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Oil-oil correlation by FTIR spectroscopy of asphaltene samples

ABSTRACT: In this paper, a new technique with easy interpreta-
tion, low cost, and reliable results is presented for oil-oil correlation
purpose. In this technique, the structural characterization of asphal-
tene, because of its structural similarity with kerogene and resis-
tance to secondary processes (e.g., migration, biodegradation, thermal
maturity, and so on), was considered as a correlation parameter
and asphaltenes structure similarity in different oil samples is the
basis of geochemical correlation. FTIR spectroscopy was applied
to detect and compare asphaltene structures with each other. The
four oil samples from different oil fields in the Iranian sector of the
Persian Gulf were investigated by FTIR spectroscopy and intro-
duced indexes that represent structural characteristic of asphaltenes
enabled us to perform geochemical correlation. To validation of this
technique, the other common geochemical techniques (e.g., stable
carbon isotope and biomarkers) were applied to geochemical correla-
tion. These techniques completely supported and complemented the
results of the asphaltene FTIR spectroscopy technique. The results
of these three techniques show genetic relationships among these 4
oil samples and indicated that these oil samples belong to two dis-
tinct oil families. The First oil family originated from carbonate rich
source rock and the second oil family was sourced from calcareous
shale source rock.

Key words: Fourier transform infrared (FTIR) spectroscopy, oil-oil
correlation, asphaltene, Persian Gulf, Iran

1. INTRODUCTION

The geochemical correlations are comparisons between
oil-oil and/or crude oils and bituminous extracts of source
rocks are used to determine if there is a genetic relationship between
them based on molecular composition. Correlations are accom-
plished by comparing elemental, molecular, and isotopic
parameters using techniques such as gas chromatography  (GC),
gas chromatography with mass spectrometry (GC/MS), and
carbon isotope ratio determination (IRGC/MS) (Engel and
Macko, 1993). In general, asphaltenes are characterized by fused
aromatic rings, aliphatic side chains, and polar heteroatoms-
containing functional groups. In the last few years asphaltenes
have become of immense interest for exploration techniques,
since it was reported that they possess structural features of
the related source rock kerogens. This is because the use of
asphaltenes from crude oils may help to overcome the lack of
source rock samples in basin analysis when reliable predic-
tions for the generation of hydrocarbons are required (Lehne,

2008). Pelet et al. (1986) proposed that asphaltenes are struc-
tural equivalents of kerogens, and that only their solubility
allows them to migrate in petroleum. Thus, oil asphaltenes are
considered to be reservoired fragments of the source rock ker-
ogen (Pelet et al., 1986).

In this paper, the molecular structure of asphaltenes was
considered as a correlation parameter and structure charac-
terization of asphaltenes was done by FTIR spectroscopy to
compare asphaltene structures and performing geochemical
correlation. In the past, FTIR spectroscopy of crude oils (whole
oil not asphaltene) has been employed as a new tool in reservoir
compartmentalization (Permanyer et al., 2002), but, this paper
presents new application of FTIR spectroscopy on solving
geochemical issues. FTIR spectroscopy gives reliable infor-
mation, including the paraffinicity or aromaticity of the sam-
ples, the relative proportion of carbonyl and/or carboxyl groups
versus aliphatic compounds, information on the existence
and abundance of various functional groups in the samples,
the abundance of aromatic nuclei and oxygen-containing
groups relative to aliphatic chains, and the degree of conden-
sation in the polyaromatic compounds (Permanyer et al., 2002,
2005, 2007; Griffiths and de Haseth, 2007). In a word, this
technique gives structural characterization of samples.

The main objectives of this paper are: 1) introducing the
structural characterization of asphaltenes by FTIR spectros-
copy, as a new and reliable technique for correlation purposes,
2) application of FTIR spectroscopy to evaluate genetic
relationships of 4 crude oil samples collected from the north
part of the Persian Gulf, and 3) utilization of stable carbon
isotope and biomarker data for support and complement the
results of FTIR spectroscopy.

2. GEOLOGICAL SETTING

The Persian Gulf is structurally a foreland basin filled by
terrigenous clastics transported from adjacent regions and
carbonate sediments generated across the ramp surface (Alavi,
2004). This Basin is the richest region of the World in terms
of hydrocarbon resources. According to different estimates,
this basin contains 55–68% of recoverable oil reserves and
more than 40% of gas reserves of the world. The biggest Gas
field in the World (South Pars/North Dome) is also located
in the Persian Gulf. The Iranian part of the Zagros Range

Morteza Asemani
Ahmad Reza Rabbani*

} Petroleum Engineering Department, Amirkabir University of Technology, Hafez Street, Tehran 
15875-4413, Iran

*Corresponding author: rabbani@aut.ac.ir



274 Morteza Asemani and Ahmad Reza Rabbani

and the Persian Gulf accounts for 10.9% and 16% of the
world’s proven oil and gas reserves (Soleimany, 2010). There
are six main petroleum reservoir target horizons with different
ages in the Zagros Range and the Persian Gulf. The youngest
is in Cenozoic (Asmari Formation), then there are three major
reservoir targets in Mesozoic (Sarvak, Fahliyan and Surmeh
Formations), while the oldest is in the Upper Paleozoic–lower
Mesozoic horizon (Dalan and Kangan Formations). 

Four produced crude oil samples were collected from the
Sarvak and Fahliyan (Yamama) Formations throughout oil
fields in the NW part of the Persian Gulf. The Sarvak For-
mation consists of thick bedded to massive carbonate sediments
and shows good porosity and permeability. This formation
is one of the significant reservoir rocks in the Zagros Fold
and the Persian Gulf. The age of this formation is Late Creta-
ceous (Cenomanian–Turonian). The Fahliyan (Yamama) For-
mation consists of coarse-grained carbonate. This formation
shows good porosity and permeability and is a good reser-
voir rock in the Zagros Range and in the NW Persian Gulf.
The Fahliyan (Yamama) formation is Early Cretaceous (Neo-
comian) in age (Ghazban, 2007). 

For this study, two produced oil samples (DY and FY)
were collected from the Fahliyan (Yamama) Formation in the
Dorood and Foroozan oil fields, and two produced oil sam-
ples (BS and HS) were also collected from the Sarvak For-
mation in the Hendijan and Bahregansar oil fields from NW
of the Persian Gulf (Fig. 1). In the following section, sample
preparation and analysis methods are described.

3. MATERIAL AND METHODS

The oils were analyzed for API gravity with an Anton
Paar DMA5300M density meter. The first step in performing
SARA separation is removing asphaltenes. Asphaltenes were
extracted from crude oils according to the standard test proce-
dure that named IP-143, with some modification and using
n-pentane as a precipitation solvent (IP 143/01, 2012). Crude
oil samples were heated to approximately 80 °C and cooled
at room temperature. Approximately 5 mg of each oil sam-
ple was placed in a flask with a capacity of 250 mL.  N-pen-
tane solvent was also added to the test portion in the flask
at a ratio of 25 mL to each 1 g of oil sample. The mixture was
boiled and refluxed for 60 min. At the end of this period, the
flask was removed, cooled, closed with a stopper, and stored
in a dark place for 150 min. Filter paper (Whatman Grade
42 with 125 mm diameter) was placed in a funnel, the con-
tent of the flask decanted into filter paper, and then the residue
in the flask transferred with successive quantities of hot n-
pentane. After that, the filter paper and contents were removed
from the funnel and placed in the reflux extractor and refluxed
by n-pentane at rate of 4 drops/s from the end of the condenser
for an extraction period until a few drops of n-pentane from
the bottom of the extractor left no residue on a glass slide,
and then refluxing continued by 60 mL of toluene until all
the asphaltenes were dissolved from the paper. The contents
of the flask (asphaltene plus toluene) were transferred to a
clean and dry evaporating vessel (the flask washed out with
successive small quantities of toluene to a total not exceed-

Fig. 1. Location map of oil fields in 
the Persian Gulf. The Foroozan, Dor-
oud, Bahregansar, and Hendijan are 
the oil fields that were sampled.
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Fig. 2. IR spectrum of asphaltene samples after normalizing. (a) IR spectrum of DY sample, (b) IR spectrum of FY sample, (c) IR spec-
trum of HS sample, and (d) IR spectrum of BS sample.
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ing 30 mL). The toluene was removed by evaporation in a
boiling water bath. The dish and contents were dried in an
oven at 100 °C for 30 min. Finally, the dish was cooled in the
cooling vessel for 60 min and weighed. Asphaltenes were
stored in small plastic containers (to prevent absorption of
moisture) until subsequent tests were performed. 

After the asphaltenes were removed, other fractions of
crude oil (Saturate, Aromatic and Resin) were separated by
using column chromatography. The adsorption column was
prepared by alumina and silica gel. The saturate compounds
were washed out from the column by adding n-pentane to
the top of the column and allowing all of n-pentane effluent
to drain from the column. The remaining fractions were washed
out by adding toluene to separate aromatic compounds and
toluene/methanol in a proportion of 90/10 for resin compounds.
The weight of each fraction is reported as a percentage. 

Fourier transform infrared spectroscopy (FTIR) is a tech-
nique that deals with the infrared region of the electromag-
netic spectrum, and is used to obtain an infrared spectrum
from solid, liquid or gas samples in the mode of absorption
or transmittance (Griffiths and de Haseth, 2007). In this study,
MID Infrared Spectroscopy was used which refers to using
infrared radiation with wave numbers ranging from 4000

cm–1 to 400 cm–1. In MID-IR region, there are many strong
fundamental rotational-vibrational molecular transitions and
making this an extremely useful region of the electromag-
netic spectrum to determine structural information about the
investigated samples. The spectrums were recorded in absorp-
tion mode by Thermo Nicolet-Nexus 670 in range of 6000 cm–1 to
600 cm–1, with 40 scans at a resolution of 4 cm–1. To obtain
the FTIR spectrum, 20 mg of asphaltene samples were ground
with mortar and pestle and then mixed with 200 mg potas-
sium bromide (KBr) which had been powdered previously.
The resulting compound was compressed under high pres-
sure and the result was a KBr pellet that was inserted into a
holder in the spectrometer to record the spectrum. In order
to better compare, all of the spectra should be normalized
(Doumenq et al., 1991). The normalization process was done
based on asymmetrical stretching of the C–H bond in CH2 that
was seen in all spectra at 2923 cm–1. Resulting spectra are
shown in Figure 2. All samples had the same appearance
and general pattern but different peak height. Interpretations
of all peaks in the spectrums are given in Table 1.

Different indexes that represent the structural and func-
tional features of asphaltene samples are calculated on the
basis of peak areas. Peak areas are measured from valley to

Table 1. Interpretation of all peaks are observed in the spectra of asphaltene samples 

The best- known modes of vibrational motion in a molecule are the stretching and bending modes. In any group of three or more atoms,
which two of them are identical, there are two mode of stretching that named symmetric and asymmetric. In general, asymmetric stretching
vibrations occur at higher frequencies than symmetric stretching vibrations; also, stretching vibrations occur at higher frequencies than
bending vibrations. The terms scissoring, rocking, wagging, and twisting are commonly used in the literature to describe different types of
bending. The more description about vibrational modes is beyond the scope of this paper and can be find in the following references. In the
following, interpretation of picks that was seen in the infrared spectrum, according to their wavenumbers, is described in the table.

Picks Interpretations References

3430 cm–1 A broad and weak band due to O–H and N–H stretching

Interpretations were 
done based on these 

references: Derrick et 
al., 1999; Mayo et al., 

2003; Stuart, 2004; 
Silverstein et al., 2005; 
Field et al., 2008; Pavia 

et al., 2009.

3050 cm–1 A small band due to C–H stretching in aromatic compounds (= C–H or sp2 C–H stretching)

2953 cm–1 Asymmetrical stretching of C–H bond in CH3 (Ʋas CH3) and stretching of C–H bond in alkanes.

2923 cm–1 Asymmetrical stretching of C–H bond in CH2 (Ʋas CH2)

2852 cm–1 Symmetrical stretching of C–H bond in CH3 (Ʋs CH3) and asymmetrical stretching of C–H bond in 
CH2 (Ʋas CH2)

2726 cm–1 Stretching of C–H bond in aldehyde hydrogen

1700 cm–1 Stretching of C=O bond in secondary amides

1600 cm–1 Stretching of C=C bond in aromatic rings

1460 cm–1 Symmetrical bending of C–H in CH2 (δs CH2), asymmetrical bending of C–H in CH3 (δas CH3), and 
asymmetrical stretching of C=C bond in aromatic rings

1376 cm–1 Symmetrical bending of C–H bond in CH3 (δs CH3)

1315 cm–1 Bending of C–H bond in CH3 (wagging and twisting bending) and stretching of C–O bond in 
carboxylic acid

1159 cm–1 In plane bending of C–H bond in aromatic compounds

1030 cm–1 Stretching of S=O bond in sulfoxides 

864 cm–1 Out of plane bending of C–H bond in aromatic compounds

814 cm–1 Out of plane bending of C–H bond in aromatic compounds

744 cm–1 Out of plane bending of C–H bond in aromatic compounds

724 cm–1 Out of plane bending of C–H bond in aromatic compounds and bending (rocking type) of C–H in CH2 
(this pick indicate straight chain alkanes with 4 or more carbon atoms)
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valley (Permanyer at al., 2002). The following indexes were
calculated with regard to peaks area ratio. To achieve accu-
rate values, the peak areas were calculated three times with a
maximum 0.001 difference, and then the indexes were calcu-
lated based on the average of these 3 values. Some of these
indexes that were used for structural and chemical compar-
ison of asphaltene samples are described below:

Aliphatic index: (A1460 + A1376)/A1700 + A1600 + A1460 +
A1376 + A1030 + A864 + A814 + A743 + A724 + A2953 + A2923

+ A2862), which represents all aliphatic compounds present
in a sample. 

Long chain index: A724/(A1460 + A1376), which represents
straight chain alkanes with 4 or more carbon atoms in a
sample.

Aromatic index: A1600/(A814 + A743 + A724), which rep-
resents all aromatic compounds present in a sample.

Substitution 1 index: A864/(A864 + A1376), which represent
benzene structures that share one H, which attach to C atoms
of the benzene ring, with other structures. Polyaromatic com-
pounds with low condensation have a Substitution 1 index
greater than their Substitution 2 index.

Substitution 2 index: A814/(A864 + A814 + A743), which rep-
resent benzene structures that share three H, which attach to
C atoms of the benzene ring, with other structures. Polyar-
omatic compounds with high condensation have a Substi-
tution 2 index greater than their Substitution 1 index.

In the above indexes, “A” refers to the peak area in the absorp-
tion spectrum and the subscript number represents the num-
ber of waves whose that peak is seen in the absorption spectrum.

The stable carbon isotope analyses were performed using
the Finnigan Delta Plus mass spectrometer. The stable car-
bon isotope data are presented in the d-notation relative to
V-PDB standard (Coplen, 1994), with the analytical preci-
sion estimated to be ±0.2‰. 

Saturate and aromatic fractions were used for biomarker
analysis. The analysis was performed by an Agilent 7890A
gas chromatograph equipped with an Agilent 7683B auto-
matic sampler that has an on-column injection chamber and
a fused silica capillary column (60 m length and 0.25 mm
internal diameter). Helium gas was used as a carrier gas and
5β-cholane used as a standard. Table 2 shows selected bio-

marker parameters that were used in this study.

4. RESULTS AND DISCUSSION

Asphaltenes extracted from oil have close structural sim-
ilarities to their precursor, kerogen, and this structural sig-
nature is preserved during petroleum migration (Behar and
Pelet, 1985; Peters et al., 1999; Di Primio et al., 2000; Bazin
and Guczi, 2001). Consequently, the structural characteris-
tics of these oil fractions can be considered as a correlation
parameter and it can be deduced that asphaltenes from dif-
ferent reservoirs with similar structure are genetically related.
For oil-oil correlation, the structure of asphaltene samples
should be compared with each other. It is apparent that
comparison should be done on the basis of compounds that
are predominant in asphaltene structures. The structure of
asphaltene varies in different crude oils and different chemical
structures were suggested in different investigation. None-
theless, asphaltenes in different crude oils share some sim-
ilar features; they are characterized by fused aromatic rings,
aliphatic side chains, and polar heteroatom-containing func-
tional groups (Koots and Speight, 1975; Groenzin and Mul-
lins, 2000; Spiecker et al., 2003). Since aromatic and aliphatic
compounds are significant and fundamental structures in
asphaltenes, comparison of asphaltene structures with each
other should be done based on these compounds. To validate
these facts from geochemical point, the different indexes
that introduced and calculated by FTIR data was compared
with stable carbon isotope data. Different factors affect on
value of stable carbon isotope but two of the most important
factor are number of elements and type of bonds (single,
double or triple bonds) presents in that compound and later
factor have greater effect on carbon isotope value. For examples
enrichment of 13C isotope in methane is less than ethane. If we
neglect the minus sign, the ethane has a smaller value than
methane. On the other hand, enrichment of 13C isotope in com-
pounds with triple bonds is more than single bonds com-
pounds with same number of elements. Indexes introduced
by FTIR data represent the relative amounts of specific com-
pounds in asphaltene. For example, aliphatic index represent
amount of aliphatic compound in asphaltene. So according

Table 2. Selected saturate and aromatic biomarker ratios for samples were investigated in this study
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FY 2.28 0.77 1.36 1.15 0.17 0.00 0.03 1.36 0.02 1.37 0.48 0.29 0.94 0.25 0.01 0.30 0.78 0.99

DY 2.92 0.64 1.53 1.01 0.16 0.04 0.01 1.53 0.01 1.51 0.38 0.25 1.09 0.17 0.10 0.19 0.65 0.89

BS 0.90 0.86 0.57 1.03 0.38 0.30 0.04 0.57 0.06 0.72 0.51 0.60 0.38 0.08 0.54 0.40 0.81 0.83

HS 0.98 0.68 1.00 0.85 0.29 0.37 0.03 1.00 0.03 1.32 0.63 0.53 0.58 0.26 0.36 0.34 0.80 1.03
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these facts, if relative amounts of aromatics compound in
first asphaltene sample is more than second sample, the rela-
tive value of isotope (with neglecting minus sign) in first sample
is less than second sample. Different indexes were compared
with isotope data of asphaltenes and summation of aromatic
and aliphatic indexes showed a logical relationship with the
isotopic data of asphaltenes (Fig. 3). This figure illustrates
that when the value of aromatic and aliphatic indexes sum-
mations increase, the value of the isotope ratio becomes large
(with neglecting minus sign) and aromatic and aliphatic
compounds in the asphaltene structure could have the most
significant effect on the relative value of the isotopic ratio.
In other measures, the value of aromatic index solely was com-
pared with the isotopic ratio value (Fig. 3b). This figure also
shows the relationship that observed in Figure 3a. Finally, it
can be deduced that the aromatic and aliphatic compounds
are the most abundant structures in asphaltenes, and the aro-
matic compounds have a greater abundance than aliphatic
compounds (i.e., the aromatic compounds have a more effect
on the isotope ratio) and other compounds have less frequency
than these compounds, because, have little effect on isotope
value.

According above, structural characteristics of asphaltene
samples were compared with each other based on aromatic
and aliphatic compounds. These results are completely compat-
ible with the structures proposed for asphaltenes in the litera-
ture. Indeed, the aromatic compounds form the core of the
asphaltene samples, and the aliphatic compounds, form a side
branches of the aromatic cores. These facts indicate that asphal-
tene structural similarity should be taken based on aromatic
and aliphatic compounds.

The aliphatic index and long chain index represent amount of
aliphatic compounds. The first index indicate the relative
amount of whole aliphatic compounds in asphaltenes and long
chain index indicate the aliphatic compounds with straight
chain alkanes with 4 or more carbon atoms in asphaltenes.
The cross plot of long chain index vs. aliphatic index was used

for comparing asphaltene structures based on aliphatic com-
pounds (Fig. 4).

The aromatic, substitution 1 and substitution 2 indexes repre-
sent relative amount of aromatic compounds in asphaltenes.
The relative amount of aromatic compounds in asphaltene
can be seen in aromatic index. The substitution 1 and substitu-
tion 2 indexes indicate benzene structures that share one and
three H with other structures, respectively. Actually, substitution
1 and substitution 2 indexes represent condensation degree
of poly-aromatic compounds, which present in the nuclei of
asphaltenes. The cross plots of substitution 1 and substitution
2 vs. aromatic index were used to compare asphaltene struc-
tures with regard to aromatic compounds (Fig. 5).

According to the similarity in relative amount of aliphatic
compounds in long chain index vs. aliphatic index crossplot,
there are two oil families. The first family including Foroozan
(FY) and Dorood (DY) samples and the second family including
Bahregansar (BS) and Hendijan (HS) samples (Fig. 4). For

Fig. 3. (a) Aromatic and aliphatic indexes summations for different asphaltene samples, (b) aromatic index for different asphaltene sam-
ples, (c) stable carbon isotopic ratio for different asphaltene samples. The comparison of an aromatic index with stable carbon isotopic
ratio shows that the isotopic ratio becomes less negative as the aromatic index increases.

Fig. 4. The long chain index vs. aliphatic index for different asphal-
tene samples to compare asphaltene structures based on aliphatic
compounds.
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comprehensive comparison, aromatic compounds should
also be considered. Figure 5 illustrates aromatic compounds
comparison, and this figure shows the same results as does
Figure 4. These defined oil families, whose members have
a similar asphaltene structure, have same genetic relation-
ships, and each family has its own specific source rock. To
validate and complement the obtained results, the other com-
mon geochemical techniques were used. These techniques
are carbon isotope ratios and biomarker parameters.

Carbon isotope ratios depend on the depositional envi-
ronment, type of kerogen, migration pathways as well as oil
types and the age of the source rocks. They can be used to
determine a genetic relationship between numbers of oil sam-
ples (Galimov, 1973; Galimov, 1985; Rabbani and Galimov,
2000; Galimov and Rabbani, 2001; Rabbani and Kamali,
2005; Rabbani, 2008; Rabbani et al., 2014). Table 3 shows
the bulk composition of the studied oils in terms of NSO,
saturates, aromatics, API and stable carbon isotopes. The
lowest content of asphaltene compounds (3.1%) were mon-
itored in the Foroozan crude oil with 37.3° API, whereas the
other oil samples with an API gravity of (21.7–25°) show
total content of asphaltene fraction of about 6.4–14.8%. The
content of the polar fraction of the crude oils does not
exceed 29.6% (Fig. 6). Saturated and aromatic hydrocarbon
δ13C values range from –27.40‰ to –28.33‰ and –27.20‰
to –27.63‰, respectively, suggesting that all the oils were
derived from algal dominated marine organic matter. The shapes
and trends of stable carbon isotope type curves (Stahl, 1977),
can be used to identify the relationship between different crude

oils. The isotopic curves of the studied saturate, whole oil, aro-
matic, resin and asphaltene fractions were used for correlation
and comparing with results of asphaltenes FTIR spectroscopy
(Fig. 7).

The similarity in trend of isotope ratios suggests the sim-
ilar genetic relationships. Figure 7 illustrates two oil families
that each family has a similar trend. The first family included

Fig. 5. Comparison of asphaltene structures based on aromatic compounds. (a) Substitution 1 index vs. aromatic index; (b) Substitution
2 index vs. aromatic index for different asphaltene samples.

Table 3. Bulk oil composition, API gravity, GC and carbon isotope data for crude oil samples

Samples Oil Field Reservoir API Sat. (%) Aro. (%) Res. (%) As. (%)
Stable carbon isotopes, δ13C (‰)

Sat. Oil Aro. Res. Asp.

BS Bahregansar Sarvak 21.8 34.40 36.00 14.80 14.80 –28.30 –27.60 –27.30 –27.10 –27.20

HS Hendijan Sarvak 21.7 34.20 43.30 16.20 6.30 –27.60 –27.50 –27.40 –27.20 –27.50

DY Dorood Yamama 25 41.6 38.6 12.2 7.6 –27.4 –27.2 –27.2 –26.9 –27.5

FY Forozan Yamama 37.3 53 32.5 11.4 3.1 –27.2 –27.2 –27.2 –27.2 –27.6

Fig. 6. Ternary diagram showing the compound class distribution
of the studied crude oils.
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Foroozan (FY) and Dorood (DY) samples and the second
family included Bahregansar (BS) and Hendijan (HS). So,
members of each oil family are genetically related and have

its own specific source rock. These Results are completely
equivalent with FTIR technique. So, these oil samples are
belong to two oil families.

The other common techniques in geochemical studies are
biomarker parameters that were applied in this paper. Bio-
markers are complex molecular fossils derived from once
living organisms (Peters et al., 2005). Because these biological
markers can be measured in oils as well as in source rock
bitumen, they provide a tool to correlate oil families and to
relate oils with source rocks. Thus biomarkers provide infor-
mation on the organic matter in the source, environmental
conditions during deposition and burial, thermal maturity
experienced by a source rock or crude oil, degree of biodegra-
dation, and sometimes the age of organic matter (Peters et al.,
2005).

DBT/Phenanthrene vs. Pristane/Phytane and Steranes/
Terpanes vs. C27Dia/(Dia + Reg) cross plots that are standard
established curves in geochemical studies, was used for
diagnosing the depositional environment and source rock
lithology (Fig. 8). Biomarker parameters indicate that the
studied oils belong to two main genetic groups. The Figures
8a and b show that the Foroozan (FY) and Dorood (DY) sam-
ples originated from carbonate source rock deposited in an

Fig. 7. Galimov curves for different oil samples. According to trend
similarity, the figure shows two oil families.

Fig. 8. Cross plot of dibenzothiophene/
phenanthrene (DBT/P) vs. pristane/
phytane (Pr/Ph) ratio and Steranes/Ter-
panes vs. C27 Dia/(Dia + Reg) for 
studied oil samples from the NW of 
the Persian Gulf.
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anoxic environment, while the Bahregansar (BS) and Hendijan
(HS) samples originate from marine or calcareous shalely
source rock. These results are completely similar with results
of isotope data and FTIR spectroscopy of asphaltene samples.
In order to final validation and complementation, the star
diagram technique were applied.

One of the most common techniques for correlation is
using different biomarker parameters in polygon curves that
called a star diagram. Figure 9 shows star diagrams for the
samples that were investigated in this study. Star diagrams using

biomarkers ratios (Steranes/Terpanes, Gam/C31HR, C29H/
C30H, C24Tet/C23t, C24t/C23t, C22t/C21t, and C19t/C23t)
show that relative amount of these parameters make a shape
that are similar for same genetic samples. The shape of star
diagrams for Foroozan (FY) and Dorood (DY) samples are
the same and Bahregansar (BS) and Hendijan (HS) are also
similar. So, the same two oil families determined that was
resulted from other techniques like FTIR spectroscopy of
asphaltenes, Isotope data, and biomarker parameters
(Fig. 9).

Fig. 9. Star diagrams of different oil 
groups in the studied area.
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5. CONCLUSION

In this paper, structural characteristics of asphaltenes was
considered as a parameter for correlation of crude oils and from
this point have several advantageous like structure similarity
with kerogene and unaffected and/or little affected by secondary
process (e.g., migration, biodegradation, thermal maturity,
and so on). One of the simplest ways for asphatene structural
characterization is FTIR technique, which, was employed in
this paper and reliable information from structural charac-
teristics of asphaltene was resulted. The resulted data by FTIR
enabled us to perform crude oil correlation. To validation and
complementation, the other common geochemical techniques
(e.g., stable carbon isotope and biomarkers) were employed.
According results of three techniques (e.g., FTIR spectros-
copy, carbon isotope data, and biomarkers data), the investi-
gated crude oil samples from different oil fields in the Persian
Gulf show that these oils comprise two independent oil fam-
ilies. The first oil family consists of the Dorood and Foroozan
oil samples, and the second oil family consists of the Bahre-
gansar and Hendijan samples. So, we can introduce the FTIR
spectroscopy of asphaltene samples as a new technique to
performing geochemical correlation. 
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