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Abstract: The hydrocarbon potential and distributions of aliphatic, aromatic and aromatic sulfur

compounds in coals from the Benue trough in Nigeria were studied by Rock Eval. and gas

chromatography/mass spectrometry (GC-MS) analyses respectively. The coals have total organic carbon

(TOC), genetic potential (GP) and Hydrogen index values ranging from 45.2 to 70.7wt.%,  99.0 to 202.8

mgHC/g and 184 to 322 respectively. These values indicate that the samples have great potential to

29 30 27generate hydrocarbons. C  and C  pentacyclic triterpanes of 17α(H),21β(H)-hopane skeleton and C  to

29C   steranes are relatively abundant in the saturate fraction of the coals. The presence of pentacyclic

29 27 28  triterpanes of hopane skeleton, dominance of C  steranes over C and C homologues as well as

abundance of 1,2,5/1,2,7  trimethylnaphathalene (TMN) suggest a significant land-plant contribution to the

32 29organic matter that formed the coals. The 22S/22S+22R C homohopane, 20S/20S+20R C  and ββ/ ββ+αα

2 9  C  steranes  maturity  ratios  range from 0.47 to  0.60, 0.18 to  0.29 and  0.36 to  0.44 respectively.

The calculated vitrinite reflectance (%Rm) determined from the aromatic sulfur compounds distributions

(MDR ratio) in the coal range from 0.54 to 0.66.  These maturity parameters values suggest that the coals

are marginally matured. These results show that the coals have great potential to generate both oil and

gas. However, the present maturity status indicates that the coals couldn’t have generated any significant

hydrocarbon.
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INTRODUCTION

In recent times, several studies have shown that

coal can be a potential source rock, especially in

deltaic and other basins of the world . Several[1 ,4]

pyrolysis studies have shown that coal can generate

significant amounts of liquid and gaseous hydrocarbon

. However, the mechanism of hydrocarbon expulsion[5-6]

from the coal matrix has not been well understood

unlike the known petroleum source rock. Several

studies have suggested that the generated liquid

hydrocarbons are assimilated by the molecular sieve-

like nature of the coal. This absorption effect of coal

limits the availability of liquid hydrocarbons for

migration and reservoir accumulation .[1 ,2]

The determination of the amount, type and thermal

maturity of organic matter contained in coal and shale

is very important in the petroleum potential assessment.

This information can be obtained by subjecting rock

samples to various geochemical analyses such as Rock

Eval. and gas chromatography-mass spectrometry

analyses . Saturate and aromatic hydrocarbons,[7 ,8]

including  the  aromatic  sulfur compounds have

proved to be important tool in determining the

biological source and thermal maturity of organic

matter  contained  in  coal . The restriction of[9,11 ] 

some of these compounds to certain environment

(anoxic, oxic, lacustrine and brackish) and source

material  (marine  and  terrestrial) makes them useful

as  paleoenvironmental  and  source indicator .[8 ,10 ,12]

The stereochemical changes that take place with

increasing maturity during the burial history accounts

for their usage as maturity indicator .[10 ,12]

Benue  Trough  is  a  sedimentary  basin located

in  Nigeria,  extending  from  the Gulf of Guinea in

the  South  to the Chad basin in the North (Fig. 1).
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The basin is subdivided into Lower, Middle and Upper

Benue Trough. These subdivisions were based on the

differences in the physiographic and lithostratigraphic

nomenclature. About 6,000m of alternating marine,

paralic and continental sediments of cretaceous Tertiary

ages have been deposited in this basin . Within the[13]

stratigraphic column occur the coal beds and coal

bearing strata, which belongs to the Campanian-

Maastrichtian age. In this paper, we present results on

the Rock Eval. and gas chromatograpghy-mass

spectrometry analyses of coals from Benue trough,

Nigeria. 

MATERIALS AND METHODS

The coal samples were collected from three outcrop

sections within the Benue Trough, Nigeria. The sample

locations are shown in Fig. 1. For Rock-Eval analyses,

100 mg of the powdered samples were pyrolyzed using

a Rock-Eval III pyrolyzer. The instrument also gives

2 m axthe temperature at maximum S  peak (T ) and the

total organic carbon content (TOC) of the coal. 

The soluble organic matter contained in the coal

w a s  e x t r a c te d  in  S o x h le t  e x t r a c to r  u s in g

dichloromethane for 48hrs. The oils were fractionated

by column chromatography on silica gel. The saturated

and aromatic hydrocarbons and polar compounds were

e l u t e d  u s i n g  n - h e x a n e  ( 2 0  m l ) ,  n -

hexane/dichloromethane (90:10, v/v/ 40 ml) and

DCM/methanol (50:50, 30 ml) respectively. Saturated

and aromatic hydrocarbon fractions were analyzed by

gas chromatography-mass spectrometry (GC-MS) using

single ion monitoring (SIM) mode, with an HP 5890

Series II gas chromatograph fitted with a 30 m x 0.25

mm i.d fused silica capillary column coated with DB-5

coupled  to a HP 5970 MSD. The oven temperature

was held at 40 C for 5 min and programmed fromo

40 C  to 300 C at 4 C /min. The mass spectrometero o o

was  operated at electron energy of 70eV, an ion

source temperature of 250 C, and separator temperatureo

of 250 C.o

Terpanes and steranes were identified using m/z

1 9 1  a n d  2 1 7  f r a g m e n t s ,  r e s p e c t i v e l y .

D im e thy ln a p h ta len e ,  t r im e thy lnaphta lene  and

tetramethylnaphtalene were identified by the multiple

ions m/z 156, 170, 184, respectively. Identification of

phenathrene, methylphenanthrene and dimethyl-

phenanthrene was based on the multiple ion

fragmentograms m/z 178, 192, 206, respectively.

Dibenzothiophene and methyldibenzothiophene were

identified by m/z 184 and 198 fragmentograms,

respectively. Assignment of the peaks was based on the

retention time of the oil standard at Humble

Geochemical Laboratory, in Texas, USA.

RESULTS AND DISCUSSION

Hydrocarbon Potential: The geochemical parameters

derived from the Rock Eval. and petrographic analyses

of the coals are shown in Table 1. The total organic

carbon contents (TOC) vary from 45.2 to 70.7 wt.%.

These values exceed the minimal 0.5wt.% required for

a potential source rock . The genetic potential (GP),[14]

S1+S2 for the coals range from 99.0 to 202.8 mgHC/g,

suggesting that the samples have great potential to

generate hydrocarbons . The high hydrogen Index, HI[14]

(184-322) and low oxygen index, OI (4-5) also attest

to the high hydrocarbon potential of the coal. It has

been shown that the higher the hydrogen contents of a

coal, the greater the ability to generate oil and gas .[1 ,2]

Coal can form appreciable amount of oil when the

hydrogen content relative to carbon is very high while

it will form mainly gas when the hydrogen is low .[1]

The Tmax values range from 435 to 441 C, showingo

that the coals are either thermally immature or

marginally matured .[14]

Saturate Biomarker Distributions: The m/z 191 and

217 mass chromatograms showing the distributions of

terpanes, I and steranes, II in the coal are shown in

Figure 2. All the samples have similar m/z 191 and

217 traces.  The m/z 191 mass chromatogram is

dominated by pentacyclic triterpanes; 17α(H), 21β(H)-

30 29hopane (C ) and 17α(H), 21β(H)-norhopane (C ).

Similar pattern has been observed in some selected

coals from South Africa . Hopanes are believed to[15]

originate from bacteriohopanepolyols and /or diploterol,

which are found in bacterial membranes and

cyanobacteria .[16 ,18]

Series of extended hopanes (homohopanes) up to

35 C are also present in appreciable amounts in all the

33 35samples but with very low amount of C to C

homohopane. The samples have very low homohopane

index  (HI),  ranging from 0.01 to 0.03 (Table 3).

These values suggest an oxic depositional environment

for the coal source materials. A high homohopane

index is interpreted to be a general indicator of highly

27 29reducing depositional conditions . C - C  regular[8]

steranes and diasteranes are present in various

proportions in all the samples (Fig. 2). This shows that

the coals are derived from mixed sources (marine and

terrestrial) and has capacity to generate both oil and

29 27   gas. The C and C steranes are thought to be derived

from terrestrial and marine sources respectively .[19 ,20]

29 27 28The dominance of C  sterane over C  and C

homologues in the samples suggests higher

contributions of terrestrial material .[19 ,20]

Terpanes and steranes are among the most

c o m m o n l y  u s e d  b i o m a r k e r s  f o r  m a t u r i t y

assessement . Maturity parameters computed from[10 ,12]
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Fig. 1: Geological map of the Benue Trough showing the sample locations.

Table 1: Rock Eval. Geochemical parameters for Nigerian coal

LAM CHU AGW

TOC (wt.%) 52.5 45.2 70.7

S1 (mg/HC/g) 2.61 5.07 5.19

S2 (mg/HC/g) 96.4 145.5 197.6

S3 (mg/HC/g) 2.8 2.3 2.7

Hydrogen Index (mg HC/gTOC) 184 322 280

Oxygen Index (mgCO2/gTOC) 5 5 4

Tm ax ( C) 441 436 435o

Genetic Potential, S1+S2 (mgHC/g) 99.0 150.5 202.8

saturate biomarker distributions in the coals are listed

29in Table 2. Ts/Ts+Tm, βα/ αβ of C  hopane and βα/

3 0αβ C hopane values for the coal range from 0.03-0.09,

0.15 – 0.60 and 0.18 – 0.53 respectively. 22S/22S+22R

32C  hopane ratios in the coal range from 0.47 to 0.60.

These values indicate that the coals are of very low

maturity .  The  maturity parameters determined[8 ,12]

from the sterane distributions in the coal; 20S/20S+20R

29 2 9   C  and ββ /ββ+αα C range from 0.18 to 0.29 and

0.36 to 0.44. These values also support the low

maturity status earlier inferred from the terpane

distribution . However, LAM coal sample shows a[8 ,12 ,21]

higher level of thermal maturity compared to the other

two samples.

Polyaromatic Hydrocarbons Distributions: The mass

chromatograms of naphthalene (III), phenanthrene(IV)

Table 2: Peak identification in the m/z 191 and m /z 217 mass

chromatogram

Peak                Compound

27 1 C -18 α  (H)-22,29,30 -Trisnorneohopane

27 2 C -17 α  (H)-22,29,30 -Trinorhopane

293 C  - 17α  (H),21β(H)-30-norhopane

294 C  - 17β(H),21α(H)-30-norhopane(normoretane)

305 C  - 17α  (H),21β(H)-Hopane

306 C  - 17β(H),21α(H)-Hopane (Moretane)

317 C  - 17α  (H),21β(H)-30-Homohopane (22S)

318 C  - 17α  (H),21β(H)-30-Homohopane (22R)

329 C  - 17α  (H),21β(H)-30-Bishomohopane (22S)

3210 C  - 17α  (H),21β(H)-30-Bishomohopane (22R)

3311 C  - 17α  (H),21β(H)-30-Trihomohopane (22S)

3312 C  - 17α  (H),21β(H)-30-Trihomohopane (22R)

3413 C  - 17α  (H),21β(H)-30-Tetrahomohopane (22S)

3414 C  - 17α  (H),21β(H)-30-Tetrahomohopane (22R)

2715 C -13β(H),17α(H)-Diacholestane (22S)

2716 C -13β(H),17α(H)-Diacholestane (22R)

2817 C  -13β(H),17α(H) -Diasterane a(20S)

2818 C  -13β(H),17α(H) -Diasterane b(20S)

2819 C  -13β(H),17α(H) -Diasterane a(20R)

2720 C - 14α(H),17α(H) -Cholestane(20S)

2721 C - 14β(H),17β(H) -Cholestane(20R)

2722 C - 14β(H),17β(H) -Cholestane(20S)

2723 C - 14α(H),17α(H)-Cholestane(20R)

2824 C - 14α(H),17α(H) -Ergostane(20S)

2825 C - 14β(H),17β(H) -Ergostane(20R)

2826 C - 14β(H),17β(H) -Ergostane(20S)

2827 C - 14α(H),17α  -Ergostane(20R)

2928 C - 14α(H),17α  -Stigmastane(20S)

2929 C - 14β(H),17β(H)- Stigmastane(20R)

2930 C - 14β(H),17β(H) -Stigmastane(20S)

2931 C - 14α(H),17α(H)-Stigmastane(20R)
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Fig. 2: m/z 191 and 217 mass chromatograms showing the distributions of terpanes and steranes of  representative

coal (LAM) from Benue trough.
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Fig. 3: m/z 156, 170 and 184 mass chromatograms showing the distributions of naphthalene and its alkyl

derivatives of  representative coal (AKW) from Benue trough.
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Fig. 4: m/z 192 and 206 mass chromatograms showing the distributions of phenanthrene and its alkyl derivatives

of representative coal (CHU) from Benue trough
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Fig. 5: m/z 198 mass chromatogram showing the distributions of aromatic sulfur compounds of coals from Benue

trough.
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Table 3: Source and Thermal maturity parameters com puted from

the saturate biomarkers distributions in Nigerian coal

LAM CHU AGW

Pr/Ph 13.24 14.63 2.87

Homohopane Index 0.02 0.01 0.03

Steranes (%)

27C 07 1418

28C 20 11 82

29C 62 82 59

Ts/ Ts+Tm 0.09 0.04 0.03

29βα/ αβ C  hopane 0.15 0.60 0.60

30 βα/ αβ C hopane 0.18 0.45 0.53

3222S/22S+22R C  hopane 0.60 0.47 0.54

2920S/20S+20R C  sterane 0.29 0.18 0.29

29ββ  /ββ+αα  C  sterane 0.36 0.43 0.44

Table 4: Peak identification in m/z 156,170,184,178,192,206,184

and 198 mass chromatograms

Peak        Compound

2,6 2,6-Dimethylnaphthalene

2,7 2,7-Dimethylnaphthalene

1,3+1,7 1,3 & 1,7-Dimethylnaphthalenes

1,6 1,6-Dimethylnaphthalene

1,4 1,4-Dimethylnaphthalene

1,5 1,5-Dimethylnaphthalene

1,2 1,2-Dimethylnaphthalene

1,3,7 1,3,7-Trimethylnaphthalene

1,3,6 1,3,6-Trimethylnaphthalene

1,4,6+1,3,5 (1,4,6+1,3,5)-Trimethylnaphthalenes

2,3,6 2,3,6-Trimethylnaphthalene

1,2,7 1,2,7-Trimethylnaphthalene

1,6,7+1,2,6 (1,6,7+1,2,6)-Trimethylnaphthalenes

1,2,4 1,2,4-Trimethylnaphthalene

1,2,5 1,2,5-Trimethylnaphthalene

1,3,5,7 1,3,5,7-Tetramethylnaphthalene

1,3,6,7 1,3,6,7-Tetramethylnaphthalene

1,2,4,7 (1,2,4,7+1,2,4,6+1,4,6,7)-TetraM Ns

1,2,5,7 1,2,5,7-Tetramethylnaphthalene

1,2,6,7 1,2,6,7-Tetramethylnaphthalene

1,2,3,7 1,2,3,7-Tetramethylnaphthalene

1,2,3,6 1,2,3,6-Tetramethylnaphthalene

1,2,5,6 1,2,5,7-Tetramethylnaphthalene

3M P 3-M ethylphenanthrene

2M P 2-M ethylphenanthrene

9M P 9-M ethylphenanthrene

1M P 1-M ethylphenanthrene

2,6 2,6-Dimethylphenanthrene

3,6 3,6-Dimethylphenanthrene

2,7 2,7-Dimethylphenanthrene

3,9 (3,9+3,10+2,10+1,3)-

Dimethylphenanthrenes

2,9 (2,9+1,6)-Dimethylphenanthrenes

1,7 1,7-Dimethylphenanthrene

2,3 2,3-Dimethylphenanthrene

1,9 1,9-Dimethylphenanthrene

1,8 1,8-Dimethylphenanthrene

1,2 1,2-Dimethylphenanthrene

4M DBT 4 M ethyl Dibenzothiophene

2+3M DBT 2 & 3 M ethyl Dibenzothiophenes

1M DBT 1 M ethyl Dibenzothiophene

and alkyl derivatives of representative coal samples are

shown in Figures 3 and 4 respectively. The coals have
similar distributions of naphthalene and phenanthrene.

Eight dimethylnaphthalene (DMN), ten trimethyl-
naphthalene (TMN) and ten tetramethylnaphthalene

(TeMN)  isomers  were  identified  in  the  aromatic

Table 5: Therm al m aturity parameters computed from the aromatic

biomarkers and aromatic sulfur compounds in the Nigerian

coal

LAM CHU AGW

DNR-1 2.25 3.20 3.68

TM NR 0.03 0.24 0.57

TeMNR 0.23 0.13 0.17

M PI-1 0.79 0.44 0.77

M DR 1.38 0.57 0.86

Rc 0.84 0.63 0.83

Rm 0.66 0.54 0.60

Ro 0.66 0.45 0.49

DNR-1 = [2,6 DM N + 2,7 DM N]/[1,5 DM N],     TM NR =

[1,3,7]/[1,3,7 TM N + 1,2,5 TM N]

TeM NR=  [1,3,6,7 TeM NR]/[1,3,6,7 TeM NR + 1,2,5,7 TeM NR]

M PI-1 = 1 .5[2M P+3M P]/[P+1M P+9M P],      M DR=

4M DBT/1M DBT

Rc = 0.6[MPI-1] + 0.37,     Rm = 0.40 + 0.30 [MDR] – 0.094

[M DR]  + 0.011 [M DR]2 3

fractions of the coal extracts (Fig. 3). Among the
t r i c y c l i c  a r o m a t i c  h y d r o c a r b o n s ,  f o u r

m e t h y l p h e n a n t h r e n e  ( M P )  a n d  f o u r t e e n
dimethylphenanthrene (DMP) isomers were identified

(Fig. 4).
The Trimethylnaphthalene is dominated by 1,2,5

TMN in two of the samples. High concentration of
1,2,5 and 1,2,7 Trimethylnaphthalene (TMN) in oils

have been attributed to aromatization and cleavage of
the ring-C of β-amyrin in angiosperm . It has also[22]

been reported that oleanane is aromatized fairly rapidly
in certain types of environment to give 1,2,5 TMN.

The presence of 1,2,5 TMN in these coals could be
linked to aromatization of oleanane taking into

cognizant the absence of appreciable amount of
oleanane in the m/z 191 chromatogram of the coal.

This compound can also be formed from gymnosperm
resins  or from hopanoid precursors . Among the[23] [24]

tetramethylnaphtalene, 1,2,5,6 tetramethylnaphtalene
(TeMN) is the most abundant (Fig. 3)

The abundance and distributions of aromatic
biomarkers and their structural isomers have been

found useful in maturity assessment of oils, source rock
and coal . It has been established that aromatic[25,26] 

hydrocarbons do change in a regular fashion with
increasing maturity, thus a number of maturity

parameters have been developed based on the
distributions of alkyl naphthalene and phenanthrene .[23 ,26]

Maturity parameters computed from the aromatic
biomarker  distributions  in  the coal are listed in

Table 5. The maturity parameters computed from the
naphthalene and its derivatives, DNR-1, TMNr and

TeMNR range from 2.25 – 3.68, 0.03 – 0.57 and 0.13
– 0.23 respectively. The Methylphenanthrene Index,

MPI-1is one of the most widely used maturity
parameter based on aromatic hydrocarbons . The[25]

parameter relies on a shift with maturity in the
m e t h y lp h e n a n t h r e n e  d i s t r ib u t io n  to w a r d s  a

preponderance  of  β-type  isomers. The inclusion of
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phenanthrene (parent compound) in the ratio
compensate for facies-dependent variations in the

degree of phenanthrene alkylation. MPI-1 is often used
in estimating the equivalent vitrinite reflectance value

(%Rc) for crude oils and source rock. The MPI-1 and
%Rc values calculated for the coals range from 0.44 to

0.79 and 0.63 to 0.85 respectively.

Aromatic Sulfur Compounds: Figure 5 shows the
d is t r ib u t io n  o f  a r o m a t ic  su lfu r  co m p o und s

dibenzothiophenes (V) in the coals. 1-methyldiben-
zothiophene (1MDBT), 2+3-methyldibenzothiphene

(2+3-MDBT) and 4-methyldibenzothiophene (4-MDBT)
are present in appreciable amount in all the coals. 4-/1-

MDBT ratio (MDR) has been proposed as maturity
parameter . The ratio, generally increase with[28 ,29]

increasing maturity and correlates well with vitrinite
reflectance  and Rock-Eval Tmax of source rock .[30]

The ratio is also useful in calculating equivalent
vitrinite reflectance (%Rm) value in crude oil and

source rock. The MDR and calculated vitrinite
reflectance for the coal range from 0.57 to 1.38 and

0.54 to 0.66%Rm respectively. The %Rm values show
that coals are marginally matured. 

Conclusions: The results of this study show that the

coals have appreciable amounts and type of organic
matter to generate both oil and gas. The coals are

generally thermally immature and could not have
formed any appreciable amount of hydrocarbon. 
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