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Abstract--A peat and two lignite samples taken from closely situated deposits in the Granada Basin 
(South Spain) were analysed for their lipid composition. Variations in the distributions and abundances 
of various compound classes including normal, branched and unsaturated fatty acids, aliphatic hydro- 
carbons, aliphatic and steroid alcohols and ketones, aldehydes, diterpenoids and triterpenoids suggest 
that a gradient in maturity exists among the samples indicating that the lignites were generally more 
mature than the peat. In spite of their similar rank, a different hopane distribution was observed between 
both lignite samples. Source materials include contributions from terrigenous (coniferous) higher plants 
as well as microbial sources. A possible contribution from marine phytoplankton can also be inferred in 
the lignite on the basis of the sterol distribution. 
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INTRODUCTION 

The detection of biomarkers in coal and coal lique- 
faction products supports geological, petrographic 
and chemical evidence that coal is a product of the 
progressive fossilization of plant debris (White et al., 
1977). 

Biomarkers in low-rank coals have received 
increasing attention in the past few years (Chaffee 
and Johns, 1983; Noble et al., 1985; Farnum et al., 
1984; Chaffee et al., 1986; Hazai et al., 1988, 1989; 
Sunai and Gaines, 1989; Wang and Simoneit, 1990) 
because they constitute intermediate components 
in the coalification process and, therefore, the lipid 
precursors have not yet undergone long-term diage- 
netic and catagenic alterations. Numerous studies 
have shown that significant changes in biomarker 
distributions occur with increasing coal rank (Brooks 
and Smith, 1969; Allan et al., 1977; Radke et al., 
1980). However, little is known about the first steps 
of lipid transformations, especially in peats where 
such transformations should depend more on micro- 
bial activity than on abiotic factors such as tempera- 
ture or pressure. 

In some coal seams, such as the Yallourn brown 
coals in Victoria, Australia, it is possible to dis- 
tinguish various lithotypes originating from different 
plant materials as macroscopically recognizable 
bands or strata (Johns et al., 1984). Although this 
is not always possible in small deposits, we have 
taken advantage of the close proximity between two 
deposits of peat and lignite in the Miocene Granada 
Basin (South Spain) to carry out a biomarker study 
aimed first at determining the sources of input and 
early diagenetic processes and, second, at recognizing 

and distinguishing differences in the maturity of  these 
deposits at the molecular level. 
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MATERIAL AND METHODS 

Two lignite samples taken from two different sites 
at different depths (ARL-A at 1.5 m and ARL-B at 
3.5 m) of the Arenas del Rey deposit in the Miocene 
Granada Basin (South Spain) and a closely located 
peat sample taken at 2 m from the Padul deposit (PP) 
located in the same basin were selected for analysis in 
this study. The geographic location of these deposits 
is shown in Fig. 1. The geological background for the 
Padul peat and the Arenas del Rey lignite have been 
described in Florschiitz et al. (1971) and Martin and 
Garcia-Rosell (1970), respectively. The elemental 
composition for the samples are given in Table 1. 

Finely ground samples were Soxhlet extracted 
with toluene for 50 h. Portions of the whole extracts 
were refluxed with hot isopropanol for 5 h and left 
to precipitate to remove waxes from resins. Resins, 
which accounted for approx. 40% of the three whole 
extracts, were further fractionated by thin layer 
chromatography (TLC) on silica gel eluted with 
petroleum ether: diethylether (80: 20). Different sub- 
fractions detected by u.v. light were isolated. Each 
subfraction was methylated with ethereal diazo- 
methane and silylated with N, O-bis(trimethylsilyl)- 
trifluoroacetamide (BSTFA) before analysis by gas 
chromatography (GC) (Hewiett-Packard 5730A) and 
gas chromatography-mass spectrometry (GC-MS) 
(Hewlett-Packard 5988A). 

Separation of compounds was achieved using 
a 25 m (0.2mm i.d.) SE-52 fused silica capillary 
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Fig. 1. Geographic location of the Padul peat and Arenas del Re)' lignite deposits. 

column, with the oven temperature programmed 
from 50 to 100°C at a rate of 32°C/min and then 
from 100 to 300°C at 6°C/min and held for 15 min. 
Helium was used as carrier gas at a flow rate of 
1.5ml/min. Mass spectra were measured at 70eV 
ionizing energy. 

Identification of individual components was 
achieved using gas capillary chromatography (on 
the basis of retention times and coinjection with 
standards), mass fragmentography (by key SIM for 
the different homologous series), low resolution mass 
spectrometry and comparison with published and 
tabulated data. 

Quantitation was performed from the GC data. 
n-Docosane was used as an external standard for 
the hydrocarbon fraction. Alcohols and sterols 
were quantitated using n-docosanol and cholesterol 
as trimethylsilyl (TMSi) ethers, respectively. Fatty 
acids were determined using n-hexadecanoic and 
n-docosanoic acids as methyl esters. 

RESULTS AND DISCUSSION 

All samples had similar lipid contents ranging 
between 2.4 and 3.5% of the total organic carbon. 
The major lipid compounds isolated from the differ- 
ent TLC subfractions were aliphatic. Their distri- 
bution and abundance are shown in the histograms 
of Fig. 2 along with their carbon atom ranges, 
their carbon preference index (CPI) and their abun- 
dance in #g/g (dry, ash-free basis). The geochemical 
significance of each aliphatic series is discussed separ- 

ately along with the sterols, di- and triterpenoid 
compounds. 

Aliphatic hydrocarbons 

Only saturated normal alkanes were identified 
among the extracts, the n-alkane distributions shown 
in the histograms in Fig. 2 are very similar to those 
previously observed for other peats (Tissot and 
Welte, 1984; Ketola et al., 1987) and lignites (Chaffee, 
1981; Cubero et al., 1987) and suggest an important 
higher plant contribution to the formation of these 
sediments, although a minor contribution of algae 
and/or microorganisms could be inferred by the 
presence of low molecular weight alkanes (<C22) 
(Simoneit and Mazurek, 1982). 

Both lignite samples have an n-alkane maximum 
at C25 and similar CPI (1.8 for ARL-A and 1.5 for 
ARL-B) while the peat sample has its maximum at 
C27 and a CPI of 3.5. The higher odd carbon number 
preference in the peat sample indicates a lower stage 
of maturation. There is a loss of C 2 9 ~ 3 3  r / - a l k a n e s  in 
the lignite samples in respect to the peat, due perhaps 
to the contribution of different source materials. It 
is also noticeable that the abundance of n-alkanes in 
the lignite samples (53 and 69/~g/g for ARL-A and 
ARL-B, respectively) was slightly higher than in the 
peat sample 45 #g/g). 

Fatty acids 

The distribution of n-fatty acids illustrated in 
Fig. 2 shows an even/odd carbon atom predominance 
in all samples. The n-fatty acids were found to range 
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Table I. Elemental compositions of the samples (dry, ash-free) 
Sample C H O* N S H/C O/C 
PP 50.3 5.1 40.2 2.3 2.1 1.21 0.59 
ARL-A 55.9 4.0 36.0 2.4 1.7 0.85 0.48 
ARL-B 58.9 3.8 32.3 4.1 1.3 0.77 0.41 
*By difference. 

from C~0 to C30. Both ARL-A and ARL-B display a 
bimodal distribution with maxima at C16 and C24 for 
ARL-A and C16 and C26 for ARL-B. Also noticeable 
is the high abundance of the C23 homolog in ARL-A 
sample. The peak sample shows a strong even/odd 
predominance with large peaks at C16, Czs and C24, 
reflected by a high CPI value (6.6), whereas the lignite 
samples show lower CPI values (2.1 and 2.3 for 
ARL-A and ARL-B, respectively) again indicating 
their higher maturity. 

The lignite samples show a predominance of 
homologs > C22 characteristic of higher plants. In the 
peat sample these homologs are minor constituents 
in contrast with those found in other peats (Ketola 
et  al., 1987). The dominance of C16 and Cls fatty acids 
in the presence of their long-chain counterparts 
suggests that they were not utilized as readily as the 
short chain aliphatic hydrocarbons. This might indi- 
cate an input subsequent to sediment deposition, 
possibly through microbial activity. 

Branched fatty acids were also identified in all 
samples, with iso- and anteiso-methyl derivatives of 
C14, C15 and C17 being the most abundant. These acids 
were previously identified in low-rank coals (Chaffo¢ 
et  al., 1981; Cuboro et  al., 1987) and are also indi- 
cators of microbial activity during sedimentation 
(Perry et  al., 1979). 

The presence of three acyclic isoprenoid fatty acids 
of the C15 and C=7 groups in the 5gnite samples is 
remarkable. These compounds are similar to those 
identified previously in extracts of another Spanish 
lignite (Cubero et al., 1987), but wore not detected 
in the peat, suggesting that these acids might be 
generated during a later stage of the peatification/ 
coalification process. 

Unsaturated fatty acids, mainly palmitoleic (C16:1), 
oleic (C,s:l) and linoleic ( C 1 8 : 2 ) ,  w e r e  detected in 
the three extracts. Although these compounds are 
common components of living organisms and plant 
materials, their presence in coals (Chaffee et  al., 1981; 
Cubero et  al., 1987) is somewhat surprising as they 
are thought to be very susceptible to bacterial hydro- 
genation during the initial stages of diagenesis and 
sedimentation (Rhead et al., 1971). The detection of  
these unstable compounds in lignite samples reflects 
the fact that these sediments are still quite immature 
and microbially active. 
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Fig. 2. Distribution and abundance of the main aliphatic series analyzed in the peat (PP) and lignite 
(ARL-A and ARL-B) samples along with their CPI values and C== z. The CPI for n-alkanes and n-fatty 
acids were calculated using the Allan and Douglas (1977) and Kvenvolden 0966) formulae. Similar 
formulae were used for the other aliphatic series. The histograms are based on the gas chromatograms. 
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A l iphat ic  ke tones  and  aldehydes 

Long-chain ketones are known to occur in plant 
waxes, where they are probably biosynthesized via 
the corresponding hydrocarbons (Kolattukudy et al., 
1976). Their presence in geological samples has not 
been reported frequently, due perhaps to their low 
abundance and that they are concentrated in the 
aromatic LC fraction (Moucawi et al., 1981). 

In the peat sample the n-alkan-2-one series was 
identified in the C17--C35 range with a strong odd/even 
predominance (CPI 3.3) and maximum at C25. In 
ARL-A and ARL-B this series was detected in the 
C~5-C33 range, with only a slight odd/even predomi- 
nance (CPIs of 1.4 and 1.5, respectively), and exhibit- 
ing maxima at C25 (see Fig. 2). The higher homologs 
(> C=) indicate a terrestrial source (Simoneit et al., 
1979). The close similarity between the distributions 
of the n-alkanes and the n-alkan-2-ones series in 
both lignite samples supports a diagenetic relation- 
ship as proposed by Cranwell et  al. (1987) for both 
series. 

The isoprenoid ketone, 6,10,14-trimethylpenta- 
decan-2-one (I) was also detected in all three 
samples. This compound is a degradation product 
of the phytol side chain of chlorophyll (Volkman 
and Maxwell, 1986) indicating inputs from photo- 
synthetic organisms or higher plants. 

n-Aldehydes in the C~8423~ range, with a maximum 
at C24, and slight even/odd predominance (CPI 1.3) 
were identified in the peat (Fig. 2). In the lignite 
samples these were detected from C~6 to C3~, with 
no even/odd predominance, and maxima at C:6 
and C23 for ARL-A and ARL-B respectively. Due to 
their highly reactive functional group, aldehydes 
have rarely been found in sediments (Cardoso and 
Chicarelli, 1983; Chicarelli et al., 1984), while other 
aliphatic plant wax components are found. Alde- 
hydes are strong reducing agents and can only 
survive in reducing environments. Therefore, they 
have been proposed as geochemical indicators for 
oxidation/reduction levels in sediments and as indi- 
cators of the different reaction paths experienced by 
sedimentary organic matter (Costa Neto, 1983). 
Although a precursor/marker relationship between 
n-aldehydes and n-alkanes (Cardoso and Chicarelli, 
1983), unsaturated fatty acids (Gschwend et al., 1982) 
and alkanols (Wils et  al., 1982) has been proposed, 
these relationships cannot be inferred for the samples 
studied. Most probably, n-aldehydes in our samples 
are derived directly from plant debris, as has been 
found in other unmature sediments (Prahl and Pinto, 
1987) and are not formed in situ by chemical or 
microbiological activity. 

Al iphat ic  alkanols  

Series of primary and secondary aliphatic alcohols 
or alkanols were also isolated from all three samples. 
Their histograms are shown in Fig. 2. Aliphatic 
alcohols present in geological materials are probably 

derived from alcohols in higher plant waxes (Chaffee 
et al., 1986) and have not been widely used as 
molecular markers. 

n-Alkanols from C~2 to C32 were identified in the 
peat with a strong even/odd predominance (CPI ! i.2) 
and a bimodal distribution with maxima at Cj6 
and C28. This indicates both algal and/or bacterial 
(C~6-Cjs) and higher plant (>C22) contributions 
(Kolattukudy et al., 1976; Cranwell, 1988). In the 
lignite samples the n-alkanols identified ranged from 
C12 to C30 and also had a bimodal distribution and 
slight even/odd predominance (CPI 2.2 for both 
samples). ARL-A shows maxima at C18 and C24 
whereas ARL-B shows maxima at C~6 and Cz4. The 
significant decrease of CPI values from peat to lignite 
is in agreement with the greater maturity of the 
lignite. The diagenetic relationship between n-alka- 
nols and n-aldehydes proposed by Cardoso and 
Chicarelli (1983) was not observed in any case. 

n-Alkan-2-ols have been previously identified in 
oil shales (Chicarelli et al., 1984) and lacustrine 
sediments (Cranwell et al., 1987), but in general in 
lower abundance than n-alkanols, n-Aikan-2-ols 
were identified in the peat (PP) in the C2j-C33 range 
with a strong odd/even predominance (CPI 5.0) and 
a maximum at C29. In the lignite they were detected 
in the range from C2~ to C30 with lower odd/even 
predominance (CPI 2.7 and 2.1, respectively) and 
maximum at C25. The decrease of CPI values ob- 
served is in agreement with that observed for the 
entire aliphatic series. 

The distributions of n-alkan-2-ols in the lignites 
are similar to those of the n-alkanes and n-alkan-2- 
ones. This is in agreement with Cranwell et al. (1987) 
and Chicarelli et al. (1984), who suggested that 
secondary alkanols are intermediates in the for- 
mation of n-alkan-2-ones by microbial oxidation 
of n-alkanes. This relationship was not observed in 
the peat, perhaps due to its low maturity level and 
the concomitant lack of time and/or temperature-- 
pressure conditions necessary to produce these 
changes. 

The isoprenoid alkanol dihydrophytol (II) was also 
identified in all samples, This compound arises from 
the hydrogenation of the phytol side chain of chloro- 
phyll and is the first product in the conversion of 
phytol into phytane and phytanic acid in sediments 
(Volkman and Maxwell, 1986). 

Hydrox3'  acids 

fl-Hydroxy acids (normal and branched), char- 
acteristic of a bacterial source, were identified in the 
peat extract in the C16-C19 range. According to 
Eglinton et al. (1969), fl-hydroxy acids can originate 
as a result of microbial oxidation of fatty acids. 
However, Cm-Cz0 homologs can be synthesized de 
novo by gram-negative bacteria, whereas higher 
homologs might arise from long chain fatty acid 
degradation (Mendoza et al., 1987). The most prob- 
able source of branched /~-hydroxy acids (iso- and 



C2a anteiso-) identified in recent sediments are bacterial 
lipopolysaccharides. 

Likewise, to-hydroxy acids were also detected 
in the peat from C16 to C30. Only even homologs 
were present, with maxima at C24 and C26 clearly 
suggesting cutin and suberin contributions (Kolat- 
tukudy et  al., 1976). In the lignite samples C~6 and C~s 
to-hydroxy acids were detected but only in trace 
amounts. 

Sterols  and stanones 

Only C29 sterols, fl-sitosterol (Ill, R = C2H5) and 
fl-sitostanol were identified in the peat, whereas 
cholesterol (ill, R = H), campesterol (ill, R = CH3), 
stigmasterol (IV) and fl-sitosterol were predominant 
in the lignite samples, with high abundance of choles- 
terol and fl-sitosterol. 

Sterols have been detected frequently in peats 
(Ekman and Ketola, 1981; Karunen et al., 1983; 
Ketola et al., 1987) with a predominance of C29 
sterols (fl-sitosterol and fl-sitostanol). However, we 
are not aware of previous work demonstrating their 
presence in lignites or more mature coals though 
some authors (Golovanov, 1975; Bel'kevich et al., 
1979) have suggested their presence. 

The predominance of cholesterol and fl-sistosterol 
in the lignite samples might indicate both phyto- 
plankton and terrestrial plant input, respectively 
(Huang and Meinschein, 1979). Although the ternary 
diagram proposed by these authors to differentiate 
environments on the basis of the sterol distributions 
has major limitations (MacKenzie et al., 1982), in- 
terpolation of our data seems to indicate a similar 
sterol distribution for the ARL-A lignite to those of 
estuarine or bay sediments (see Fig. 3). The sterol 
distribution in the peat reflects the contribution of 
higher plants. The sterol distribution in ARL-B is 
intermediate with a lower contribution of cholesterol 
than ARL-A. The suggestion that the lignites contain 
a component due to the deposition of phytoplankton 
is in accord with the presence of foraminifera in 
the lignite samples and previous geological studies 
carried out on this basin (Martin and Garcia-Rosell, 
1970). 

A series of saturated steroid ketones in the 
C27--C29 range were also detected in the lignite ex- 
tracts. These were identified as cholestan-3-one (V, 
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C27 02o 
Fig. 3. Interpolation of the sterol distributions in the ternary 
diagram proposed by Huang and Meinschein (1979). PP (I), 

ARL-A (2), ARL-B (3). 

R = H ) ,  24-methylcholestan-3-one (V, R = C H 3 ) ,  
and 245-ethylcholestan-3-one (V, R = C 2 H 5 ) ,  all of 
them with the 5~-configuration. The unsaturated 
compounds stigmast-4-en-3-one and stigmasta-3,5- 
dien-7-one were also detected in the lignite samples 
but in lower abundance. In the past extract, only 
5a-24-ethylcholestan-3-one was detected in trace 
amounts. 

Steroid ketones in geological samples may arise 
from direct input of living organisms and/or from 
microbial/chemical degradation of sterols (Gagosian 
et al., 1982, Nishimura, 1982; Mermoud et al., 1984). 
As 5fl-homologs have not been detected in biological 
precursors of sedimentary organic matter (de Leeuw 
and Baas, 1986), direct inheritance from living organ- 
isms is indicated by the nearly exclusive presence of 
compounds with a 5~t-configuration, as are found in 
our samples. Therefore, sterols in this deposit have 
not undergone drastic diagenetic alteration. 

Diterpenoid compounds 

The diterpenoid compounds identified in the 
samples are listed in Table 2 along with their abun- 
dance. The greater abundance of these compounds in 
the lignite samples suggests a larger contribution 
from resinous higher plants in the lignite than in the 

Table 2. Diterpenoid compounds identified 
lignite (ARL-A, ARL-B) samples studied 

and their abundance in the peat (PP) and 
(abundances in ng/g dry, ash-free basis) 

Kaur-15-ene (Vl) 0.4 3.8 6.7 
Kaur-16-ene (VII) 0.3 2.0 2.7 
16a-Phyllocladane (VIII) 0.2 0.1 1.5 
Abiet-7,13-diene (IX) - -  - -  2.5 
Retene (X) 0.1 0.2 0.9 
Tetrabydroretene (XI) - -  0.1 0.8 
13-Metbylpodocarpa-8,11,13,triene (XII) - -  0.2 0.6 
Dehydroabietic acid (XlII) 0.5 0.9 0.7 
Seco-dehydroabietic acid (two isomers) (XIV) 0.3 - -  - -  
Isopimaric acid (XV) 0.1 - -  - -  

- - ,  Not  detected. 

Compound PP ARL-A ARL-B 
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peat. The main compounds have abictan¢, pimarane, 
kaurane and phyllocladan¢ skeletons. 

The kaurenes were the most abundant diterpenoid 
hydrocarbons and were identified as kaur- 15-ene (VI) 
and kaur-16-ene (VII) which have been previously 
found by Venkatesan et al. 0986) in the Hula peat. 
According to those authors, the great abundance 
of these compounds and the absence of their satu- 
rated analogs implies that the precursor plant 
material has been rapidly buried and preserved from 
oxidation and biodegradation and, consequently, 
diagenetic reduction of the diterpenes has been 
limited. A saturated compound was identified by its 
mass spectrum (base peak at m / z  123 and molecular 

ion at m / z  274) as 16¢(H)-phyllocladane (VIH), the 
isomer most commonly found in some other fignites 
(Serantoni et al., 1978; Noble et al., 1985; Alexander 
et al., 1987). Kaurenes and phyllocladenes (unsatu- 
rated diterpenes) are typical components of conifer 
resins belonging to Podocarpaceae, Araucariaceae 
and Cupressaceae families (Hanson, 1968; Thomas, 
1969). 

Dehydroabietic acid (XIII) and its diagenetic 
product, retene (X), were the main tricyclic diter- 
penoids in all three samples. The first is the most 
common diterpenoid compound in the geosphere and 
arises from abietic acid precursors present in higher 
plant resins. Its presence reflects the contribution of 
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detrital components of higher plant resins in the 
sedimentary environment (Simoneit, 1986). 

Other diterpenoid acids identified in the peat 
extracts were two isomers of seco-dehydroabietic acid 
(XIV). Figure 4 shows the structures and mass spectra 
of their methyl esters, which were identical with 
methyl esters of 2~-[2'(m-isopropylphenyl) ethyl]- 
l/~,3~-dimethylcyclohexanecarboxylic acid "(seco 1)" 
and 2/%[2'(m-isopropylphenyl)ethyl]-I/~,3a-dimethyl- 
cyclohexanecarboxylic acid "(seco 2)", previously 
reported by Ekman (1979). Their mass spectra have 
already been discussed by Takeda et al. (1968). These 
compounds have been previously reported to be 
present in tall oil (Holmbam, 1977; Holmbam and 
Ekman, 1977), although Ekman (1979) identified 
them also in tall oil extracts but only in the reaction 
zone of fungi-affected sapwood. Takeda et al. (1968) 
analysed these compounds after alkaline catalytic 
degradation of methyl levopimarate. Isopimaric acid 
(XV) were also identified in the peat extracts. Their 
presence in the peat might suggest a very early stage 
of diagenesis indicating that the peat is still a very 
unmature sediment. Diterpenoid acids were also 
detected in ARL-A in trace amounts and were not 
detected in ARL-B, again indicating the greater 
maturity of these sediments relative to the peat. 

Besides retene mentioned above, other unsaturated 
and aromatized diterpenoid hydrocarbons were also 

identified in the lignite samples. A hydrocarbon 
with a mass spectrum similar to that published by 
Simoneit and Mazurek (1982) for abieta-7,13-diene 
(IX) was detected in ARL-B. Two aromatic com- 
pounds, 13-methylpodocarpa-8,11,13-triene (XII) 
and tetrahydroretene (XI) were also identified in both 
lignite samples. Tetrahydroretene is an intermediate 
product of abiatane type diterpene degradation 
to retene, while 13-methylpodocarpa-8,11,13-triene 
stems from pimaradiene aromatization (Simoneit, 
1986). 

The presence of diterpenoid compounds in these 
samples is evidence of the influence of higher plant 
debris, particularly of conifers, in the formation of 
the sediments (Noble et al., 1985; Venkatesan et al., 
1986). In the peat we observed a predominance 
of diterpenoid adds whereas the lignite contained 
a predominance of defunctionalized and aromatized 
diterpenes, suggesting its higher maturity. ARL-B 
shows a lower proportion of diterpenoid acids and 
higher abundance of aromatized acids than ARL-A, 
perhaps suggesting greater maturity in ARL-B. 

Triterpenoid hydrocarbons 

Pentacyclic triterpanes of the hopane type were 
detected in all extracts by monitoring of the m/z  191 
ion (Fig. 5). The compounds identified are listed in 
Table 3. Hopane distributions in PP and ARL-B were 
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9 ~ hopenes 
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Fig. 5. Partial mass fragmentogram (m/z lgl) of the saturated hydrocarbon fractions showing the 

triterpane distributions. For compound identification see Table 3. 
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Table 3. Hopane distribution and abundance in the peat (PP) and the lignite (ARL-A,  
ARL-B) studied (abundances in ng/g dry, ash-free basis) 

No. Compound  PP ARL-A ARL-B 

1 18a (H)-Trisnorneohopane .... 69 
2 Trisnorhop-17(21 )-ene 9 88 6 
3 17~ (H)-Trisnorhopane 20 65 14 
4 17fl(H)-Trisnorhopane 80 140 165 
5 17~ (H),21fl(H)-Norhopane 6 240 15 
6 Hop-I  7(21)-ene 27 - -  13 
7 17~(H),21fl(H)-Hopane - 186 • 
8 Neohop-13(18)-ene 25 - 10 
9 17fl (H),21fl(H)-Norhopane 52 40 87 

10 17~ (H),21 f l (H)-Homohopanes* ~ 170 .... 
11 17fl(H),21fl(H)-Hopane 31 34 42 
12 Hop-22(29)-ene (diploptene) 8 
13 17~ (H),2 lfl(H)-Bishomohopanes* 76 
14 17~ (H),21 fl (H) -Homohopane  '~ - 23 
15 17~ (H),21 #(H)-Trishomohopanes* 39 
16 17fl (H),2 Ifl (H)-Bishomohopane 7 22 
17 17~ (H),21 fl (H)-Tetrakishomohopanes* - 16 - 
18 17ct (H),21 fl (H)-Pentakishomohopanes* - 6 

*Including 22R and 22S isomers. 
- - ,  Not  detected. 

similar, with the 17fl(H),21fl(H)-hopane (XVI) series 
from C27 to C30 (except the C28 homolog) and ex- 
tended C31 and C32 17fl(H),21fl(H)-hopanes with only 
one stereo isomer at the C-22 position. In both 
samples the C27 17~t(H)-trisnorhopane and the C29 
17~t(H),21fl(H)-norhopane were also detected but in 
lower amounts. ARL-A shows a very different distri- 
bution of C27--C35 triterpenoids with a predominance 
of 17~t(H),21fl(H)-hopanes (XVII) and with two C-22 
epimers (22R and 22S) for homologs >C30. This 
distribution is characteristic of more mature materials 
than indicated for this lignite by the other geochem- 
ical parameters. 

The presence of the 17fl(H),21fl(H) stereo isomers 
in PP and ARL-B extracts is characteristic of micro- 
bial activity and indicates that both the peat and the 
lignite have experienced only a mild thermal history 
during deposition and burial (Ensminger et al., 1974; 
Rohmer et al., 1980). The abnormal distributions of 
hopanes found in ARL-A might be due to isomeriza- 
tions in the hopane configuration produced by the 
acidity of clay materials, as has occurred in other 
lignites (van Dorsselaer et al., 1977) and in oil shales 
(Gilbert et al., 1985). This distribution does not seem 
to come from any kind of oil contamination since 
we were unable to detect saturated steranes in this 
sample. 

Unsaturated hopanes were also identified in all 
three samples. Although only trisnorhop-17(21)- 
ene (XVIII) was the only hopene identified in the 
ARL-A extract, ARL-B and PP contained this 
and hop-17(21)-ene (XIX) and hop-22(29)-ene (XX) 
(diploptene). The latter is present in living organisms 
and has been found among diagenetic products 
in recent sediments. However, the main source of 
hopanes in sedimentary materials is microbial cell 
membranes. Hopanes are diagenetically interrelated 
because diploptene is converted via hop-21(22)-ene 
and hop- 17(21)-ene into isohop- 13(18)-ene, and poss- 
ibly into neohop-12(13)-ene, under progressively 
more severe conditions (Simoneit, 1986). 

The presence of hopenes in the peat, commonly 
considered as precursors of saturated hopanes in 
sediments, indicates that microbial activity has been 
more recent in this deposit than in the lignite, con- 
firming its lower level of maturity or its less evolved 
diagenetic stage relative to the lignite. 

Finally, a compound that could correspond to 
a C24 tetracyclic triterpane, De-A-lupane (XXI), 
was identified only in the peat sample. According 
to Corbet et al. (1980) this compound seems to be a 
photochemical or photomimetic degradation product 
of 3-oxygenated precursors (e.g. lupan-3-one) from 
higher plants, suggesting angisperm contribution 
to the peat. However, no other angiosperm triter- 
penoids could be found in the peat nor in the lignite 
samples. 

Triterpenoid ketones 

A series of triterpenoid ketones with hopanoid 
skeletons were detected in the C27--C33 range with the 
exception of the Czs and C30 homologs (see represen- 
tative structure for the C27 member, XXII). They were 
highly abundant only in the ARL-B extract. In the 
PP and ARL-A samples they were detected only in 
trace amounts but with similar distributions. 

The hopanoid ketones have not been frequently 
identified in geological materials. They arise from 
bacteriopolyols by diagenetic or microbial alteration 
(Ourisson et al., 1979), reflecting the influence of 
microbial activity in the sediment. 

Polycyclic aromat ic  compounds (PACs)  

The PACs identified in each sample are listed in 
Table 4. In general, they were more abundant 
in the lignite samples, as might be expected for 
these more mature sediments. The tri- and tetraaro- 
matic pentacyclic compounds previously identified 
in other low-rank coals (Chaffee and Johns, 1983; 
Hazai et al., 1989) and diagenetically related 
to natural triterpenoids were not detected in our 
samples. 
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Table 4. Polycyclic aromatic compounds identified and their abundance in the peat 
(PP) and the lignite (ARL-A, ARL-B) samples studied (abundances in ng/g dry, ash-free 

basis) 

Compound PP ARL-A ARL-B 

Phenanthrene 0.9 0.5 0.7 
C l-Phenanthrenes 0.6 0.7 2.3 
C2-Phenanthrenes 0.1 0.3 0.6 
C3-Phenanthrenes 0.1 0.1 0.7 
C4-Phenanthrenes* 0.1 0.4 1.7 
C2-Biphenyls - -  - -  0.2 
Phenylnaphthalenes - -  - -  1.1 
C I-Phenylnaphthalenes - -  - -  4.5 
C2-Phenylnaphthalenes - -  - -  0.3 
C1-Fluorenes - -  - -  0.2 
Pyrene 0.5 0.2 0.3 
Fluoranthene 0.3 0.1 0.8 
CI-Pyrenes + C l-fluoranthenes + benzofluorenes 0.2 - -  1.5 
C2-Pyrenes + C2-fluoranthenes + Cl-benzofluorenes - -  - -  0.1 
Chrysene + benzoanthracene + benzophenanthrene - -  - -  0.1 
Perlene - -  0.9 0.2 
Quinones 
Bcnzo(de)anthracen-7-one 0.1 0.1 0.2 
Benzo(a)anthracen-7,12-dione - -  0.1 - -  
Thioxanthenone --  - -  0. I 
Sulfur compounds 
Dibenzothiophene 0.1 0.1 - -  
C l-Dibenzothiophene - -  0.3 - -  
C2-Dibenzothiophene - -  0.2 - -  
Phenyl-benzothiophene 0.1 - -  0.8 
Diphenylthiophene - -  - -  0.3 
Bcnzo-naphthothiophenes - -  0.1 0.1 
Naphthalenyl-benzothiophenes - -  0.1 0.2 
*Including retene. 
--, Not detected. 
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Whereas in the peat there is a predominance of 
phenanthrene over its alkyl-derivatives, in the lignite 
samples the latter (Cl and C4-alkylphenanthrenes) 
are more abundant .  The predominance of l-methyl- 
phenanthrene and 1,7-dimethylphenanthrene in all 
samples can be explained by the high content  of 
resinous material as both compounds probably arise 
from retene (X) degradation. 

Pyrene, fluoranthene and their alkyl-derivatives 
were also identified in all three samples. Although 
they have been considered to have a pyrolytic origin 
their presence in sedimentary rocks may arise from 
unknown natural  precursors or they might be liber- 
ated from the kerogen matrix (Garrigues et al., 1988). 
Perylene was also identified but  only in the lignite 
samples. It has been considered as arising from 
biogenic sources as a result of chemical reduction of 
perylene-based pigment (Aizenshtat, 1973; Tan and 
Heit, 1981; Louda and Baker, 1984). 

Sulfur-containing aromatic compounds were also 
identified in the samples, with greater abundance 
in the lignite than in the peat. There are precedents 
for the identification of organosulfur compounds in 
coal extracts (Hayatsu et al., 1978; White and Lee, 
1980; Chaffee et al., 1986). These compounds are 
probably formed by reaction of aromatic hydro- 
carbons with elemental sulfur ($8), which is present 
in many coals (White and Lee, 1980). This is a 
geochemical process that probably occurs under mild 
thermal conditions as suggested by their presence in 
the peat. 

Extractable PACs from coals may have multiple 
origins. In low-rank coals they may derive mainly 

from chemical and/or  microbiological transform- 
ations of terpenoid precursors trapped in the 
coal, which undergo successive aromatization during 
peatification/coalification (Hayatsu et al., 1978; 
Chaffee et al., 1986). In higher rank coals the main 
PACs derived probably from the macromolecular 
coal matrix by partial fragmentation of the polymeric 
network during coalification (Hayatsu et al., 1978; 
Radke et al., 1982). 

CONCLUSIONS 

The differences found in the abundance and distri- 
but ion of various homologous series of biomarkers 
indicate different degrees of maturi ty or evolution for 
each deposit with a generally greater amount  of less 
altered vegetation in the peat than in the lignite. 

Compared to other lignites, however, the Arenas 
del Rey lignite is relatively immature, as reflected by 
the preservation of sterols, stanones and unsaturated 
diterpenoid hydrocarbons and by the presence of 
the 17~(H),21~(H)-hopane series in one sample 
(ARL-B). On the other hand, the Padul peat may be 
more mature than others that have been studied. 
An important  contribution of organic matter due to 
microbial activity was inferred for both deposits. 

The detection of diterpenoids in all three samples 
indicates an important  contribution of terrestrial 
higher plants, mainly conifers, to the sedimentary 
organic matter in the Padul peat and the Arenas del 
Rey lignite. 

A possible phytoplankton input is also suggested in 
the Arenas del Rey lignite by the sterol distribution, 
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which would tend to suppor t  the hypothesis  
tha t  these deposits were deposi ted under  a mar ine  
influence. 

A diagenetic relat ionship between n-a lkanes  and 
n-a lkan-2-ones  th rough  n-alkan-2-ol  intermediates  
could be inferred only in the lignite samples but  not  
in the peat, due perhaps  to the lower matur i ty  level 
of  the peat. 

A very different hopane  dis t r ibut ion was observed 
between bo th  samples within the same lignite deposit. 
This emphasizes to geochemists tha t  entire deposits 
canno t  be characterized by one single sample. 
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