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Abstract

The Utrillas coal facies are located in the Maestrazgo basin in NE Spain. This mining district of Teruel contains sub-
bituminous deposits from the Middle Albian (Lower Cretaceous 105 Ma) in areas near a delta estuary with abundant sul-
phur. The high sulphur content is due to an influx of sulphate caused by the geological recycling of Triassic gypsum from
the catchment area into the delta estuary. In some outcrops, the weathered coal reveals leonardite deposits. The deposi-
tional environment of the basin originated coals, some of which are currently mined. The organic matter of the coals
has been the object of scattered reports. Studies have focused on bulk pyrolysis parameters and microscopic observation
in Utrillas samples, as well as the inorganic and insoluble organic fraction.

We analysed the organic soluble extract of the Utrillas coals using GC–MS in order to characterize their aliphatic, aro-
matic and organosulphur compounds. The biomarker distribution allowed us to recognize different inputs, assess their
depositional palaeoenvironment and finally determine their degree of maturity. In particular, homologous series of
hopanes related to eubacteria were present. Biomarkers characteristic of higher plant inputs were also widely distributed
(e.g. phyllocladane or C29 steranes). The presence of linear alkylbenzenes allowed us to recognize the palaeodepositional
reducing environments where they were deposited. Specifically, thienylhopanes were associated with sulphur-reducing
environments. Finally, the abundance of unsaturated biomarkers such as diacholestenes indicated low-maturity coals. Var-
ious aromatic ratios such as the methylphenanthrene index also suggested diagenesis in the initial stage.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Organic geochemistry plays an important role in
the exploration of fossil fuels. It involves identifying
organic compounds with hydrocarbon skeletons
related to biological molecules present in the tissues
of living organisms. These biomarkers allow us to
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recognize the main input of organic matter, estimate
the palaeodepositional environment on which they
were deposited and determine the thermal maturity
of the sedimentary rocks. Indexes such as palaeosa-
linity (ten Haven, 1986; Sinninghe Damsté et al.,
1989) and oxicity (Didyk et al., 1978) have recently
been used to recognize lacustrine lithologies (Cab-
rera et al., 2002). Elemental analysis and other bulk
chemical parameters are major analytical techniques
for characterizing fossil fuels (Philp and Ishiwatari,
1993; Yang et al., 2002).
.
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Bulk geological parameters and microscopic
observation of Utrillas coals and their inorganic
fraction were firstly studied by Querol et al. (1988,
1991, 1992). Previous geochemical studies of the
organic matter, based on the characterization of
the insoluble organic fraction by means of pyrolysis
coupled to GC–MS, characterized Utrillas coals as
sulphur-rich (Sinninghe Damsté et al., 1992).
Detailed studies of the sub-bituminous coal have
focused on their sulphur content (Gorchs et al.,
1995). One molecular study examined the linear,
branched and isoprenyl alkylbenzene skeletons and
alkenylbenzenes and C24–C28 diaromatic com-
pounds in the soluble fraction extracted from a sul-
phur-rich Utrillas coal (Gorchs et al., 2003).
Recently, a leonardite located in the basin was also
studied (Olivella et al., in press).

However, little has been reported about the most
abundant biomarkers of the soluble organic matter.
This paper analyses the organic soluble extract of
Utrillas coals and characterizes their aliphatic, aro-
matic and organosulphur compounds. Using the
biomarker distribution and elemental analysis, we
identify different inputs of organic matter, deter-
mine the palaeoenvironment on which they were
deposited and define their degree of maturity.

2. Geological setting

The Teruel mining district is located in the link-
ing zone between the eastern sector of the Iberian
Range and the south-eastern most part of the Cata-
Fig. 1. Geological setting of Escucha Formation (Middle Albian) locat
1990).
lan Coastal Ranges (Fig. 1). The selected coals are
located in the Escucha Formation (Middle Albian).
The Escucha Formation presents a sedimentary
record of six sub-basins: (1) the Utrillas sub-basin,
with two coal-mining areas, the Utrillas-Escucha
and the Portalrubio areas; (2) the Castellote sub-
basin; (3) the Calanda sub-basin; (4) the Oliete
sub-basin, with two coal-mining areas, the Ariño
Valley and the Estercuel area; (5) the Traiguera
sub-basin; and (6) the Santa Barbara sub-basin.
The Escucha Formation contains immature sub-
bituminous coal deposits (Querol et al., 1991) accu-
mulated during the Middle Albian (Lower Creta-
ceous 105 Ma) in areas near a delta estuary. In
some outcrops, the weathered coal reveals leonar-
dite facies (Olivella et al., 2002a).

Sub-bituminous coals from Ariño (Elvira-13, L-
12), Estercuel (Salomé-14), Utrillas and Portalrubio
(Cañizara and R-3) were selected for this study.

The high sulphur content in these samples
(S > 4%) is probably due to an influx of sulphate
caused by the geological recycling of Triassic gyp-
sum from the catchment area into the delta estuary
(Querol et al., 1988). The sulphur functionality of
Utrillas coals has been examined in previous studies
(Gorchs et al., 1995; Olivella et al., 2002a,b and
Olivella and de las Heras, 2002c).

3. Experimental

Coal samples were crushed in a disc mill and an
aliquot (ca. 20 g) was Soxhlet-extracted with
ed in North East of the Iberian Peninsula (modified after Querol,
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150 ml of (2:1) dichloromethane-methanol for 36 h.
The extracts were vacuum-evaporated to 2 ml and
hydrolysed overnight with 35 ml of 6% KOH/
MeOH. The neutral fraction was extracted with n-
hexane (3 · 30 ml) vacuum-concentrated to about
0.5 ml and fractionated using the following method
(Gorchs et al., 2003). A column was filled with 8 g
each of 5% water-deactivated alumina (70–230
mesh, Merck) (top) and silica (70–230 mesh, Merck)
(bottom). Three fractions were collected: (1) 20 ml
of n-hexane; (2) 20 ml of n-hexane/CH2Cl2 (90:10
v/v); and (3) 40 ml of n-hexane/CH2Cl2 (80:20 v/v).

Gas chromatography–mass spectrometry (GC–
MS) was performed using an MD800. A DB-5 ms
column of 30 m (0.25 mm i.d.) was used. The chro-
matographic conditions were 2 min at 60 �C, from
60 �C to 150 �C at 15 �C/min, from 150 �C to
310 �C at 4 �C/min and held at 310 �C for 15 min,
with an injector temperature of 275 �C. Helium
was used as a carrier gas. Mass spectra were
acquired in a scanning range of m/z 50–650 Da at
1.5 s per decade. The MS temperatures were: trans-
fer 200 �C, ion source 200 �C and analyser 225 �C.

Elemental analysis (%C, %H, %N) was per-
formed with a Fisons 1106 and the total sulphur
was determined with a Fisons 1108 elemental
analyser.

The vitrinite reflectance was calculated using the
methylphenanthrene index (MPI) according to
Radke (1987) as Rc = 0.6* MPI + 0.4.

4. Results and discussion

Table 1 shows the elemental analysis results (%C,
%H, %N, %S). The major inputs from the Utrillas
basin indicate that these coal samples are of terres-
trial origin with little marine influence. This is con-
sistent with the N/C (Premuzic et al., 1982) and S/C
(Sweeney et al., 1987) relationships. The lowest N/C
Table 1
Elemental analysis on a dry and ash-free basis and indexes for selected

Samples %C %H %N %O

Salomé-14 70 5.5 0.77 17
Utrillas 35.1 2.6 0.59 46.8
R-3 66.5 4.9 0.96 18.3
L-12 70.6 5.4 0.91 16.3
Elvira-13 63.7 4.7 0.74 20.6
Cañizara 73.2 5.8 0.69 15

n.c. not calculated.
a Carbon Preference Index (sum of odd over even n-alkanes).
b Alk/hop ratio calculated as a sum of alkanes over hopanes.
c Calculated from methylphenanthrene index (MPI) as: Rc = 0.6*M
values measured at Salomé-14 and Cañizara could
be attributed to the lake drying up (Meyers and
Benson, 1988). Fig. 2 shows that, by plotting %N
vs. %C (Fig. 2A) and %S vs. C (Fig. 2B) and the
normal marine line (NML), characterized by the
slopes 0.125 and 0.33, respectively, all values range
from 0.008 to 0.014 (N/C < 0.125) and from 0.05
to 0.28 (S/C < 0.33), which indicates that the
organic matter is dominated by allochthonous input
from higher terrestrial plants. N/C P 0.125 and S/
C P 0.33 indicate predominant organic matter of
autochthonous origin characterized by bacterial
input usually present in marine basins. The S/C val-
ues close to 0.02 found in Salomé-14, L-12 and
Cañizara indicate the predominance of higher
plants from humic lakes. These results are consis-
tent with the lipid composition analysis. The carbon
preference index (CPI), defined as the ratio of the
sum of odd n-alkanes to even n-alkanes in a hydro-
carbon distribution, is a useful parameter for deriv-
ing information on the origin of organic matter. All
samples except Elvira-13 show a slight predomi-
nance of odd carbon numbers over the range C14–
C33 (Table 1), maximizing at C25 and C27. This indi-
cates a predominance of higher plant waxes of ter-
restrial origin (Tissot et al., 1977). The waxy
coatings of terrestrial plants contain n-alkanes in
the range C25–C33 with CPIs ranging from 4 to 10
(Brassell et al., 1978). These coal samples have lower
CPIs than purely terrestrial plant waxes, which sug-
gests additional contributions from other sources.
The low alkane/hopane ratio, calculated as the
sum of n-alkanes divided by the sum of hopanes
quantified in the TIC (Table 1), denotes a significant
contribution of bacterial input in all samples. C25

alkanes are more dominant in the L-12 and R-3
samples characteristic of subaquatic plants (Nishim-
oto, 1974; Simoneit et al., 1984). In contrast, Elvira-
13 is dominated by C14, C16 and C18 alkanes, which
coals

%S CPIa (C14–C33) Alk/hopb Rcc

6.0 1.8 3.8 0.53
14.9 1.4 2.2 0.61
9.2 1.6 0.4 0.65
6.8 2.0 1.9 0.76

10.2 0.4 0.2 0.65
5.0 n.c. n.c. n.c.

PI + 0.4.
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indicates a significant bacterial input (Grimalt and
Albaigés, 1987) consistent with the lowest alkane/
hopane relationship (Table 1). Due to the basin’s
highly sulphate-reducing palaeoenvironment, the
ratio of pristane to phytane is not adequate as oxic-
ity index. This character of the palaeoenvironment
is also reflected by the significant presence of pyritic
sulphur (Querol et al., 1991). This condition,
together with high organic-matter content and
anoxic conditions, is associated with an abundance
of OSC at the bottom of the lake (Sinninghe
Damsté et al., 1992). Fig. 3 shows the specific distri-
bution of organosulphur compounds in the leonar-
dite sample. Homologous series of thienylhopanes
(m/z 97), together with 30-(2 0-methylenethienyl)
and 30-(2 0-(5 0-methylenethienyl))hopane structures
(m/z 111) related to sulphur incorporation in eubac-
terial functionalized precursors, are present in the
Utrillas coal basin.

A significant amount of diasterenes was found.
Fig. 4 shows a typical distribution of diasterenes
(m/z 257). C29 isomers of the 24-ethyl-diacholest-
13(17)-ene dominate the soluble fraction of Sal-
omé-14 coal, with the maximum peak at 24-ethyl-
diacholest-13(17)-ene (20S), whereas the maximum
peak for Elvira-13 is at 24-ethyl-cholest-13(17)-ene
(20R). Although the predominance of 24-ethyl-
10a-diacholest-13(17)-ene (20R and S) is associated
with siliciclastic acidic environments, other bio-
markers in the coal basin, such as diaromatic bio-
markers (Gorchs et al., 2003), are more closely
related to carbonate-evaporitic environments. We
also found small amounts of 4-methyldiacholest-
enes, which are characteristic of algal dinoflagel-
lates, organisms usually found in marine
environments but also detected in freshwater lakes
such as Lake Kinneret (Robinson et al., 1986).
These unsaturated steroidal distributions indicated
that diagenesis was low.

The sterane distribution of the Utrillas coals (not
shown) is dominated by the C29 ethylcholestane
homologue. The predominance of the 5a isomer
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over 5b in the sterane distribution indicates that the
Utrillas coals are in an early stage of diagenesis. The
predominance of the C29 stereoisomer for steranes
and diasterenes suggests a higher plant input (Bras-
sell et al., 1986).

The hopane distribution is similar in all of the
coal samples (Fig. 5) except leonardite, in which
organosulphur derivatives were also detected
(Fig. 3). The maximum of the distribution is at
17a,21b-homohopane. 17a(H)-22,19,30-trisnorho-
pane and homologues of bb series were also
detected in all samples. The Utrillas coal also con-
tained significant amounts of di- (C,D), tri-
(B,C,D) and tetra-aromatic (A,B,C,D) hopanes.
The distribution of sesquiterpanes is dominated
by isomers of the bicyclic sesquiterpane 8b(H)-dri-
mane, with lower amounts of trans-cadinane and
4b(H)-eudesmane. Sesquiterpanes were most abun-
dant in Elvira-13 and Utrillas. Aromatic sesquiter-
panes are characterized by an abundance of
cadalene (Fig. 6).

Large amounts of tricyclic diterpenoids were
present, in particular retene and simonellite, and
lower amounts of dehydroabietane and norsimonel-
lite were present, as shown in Fig. 7. a-Phyllocla-
dane was present in R-3. In this sample, 16a(H)-
phyllocladane was clearly predominant, with ratios
of (16a/16b > 1; RI ffi 0), which indicated a vitrinite
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reflectance (R0) of less than 0.6%, according to val-
ues given by Querol et al. (1991). Fig. 8 shows iso-
hexylalkylnaphthalenes associated with saturated
biomarkers, which are characteristic of higher
plants and are formed from natural precursors such
as phyllocladane (Ellis et al., 1996).

All of these sesqui- and diterpenoids are associ-
ated with an abundance of conifers (Simoneit and
Mazurek, 1982), although other origins cannot be
ruled out.

As for the depositional palaeoenvironment, a
high degree of salinity is estimated for the Utrillas
basin by the R23 index, defined according to the
alkylbenzene homologues as follows: R23 ¼ 2 �C23

C22þC24
.

R23 values were greater than 2 in all samples,
which suggests significant salinity. There were also
significant amounts of chromanes dominated by
the trimethylated homologue, which indicates also
significant salinity. This is consistent with the car-
bonate-evaporitic environment reflected by the
even predominance of alkyl and alkenylbenzenes
with maximum at C18 (Gorchs et al., 2003), rang-
ing from C14 to C22. Diaromatic homologous
series of phenyl, toluyl, and xylyl alkylbenzenes
with linear skeletons from C24 to C28 related to
highly reducing palaeoenvironments were also
present.

The thermal maturity of these samples can be
estimated from their vitrinite reflectance (Rc) using
the aromatic ratio methylphenanthrene index
(MPI). The results obtained range from 0.53 to
0.75 (Table 1), which suggests initial diagenesis
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and a similar maturity for these coals, classified as
sub-bituminous. Table 2 also shows other values
less frequently used to define maturity for the Utril-
las representative sample. The ratios obtained are
consistent with low-maturity coals, as described
above (Querol et al., 1991).



Table 2
Values for different PAH ratios in the Utrillas sample

N/P 0.33

2-MN/1-MN 1.09
2*(2-MN)/(N + 1-MN) 1.47
(2-MN)/(1-MN + 2-MN) 0.52
4*(2,6-DMN + 2,7-DMN)/(2-MN + 1,2-DMN + 1,3-DMN + 1,4-DMN + 1,5-DMN + 1,6-DMN + 1,7-DMN + 2,3-DMN) 0.40
MPI-1 = 1.5*(2-MP + 3-MP)/(0.7*P + 1-MP + 9-MP) 0.35
C/(C + BaA) 0.35
4-MP/1-MP 1.4
4-MDBT/1-MDBT 2.1
1-MDBT/DBT 0.28
4-MDBT/DBT 0.59
4-MDBT/P 0.12

N (naphthalene); P (phenanthrene); MN (methylnaphthalene); DMN (dimethylnaphthalene); MP (methylphenanthrene); C (chrysene);
BaA (benzo[a]anthracene); MDBT (methyldibenzothiophene) and DBT (dibenzothiophene).
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5. Conclusions

The organic soluble extract of coals from the
Utrillas basin was analysed by GC–MS to charac-
terize their aliphatic, aromatic and organosulphur
compounds. The biomarker distribution allowed
us to recognize different inputs, assess their deposi-
tional palaeoenvironment and determine their
degree of maturity.

The abundance of steroids, dominated by C29,
indicated the high input of allochthonous higher
plants, particularly sesqui- and diterpenoids as well
as isohexylalkylnaphthalenes, which are commonly
associated with coniferous inputs.

In leonardite, we found homologous series of thi-
enylhopanes related to sulphur incorporation in
eubacterial functionalized precursors. Biomarkers
characteristic of carbonate-evaporitic palaeodeposi-
tional environments were also present in other coals
(e.g. chromanes and linear alkylbenzenes).

The abundance of unsaturated biomarkers such
as linear alkenylbenzenes and diacholestenes indi-
cates low-maturity coals. Various aromatic ratios
such as the methylphenanthrene index suggest dia-
genesis in the initial stage.
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Querol, X., Chinchón, S., López-Soler, A., 1988. Iron sulphide
precipitation sequence in Albian coals from the Maestrazgo
Basin, southeastern Iberian Range, northeastern Spain.
International Journal of Coal Geology 11, 171–189.

Querol, X., Fernandez Turiel, J.L., Lopez Soler, A., Hagemann,
H.W., Dehmer, J., Juan, R., Ruiz, C., 1991. Distribution of
sulfur in coals of the Teruel Mining District (NE Spain).
International Journal of Coal Geology 18, 327–348.

Querol, X., Salas, R., Pardo, G., Ardevol, L., 1992. Albian coal
bearing deposits of the Iberian Range, NE Spain. The
controls on distribution and quality of Cretaceous coals. In:
McCabe, P., Parrish, J. (Eds.), Bulletin of the Geological
Society of America, Special Papers 267, pp. 193–208.

Radke, M., 1987. Organic geochemistry of aromatic hydrocar-
bons. In: Brooks, J., Welte, D.H. (Eds.), Advances in
Petroleum Geochemistry, vol. 2. Academic Press, London,
pp. 141–207.

Robinson, N., Cranwell, P.A., Eglinton, G., Brassell, S.C., Sharp,
C.L., Gophen, M., Pollingher, U., 1986. Lipid geochemistry
of Lake Kinneret. Organic geochemistry 10, 733–742.

Simoneit, B.R.T., Mazurek, M.A., 1982. Organic matter of the
troposphere. II - Natural background of biogenic lipid matter
in aerosols over the rural western United States. Atmospheric
Environment 16, 2139–2159.

Simoneit, B.R.T., Philp, R.P., Jenden, P.D., Galimov, E.M.,
1984. Organic geochemistry of Deep Sea Drilling Project
sediments from the Gulf of California – hydrothermal effects
on unconsolidated diatom ooze. Organic Geochemistry 7,
173–205.

Sinninghe Damsté, J.S., Rijpstra, W.I.C., de Leeuw, J.W.,
Schenck, P.A., 1989. The occurrence and identification of
series of organic sulphur compounds in oils and sediment
extracts II. Their presence in samples from hypersaline and
non-hypersaline palaeoenvironments and possible application
as source, palaeoenvironmental and maturity indicators.
Geochimica et Cosmochimica Acta 53, 1323–1341.

Sinninghe Damsté, J.S., de las Heras, F.X.C., de Leeuw, J.W.,
1992. Molecular analysis of sulphur rich brown coals by flash
pyrolysis gas chromatography mass spectrometry. The type
III-S kerogen. Journal of Chromatography 607, 361–376.

Sweeney, J.J., Burnham, A.K., Braun, R.L., 1987. A model of
hydrocarbon generation from type I kerogen: application to
Uinta basin: Utah. American Association of Petroleum
Geologists Bulletin 71, 967–985.

ten Haven, H.L., 1986. Organic and inorganic geochemical
aspects of Mediterranean late Quaternary sapropels and
Messinian evaporitic deposits. Ph.D. Thesis, Delft Technische
Universiteit.

Tissot, B.P.R., Pelet, J., Roucache, J., Combaz, A., 1977. Alkanes
as geochemical fossils indicators of geological environments.
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