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Abstract The Paleocene mudrocks in Ghana’s Tano Basin

have received limited attention despite ongoing efforts to

explore hydrocarbon resources. A thorough geochemical

analysis is imperative to assess these mudrocks’ petroleum

generation potential and formulate effective exploration

strategies. In this study, a comprehensive geochemical

analysis was carried out on ten Paleocene rock cuttings

extracted from TP-1, a discovery well within the Tano

Basin. Various analytical techniques, including total

organic carbon (TOC) analysis, Rock–Eval pyrolysis, gas

chromatography-mass spectrometry, and isotope ratio-mass

spectrometry, were employed to elucidate their hydrocar-

bon potential and organic facies. The findings in this study

were subsequently compared to existing geochemical data

on Paleocene source rocks in the South Atlantic marginal

basins. The results indicated that the Paleocene samples

have TOC content ranging from 0.68 to 2.93 wt%. The

prevalent kerogen types identified in these samples were

Type II and Type III. Molecular and isotope data suggest

that the organic matter found in the Paleocene mudrocks

can be traced back to land plants and lower aquatic

organisms. These mudrocks were deposited in a transi-

tional environment with fluctuating water salinity, charac-

terized by sub-oxic redox conditions. Maturity indices,

both bulk and molecular, indicated a spectrum of maturity

levels within the Paleocene mudrocks, spanning from

immature to marginally mature, with increasing maturity

observed with greater depth. In comparison, the organic

composition and depositional environments of Paleocene

source rocks in the Tano Basin closely resemble those

found in the Niger Delta Basin, Douala, and Kribi-Campo

Basins, the Kwanza Formation in Angola, and certain

Brazilian marginal basins. However, it is worth noting that

Paleocene source rocks in some of the basins, such as the

Niger Delta and Brazilian marginal basins, exhibit rela-

tively higher thermal maturity levels compared to those

observed in the current Paleocene samples from the Tano

Basin. In conclusion, the comprehensive geochemical

analysis of Paleocene mudrocks within Ghana’s Tano

Basin has unveiled their marginal hydrocarbon generation

potential. The shared geochemical characteristics between

the Paleocene mudrocks in the Tano Basin and those in the

nearby South Atlantic marginal basins offer valuable

insights into source rock quality, which is crucial for

shaping future strategies in petroleum exploration in this

region.
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1 Introduction

The Tano Basin (Fig. 1a), situated along the West African

coastal margin, holds significant promise for hydrocarbon

exploration (Kesse 1985; Brownfield and Charpentier

2006). This region has yielded three substantial petroleum

fields: TEN, Jubilee, and Sankofa-Gye-Nyame. The suc-

cess of these fields can be attributed to the presence of

effective Cenomanian-Albian source rocks and turbidite

sandstone reservoirs (Brownfield and Charpentier 2006;

Atta-Peters and Garry 2014; Garry et al. 2016). Further-

more, the tectonic evolution of the basin has led to the

formation of structural and stratigraphic traps characterized

by shorter migration pathways for petroleum accumulation

(Kelly and Doust 2016; Brownfield and Charpentier 2006).

The seals in the Tano Basin, including the Albian shale

series, Cenomanian shale series, Turonian shale series, and

marine shale, exhibit high integrity and prevent the further

migration of hydrocarbons beyond the reservoir rocks

(Brownfield and Charpentier 2006). Presently, the cumu-

lative daily crude oil production from the Jubilee and TEN

Fields in the Tano Basin of Ghana amounts to roughly

230,000 barrels per day (bpd), with Jubilee contributing

around 180,000 bpd and TEN adding about 50,000 bpd

(Panford 2022).

Recent studies have focused on the bulk geochemical

composition, biomarkers, and isotopic characteristics of the

Cretaceous source strata in the Tano Basin (Atta-Peters and

Garry 2014; Garry et al. 2016; Bempong et al. 2019; Akaba

et al. 2022; Abubakar et al. 2022; and Amoako et al. 2023).

While preliminary studies have confirmed the commercial

viability of the Cretaceous source strata for hydrocarbon

generation, the Paleocene source rocks in this basin remain

underexplored. The initial investigation by Atta-Peters and

Salami (2004) aimed to delineate the marine depositional

environment of the Paleocene source strata within the Tano

Basin. Their research relied on dinoflagellate cyst assem-

blage analysis in Paleocene sediments extracted from the L

1S-3AX exploration well located offshore in the Tano

Basin. Although paleontological datasets traditionally

provide insights into sedimentary history and fossil

records, biomarker and stable carbon isotope datasets offer

enhanced sensitivity to alterations in the depositional

environment. The high sensitivity of biomarker and isotope

data is attributed to their organic matter origin, which is

more responsive to environmental changes compared to the

hard parts of fossils (Ogbesejana et al. 2023). Additionally,

Fig. 1 a Geographical location of the Tano Basin showing the study well (TP-1) (GNPC, 2019) b Structural architecture of the Tano Basin

(After Kelly and Doust 2016) c Generalized stratigraphy of the Tano Basin showing the studied stratum (Paleocene) (After Clontarf Energy Plc)
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biomarkers and isotope data provide more precise infor-

mation regarding the depositional setting (Bilal et al.

2023a, b). For instance, biomarkers facilitate the determi-

nation of redox conditions in the depositional environment,

providing insights into the availability of oxygen and other

electron acceptors (Didyk et al. 1978; Ten Haven et al.

1987). Furthermore, these data sources enable the identi-

fication of the source of organic matter in sediments,

shedding light on depositional settings (Huang and Mein-

schein 1979; Volkman 1986; Liu et al. 2017; Amoako et al.

2023).

Currently, there is a lack of direct information available

regarding the biomarkers or isotopic composition of Pale-

ocene source rocks in the Tano Basin. As a result, there

exists a significant gap in our knowledge concerning the

origin and hydrocarbon potential of these potential source

rocks in the Tano Basin. To address this knowledge gap,

the study centers around a central research question: What

is the organic composition and hydrocarbon generation

potential of the Paleocene source rocks within the Tano

Basin? The objectives include conducting a comprehensive

assessment of these source rocks, encompassing organic

richness, thermal maturity levels, biological sources of

organic matter, and depositional settings through bio-

marker and stable carbon isotope analysis. The principal

aim is to determine their hydrocarbon generation potential.

With increasing domestic demand for oil and gas, this

research is crucial for enhancing our knowledge of the

petroleum system and organic chemistry in the Tano Basin

and similar basins along the South Atlantic margin. Many

of the basins in these areas have similar geological histories

(Schiefelbein et al. 2000; Beglinger et al. 2012a, b). The

research, therefore, has the potential not only to enhance

comprehension of the Paleocene source rock quality in the

Tano Basin but also have a broader regional and global

implications.

2 Study area

2.1 Regional and tectonic setting

The Tano Basin, shown in Fig. 1a, is a significant oil and

gas production hub located in southeastern Ghana within

West Africa’s Gulf of Guinea (Bempong et al. 2019; Akaba

et al. 2022). This basin is a crucial part of the extensive

West African Transform Margin, which stretches from

Senegal to Cameroon and includes other significant basins

like the Niger Delta Basin and the Benue Trough

(Brownfield and Charpentier 2006). Geographically, the

Tano Basin is flanked by the St. Paul Fracture Zone in the

northwest and the Romanche Fracture Zone in the south-

east, both of which have significantly shaped its structural

development (Lake et al. 2014). The Tano Basin has a

complex geological history, spanning epochs of significant

tectonic activity. It commenced its tectonic evolution dur-

ing the late Jurassic period, characterized by continental-

to-oceanic rift processes (Lake et al. 2014). Over the course

of its history, the basin has traversed a sequence of tec-

tonically driven stages, encompassing continental rifting,

oceanic expansion, and subsequent episodes of inversion

and compression (Brownfield and Charpentier 2006).

2.2 Generalized stratigraphy of the Tano Basin

In this context, the lithology of each stratigraphic unit has

been summarized using unpublished technical reports

sourced from the Ghana National Petroleum Corporation.

The stratigraphy of the Tano Basin encompasses various

sedimentary rock types, including sandstones, shales, and

limestones. These rocks were deposited at different stages

in their tectonic history. In the Tano Basin, sedimentary

deposits primarily range from the Eocene to the Aptian

periods, with some Permian-age sediments encountered

along the margin of the basin. These layers overlay Pale-

ozoic basement rocks that are integral to an extensional rift

basin system, as depicted in Fig. 1b.

2.2.1 Basement rocks (pre-cambrian)

The most ancient rocks underlying the Tano Basin com-

prise metamorphosed Precambrian Birimian igneous rocks,

featuring schist, phyllite, and greywackes (Eisenlohr and

Hirdes 1992). These rocks served as the foundation on

which subsequent sedimentary layers were deposited.

2.2.2 Cenozoic era

The youngest of the Tano Basin’s sedimentary fill corre-

sponds to the Cenozoic Era, a geological epoch from

approximately 66 million years ago to the present day. This

era encompasses the following stratigraphic units:

2.2.2.1 Paleocene to eocene The lowest strata consist of

both marine and non-marine sediments, comprising sand-

stones, siltstones, and shales. These rock strata often fea-

ture intervals rich in organic matter, making them potential

source rocks for hydrocarbon reservoirs.

2.2.2.2 Miocene to Pliocene Overlying the older sedi-

mentary layers are deposits from the Miocene and Pliocene

epochs, comprising sands, clays, and conglomerates. These

formations may contain reservoirs that house accumula-

tions of oil and natural gas.
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2.2.3 Cretaceous era

Beneath the Cenozoic sedimentary layers, there are rocks

from the Cretaceous period, dating back to approximately

145–66 million years ago. These layers include formations

known as the Cenomanian–Turonian and the Coniacian-

Santonian series, notable for their marine shale and sand-

stone units.

2.2.4 Jurassic and triassic eras

At greater depths within the basin, sedimentary strata from

the Jurassic and Triassic Eras become evident. These rock

layers consist of sandstones, shales, and limestones and

have the potential to serve as reservoirs or source rocks,

depending on their unique compositions and organic

content.

2.2.5 Permian and more ancient strata

In specific areas along the margins of the Tano Basin, older

sedimentary formations from the Permian period and even

more ancient geological epochs become apparent. These

formations consist of various sediment types, including

sandstones, shales, and limestone. Their potential for

containing hydrocarbons depends on their distinct attri-

butes and characteristics.

3 Materials and methods

3.1 Samples

The scientific investigation entailed a comprehensive

geochemical analysis of ten Paleocene Mudrock samples

acquired from the TP-1 well, an exploration well located in

the Tano Basin (Fig. 1a). Additional information regarding

the stratigraphy of the Tano Basin, the specific type of

Paleocene samples analyzed, and the depths at which

sampling occurred can be found in Table 1. The repre-

sentative samples were selected based on gamma log data.

All experimental procedures were conducted at the State

Key Laboratory for Petroleum Resources and Prospecting

situated in Beijing.

3.2 Total organic carbon (TOC) and rock pyrolysis

experiment

Following the guidelines provided by Jarvie (1991), the

Leco CS230 analyzer was utilized for conducting total

organic carbon (TOC) analysis. Furthermore, the pyrolysis

experiment adhered to the standard procedures outlined in

GB/T 18602-2001 and was performed using the Rock–Eval

machine, OGE-IV. These tests were conducted in the

preliminary screening stage to assess the quantity, quality,

and maturity of organic materials present. For data inter-

pretation, templates and guidelines created by Peters and

Cassa (1994), Espitalie et al. (1977), and Carvajal-Ortiz

and Gentzis (2015) were referred to.

3.3 Extraction and separation process

Extractable organic matter (EOM) was extracted from a

batch of ten Paleocene samples, totaling approximately

100 g of finely ground rock-cutting samples. A solvent

mixture of 400 mL dichloromethane and methanol (in a

ratio of 93.7 %) was employed for reflux extraction, lasting

48 h, to extract hydrocarbons. Subsequently, the resulting

mixture was dissolved in 50 mL of petroleum ether and

filtered through a cotton-stuffed funnel to eliminate insol-

uble compounds, specifically asphaltenes. The filtered

solution was then subjected to fractionation, separating it

into saturated hydrocarbons, aromatic hydrocarbons, and

resin using a standard column packed with silica gel and

alumina. The fractionation process involved the sequential

addition of petroleum ether, a mixture of dichloromethane

and petroleum ether (in a ratio of 2:1%), and a mixture of

dichloromethane and methanol (in a ratio of 93.7%) to the

column.

3.4 Molecular analysis

An Agilent 6890 gas chromatograph (GC) equipped with

an HP-5 MS fused silica capillary column and linked to an

Agilent Model 5975i mass selective detector was employed

to analyze saturated molecular markers in the rock extracts.

The GC–MS system’s configuration involved initiating the

oven temperature at 50 �C for 1 min, followed by a

sequential increase to 120 �C at a rate of 20 �C/min, and

then to 310 �C at a rate of 3 �C/min over 10 min.

For the evaluation of aromatic hydrocarbon fractions,

the Agilent 5975i GC–MS system was also utilized, fea-

turing an HP-5 MS fused silica capillary column

(60 m 9 0.25 mm i.d., 0.25 lm film thickness) composed

of 5% phenyl-methylpolysiloxane. In this case, the GC

conditions commenced with an initial temperature of 80 �C

for 1 min, followed by a gradual increase to 310 �C at a

rate of 3 �C/min, maintained for 16 min, while keeping the

injector temperature at 300 �C.

In all the techniques above, helium served as the carrier

gas, and the mass spectrometer operated in electron impact

(EI) mode with an ionization energy of 70 eV and a scan

range of 50–600 Da. The retention times of the samples’

saturated and aromatic molecular markers were compared

to those of a thoroughly defined reference sample used as

the standard for this study in the interest of identification.
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3.5 Stable carbon isotope ratio analysis

The asphaltene isolates were analyzed using an elemental

analyzer–isotope ratio mass spectrometer (EA–IRMS).

Approximately 0.3 mg of each asphaltene sample and the

analytical standard were accurately placed into small tin

sample cups for isotope analysis. Subsequently, a zero-

blank autosampler was employed to introduce the samples

into a Dumas combustion EA, where they underwent

combustion at a temperature of 1030 �C with oxygen

present. The resulting combustion products were directed

into a preparative gas chromatography (GC) column using

Fig. 2 a Representative sample of Paleocene sediments from the Tano Basin b Plot of S1 (free hydrocarbons from rock pyrolysis) and total

organic carbon (TOC) content showing indigenous and non-indigenous hydrocarbons (After Hunt 1966) c Variation of genetic potential

(S1 ? S2) versus. TOC showing the organic richness d Plot of hydrogen index versus Tmax showing kerogen types e Plot of S2 and TOC

showing kerogen types f Plot of Tmax versus depth showing the bulk maturity profile of organic matter in Paleocene mudrock samples from TP-1

well, Tano Basin
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Table 2 Selected n-alkane and hopanoid parameters for assessing the depositional environment of organic matter in Paleocene mudrock samples

from TP-1 Well, Tano Basin

Sample ID Strata Well Depth Sample Type Lithology Pr/Ph Ph/nC18 Pr/nC17 GI C29H/C30H C30D/C29Ts

T1 Paleocene TP-1 975 Cuttings Claystone 1.43 1.79 3.29 0.28 0.74 0.14

T2 Paleocene TP-1 1050 Cuttings Claystone 1.48 2.05 3.46 0.25 0.63 0.19

T3 Paleocene TP-1 1113 Cuttings Claystone 1.46 2.18 3.96 0.23 0.80 0.16

T4 Paleocene TP-1 1190 Cuttings Claystone 1.53 2.31 3.63 0.21 0.53 0.23

T5 Paleocene TP-1 1250 Cuttings Claystone 1.48 2.31 4.04 0.25 0.75 0.25

T6 Paleocene TP-1 1300 Cuttings Claystone 1.48 2.31 4.04 0.20 0.61 0.22

T7 Paleocene TP-1 1341 Cuttings Claystone 1.44 2.30 4.45 0.15 0.83 0.19

T8 Paleocene TP-1 1433 Cuttings Claystone 1.37 2.25 3.61 0.19 0.64 0.17

T9 Paleocene TP-1 1460 Cuttings Claystone 1.39 2.13 3.11 0.16 0.63 0.15

T10 Paleocene TP-1 1497 Cuttings Claystone 1.30 2.20 2.77 0.08 0.63 0.11

Fig. 3 Gas chromatograms of

saturated hydrocarbon fractions

in Paleocene mudrock samples

from TP-1 well, Tano Basin

a Representative saturated

fraction mass chromatograms

(m/z 85) showing nC15–nC33 n-

alkane fraction and isoprenoids,

Pristane (Pr), Phytane (Ph),

nheptadecane (Pr/nC17) and n-

octadecane (Ph/nC18)

distribution b Representative

saturated fraction mass

chromatograms (m/z 191)

showing C19TT–C29TT:

tricyclic terpanes with different

carbon numbers; C24 tetracyclic

terpane, C29H: C29 hopane;

C30H: C30 hopane; Ts:

C2718a(H)-22,29,30-

trinorhopane; Tm: C2717a(H)-

22,29,30-trinorhopane and C31–

C32 homohopanes (HH) and

c Representative saturated

fraction mass chromatograms

(m/z 191) showing pregnanes

(p), hompregnanes (hp),

diasteranes (DSt), regular

steranes (St) and methyl

steranes (Me) hydrocarbons
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helium as the carrier gas and were subsequently dehydrated

using a MgCl2 trap. Carbon dioxide (CO2) was effectively

isolated via chromatography. To further measure carbon

isotopes, the purified CO2 was then injected into the

Micromass Optima IRMS through an open split. The

reported carbon isotope values represent the average of

multiple replicate analyses, typically exceeding two

(n [ 2), and exhibiting a standard deviation of less than

Table 4 Selected n-alkane parameter and distribution of regular steranes (St) and diasteranes (DSt) for identifying organic matter sources and

depositional environment in Paleocene mudrock samples from TP-1 Well, Tano Basin

Sample

ID

Strata Well Depth Sample

type

Lithology (nC21 ? nC22)/(

nC28 ? nC29)

%

C27St

%

C28St

%

C29St

C27St/

C29St

C27DSt/

C27St

T1 Paleocene TP-

1

975 Cuttings Claystone 0.90 30.32 26.64 43.04 0.70 0.15

T2 Paleocene TP-

1

1050 Cuttings Claystone 1.05 29.85 29.06 41.09 0.73 0.25

T3 Paleocene TP-

1

1113 Cuttings Claystone 1.02 29.38 31.49 39.13 0.75 0.34

T4 Paleocene TP-

1

1190 Cuttings Claystone 0.97 30.01 28.32 41.67 0.72 0.22

T5 Paleocene TP-

1

1250 Cuttings Claystone 0.89 29.70 30.00 40.29 0.74 0.28

T6 Paleocene TP-

1

1300 Cuttings Claystone 1.08 30.03 28.52 41.45 0.73 0.22

T7 Paleocene TP-

1

1341 Cuttings Claystone 0.93 29.74 30.39 39.86 0.75 0.29

T8 Paleocene TP-

1

1433 Cuttings Claystone 0.94 30.10 29.30 40.60 0.74 0.23

T9 Paleocene TP-

1

1460 Cuttings Claystone 1.05 29.89 31.95 38.16 0.78 0.31

T10 Paleocene TP-

1

1497 Cuttings Claystone 1.04 30.40 32.42 37.18 0.82 0.29

Fig. 4 Total ion current (TIC)

chromatogram of the aromatic

hydrocarbon showing the

summed intensity of 2-ring and

3-ring polyaromatic

hydrocarbons identified in

Paleocene mudrock samples

from TP-1 well, Tano Basin
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0.2%. These values are referenced to the widely recog-

nized standard, Vienna Pee Dee Belemnite (VPDB)

carbonate.

4 Results

4.1 TOC and rock pyrolysis

The lithology of the Paleocene source strata consists of

medium to dark gray,

occasionally pale gray and brownish gray, moderately

firm to hard, blocky to platy, and non-calcareous

shale/claystone (Fig. 2a). This shale/claystone also con-

tains minor fine-grained unconsolidated sandstones, silt-

stones, and limestone intercalations. In some regions, it is

possible to encounter sporadic swelling streaks of dis-

seminated pyrite, along with rare occurrences of pyrite

modules.

The TOC values obtained from the Paleocene mudrocks

range from 0.7 wt% to approximately 2.9 wt% (Fig. 2b and

Table 1). Notably, there is a discernible increasing trend in

these values as depth increases (Table 1). The rock

pyrolysis parameters, specifically S1 ? S2, which assess

the hydrocarbon potential of petroleum samples, fall within

the range of 1–7 mg HC/g rock (Fig. 1c). Hydrogen index

(HI) values observed in the Paleocene samples vary from

98 to 215 mg HC/g (Table 1 and Fig. 1d). Tmax, repre-

senting the temperature at which the maximum rate of

hydrocarbon generation occurs during pyrolysis analysis of

kerogen samples, ranges between 405 and 436 �C in the

Paleocene samples (Fig. 2f). It is worth noting that HI,

S1 ? S2, and Tmax values all exhibit an increase with

depth in the Paleocene source samples (Table 2 and

Fig. 2b–f).

4.2 Molecular composition of the samples

4.2.1 Aliphatic hydrocarbons

In this section, a detailed saturated biomarker analysis is

presented for the indigenous hydrocarbons identified in the

Paleocene samples. The indigeneity of the hydrocarbons

was established by plotting S1 against TOC, as indicated in

Fig. 2b. In all the samples, the S1/TOC values in the

Paleocene samples are below 1.5, indicating that the

associated hydrocarbons are of indigenous origin (Fig. 2b;

Hunt 1966).

Within the aliphatic fraction of the Paleocene extracts,

there is a hump pattern between the lower-weight and

intermediary-weight normal alkanes (Fig. 3a) suggesting

that the Paleocene mudrocks may contain an unresolved

Complex Mixture (UCM). The UCM hump could be

attributed to contamination, biodegradation, or limitations

of GC–MS in accurately detecting and separating hydro-

carbons in the samples, as noted by Gough and Rowland

(1990). However, pristane and phytane (Pr and Ph) seem to

be preserved within the normal alkanes, showing a bimodal

distribution pattern (Fig. 3a). The calculated Pr/Ph ratios

fall within the range of 1.48–1.70, accompanied by notably

Fig. 5 Representative aromatic hydrocarbon fraction mass chromatograms (m/z 245) showing the distribution of methyl triaromatic steroids in

Paleocene mudrock samples from TP-1 well, Tano Basin. Peak 7: 4,23,24-trimethyltriaromatic steroids (C29 triaromatic steroids), peak 8: 4-

methyl-24- ethyltriaromatic steroids (C29 triaromatic steroids), peak 9: 3-methyl-24-ethyltriaromatic steroids (C29 triaromatic steroids), peak 11:

4-methyltriaromatic steroids (C27 triaromatic steroids), peak 12: 3-methyltriaromatic steroids (C27 triaromatic steroids), peak 13: 3,24-

dimethyltriaromatic steroids (C28 triaromatic steroids)
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elevated average ratios of isoprenoids to n-alkanes,

specifically Pr/n-C17 and Ph/n-C18 (Table 2). The identifi-

cation of specific compounds from the pentacyclic terpane

group was achieved, including trisnorhopane (Ts),

trimethylandrostane (Tm), C30 early eluting rearranged

hopane (C30E), C29 hopane, C30 hopane, C30 diahopane,

gammacerane, and C31 extended hopanes in the Paleocene

samples. Figure 3b provides a visual representation of this

identification. Furthermore, as shown in Fig. 3b, the peak

intensity of C32–C35 homohopanes was low at m/z 191, but

the abundance of C31 homohopane is noticeably high.

Additionally, the tricyclic and tetracyclic terpanes (TT and

TeT) homologs ranged from C19 to C29, with the main C24

tetracyclic terpane and C23TT being prominent.

The Paleocene samples exhibited greater C30 hopane

peaks than C29 diahopane peaks, and the majority of them

had substantial gammacerane peaks (Gammacerane/C30

hopane [ 0.2), with the samples’ C30D/C29TS ratios

ranging from 0.11–0.25 (Table 2). The homohopane

maturity metric C3122S/(22S ? 22R) ranged between 0.22

and 0.31, whereas the trisnorhopane thermal indicator Ts/

(Ts ? Tm) had average ratios between 0.22 and 0.39

(Table 3).

Regarding the steranes and diasteranes pattern, the C29

steranes were more prevalent than the C27 steranes, which

were likewise more abundant than the C28 steranes in the

Paleocene samples. Lower peak intensities of pregnanes

and 4-methylcholestane (4-Me) were observed (Fig. 3c),

and all the samples had lower average ratios of C27 -

Diasterane/C27 regular Sterane (Table 4).

4.2.2 Aromatic hydrocarbons

In the Paleocene samples, analysis of the chromatograms in

the total ion chromatogram (TIC) mode revealed the

presence of various 2–3-ring aromatic hydrocarbons. These

compounds include naphthalene, phenanthrenes, triaro-

matic steroids, fluorenes, dibenzothiophenes, and diben-

zofurans (F, DBT, and DBF) (Fig. 4). The study indicates

that the Paleocene samples exhibit relatively higher peaks

Fig. 6 a Representative aromatic hydrocarbon fraction mass chromatograms (m/z 128) showing naphthalene b Representative aromatic

hydrocarbon fraction mass chromatograms (m/z 142) showing methyl naphthalene c Representative aromatic hydrocarbon fraction mass

chromatograms (m/z 156) showing dimethyl naphthalene d Representative aromatic hydrocarbon fraction mass chromatograms (m/z 170)

showing trimethyl naphthalene in Paleocene mudrock samples from TP-1 well, Tano Basin
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of 2-ring polyaromatic hydrocarbons (PAH) compared to

3-ring PAH, with naphthalene being particularly promi-

nent. Various mass-to-charge ratios were utilized to dis-

tinguish and analyze the mass spectrum of the aromatic

compounds and their isomers within the samples. This

approach provided further insights into the distribution of

aromatic compounds (Figs. 5, 6, 7, 8, 9 and 10).

Additionally, Table 5 and Fig. 12b illustrate the uneven

distribution of heterocyclic aromatic compounds (HTCs)

and hydrocarbons, such as DBT, DBF, and Fs, along with

their alkyl derivatives, within the Paleocene samples. The

relative abundance of these HTCs is ranked as DBF [
DBT [ F (Table 5).

Due to the challenges of measuring vitrinite reflectance

on rock cuttings, alternative measures of the thermal

maturity of organic matter were employed. Notably, ratios

involving alkylnaphthalenes and alkyl phenanthrenes from

analogous studies were utilized (Radke et al. 1982, 1986;

Yuzhuang et al. 2005; Asif et al. 2011; Amoako et al.

2023). Table 3 and Fig. 15 present the eight selected aro-

matic characteristics used to assess the maturity levels of

Paleocene rock samples in the Tano Basin.

4.3 Stable carbon isotope analysis

The Paleocene samples stable carbon isotope ratios point to

a heavier signal (Table 6). These samples’ average 13CSat

values are - 27.88%, with a range of - 27.67% to

- 28.18%, and their average 13CAro values are relatively

heavier, varying between - 26.42% and - 27.56%. The

DdAro-DdSat values in the studied Paleocene samples range

between 0.1 and 1.55 (Table 6).

Fig. 7 a Representative aromatic hydrocarbon fraction mass chromatograms (m/z 178) showing Phenanthrene b Representative aromatic

hydrocarbon fraction mass chromatograms (m/z 192) showing methyl phenanthrene c Representative aromatic hydrocarbon fraction mass

chromatograms (m/z 206) showing dimethyl phenanthrene in Paleocene mudrock samples from TP-1 well, Tano Basin
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5 Discussions

5.1 Source input analysis

In this section, the biological origins of the organic matter

in the Paleocene samples were deduced using both kerogen

and biomarker parameters. The assessment of the kerogen

composition in the mudstones relied on rock pyrolysis

parameters, with a particular emphasis on examining the

relationships between HI versus Tmax and TOC versus S2

(amount of hydrocarbons generated from the thermal

decomposition of organic matter within a rock sample). HI

values serve as indicators of kerogen type, where Type I

kerogen is associated with high values ([ 600 mg HC/g),

Type II kerogen is characterized by moderate values

(ranging from 300 mg HC/g to 600 mg HC/g), and Type

III kerogen is represented by lower values (falling within

the range of 50 mg HC/g to 200 mg HC/g) (Peters and

Cassa 1994; Espitalie et al. 1977). As illustrated in Fig. 2d–

e, the analysis reveals the coexistence of both Type II and

Type III kerogens within the Paleocene mudrocks of the

Tano Basin. Type II kerogen is derived from a combination

of zooplankton, phytoplankton, and bacterial remains

deposited in a reducing environment (Cheng et al. 2019).

On the other hand, Type III kerogen typically originates

from the decomposition of land plants deposited in a ter-

restrial environment (Vandenbroucke and Largeau 2007).

Therefore, the coexistence of Type II and Type III kerogen

indicates the mixed sources of organic matter in the Pale-

ocene samples from the Tano Basin.

Additionally, the n-alkane ratio, (nC21 ? nC22)/(nC28-

? nC29), is valuable for distinguishing between conti-

nental and marine sources of organic matter at the

molecular level (Curiale and Bromley 1996). A higher

prevalence of lower molecular weight hydrocarbons (B

nC22) suggests a greater contribution from marine sources,

while a higher abundance of higher molecular weight

hydrocarbons (C nC28) indicates a greater contribution

from terrestrial sources. A ratio close to one for (nC21-

? nC22)/(nC28 ? nC29) suggests the presence of both

land-based and aquatic sources of organic matter. From

Table 4, the (nC21 ? nC22)/(nC28 ? nC29) ratio is nearly

equal to one, indicating the coexistence of lower marine

aquatic organisms and higher plant precursors in the

Paleocene samples. This finding aligns with the identified

kerogen type, providing further support for the analysis.

Furthermore, the Pr/n-C17 versus Ph/n-C18 plot serves as

a valuable tool for interpreting organic sources and

Fig. 8 a Representative aromatic hydrocarbon fraction mass chromatograms (m/z 184) showing dibenzothiophene b Representative aromatic

hydrocarbon fraction mass chromatograms (m/z 198) showing methyl dibenzothiophene c Representative aromatic hydrocarbon fraction mass

chromatograms (m/z 212) showing dimethyl dibenzothiophene d Representative aromatic hydrocarbon fraction mass chromatograms (m/z 226)

showing trimethyl dibenzothiophene in Paleocene mudrock samples from TP-1 well, Tano Basin
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paleoenvironmental conditions (Connan and Cassou 1980;

Shanmugam 1985; Chen et al. 2018). According to this

relationship, the results of this study indicate a predomi-

nance of mixed organic matter input (Fig. 11b).

Moreover, regular steranes are a type of biological

marker commonly found in petroleum and hydrocarbon

source rocks, originating from the sterols of cell mem-

branes of eukaryotes, including algae and higher plants

(Volkman 2005). The relative ratios of regular steranes

C27, C28, and C29 can indicate the source of the organic

matter. C27 regular steranes are typically associated with

lower aquatic organisms, such as marine zooplankton and

algae, while C29 regular steranes are commonly linked to

terrestrial higher plants and algae (Volkman 2005; Liu

et al. 2021). To assess the contributions of lower organisms

and higher plants in the samples, the regular sterane ratio,

C27ST/C29ST, was examined, with the results presented in

Table 4. Consistent with the Van Krevelen plot (Fig. 2c–d),

the Paleocene samples exhibit a significantly lower C27ST/

C29ST ratio (0.64–0.82), suggesting a relatively lower

proportion of lower aquatic organism precursors and a

higher proportion of terrestrially sourced organic matter.

Furthermore, a triangular plot of C27–29 regular steranes,

following established templates (Huang and Meinschein

1979; Volkman 1986; Liu et al. 2017), unambiguously

indicates that the organic matter in the Paleocene samples

from the Tano Basin originates from mixed sources, with a

predominance of land plants.

Additionally, stable carbon isotope ratios are invaluable

tools for determining the sources, geological history, and

depositional settings of organic matter within source rocks

and crude oils (Maslen et al. 2011; Xinjian et al. 2017;

Konan et al. 2022). Tissot and Welte (1984) observed that

oils or source rocks containing terrigenous organic matter

tend to have lighter isotopic values compared to marine

oils. Furthermore, there is a gradual enrichment in 13C as

compound polarity increases (Stahl 1979; Chung et al.

1981). This suggests that the isotopic composition of

hydrocarbons can provide valuable information about the

origin and characteristics of the organic matter in a given

sample. Specifically, the d13C values of oils and source

rocks can be used to differentiate between marine and non-

marine sources and to evaluate the hydrocarbon generation

potential of a formation. The Paleocene mudstones from

the Tano Basin exhibit a mixed source of organic matter

with a high terrestrial component based on the heavier

isotope signature present in Table 6. This conclusion is

supported by previous studies by Tissot and Welte (1984),

Mello et al. (1988), Maslen et al. (2011), and Konan et al.

(2022). Maslen et al. (2011) reported that oils with isotope

values above - 26% are associated with terrestrial sour-

ces, while those with values below - 26% primarily

Fig. 9 a Representative aromatic hydrocarbon fraction mass chromatograms (m/z 168) showing dibenzofuran b Representative aromatic

hydrocarbon fraction mass chromatograms (m/z 182) showing methyl dibenzofuran c Representative aromatic hydrocarbon fraction mass

chromatograms (m/z 212) showing dimethyl dibenzofuran in Paleocene mudrock samples from TP-1 well, Tano Basin

123

268 Acta Geochim (2024) 43:255–279



originate from marine sources. Konan et al. (2022)

demonstrated that oils from mixed sources generally fall

within the range of - 28% to - 20%, reflecting varying

contributions from marine and terrestrial sources. Thus, the

stable carbon isotope ratios in the Paleocene samples

suggest a mixed source of organic matter with a stronger

terrestrial input. This finding is consistent with the bio-

marker results.

5.2 Depositional environment

The Pr/Ph ratio serves as a valuable parameter for assessing

redox conditions in the depositional environment and

understanding organic matter composition (Didyk et al.

1978; Ten Haven et al. 1987; Zhang and Huang 2005;

Duan et al. 2008). It relies on the concept that pristane

primarily forms from phytol through oxidative processes,

Fig. 10 a Representative aromatic hydrocarbon fraction mass chromatograms (m/z 166) showing fluorene b Representative aromatic

hydrocarbon fraction mass chromatograms (m/z 180) showing methyl fluorene c Representative aromatic hydrocarbon fraction mass

chromatograms (m/z 194) showing dimethyl fluorene in Paleocene mudrock samples from TP-1 well, Tano Basin

Table 5 Relative abundance of

dibenzothiophene (DBT),

fluorenes (F), and dibenzofuran

(DBF) for evaluating the

depositional environment of

organic matter in Paleocene

mudrock samples from TP-1

Well, Tano Basin

Sample ID Strata Well Depth Sample Type Lithology F (%) DBT (%) DBF (%)

T1 Paleocene TP-1 975 Cuttings Claystone 29.15 31.02 39.84

T2 Paleocene TP-1 1050 Cuttings Claystone 21.39 34.04 44.59

T3 Paleocene TP-1 1113 Cuttings Claystone 13.62 37.06 49.33

T4 Paleocene TP-1 1190 Cuttings Claystone 22.06 30.62 47.33

T5 Paleocene TP-1 1250 Cuttings Claystone 25.60 30.82 43.58

T6 Paleocene TP-1 1300 Cuttings Claystone 24.17 29.01 46.83

T7 Paleocene TP-1 1341 Cuttings Claystone 22.73 27.20 50.07

T8 Paleocene TP-1 1433 Cuttings Claystone 24.40 28.39 47.21

T9 Paleocene TP-1 1460 Cuttings Claystone 26.08 29.59 44.35

T10 Paleocene TP-1 1497 Cuttings Claystone 23.00 28.15 48.85
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while phytane results from various reductive pathways.

Typically, a Pr/Ph ratio below 1.0 indicates a strongly

reducing environment, while a ratio exceeding 3.0 suggests

an oxidizing environment. Ratios between 1.0 and 3.0

suggest suboxic redox conditions.

Gammacerane is a biomarker associated with the pre-

cursor tetrahymanol and is commonly found in hypersaline

paleoenvironments (Henderson and Steel 1971). Recent

studies have suggested that gammacerane originates from

tetrahymanol and is typically present in saline waters (Fu

and Sheng 1989; Sinninghe Damste et al. 1995; Yu et al.

2011). In the Paleocene mudrocks from the Tano Basin, the

relationship between the Pr/Ph ratios and the gammacerane

index (G/C30 ab hopane) reveals a pattern that suggests a

variable water salinity column (Fig. 11a). Pr/Ph ratios

ranging between 1.3 and 1.5 suggest deposition in a sub-

oxic redox condition within a transitional environment.

Meanwhile, gammacerane index values varying between

0.8 and 0.28 indicate that the deposition of these mudrocks

occurred in a stratified water column (Fig. 11a).

Furthermore, the distribution of Tricyclic (TTs) and

tetracyclic (TeT) terpanes serves as a diagnostic biomarker

for discriminating source rocks and crude oils from dif-

ferent sedimentary environments (Ekweozor and Strausz

1983; Xiao et al. 2018, 2019). In marine or saline lacustrine

source rocks and their associated oils, it is common to

observe a prevalence of C23TT among C19-C23TT homo-

logs (Aquino Neto et al. 1983; Chen et al. 2017). Previous

research by Peters and Moldowan (1993) proposed that

terrigenous oils tend to have a higher abundance of C19 and

C20 tricyclic terpanes. Conversely, crude oils with a marine

source often exhibit a predominance of the C23 tricyclic

terpane homolog. Longer chain tricyclic terpanes (C19TT–

C33TT) are observed in marine and lacustrine crude oils

(Xiao et al. 2021), while coal samples typically exhibit a

high abundance of C19TT (Zhu 1997; Fu et al. 2019). The

origin of C24 tetracyclic terpanes (TeT) is still under

investigation, but it is hypothesized that these biomarkers

may arise from the thermal or microbial degradation of

hopanes (Tao et al. 2015). Other studies have suggested

Table 6 Stable carbon isotope

ratios of saturated and aromatic

fractions in Paleocene mudrock

samples from TP-1 Well, Tano

Basin

Sample ID Strata Well Depth Sample Type Lithology Component d13CPDB(%)

Sat Aro DdAro-DdSat

T1 Paleocene TP-1 975 Cuttings Claystone - 28.18 - 26.63 1.55

T2 Paleocene TP-1 1050 Cuttings Claystone - 28.02 - 26.53 1.50

T3 Paleocene TP-1 1113 Cuttings Claystone - 27.86 - 26.42 1.44

T4 Paleocene TP-1 1190 Cuttings Claystone - 27.77 - 26.99 0.77

T5 Paleocene TP-1 1250 Cuttings Claystone - 27.67 - 27.56 0.11

T6 Paleocene TP-1 1300 Cuttings Claystone - 27.85 - 27.04 0.80

T7 Paleocene TP-1 1341 Cuttings Claystone - 28.02 - 26.53 1.50

T8 Paleocene TP-1 1433 Cuttings Claystone - 27.85 - 27.04 0.80

T9 Paleocene TP-1 1460 Cuttings Claystone - 27.67 - 27.56 0.11

T10 Paleocene TP-1 1497 Cuttings Claystone - 27.88 - 26.92 0.95

Fig. 11 a Cross plot Pr/Ph versus G/C30 HOP. Note: HOP: C30

17a(H),21b(H)-hopane (after Tao et al. 2015) b Cross plot of Pr/nC17

ratio and Ph/nC18 ratios in Paleocene mudrock samples from TP-1

well, Tano Basin
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that a high tetracyclic to tricyclic terpane ratio is charac-

teristic of terrestrial settings (Aquino Neto et al. 1983).

Thus, tricyclic terpanes provide valuable insights into the

depositional environments of source rocks and their asso-

ciated oils, aiding in understanding hydrocarbon generation

and exploration in diverse geological settings. Consistent

with the changing distribution of regular steranes shown in

Table 4 and the gammacerane index values in Table 2, the

variations in the tricyclic terpane ratio (C19TT ? C20TT/

C23TT) depicted in Fig. 13a and Table 7 suggest that these

mudrocks were deposited in a transitional environment,

where freshwater mixes with saline water.

Recent research has demonstrated that the relative

abundances of fluorenes, dibenzofurans, and dibenzothio-

phenes (FL, DBT, and DBF) can provide valuable infor-

mation about the depositional environment of sedimentary

rocks (Li et al. 2004, 2011, 2013). For example, oils from

marine and saline lake environments tend to have higher

contents of dibenzothiophene, while oils from freshwater

and brackish lakes are often dominated by fluorene (Li

et al. 2012). The relative abundance of DBT, DBF, and FL

in the Paleocene mudrock samples from the Tano Basin is

presented in Table 5. The triplot of DBT, DBF, and FL in

Fig. 12b suggests that the organic matter in the Paleocene

samples from the Tano Basin was deposited in a transi-

tional environment (Li et al. 2012). This conclusion is

consistent with the C27
– C29 regular sterane triangular plot

(Fig. 12a), gammacerane index (Fig. 11a), and tricyclic

terpane ratios (Fig. 13a).

5.3 Comprehensive thermal maturity assessment

The quality of source rocks is influenced by several factors,

including the type and abundance of organic matter, as well

as their organic richness and thermal maturity. In this

section, we focus on assessing the thermal maturity of the

organic matter in the Paleocene mudrocks, examining both

their kerogen maturity (Tmax) and molecular maturity

parameters.

As a screening parameter, Tmax values below

435–440 �C are associated with immature or early mature

source rocks, while in the mid-maturity range, Tmax typ-

ically falls within the range of 435–445 �C. As thermal

maturation progresses, Tmax values gradually increase

(Peters and Cassa 1994). The Tmax range of (405–436 �C)

in the samples suggests an immature to mid-maturity range

(Fig. 2f).

Molecular parameters, namely Ts/(Ts ? Tm) ratios,

C31HH22S/(22S ? 22R), and C29St20S/(20S ? 20R),

have been demonstrated to be highly responsive indicators

of organic matter maturation within the saturated hydro-

carbon fraction of rock extracts and crude oils (Scalan and

Smith 1970; Seifert and Moldowan 1986; Peters et al.

2005). The Ts/(Ts ? Tm) ratio represents the relative

abundance of 18a(H)-22,29,30-trinorhopane (Ts) to

Fig. 12 a Ternary plot of C27–C29 sterols showing the source input and depositional environment of organic matter (after Huang and Meinschein

1979; Volkman 1986; Liu et al. 2017) b Ternary plot of fluorenes (FLs), dibenzothiophene (DBTs) and dibenzofurans (DBFs) showing the

depositional environment of organic matter in Paleocene mudrock samples from TP-1 well, Tano Basin (After Li et al. 2012)

123

272 Acta Geochim (2024) 43:255–279



17a(H)-22,29,30-trinorhopane (Tm) and is influenced by

both the maturity and source facies of the samples.

Although the specific value of this ratio heavily relies on

the initial facies of the samples, it tends to reach a

stable equilibrium during intermediate to advanced stages

of thermal maturity (Peters et al. 2005; Gao et al. 2007). In

the case of the Paleocene samples under study, the

observed Ts/(Ts ? Tm) ratios show an increasing trend

with depth (ranging from 0.2 to 0.39), implying a pro-

gressive thermal maturation of these rocks with increasing

depth (Fig. 14a).

Moreover, in the immature to early stages of oil gen-

eration, C31–35HH22S/(22S ? 22R) ratios have been

identified as valuable maturity parameters (Peters et al.

2005). Typically, these ratios range from 0.50 to 0.54

during the early oil generation phase and increase to

between 0.57 and 0.62 during the main oil generation

phase. However, the 22S/(22S ? 22R) ratio remains

constant after reaching isomerization equilibrium, leading

to a lack of additional maturity information (Seifert and

Moldowan 1986; Peters et al. 2005). In contrast to the Ts/

(Ts ? Tm) maturity parameter, the plot of C31HH22S/

(22S ? 22R) versus C2920S/(20S ? 20R), as shown in

Fig. 14b, clearly indicates that the Paleocene samples are

currently in the immature phase of oil generation.

Similarly, aromatic molecular markers are commonly

used alongside saturated molecular markers to assess

source rock maturity due to their superior stability. Among

these, the alkyl phenanthrene and alkyl naphthalene ratios

are extensively employed as molecular maturity parameters

in the aromatic fractions (Radke et al. 1982, 1986; Yuz-

huang et al. 2005; Asif et al. 2011). Table 3 provides a

comprehensive compilation of eleven molecular ratios

derived from both saturated and aromatic hydrocarbon

fractions, serving as maturity parameters to evaluate the

organic maturation levels of the Paleocene mudstones.

Fig. 13 a Plot of C19TT ? C20TT/C23TT with depth suggests depositional environment of the Paleocene mudrocks from the Tano Basin

fluctuates between marine and freshwater environment b Variation of C23TT/C21TT versus C19TT ? C20TT/C23TT suggests depositional

environment of the Paleocene mudrocks from the Tano Basin fluctuates between marine and freshwater environment c Plot of C25TT/C24TeT

versus C24TeT/C26TT shows the dominance of terrestrial organic matter input in Paleocene mudrock samples from TP-1 well, Tano Basin. d Plot

of C28TT/C30HOP versus C29TT/C30HOP shows the low abundance of longer chain tricyclic terpanes in Paleocene mudrock samples from TP-1

well, Tano Basin
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Two parameters, MPI–1 (methylphenantherene index)

and MPI–2 [3*(2–methyl phenanthrene)]/[phenan-

therene ? (1–methyl phenanthrene) ? (9–methyl phenan-

threne)], exhibit a good maturity range with depth within

the Paleocene samples of the Tano Basin; however, the

remaining 6 aromatic maturity parameters do not show

consistent or distinct variations with depth (Fig. 15). The

computed vitrinite reflectance (Rc) of the Paleocene sam-

ples, based on the methyl phenanthrene index formula

(Rc = 0.6MPI - 1 ? 0.4, Radke et al. 1982), ranges from

0.65% to 0.76%. This indicates that the Paleocene samples

are in the main oil generation phase (Peters and Cassa

1994).

To sum up, we have observed a consistent trend of

increasing organic matter maturity in the Paleocene source

strata with depth based on the analysis of bulk and

molecular maturity parameters.

6 Regional correlations with other basins

This section offers a comparative analysis of Paleocene

source rocks in the Tano Basin with those in other basins

along the West and South Atlantic margins. These basins

include the Niger Delta Basin, Douala and Kribi-Campo

Basins in Cameroon, the Kwanza Formation in Angola, and

some basins in the northern part of the Brazilian margin. It

is noteworthy that the geological and tectonic histories of

the Brazilian and West African continental margins share

similarities due to their proximity during and after the

separation of Africa and South America in the Late Jurassic

to Late Cretaceous period. As a result, rift and marginal

basins in both continents exhibit correlations (Schiefelbein

et al. 2000).

Bustin (1988) and Tuttle et al. (1999) demonstrated that

the Paleocene source rocks in the Niger Delta Basin pri-

marily consist of Type II/III kerogen and originate from

marine sources. The total organic carbon (TOC) content in

these rocks ranges from 1 to 2 wt%. Varying degrees of

thermal maturity are observed in these rocks, spanning

from marginally mature to late mature (Odumodu and

Mode 2016).

Recent research by Wotanie et al. (2022) and Nijoh and

Sama (2022) has highlighted that the Paleocene source unit

in the Douala Basin and Kribi-Campo Basins of Cameroon

predominantly contains Type II and Type III kerogens.

These sediments were deposited in nearshore/shallow

marine paleo-depositional environments, characterized by

a significant influx of continental debris. These rocks typ-

ically possess TOC content ranging from 0.5 to 2 wt% and

are considered marginally mature (with vitrinite reflectance

values, VRo, ranging from 0.50 to 0.59%).

In the Kwanza Basin, Angola, the Paleocene source

strata within the Rio Dande Formation exhibit kerogen

types II, II/I, and II/III, with TOC levels ranging from 2 to

10 wt%. The thermal maturity of these rocks varies from

immature to mature, depending on the specific sampling

location. According to Raposo and Inkollu (1998), the

depositional environment of these Paleocene source rocks

in the Kwanza Basin, Angola, is marine.

Furthermore, Mello et al. (1988) showed that Paleocene

source rocks from the northern part of the Brazil marginal

basins have a TOC content of up to 7 wt%, primarily

arising from Type II/III kerogen, with thermal maturity

ranging from immature to peak mature. The depositional

environment of these rocks overlaps between marine and

deltaic environments.

The correlation studies indicate that the Paleocene

source rocks in the Tano Basin share similarities in terms

of organic matter composition with those observed in the

aforementioned basins (Fig. 16). However, there are

Fig. 14 a Depth profile of Ts/(Ts ? Tm) shows the maturity of

organic matter in the Paleocene samples from TP-1 well, Tano Basin,

increases with depth b Plot of C31HH22S/(22S ? 22R) versus

C2920S/(20S ? 20R) indicates the immaturity of Paleocene samples
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Fig. 15 Plot of some aromatic maturity parameters with depth showing the maturation range of organic matter in Paleocene mudrock samples

from TP-1 well, Tano Basin
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variations in the thermal maturity range of these rocks

across regions, possibly attributable to differences in heat

flow and burial history. For instance, source rocks in the

Potiguar Basin in Brazil have undergone thermal maturity

influenced by heat flow (da Silva et al. 2021). Currently,

the thermal maturity of the Paleocene source rocks in the

TP-1 well of the Tano Basin is relatively low compared to

what is observed in the Niger Delta and the Brazilian

marginal basins (Fig. 16). Ultimately, gaining a compre-

hensive understanding of the thermal maturity of the

Paleocene source rocks in the Tano Basin may require

extensive geochemical studies or basin modeling

approaches.

7 Conclusion

This research aimed to investigate the unexplored petro-

leum potential and organic facies of the Paleocene source

strata in the Tano Basin, an area that has received limited

attention in prior exploration efforts. Through compre-

hensive geochemical analysis, including the assessment of

total organic carbon content, Rock–Eval pyrolysis, bio-

marker, and isotopic analysis, the study has yielded the

following conclusions:

The analysis reveals that the Paleocene mudrocks from

the Tano Basin contain a combination of Type II and III

kerogen, exhibiting organic richness ranging from lean to

moderate. The presence of indigenous hydrocarbons orig-

inating from mixed sources underscores the significance of

these rocks as potential source rocks. Furthermore, the

study highlights the crucial role played by the sub-oxic

transitional environment with variable salinity gradients in

preserving the organic matter in these rocks. Maturity

assessment based on rock pyrolysis Tmax and biomarker

ratios indicates that the organic matter within these

mudrocks is in the immature to early mature phases in

terms of oil generation, with maturity increasing with

depth.

In comparison, the Paleocene source rocks in the Tano

Basin share many similarities in terms of organic compo-

sition and depositional environments with those in the

South Atlantic marginal basins, including the Niger Delta

Basin, Douala and Kribi-Campo Basins in Cameroon, the

Kwanza Formation in Angola, and certain basins in the

northern part of the Brazilian margin. However, it is worth

noting that the thermal maturity of the Tano Basin’s

Paleocene source rocks is relatively low compared to what

is observed in the Niger Delta and the Brazilian marginal

basins.

In conclusion, this study has unveiled the previously

overlooked marginal hydrocarbon potential of Paleocene

mudrocks in the Tano Basin. The shared geochemical

characteristics between the Paleocene mudrocks of the

Tano Basin and those in the South Atlantic marginal basins

provide valuable insights into source rock quality, essential

for informing future exploration endeavors in this region.
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