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Abstract The Mamfe Basin is an intra-continental basin in southwestern Cameroon. Shale from Cretaceous strata
in the Mamfe Formation has been poorly characterized in terms of their palaeo-environmental conditions and origin
of the organic matter. Also, the thermal maturity of the shale has not been well established. The aim of this study is
to determine the origin of the organic matter, evaluate the thermal maturity, palaeo-environmental conditions, and
thereby deduce their hydrocarbon generative potential. Biomarker geochemical analyses was carried out on the
organic matter extracts of some selected shale samples from Mamfe Formation having total organic carbon content
ranging from 0.69 and 4.50 wt. % (av. =1.82 wt. %). Base on the total organic carbon content, the shales are
described to have good hydrocarbon generative potentials. Thermal maturity parameters base on 20S/(20S +20R),
and ββ/(ββ + αα) C29 sterane ratios along with CPI and OED indicate that the analysed samples from Mamfe
Formation sit at mature oil window generation. The origin of the organic matter have been deduced to be mainly of
terrestrial plant source with minor lacustrine and marine influences. Palaeo-environmental conditions were decipher
to be of sub-oxic to anoxic conditions that have preserved the organic matter. This study have highlight valuable
insight based on the biomarker geochemistry of the shales of the Mamfe Basin thereby reducing petroleum
exploration risk.
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1. Introduction
The Mamfe Basin (Figure 1) is an intracontinental basin
in Cameroon in which exploration for hydrocarbons is
currently ongoing, mostly by some academic researchers.
Previous research works indicated that the basin holds
potential to generate hydrocarbon gases [1,2] from
Cretaceous shale containing type III and IV kerogens [2].
The Mamfe Basin’s tectonic history, regional geology,
stratigraphy, and sedimentology have been well studied
and research publish online by [3,4,5,6]. Important
petroleum-exploration questions such as paleodepositional
conditions and the thermal maturity for organic matter
preserved in the potential source rocks and the origin of
the organic matter are yet to be fully answered. Studies on
the source rock organic geochemistry of the Mamfe shales
to date have been insufficient to describe palaeoenvironmental conditions, origin of organic matter, and
thermal maturation. Researchers such as [7-12] have
widely reported the important of biomarker geochemistry
in characterising the source rock’s organic matter origin,
paleodepositional conditions, and thermal maturation.
Therefore, this study employed the used of biomarker

geochemistry in order to evaluate the origin of the
organic matter, paleodepositional conditions, as well as the
thermal maturity of the Lower Cretaceous Mamfe
Formation shale.

2. Geological Background
The Mamfe Basin constitutes parts of a series of rift
basins in Central and West Africa whose origin is linked
to the Cretaceous separation of the African crustal blocks
as part of the West and Central African Rift System
[13,14,15]. It is bounded to the north and south by the
Obudu and Oban massifs, respectively (Figure 1). The
Basin narrows eastward, terminating below the Cameroon
Volcanic Line (CVL) and opens westward into the Benue
Trough across the Cameroon-Nigeria border [13,16]. [17]
reported that the Basin is underlain and fringed by
reactivated, fault bounded granitic-gneissic rocks of the
Pan-African Mobile Belt (550 ± 100 Ma) and is intruded
both by Cenozoic orogenic and effusive basic intermediate
rocks such as syenites, diorites, and trachytes and by
basalts that belong to the CVL. The Mamfe Basin is
essentially filled by Cretaceous clastic sedimentary rocks
[18], comprising conglomerates, sandstones, arkoses,
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black shales, and mudstones [6]. The Lithostratigraphy of
the basin was described by [3, 4, 19], and they referred to
it as the Mamfe Formation. Several different
Lithostratigraphy frameworks have now been published,
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but, in general, none are accepted. A summary of all the
various stratigraphic columns proposed for the Mamfe
Basin is documented in [20] and this study uses that of 5
as shown in Table 1.

Figure 1. Geologic map of the Mamfe region (modified after 18)
Table 1. Stratigraphy of the Mamfe Basin (after 5)
Age

Formation

Cenomanian
Albian -Aptian

Manyu
Mamfe Formation

Berremian-Aptian
Pre-Cambrian

Member

Nfaitok
Etoko/Okoyong

Basement

Granitic-gneissic

3. Methods
Field sampling on exposure in road-cuts and river
channels were carried out in the Mamfe Basin. During the
field sampling, an attempt was made to collect fresh and
un-weathered samples since weathering is a problem in
geochemical investigation. A hand driller was used to
collect the sample at 1.5-m depth. A total of 16 samples
were collected and analysed for total organic carbon
content (TOC) using LECO C230 instrument. Only
samples with TOC (wt. %) exceeding [21] 0.5 wt. % for
source rocks are reported here and used for the biomarker
analysis while others were discarded. A pre-weighed
portion of powdered 15- 30 g of seven shale samples (with
TOC > 0.5 wt. %) was poured into a pre-extracted paper
thimble and placed into the soxhlet apparatus. A zeotropic
mixture of dichloromethane (DCM) and methanol
(CH3OH) (93:7 v/v, 450 ml) was prepared and placed in a

Lithologic description
Cross stratified massive to very massive sandstone with mud cracked,
shale/ mudstone interbedded.
Indurated black shale with siltstones interbedded and locally clayey,
marlstone and limestone.
Massive sandstone locally with shale interbedded at the top and
amalgamated poorly sorted conglomerate with local siltstone beds at base
Granitic - gneissic

500-ml round bottom flask. Pre-extracted anti-bumping
granule and activated copper tunings were added to the
solvent flask which was fitted to the soxhlet extraction.
Extraction was allowed to continue for at least 72 hours
after which the extract solution was rotary evaporated
until only 1-2 ml of solvent remained. The extract was
then transferred into a pre-weighed vial and left to dry in
air. When dry, the sample and the vial were re-weighed
and the extractable organic matter (Bitumen) obtained.
The bitumen was then subjected to column chromatography.
The column was prepared by packing 400-mm burrettes
with silica gel in petroleum ether to about 4/5th full. The
slurry was topped up with 2-3 spatula of alumina. A
50-mg portion of each rock extract was dissolved in DCM
and then transferred onto a dry activated alumina. The
mixture of the sample and the alumina was then left open
to the air allowing the solvent to evaporate; occasionally
the mixture was slightly heated to less than 40°C to
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facilitate solvent evaporation. Then the dry adsorbed
sample was gently poured into the top column. The rock
extracts were separated into saturated hydrocarbons;
aromatic hydrocarbons; and Nitrogen-, Sulphur-, and
Oxygen-bearing compound. Only the saturated fraction
was considered for this study. The saturated fraction was
eluted with 80 ml of petroleum ether and the eluate was
collected into a labelled 250-ml round bottom flask. The
saturated fraction was subjected to Gas chromatography–
mass spectrometric (GC–MS) analysis using an Agilent
7890A gas chromatograph coupled with Hewlett-Packard
5975C mass spectrometer. The samples were analysed in
the full scan modes and n – alkanes (m/z =85), triterpanes
(m/z = 191), and regular steranes (m/z = 217) were
detected and individual compound were identified by the
relative retention times.

4. Results
4.1. Sedimentology
The outcrops at the various localities of studied are
composed of massive to fissile black shales, siltstones,
and limestones (Figure 2). Very compact and indurated
black shale predominates at the base of the outcrops. The
black shales are intercalated with silty shales alternating
with siltstones and limestone. Siltstone beds intercalated
between the shale are of vary thickness of less than 0.5 cm
to about 20 cm and were grey in colour. The limestone
beds intercalate between the shales and range in thickness
from less than 2 cm to about 20 cm and are grey with no
macrofossils in them.

Figure 2. Representatives outcrops (a and b) and lithological log (c) of the Mamfe Formation

4.2. Total Organic Carbon Contents
(TOC; wt. %)
TOC content of the analysed samples are shown in
Table 2. The percentage of TOC in the studied samples

was between 0.69 and 4.50 wt. % (av. =1.82 wt. %),
corresponding to good contents of organic matter after
[22]. These TOC values do not automatically categorize
the samples as potential source rocks because TOC values
alone are not sufficient to indicate good source rock
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potential because much of the organic matter may be inert
due to sedimentary reworking, oxidation, or advanced
levels of maturation [23]. However, good preservation of
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organic matter under anoxic conditions led to the
deposition and preservation of these organic matter-rich
sediments [24].

Table 2. TOC (wt. %), data calculated from mass chromatograms (m/z 85) and derived parameters for the studied samples from Mamfe
Formation
Samples ID
NM1
NM2
NM3
NM4
NM5
NM6
NM7

TOC (wt. %)
1.33
4.50
0.69
2.48
1.65
0.70
1.36

Pr/Ph
0.72
1.42
0.60
1.71
1.48
1.18
0.96

Pr/n-C17
4.17
0.63
2.46
2.22
0.23
0.54
0.67

Ph/n-C18
1.89
0.40
0.65
2.63
0.15
0.43
0.51

CPI
1.30
0.87
0.32
0.74
0.95
1.01
0.92

CPI(1)
1.80
1.09
1.10
1.13
1.09
1.13
1.33

OEP(2)
1.10
1.01
0.85
1.03
0.94
0.96
0.89

OEP(1)
1.32
0.79
0.10
0.67
0.98
1.04
0.65

Waxiness Index
1.19
0.48
0.17
0.39
0.47
0.55
0.28

TAR
47.29
16.78
11.12
18.72
24.39
16.11
13.44

Pr = pristane, Ph = phytane, Pr/Ph = pristane/phytane, Pr/n-C17= pristane/n-C17, Ph/n-C18= phytane/n-C18,
CPI (carbon preference index) =½[(C25 + C27 +C29 + C31 + C33/C24 +C26+C28+C30+C32+C34) + (C25 + C27 +C29 + C31 +C33/C26+C28+C30+C32+C34)],
CPI (1) = 2(C23+C25+C27+C29)/[C22+2(C24+C26+C28) +C30],
OEP (improved odd-over-even predominance)
OEP (1) = C21+6C23+C25/ 4(C22+C24),
OEP (2) = C25+6C27+C29/4(C26+C28),
TAR (terrigenous/aquatic ratio) = (C27+C29+C31)/ (C15+C17+C19),
Waxiness index =∑ (n-C21-n-C31)/∑ (n-C15-n-C20).

Figure 3a, b. A representative m/z 85 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Figure 3c, d, e. A representative m/z 85 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Figure 3 f, g. A representative m/z 85 mass chromatograms of saturated hydrocarbon fractions of the studied samples

4.3. N-alkane and Acyclic Isoprenoids
The mass chromatograms m/z 85 of aliphatic hydrocarbons
of the analysed Mamfe samples are shown in Figure 3.
The whole-extract gas chromatograms of the Mamfe
Formation organic-rich sediments show that n-alkanes are
the dominant components. The n-alkane distributions display
a full suite of saturated hydrocarbons C10-C36 n-alkanes
and the isoprenoids pristane and phytane (Figure 3). The
Pr/n-C17 vs. Ph/n-C18 ratios in the analysed Mamfe samples
range from 0.23 to 4.17 and 0.15 to 2.63, respectively,
while the Pr/Ph ratios in the analysed samples are in the
range of 0.60 to 1.71. The terrigenous /aquatic ratio, TAR
= (nC27 +nC29 +nC31) / (nC15 +nC17+nC19) ranges from
11.2 to 47.29. The Waxiness index for the studied samples
ranges from 0.28 to 1.19. Lastly, the carbon preference
index (CPI; 25, 26, 27) varies between 0.32 and 1.30. The
improved odd –even predominance (OEP; 28) values
range from 0.65 to 1.32 in the studied samples.

4.4. Terpanes
Triterpane and hopane biomarkers were measured from

m/z 191 mass chromatograms, respectively (Figure 4). The
identified peaks are listed in Table 3 and calculated ratios
are in Table 4. The hopanoids biomarkers composition
and distribution are relatively the same in the studied
samples. The homohopane distributions are characterized
by the dominance of C31, and concentrations decrease
toward higher-numbered homohopanes (Figure 4) and the
C31RHH/C30H hopane ratios of Mamfe extract samples are
in the range of 0.002 to 0.17. The C29 H/C30 H ratios in the
studied samples range from 0.42 to 0.57 and are indicating
that C30H hopane is in high concentration than
C29H – hopane. Other compounds detected include
17β, 21α (H)-moretane, with C30M-moretane/C30H-hopane
ratios for the studied samples ranging from 0.18 to 0.27,
and 18α (H)-oleanane, with Oleanane index ranging from
0.10 to 0.23. The Ts/ (Ts + Tm) ratios, indicators of
thermal maturity, range from 0.33 to 0.63 (Table 4). The
Gammacerane index for the extracts varies from 0.07 to
0.23 (av. = 0.09). The ratio of tetracyclic and tricyclic
terpanes, represented by C24Tet/C26Tri, range from 0.56 to
1.40 (Table 4) while C23Tri/C24Tet range from 1.10- 9.89.
The C21/C23 tricyclic terpane ratios also range from 0.12 to
0.84.
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Figure 4 a, b, c. A representative m/z 191 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Figure 4 d, e, f, g. A representative m/z 191 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Table 3. m/z 191 peak assignments for triterpanes in gas
chromatograms of saturate fractions
Peak
C19T
C20T
C21T
C22T
C23T
C24T
C25T
C24tetra
C26T
Ts
Tm
C29H
C30H
C31HHS
C31HHR
C32HHS
C32HHR
C33HHS
C33HHR
C34HHS
C34HHR
C35HHS
C35HHR

Compounds
C19 tricyclic terpanes
C20 tricyclic terpanes
C21 tricyclic terpanes
C22 tricyclic terpanes
C23 tricyclic terpanes
C24 tricyclic terpanes
C25 tricyclic terpanes
C24 tetracyclic terpanes
C26 tricyclic terpanes
18α(H)-22,29,30-trisnorneohopane Ts, C29
17α(H)-22,29,30 Trisnorhopane Tm, C27
17α(H), 21β(H)-30- norpane C29
17α(H), 21β(H)-hopane C30
22S 17α (H), 21β(H)- 30-homohopane C31
22R 17α (H) ,21β(H)-30-homohopane C31
22S 17α (H) ,21β (H)-30,31-bishomohopane C32
22R 17α(H), 21β(H)-30,31-bishomohopane C32
22S 17α(H) 21β(H)-30,31,32-trishomohopaneC33
22R 17α(H),21β(H)-30,31,32-trishomohopaneC33
22S 17α (H) ,21β (H)-30,31-bishomohopane C34
22R 17α(H), 21β(H)-30,31-bishomohopane C34
22S 17α(H) 21β(H)-30,31,32-trishomohopaneC35
22R 17α(H),21β(H)-30,31,32-trishomohopaneC35
Norm
Normoretane
Ole Oleanane
Mor Moretane

Table 4. Biomarker ratios used to assess source rock organic matter
origin, paleodepositional environment, and thermal maturity based
on terpanes parameters calculated from m/z 191 mass
chromatograms of the analysed samples
Samples ID

NM1 NM2 NM3 NM4 NM5 NM6 NM7

C29H/C30H

-

0.43

0.52

0.57

C31RHH/C30H

-

0.16

0.17

0.005 0.004 0.002 0.002

G/31RHH

-

89.47 27.75 40.85 31.74 39.08

G/(G+C30H)

-

0.09

0.07

0.18

0.12

0.07

-

1.37

1.70

1.74

0.5

1.34

1.05

0.98

Ts/Tm

0.48

0.42

0.43
-

M/H

-

-

0.19

0.27

-

0.16

0.18

H/(H+M)

-

1

0.84

0.79

-

0.87

0.85

C31HH (S/S+R)

-

0.57

0.68

0.71

0.57

0.64

0.71

Ga/C30H

-

0.09

0.08

0.23

0.14

0.07

-

Ol/(Ol+C30H)

-

0.22

0.10

0.14

0.18

0.19

0.23

Ts/(Ts+Tm)

0.58

0.63

0.54

0.33

0.57

0.51

0.49

C23T/C24T

4.05

1.32

1.71

1.87

1.79

1.88

1.42

C23T/C24Tet

9.89

1.63

3.69

1.10

1.79

3.47

2.49

C21T/C23T

0.15

0.61

0.23

0.84

0.26

0.12

0.49

C22T/C21T

0.75

0.23

0.86

0.31

0.6

2.17

0.5

C24T/C23T

0.25

0.76

0.58

0.53

0.56

0.54

0.70

C24Te/C26(R+S)tri

1.17

1.73

0.89

1.11

0.56

0.88

1.40

C20T/C23T

0.30

0.64

0.73

1.21

0.88

0.96

1.17

C26(R+S)/C25 T

0.77

0.66

0.9

1.94

0.89

1

0.68

-

0.29

0.21

0.53

0.28

0.38

0.17

-

0.16

0.17

0.23

0.22

0.14

0.11

1.17

1.73

0.89

1.11

0.56

0.88

1.40

C29Ts/C29H
C31R/C30H
C24Tet/C26(R+S)tri

Figure 5 a, b. A representative m/z 217 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Figure 5 c, d, e, f. A representative m/z 217 mass chromatograms of saturated hydrocarbon fractions of the studied samples
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Table 5. m/z 217 peak assignments for sterane hydrocarbons in gas chromatograms of saturate fractions

Peak
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Compounds
20S 13β, 17α-diacholestane C27
20R 13β, 17α-diacholestane C27
20S 13α,17β-diacholestane C27
20S 24-methyl-13β,17α-diacholestane C28
20R 24-methyl-13β,17α-diacholestane C28
20R 24 methyl -13β,17α-diacholestane C28
20R 24 methyl -13α,17β-diacholestane C28 + 20S 14α,17α cholestane C27
20S 24 ethyl -13β,17α-diacholestane C29 + 20R 14β,17β cholestane C27
20R 24 methyl -13α,17β-diacholestane C28 + 20S 14β,17β cholestane C27
20R 14α,17α-cholestane C27
20R 24-ethyl-13β,17α-diacholestane C29
20S 24-ethyl-13α,17β-diacholestane C29
20S 24-methyl-14α,17α-cholestane C28
20R 24-ethyl-13α, 17β-diacholestane C29+ 20R 24-methyl-14β,17β-cholestane C28
24-methyl-14α,17α-cholestane C28
20R 24-methyl-14α,17α-cholestane C28
20S 24-ethyl-14α,17β-cholestane C29
20R 24-ethyl-14β,17α-cholestane C29
20S 24-ethyl-14β,17β-cholestane C29
20R 24-ethyl-14α,17α-cholestane C29

SterC2920S/
(20S+20R)

Ster-C29ββ/
(ββ+αα)

C27-Ster
(%)

C28-Ster
(%)

C29-Ster
(%)

Ster-C27/
Ster(C27+C29)

SterC29/Ster-C27

SterC28/Ster-C29

S/H

NM1
NM2
NM3
NM4
NM5
NM6
NM7

0.38
0.30
0.44
0.36
0.35
0.43

0.18
0.45
0.47
0.41
0.42
0.38

39.00
35.00
31.00
32.00
30.00
37.00

29.00
29.00
33.00
33.00
27.00
29.00

32.00
36.00
36.00
35.00
43.00
34.00

0.55
0.49
0.46
0.48
0.41
0.53

0.82
1.02
1.15
1.09
1.42
0.90

0.92
0.81
0.93
0.95
0.63
0.88

0.16
0.23
0.28
0.23
0.28

Mamfe Formation

Samples ID

Tables 6. Sterane biomarker parameters (calculated from m/z 217 fragmentograms) of the analysed samples

4.5. Steranes
Steranes were measured from m/z 217 mass chromatograms,
which display abundances of “regular” (C27, C28, and C29)
steranes (Figure 5). The identified peaks and calculated
ratios are presented in Table 5 and Table 6 respectively.
The studied samples have concertation of C27, C28, and
C29 –steranes that range from 30.00-39.00%, 27.00-33.00%,
and 32.00- 43.00%, respectively. The sterane/hopane (S/H)
ratio ranged from 0.16-0.28. Other parameters calculated
from the m/z 217 fingerprints are the C29 ββ/ (ββ + αα) and
the 20S/ (20S + 20R) for C29steranes. The values of
ββ/(ββ + αα) and 20S/ (20S + 20R) for the analysed
Mamfe sediments range between 0.18 and 0.47 and 0.30
to 0.44, respectively.

5. Discussions
5.1. Origin of Organic Matter and
Paleoenvironmental Conditions
[8,9,12,29,30] have reported that biomarker ratios can
provide reliable interpretation of the origin of source rock
organic matter (whether it be terrigenous, lacustrine,
marine, or mixed source) and conditions of the depositional

environment of the organic matter. The n-alkanes
distributions of the studied samples show a predominance
of the low to medium molecular weight compounds
(Figure 3). According to [7,31,32] these distributions are
typical of terrigenous sediments receiving mixed algal and
lacustrine organic matter input. The redox conditions of
the source rock depositional environments were interpreted
from the pristane/phytane (Pr/Ph) ratios after [7,8,33,34].
It was determined that the Mamfe shale were deposited
under relatively reducing depositional environments. However,
35 and 36 note that Pr/Ph ratios can be influenced by
source organic materials and also by thermal maturity.
The CPI values for the studied samples indicate a
mixed input of marine and terrigenous organic matter
deposited under relatively reducing conditions. The cross
plot of CPI against Pr/Ph (Figure 6) as well as the crossplot of the relationship between isoprenoids and n-alkanes
(pristane/n-C17 vs. phytane/n-C18; Figure 7) further
supports this interpretation. The high TAR values and the
waxiness index of the studied samples and the abundance
of vitrinite and inertinite macerals in the organic matter of
the studied samples, as reported by (2), give credence to a
dominance of land plant-derived organic materials. The
homohopane distribution in the studied samples indicate a
clay-rich character [37,38] and supports the field study
done by [6] in the basin.
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Figure 6. Pr/Ph vs. CPI, indicating paleodepositional conditions of the studied samples (after 27)

Figure 7. Pristane/n-C17 vs. phytane/n-C18 for the investigated samples (after 8)

[8] distinguished between marine and lacustrine
environment using the C31-22R-hopane/C30-hopane ratio.
They indicated that the C31-RHH-hopane/C30-hopane ratio
generally higher than 0.25 is for marine environments,
whereas the ratio is lower than 0.25 is for lacustrine
settings. The C31 22RH/C30H hopane ratios of Mamfe
extract samples are indicating a lacustrine environment.
Furthermore, the aliphatic isoprenoids Pr/Ph ratios in
combination with low hopane biomarker ratios (C31-22Rhopane/C30-hopane vs. Pr/Ph ratio; Figure 8) and low
sterane/hopane ratios (C29-sterane/C30-hopane) (Table 6)
suggest a possible lacustrine depositional environment for
the source rock organic matter. Therefore, the Mamfe
Formation source rock facies were deposited in an
anoxic-bottom lake. [39] and [40] reported that
gammacerane is an indicator of salinity stratified water
column; it is present in all of the samples analysed. This
suggests that there was a salinity-stratified water column
and sub-oxic bottom water conditions at the time of
accumulation of the Mamfe Formation sediments. This

also confirm the works of [41] and [42] indicating the
occurrence of salt spring in the basin. The land plantderived biological marker, 18α (H)-oleanane, is presence
in all of the analysed samples. This supports the
interpretation of substantial terrestrial-sourced organic
matter input in the sediments according to [7] and [8]. The
C24/C23 and C22/C21 tricyclic terpane values (Table 4) are
low in the studied samples and are interpreted as
indicating marine and terrigenous organic matter origin.
The cross-plots of C24 tetracyclic terpane/C26 tricyclic
terpane vs. tricyclic terpane C26/C25 (Figure 9) and C24
tetracyclic terpane/C26(R+S) tricyclic terpane vs. tricyclic
terpane C23/C24 (Figure 10) further support increased
terrigenous organic matter input.
[43] have reported that a dominance of C27 steranes
indicates a predominance of marine phytoplankton,
whereas a dominance of C29 steranes would indicate a
strong terrestrial contribution and C28 steranes might
indicate a substantial contribution by lacustrine algae. A
particularly high abundance of C29 sterane (relative to C27–
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C28 steranes) is present in the analysed studied samples.
The cross-plots of Pr/Ph ratios vs. Sterane/hopane (Figure
11) and Pr/Ph ratios vs. sterane C27/(C27+C29) ratios
(Figure 12) further confirm that the organic matter in the
studied samples is of terrestrial origin with minor marine
and lacustrine influences. The regular-sterane ternary
diagram indicates that the organic matter in the studied
samples of the Mamfe Formation were deposited mainly in
an open marine environment (Figure 13 and Figure 14). A
high steranes/hopanes ratio (> 1) represent a strong input of
marine organic matter and in particular of planktonic algae
while low ratios of steranes/hopanes (<1) are attributed to
the abundant terrigenous organic matter input [44]. The
steranes/hopanes ratio of the studied Mamfe extract are
generally less than one (Table 6), implying a terrigenous
organic matter source input.

5.2. Source Rock Maturity based on n-alkane
and Biomarker Parameters
In this study, n-alkane and biomarker maturity
parameters were used to assess the thermal maturity of
organic matter within the sediments. CPI or OEP values
of >1.0 or < 1.0 indicate thermal immaturity, and values
of 1.0 indicate that the organic matter is thermally mature

[7] The relatively high concentrations of light n-alkanes,
high CPI, and odd-over-even predominance (OEP) values
of 1.0 suggest that the studied samples are thermally
mature (Figure 15). The relationship between isoprenoid
Pr/n-C17 and Ph/n-C18 ratios (Figure 7) also shows that all
analysed samples are thermally mature. The Ts/ (Ts + Tm)
ratio which dependent on thermal maturity and origin of
organic matter [7] indicates that sediments are early
mature to mature level of thermal maturity. The Mamfe
samples have a moretane/hopane (M/H) ratio in the range
of 0.16 to 0.27, suggesting that the samples are thermally
mature. Overall, the biomarker thermal maturity
parameters indicate that all analysed Mamfe samples are,
at least, mature, and are likely approaching oil-window
maturity. This supports vitrinite reflectance (%Ro)
measurements, which range from 0.55 to 0.82 %Ro as
reported by [2]. The C29 ββ/(ββ + αα) and 20S/ (20S +
20R) sterane ratios were also used for the assessment of
organic maturation in the sediments. These ratios are
directly proportional to thermal maturity and suggest
that most of the organic matters within the studied
sediments are within the oil window [7,8]. The cross-plot
of two the biomarker maturity parameters (Figure 16)
further indicates that the studied samples are thermally
matures.

Figure 8. Hopane and isoprenoid ratios of organic matter extracts used to discriminate the depositional environments for Mamfe sediments (modified
after 8)

Figure 9. Cross-plot of C26 (R+S) T/C25T versus C24Tet/C26(R+S) T showing increasing terrigenous input in the studied sediments (after 30)
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Figure 10. Cross-plot of C23T/C24T versus C24Tet/C26T, also showing increasing terrigenous input in the studied samples (after 30)

Figure 11. Cross-plot of hopane/sterane ratios vs. Pr/Ph ratios (after 30)

Figure 12. Cross-plot of C27/ (C27+ C29) regular steranes versus Pr/Ph ratios showing paleodepositional conditions and source origin of the organic
matter extracts of the studied sediments
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Figure 13. Ternary plot showing the relationship between sterane
composition and depositional environment (after 43)

Figure 14. Relationship between regular sterane compositions, organic
matter origin, and depositional environment for the analysed Mamfe
extracts (modified after 43)

Figure 15. Plots of n-alkanes showing interpretation of organic matter thermal maturity in the studied samples

Figure 16. Cross-plot of two biomarker parameters sensitive to thermal maturity for the studied samples, which shows that most of the Mamfe
Formation samples plot in the area of early oil window maturity (after 7)
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6. Conclusions
Biomarker geochemical characterization of the Cretaceous
organic-rich shales from the Mamfe Formation, Mamfe
Basin was carried out to determine organic matter
source input, paleo-environmental conditions, thermal
maturity and hydrocarbon generation potential. Organic
matter source input characterization, based on reliable
observations from m/z 85, m/z 191, and m/z 217
distributions, suggests a land plant origin for the organic
matter with lacustrine and marine influences. However,
the waxiness index, terrigenous/aquatic ratios, and oleanane
index support a predominance of terrigenous organic
matter origin in the sediments. Biomarker maturation
parameters and n-alkane data including Ts/(Ts + Tm),
moretane/hopane , 20S/(20S + 20R), and ββ/(ββ + αα) C29
sterane ratios along with CPI and OED indicate that the
analysed samples from Mamfe Formation sit at mature oil
window generation. Biomarker characteristics suggest
deposition in a highly saline reducing environment.
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