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1. Introduction
Despite the fact, that researchers study the genesis 

of oil for more than 200 years, some questions still 
remain unresolved. The correct answers to these questions 
will contribute to increasing efficiency of oil and gas 
exploration worldwide. 

The variety of individual compounds, that make up 
oil and petroleum products, requires a complex chemical 
and analytical approach to the study of the qualitative 
characteristics of the samples of petroleum products, 
which usually complicates the identification task but, 
on the other hand, makes it possible to identify the 
differences in petroleum products from different sources, 
even if they have a common geological genesis (for crude 
oil), or belong to the same type of petroleum products. 

During the exploration and production of hydrocarbons, 
it is needed to determine the composition of oil in order 
to determine its origin and properties. The analysis of oil 
samples, which reflects the composition of the sample 
and which can be recognized, is known as fingerprinting. 
There are many known methods of fingerprinting.

Currently, a wide range of instrumental methods are 
used in the analysis of petroleum hydrocarbons, which 
includes gas chromatography (GC), chromatography-
mass spectrometry (GC-MS), high performance liquid 
chromatography (HPLC), IR spectroscopy (IR), supercritical 
fluid chromatography (SFC), thin layer chromatography 
(TLC), ultraviolet (UV) and fluorescence spectroscopy, 
isotopic mass spectrometry and thermogravimetry [1].

2. Methodology
GC-MS methods are the most widely used ones among all 

of these methods. It should be noted, that method of chroma-
tography-mass-spectrometry is basic and arbitrate method 
for all other methods and is used independently. 

If there are significant differences in chromatographic 
fingerprints between the identifiable samples, the conclusion 
will be that the samples are not identical. When no difference 
is found, it can be concluded that the given oil samples were 
taken from same source [2].

There is a method of identification by comparing oil sam-
ples according to the content of impurities of a number of 
metals characteristic of oil by mathematical processing of the 
results of comparisons using statistical identity criteria - for 
the final determination of the degree of identity by IR spectra 
or by the fluorescence method [3].

Thus, it was found that the relative concentrations of 
metal indicators are the most independent parameters for 
the purpose of identifying sources of oil pollution in cases 
where considerable time has passed since the accident till the 
beginning of the identification procedure.

The procedure for identifying the source of oil pollution 
is carried out by new methods of elemental analysis, which 
determine the following characteristic parameters of oil: 

– absolute values of concentrations of metals indicators 
(admixtures of vanadium, nickel, chromium and copper)

– distribution of concentrations of metals indicators in 
relation to each other (sum of concentrations of V, Ni, Cr and 
Cu is 100%)

– values of ratios of concentrations of metals-indicators 
CV/CNi, CV/CCr, CV/CCu, CNi/CCr, CNi/CCu and CCu/CCr.

With an integrated approach to the problem of determining 
impurities in oil using modern analytical methods (AAS, ICP-
MS, NPP, XRPA or ICP-AES), identification can be carried 
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out by quantitative content, like: S, Na, Ca, Fe, Ni, Cu, V, Mn, 
Zn, Mg, Al, Ba, Ti, and the ratios of the contents of some of 
these impurities to each other or to the sum of their content.

According to the results of determining the microelement 
(ME) content,  V, Сu, Ni, Cr and impurities of these metals 
in samples of the original oil from different fields, can be 
objectively distinguished using mass spectrometry with 
inductively coupled plasma.

It is more reliable to create the analytical method of 
complex identification of oils by impurities on the basis of 
quantitative determination of 13 trace elements: S, Na, Ca, 
Fe, Ni, Cu, Zn, Mg, Al, V, Ba, Mn and Ti. And the combined 
use of analysis methods based on ICP-MS, AAS, and X-ray 
analysis of the oil samples allows to determine the impurities 
of these elements. At the same time, Ca, Fe, Ni, Сu and Zn 
can be determined by all 3 methods (based on X-ray fluores-
cence analysis, AAS and ICP-MS) or using any of them. The 
impurity composition of oil samples from various fields has 
a purely individual character and unambiguously indicates 
the possibility of their identification using modern analytical 
methods [4, 5].

2.1. Methodology and technology fingerprinting
Majority of well-known fingerprinting technologies are 

based on identification and quantative determination of 
limited amounts of selected compounds, which are used as 
standard molecules. One of such methods is described in pat-
ent USA 5602755A, Ashe et al as the way to predict the prop-
erties of complex mixture of hydrocarbons, which includes 
the stages of selection of one or several known chemical, 
perceptive, physical or exploitative properties of complex 
mixture and formation of set of reference samples, which con-
tain characteristic molecules that are present in mixture [6, 7]. 
They are obtained via GC-MS analysis of reference samples 
and later used for determination of predicted values of prop-
erties of unknown mixture from its GS/MS analysis data.

The patent [4] uses mass spectra of main components to 
obtain a fingerprint of the mixture. Obtained mass-spectra are 
analyzed via multi-component principal component analysis. 
Later the indicated fingerprint is compared with ones obtained 
for other complex mixtures containing hydrocarbons with 
known properties, and thereby determining the prediction of 
the origin or properties of the specified first mixture from its  
GC/MS analysis data.

Recent researches decisively showed that the most 
detailed and comprehensive studying of properties of oil 
may be conducted by studying the laws of distribution of 
parameters of physical and chemical properties of oil from 
different regions. Knowledge of these laws allows the most 
objective use of geochemical information, both in theoretical 
and in applied aspects.

2.2. Area of study
We have shown the practical significance of the basic 

geochemical parameters of oil, which consists in the possibility 
of using patterns of distribution of hydrocarbon biomarkers 
and ME composition to identify oil-polluted media and 
identify sources of pollution, which will significantly improve 
the environmental situation of oil-contaminated areas.

Hydrocarbon biomarkers play a pivotal role in the geo-
chemical history of oil, being the basis of modern geochemi-
cal methods of searching for oil deposits.

Below are examples of the applied values of the main 
geochemical parameters of oil.

CPI – Carbon Preference Index - is the ratio of the sum 
of n-alkanes with an odd number of carbon atoms in a 
molecule to the sum of n-alkanes with an even number of 
carbon atoms in a molecule in different molecular weight 
ranges. CPI is an estimate of the degree of maturity associated 
with the situation of sedimentation, which characterizes the 
nucleation of organic matter.

Isoprenoid coefficient Ki = (Pr + Ph)/(nC17 + nC18) – indi-
cates the peculiarities of the formation of oil types and is used 
as a catagenetic parameter, which decreases with an increase 
in catagenetic transformation. Ki is also an indicator of the 
facies situation.

QI – the continental (vegetable) organic matter (OM) 
index is the presence of oleanane. Usually, the presence of 
oleanane indicates the continentality of the oil generated.

ITC – Tricyclane index  - 2∑(Т19
 - Т20)/∑(Т23

 - Т26) – 
determines maturity, characterizes the degree of catagenetic 
transformation, tricyclanes can be used as fingerprints of oil 
types.

Ts/Tm – Terpane index - the ratio of more stable trisnor-
neohopane to less stable trisnorhopane, determines maturity, 
sedimentation conditions and characterizes the degree of 
catagenetic oil conversion.

The homohopane index – C35/∑C31-35 (H35/∑H31-35) is used as 
an indicator of redox conditions in the marine sedimentation 
basin. Hopane index - describes sedimentation basin aeration 
as Pr/Ph, but has a different nature. Homohopanes C34/C35 is 
another indicator of the conditions of formation of petroleum. 
(According to V.A. Kashirtsev in the oils of marine facies in 
the series of homohopanes H34 < H35, in oils of continental 
genesis - H34

 > H35). 
R0 is traditionally used as an indicator of catagenetic organic 

matter (OM) conversion (maturity of oil) - the degree of catagen-
esis. The maturity coefficient is αα (20S + 20R)/ αα20R.

 К1
m = 20S  / 20 (S + R) - coefficient of thermal maturity. The 

degree of maturity of the organic matter corresponds to the 
middle of the main phase of oil formation.

К2
m - αββ20S + 20R /ααα20R - an indicator of the degree of 

conversion by C29 steranes.  
The ratio of steranes (regular, iso-, dia-) C27: C28: C29. 

C27-zooplankton-cholestanes, C28-phytoplankton-ergostanes, 
C29-higher land plants, sitostanes. The oils formed from 
offshore chemical agents are characterized by the presence of  
C27

 – C30 steranes, there are no steranes in the oils of continental 
origin, sometimes only C29 steranes are present.

Adamantanes are used for oil typing. The amount of 
adamantane in various types of oil depends on the chemi-
cal nature of the oil. The highest content of adamantane is 
observed in naphthenic oil type. In contrast, paraffinic oil 
contains adamantane in much smaller quantities. 

Pr/Ph – Pristine/phytan ratio is considered as one of the 
main genetic indicators that carry information about the 
chemical composition of the original living substance.

Pr > Ph indicates an oxidizing situation during diagenesis 
and relic terragenic hydrocarbons, which is due to the fact that 
in such oil fields, the nucleation of organic matter occurred in 
a shallow water basin. Pr/Ph ~ 0.5-1.5 – is observed in oils 
derived from marine agents;   Pr/Ph ~ 1.5-3 – is observed in 
oils derived from the mixed type of agents, Pr/Ph ~ 3-15 is 
observed in oils of continental genesis. 
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The Kennon-Kassau diagram can be used to learn 
about the conversion of paraffin oil. The Kennon-Kassau 
ratio divides organic matter by genetic type into humus  
(Pr)/n-С17

 > (Ph)/n-С18 - the left half of the ratio and sapropel 
- (Pr)/n-С17

 ≤ (Ph)/n-С18 - right half of the ratio. According 
to the Kennon-Kassau diagram, a decrease in the Pr/C17 to  
Ph/C18 ratio indicates an increase in catagenesis. 

Naphthenic rings of steranes and triterpanes gradually 
aromatize with an increasing age of oils, so their derivatives 
with one or more aromatic rings can be used to correlate oils.

Relationships of some terpanes and steranes allow to 
differentiate the differences of oils, due to the nature of the 
parent substance, the degree of its maturity and migration, 
and are considered a genetic trait that does not depend on 
changes occurring during migration and maturation.

Two homologous series of monoaromatic steranes with 
characteristic ions with a mass of 239 and 253 are also good 
genetic indicators.

The ratio of the sum of the concentrations of primary ter-
panes (C29

 + C30) to the sum of the concentrations of secondary 
terpanes (C27

 + C28) is both a genetic trait and an indicator of 
maturity.

3. Results and Discussion
Using the example of Azerbaijani oil from the Gunashli 

field, systematic studies of the geochemical parameters of 
the Azerbaijani land and sea oils are carried out. So, to create 
a biomarker passport, the composition of oil samples was 
studied using the GC/MS method, the component composition 
was identified by the content of alkanes, isoprenoids, cyclanes 
(naphthenes), and aromatics. Oil samples from the Gunashli 
field from wells taken from different depths and different 
horizons were studied:well № 135 (X-horizon, filter-3148-
3084 m), well № 135 (X-horizon, filter 2990-2980 m), well № 212 
(IX-horizon, filter-3000-2940 m), well № 293 (IX-horizon,  filter-
2987- 2907 m), well №  244 (retinue retreat, filter-2998-2972 m), 
well № 250 (retinue, filter-3024-2983 m).

The calculated Ts/Tm values   of the studied oils are in the 
range of 0.82 ÷ 1.15, which makes it possible to estimate the 
conversion of organic substances. The ratio Ts/Tm - in imma-
ture oil, reaches the value of 1. According to the coefficient of 
isoprenoid Ki, it is noted that the oil samples being studied 
belong to light, paraffinic, and also naphthenic. 

From the data obtained (fig. 1), it follows that the oil of 

the Gunashli field correlates well with most of the sterane 
indicators, as well as with the terpane and hopane coeffi-
cients, K1

m, K2
m, pristan/phytan ratios, CPI, etc. The most 

characteristic geochemical features of the composition of 
hydrocarbon biomarkers of Gunashli oils are as follows:  
among alkanes, low values   of the pristan/phytan ratio and 
relatively high phytan/C18 ratios; among steranes - very low 
ratios of dia/reg; among terpanes, low values   of neo-G29/G29, 
dia-G30/G30, mean values   of three/penta, tetra/three. Judging 
by the obtained geochemical parameters, oil was generated 
in marine-type sediments, in which the accumulation and 
diagenesis of predominantly sapropel DOM occurs in a 
reducing environment.

The degree of maturity of the organic matter corresponds 
to the middle of the main phase of oil formation. For the oil 
of the Gunashli field, K1

m = 0.43-0.59 and 0.25-0.41 in OM of 
rocks.

It is shown that for the Gunashli field, the correlation 
dependence on the bedding horizon can be traced for the terpane 
indicator - tetra/three and to a lesser extent for neo hC29/hC29. 
Relatively high concentration of tricyclic terpane C19-30 and pen-
tacyclic terpanes (ratio of three/penta - 0.2 ÷ 0.75); average values 
(0.84 ÷ 1.1) ratios of Ts/Tm terpanes C27; low (0.17 ÷ 0.24) ratios of 
neo-Adiantan C29/Adiantan C29 are observed. For Azerbaijani 
oils, T19-T22 tricyclic diterpanes are typical.

Fig.2. Dependence of the distribution of the terpane 
index (Ts/Tm) among the wells of the Gunashli field

Fig.1. The star chart of oil of the field of Gunashli 
on hydrocarbons biomarkers, where 1, 2 - well of 

1,335,136 (X horizon); 3, 6 - Skv. 212,293 (IX horizon); 
4, 5 - well. 244,250 (retinue break)

Pr/Ph

Ph/C18

dia/reg

C28/C29

Ts/TmNeo-H29/H30

dia-H30/H30

tri/penta

tetra/tri
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Thus, the characterization of oil accumulations belonging 
to the mid-Pliocene in the Caspian Sea using geochemical 
parameters and a complex of hydrocarbons-biomarkers, makes 
it possible to predict the composition and the predominant 
type of oil in fields with a similar geological structure.

Using the Surfer program, graphs of the distribution of 
the calculated geochemical parameters were plotted using the 
example of oil from the Gunashli field and other fields of the 
Absheron OGR at the place of production, namely by wells.

Below is the dependence of the distribution of the terpane 
index (Ts/Tm) among the wells of the Gunashli field (fig. 2).

The values   of Ts/Tm of the studied oils are in the 
range of 0.82 ... 1.15, which makes it possible to judge the 
transformation of the OM. The ratio Ts/Tm - in crude oil, 
reaches the value of 1.

Pr/Ph ratios varying within 1.08 ... 2.30 indicate the 
mixed sapropel-humus genesis of oil, and the Pr/Ph ratio ~ 
1.1–1.2 for the oil of the Gunashli field indicates the reducing 
conditions of the shallow-water basin (fig. 3).

The isoprenoid coefficient indicates the peculiarities of 
the formation of types of oil. Judging by the obtained Ki 
values, the studied oils belong to light, paraffinic and also 
naphthenic.

The isoprenoid coefficient Ki decreases with increasing 
catagenetic transformation and is used as an indicator of the 
facies setting (fig. 4).

The dependence of Carbon Preference Index on wells of 
the Gunashli field is shown in figure 5.

The CPI is used to estimate the degree of maturity. For 
a given deposit, relationship values are observed, varying 
within 1.03 ... 1.26, i.e. in the oil of the Guneshli field, the 
content of odd n-alkanes is greater, which, apparently, is 
connected with the oxidative conditions of sedimentation, 
indicating the formation of organic matter in the shallow 
water basin (fig. 6). CPI values indicate that all oils are 
mature; so CPI = 0.9-1.3 corresponds to the maximum of oil 
generation.

Figure 6, 7 shows the dependence of the thermal 
maturity factors К1

m and К2
m for wells of the Gunashli field. 

The degree of maturity of the organic matter corresponds 
to the middle of the main phase of oil formation. For the 
oil of the Gunashli field, К1

m = 0.43 - 0.59 (fig. 6) and 0.25-
0.41 - in OM of rocks; К2

m = 0.67-0.70 - in oil, 0.52-0.60 - in 
OM (fig. 7).

In the framework of geochemical studies, great 

Fig.3. The dependence of the distribution of the 
Pr/Ph ratio in the wells of the oil field Gunashli

Fig.4. Dependence of the distribution of the isopre- 
noid coefficient Ki on the wells of the Gunashli field

Fig.5. Dependence of CPI distribution - oddness index  
on wells of the Gunashli field
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Fig.7. The dependence of the distribution of the 
coefficient of thermal maturity К2

m  in the wells 
of the Gunashli field

Fig.8. Distribution of iron content in oil fields 
of Absheron OGR

Fig.9. Distribution of nickel content in oil fields 
of Absheron OGR

Fig.6. The dependence of the distribution of the 
coefficient of thermal maturity К1m among the wells  

of the Gunashli field
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importance is attached to the study of the trace element 
(ME) composition of naphthides. A special role is given 
to Fe, V and Ni, as well-studied biogenic elements of 
oil, the content of which sometimes reaches 60% of ash. 
According to the content of Fe, V, Ni and their relations, 
the oils of individual oil and gas regions or oil of separate 
oil and gas complexes create stable geochemical types.

The element ratios, as well as the absolute concentrations 
of these elements, are used as a correlation parameter 
when comparing oil - oil, oil - organic matter of rocks 
and as a genetic indicator, since they characterize the 
medium of oil formation and the facial-genetic type of the 
original OM and are most closely related to physical and 
chemical hydrocarbon characteristics of oils. Qualitative 
and quantitative study of ME is used in oil and gas 
exploration geochemistry, oil and oil products refining, 
as well as in the extraction from naphthide-specific ore 
elements (V, Ni, Fe, etc.), i.e. data on the composition of 
ME are taken into account in a fairly wide range of areas 
of knowledge.

Below we present our data on the content of mineral 
oxides in the oils of the Absheron oil and gas region (OGR) 
(fig. 8-10) [5, 8, 9].

It was shown that the concentrations of almost all 
microelements are low. The concentration of Ni varies in 
the oils of Absheron OGR from 0.546 to 34.56 mg/kg, V from 
0.066 to 14.962 mg/kg and Fe from 7.304 to 565.67 mg/kg.

Fig.10. The distribution of the content of vanadium 
in the oil fields of Absheron OGR

Conclusion
 Thus, according to the obtained experimental data on the biomarkers and the trace element 

composition of Azerbaijani oils, as well as using the above geochemical parameters of the Azerbaijani oils, 
characteristic features of the oils of these fields were shown. Hydrocarbon biomarkers play a pivotal role in 
the geochemical history of oil, being the basis of modern geochemical methods of searching for oil deposits.

On the basis of a detailed study of the composition of fluids, and the content of ME in them, their values 
were identified as indicators of geochemical processes and their correlation characteristics.

We have shown the practical significance of the main geochemical parameters of oil, which consists 
in the possibility of using patterns of distribution of hydrocarbon biomarkers and ME composition for 
identifying oil-polluted media and identifying pollution sources, which will significantly improve the 
environmental situation of oil-polluted territories.
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Прикладные аспекты геохимических параметров нефти

Г. С. Мартынова, Д. А. Гусейнов, О. П. Максакова, Р. Г. Нанаджанова
Институт геологии и геофизики НАН Азербайджана, Баку, Азербайджан

Реферат

Приведены данные по фингерпринту азербайджанских нефтей с использованием биомаркеров 
(по данным GC/MS) и микроэлементного состава (ICP/MS), а также основных геохимических параме-
тров нефти, таких как CPI, Ki, QI, ITC, Ts/Tm, Pr/Ph и т.д. На конкретном месторождении показаны 
корреляционные зависимости геохимических параметров от горизонта залегания. Характеристика 
скоплений нефти, относящихся к среднему плиоцену в акватории Каспийского моря по УВ – био-
маркерам и геохимическим параметрам, дает возможность прогнозировать состав и преобладаю-
щий тип нефтей на месторождениях с подобной геологической структурой.  

Ключевые слова: биомаркеры нефти; хромато-масс-спектрометрия; масс-спектрометрия с индук-
ционно связанной плазмой, фингерпринт нефти.          

Neftin geokimyəvi parametrlərinin tətbiqi aspektləri
 

Q. S. Martınova, D. A. Hüseynov, O. P. Maksakova, R. G. Nənəcanova
AMEA-nın Geologiya və Geofizika İnstitutu, Bakı, Azərbaycan

  Xülasə

Biomarkerlərdən (GS-MS məlumatları) və mikroelement tərkibinə görə (ICP/MS məlumatları), 
həmçinin CPİ, Ki, Qİ, İTS, Ts/Tm, Pr/Ph və s. kimi neftin əsas geokimyəvi parametrlərindən istifadə etməklə 
Azərbaycan neftlərinin fingerprinti  haqqında məlumatlar verilib. Yatım horizontundan asılı olaraq konkret 
yataqda  geokimyəvi parametrlərin korrelyasiya asılılıqları göstərilmişdir. Xəzər dənizi akvatoriyasında 
orta pliosenə aid neft yığılmalarının karbohidrogen biomarkerləri və geokimyəvi parametrlər üzrə 
xarakteristikası oxşar geoloji quruluşa malik yataqlarda neftin tərkibinin və üstünlük təşkil edən neft 
tipinin proqnozlaşdırılmasına   imkan verir.

Açar sözlər: neft biomarkerləri; xromato-mass-spektrometriya; arqon plazması ilə induktiv bağlanan 
mass-spektrometriya, neftin finqerprinti.
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