tahoun SS, Fouad T, Mousa DA, and Sleh R. Source rock evaluation of Kharita
and Bahariya formatiobs in some wells, North Western Derset, Egypt: Visual palynofacies and
organic geochemical approaches. Egypt Journal of Petroleum; 2018; 27: 455 - 465.
http://doi.org/10.1016/j.ejpe.2017.07.009

[48] Brenner GJ]. Middle Cretaceous spores and pollen from northeastern Peru, Pollen et Spores,
1968; 10 (2): 341-383.

[49] Stover LE. Some Middle Cretaceous palynomorphs from West Africa, Micropaleontology,
1963; 9 (1): 85-94.

[50] Mahmoud MS. Palynology of Middle Cretaceous-Tertiary sequence of Mersa Matruh 1 well,
northern Western Desert, Egypt. Neues Jahrbuch fiir Geologie und Paldontologie Abhand-
lungen, 1998; 79-104.

[51] Schrank E, and Ibrahim MIA. Palynology (pollen, spores and dinoflagellate) and Cretaceous
Stratigraphy of the Dakhla Oasis, Central Egypt. Journal of African Earth Sciences, 1998;
26(2): 167-193.

[52] Aboul EN. Mahrous HAR. Albian-Cenomanian miospores from the subsurface of the north
Western Desert, Egypt. Neues Jahrbuch fir Geologie und Paldontologie, Monatshefte, 1992;
10, 595-613.

[53] Makled AM and Baioumi AA. Palynology and palynofacies studies of the subsurface Aptian -
Cenomanian sediments from the central North Western Desert, Egypt. Journal of Applied
Sciences Research, 2013; 9(6): 3681 - 3697.

[54] Doyle JA, Jardine S, and Doerenkamp A. Afropollis, a new genus of early angiosperm pollen,
with notes on the Cretaceous palynostratigraphy and paleoenvironments of northern Gond-
wana. Bull. Centres Recher. Explor. Prod. EIf Aquitaine 1982; 6: 39-117.

[55] Schrank E. Nonmarine Cretaceous palynology of Northern Kordofan, Sudan, with notes on
fossil Salviniales (water ferns), Geol. Rundsch, 1994; 83: 773-786.

[56] Aboul EN, Tahoun SS, and Raafat Aya, The Cretaceous (Barremian — Maastrichtian) palyno-
stratigraphy and palynofacies of the Drazia-1 well, North Egypt. Palynology; 2019, 44 (1):
94 - 113.

[57] Boltenhagen E. Pollen périporé du Crétacé Supérieur du Gabo. Rev. Micropaleont., 1975;
17(4): 164 - 170,

[58] Boltenhagen E. Palynologie du Crétacé Supérieur du Gabon. Memoires de la Section des Sci-
ences, 1980; 7: 11 - 191, Paris.

[59] Odebode MO, and Salami MB. Palynology of the Odukpani Formation, (Middle Cretaceous) of
Southeastern Nigeria. Nigerian Journal of Science 1984; 18(1): 83-94.

[60] Salard-Cheboldaeff M. Intertropical African palynostratigraphy from Cretaceous to late Qua-
ternary times. Journal of African Earth Sciences, 1990; 11(1-2): 1 - 24.

[61] Herngreen GFW, Kedves M, Rovnina L.V, and Smirnova S.B. Cretaceous Palynofloral prov-
inces: a review; In: Jansonius J, and McGregor DC. (Ed.) Palynology: principles and applica-
tions; American Association of Stratigraphic Palynologist Foundation, 1996; 3: 1157 - 1188

[62] Combaz A. Les palynofacies. Rev. Micropaleontologie, 1964; 7: 205 - 218.

[63] Kholeif SEH, and Ibrahim MI. Palynofacies analysis of inner continental shelf and middle slope
sediments offshore Egypt, south-eastern Mediterranean. Geobios, 2010; 43(3): 333-347.

Pet Coal (2024); 66(3): 966-984
ISSN 1337-7027 an open access journal

983


https://dx.doi.org/10.1016/j.ejpe.2013.11.005
http://doi.org/10.1016/j.ejpe.2017.07.009

Petroleum and Coal

[64] Batten DJ. Palynofacies, organic maturation and source potential for petroleum. In Brooks J.
(Ed), Organic Maturation Studies and Fossil Fuel Exploration. Academic Press, London, 1981;
201 - 223.

[65] Mendonga Filho ]G, Menezes TR, Mendonca JO, Oliveira AD, Silva TF, Rondon NF and Silva
FS. Organic Facies: Palynofacies and Organic Geochemistry Approaches, Geochemistry-
Earth's System Processes, 2012; Dionisios Panagiotaras (Ed.), ISBN: 978-953-51-05862.

[66] Michel FH, de Souza PA, and Premaor E. Aptian-Albian palynologic assemblages interbedded
with salt deposits in the Espirito Santos Basin, eastern Brazil: Biostratigraphical and paleoen-
vironmental analysis. Marine and Petroleum Geology, 2018; 91: 785 - 799.

[67] Harding IC. An early Cretaceous dinocyst assemblage from the Wealdean of southern Eng-
land. Special Papers in Paleontology, 1986; 35: 95 - 109.

[68] Powell AJ, Dodge ID, and Lewis J. Late Neogene to Pleistocene palynological facies of the
Peruvian continental margin upwelling, Leg 112. In: Suess E, Von Huene R. et al., (Ed),
Proceedings of the Ocean Drilling Program, Scientific Results, 1990; 112: 297 - 321.

[69] Batten DJ. Identification of amorphous sedimentary organic matter by transmitted light mi-
croscopy. In: Brooks J. (Ed), Petroleum Geochemistry and Exploration of Europe. The Geo-
logical Society, London. 1983; 12: 275 - 287.

[70] Tahoun SS, and Deaf AS. Could the conventionally known Abu Roash “G” reservoir (upper
Cenomanian) be a promising active hydrocarbon source in the extreme northwestern part of
Egypt? Palynofacies, palaeoenvironmental, and organic geochemical answers. Marine and Pe-
troleum Geology, 2016; 76: 231-245.

[71] Deaf AS, and Tahoun SS. Integrated palynological, organic geochemical, and sequence strat-
igraphic analyses of the middle to upper Cenomanian hydrocarbon reservoir/source Abu
Roash’G’ Member: A depositional model in northwestern Egypt. Marine and Petroleum Geol-
ogy, 2018; 92: 372 - 402.

[72] Raafat Aya, Tahoun SS, and Aboul Ela NM. Palynomorph biostratigraphy, palynofacies, ther-
mal maturity and paleoenvironmental interpretation of the Bajocian-Aptian succession in the
OBA D-8 Well, Matruh Basin, Egypt. Journal of African Earth Sciences. 2021;
https://doi.org/10.1016/j.jafrearsci.2021.104157 m

[73] Brenac P, and Richards K. Pediastrum as a guide fossil in sequence stratigraphy. In Goodman
DK, and Clarke RT. (Eds), Proceedings of the IX international palynological Congress 2001;
239 - 241. Houston (TX), AASP Foundation.

[74] El Afty HS, Anan T, and El-Soughier MI. Paleoecologic and stratigraphic significance of the
freshwater algae Pediastrum in the Upper Cretaceous (Turonian) marine deposits, north
Western Desert, Egypt. Palaeontologische Zeitschrift, 2017; 91: 273 - 281.

[75] Tissot BP, and Welte DH. Diagenesis, catagenesis and metagenesis of organic matter. In:
Petroleum formation and occurrence, 1984; 69-73. Springer-Verlag, Berlin, Heidelberg.

[76] Dow WG. Kerogen studies and geological interpretations. Journal of Geochemical Exploration,
1977, 7: 77 - 79.

[77] Walpes DW. Geochemistry in petroleum exploration. Boston, MA. International Human Re-
sources Development Corporation. 1985; 232 pp.

[78] Garry P, Atta-Peters D, and Achaegakwo C. Source rock potential of the Lower Cretaceous
sediments in SD-1X well, offshore Tano Basin, Southwestern Ghana. Petroleum and Coal,
2016; 476 - 489

[79] Moghazi AH, Zobaa MK, Madai F, and Hamor-Vido M. Palynofacies and organic thermal ma-
turity of the Upper Mancos Formation in the San Juan Basin. Geosciences and Engineering,
2020; 8 (12): 312 - 321.

To whom correspondence should be addressed: prof. David Atta-Peters, Department of Earth Science, School of
Physical and Mathematical Sciences, University of Ghana, P. O. Box LG 58, Legon, Accra, Ghana,
E-mail: datta@ug.edu.gh

Pet Coal (2024): 66(3): 966-984
ISSN 1337-7027 an open access journal

984


https://doi.org/10.1016/j.jafrearsci.2021.104157
mailto:datta@ug.edu.gh

	Abstract
	1. Introduction
	2. Geology and tectonic setting
	3. Materials and methods
	4. Results and Discussions
	4.1. Palynostratigraphy
	4.1.1. Elateropollenites jardinei- Reyrea polymorphus Zone
	4.1.2. Elaterocolpites castelainii - Afropollis jardinus Zone
	4.1.3. Cretacaeiporites polygonalis – Classopollis classoides Zone
	5.Palynofacies analysis and kerogen types
	5.1. Palynofacies 1 (P-1): [Phytoclasts (PHY) and Opaques (OPA) -Equal Domi-nance] (Plate 4; A, B)
	5.2. Palynofacies 2 (P-2) [Phytoclasts (PHY) Dominant] (Plate 4; C, D)
	5.3. Palynofacies (P- 3) [Amorphous Organic Matter (AOM) Dominant] (Plate 4; E, F)
	5.4. Palynofacies (P-4) [Amorphous Organic Matter (AOM) relatively dominant with Phytoclasts (PHY)] (Plate 4; G, H)
	6. Organic thermal maturation
	7. Conclusion
	References



