
ISSN 0965�5441, Petroleum Chemistry, 2015, Vol. 55, No. 3, pp. 180–185. © Pleiades Publishing, Ltd., 2015.
Original Russian Text © G.V. Romanov, T.N. Yusupova, Yu.M. Ganeeva, E.E. Barskaya, A.G. Romanov, 2015, published in Neftekhimiya, 2015, Vol. 55, No. 3, pp. 191–196.

180

Currently, about 3% of total oil produced in Russia
is extracted in Samara oblast; more than 380 oilfields
have been explored there, of which over 150 fields are
exploitated. Prospects for further development of oil
complex in the region are associated with the continu�
ation of the development of the known fields, as well as
finding and putting into the production of smaller
deposits, especially in the relatively little studied south
of the oblast. Investigation of the composition and
properties of oils from the newly discovered deposits is
of great importance from the viewpoint of sustainable
field development and exploitation.

The variety of oils by chemical composition and
physicochemical properties is due to not only the
composition of the original organic matter (OM), but
also the impact of temperature and pressure varia�
tions, hydrodynamic processes, migration, oxidation,
etc. on the already formed deposit. Factors affecting
the composition and properties of petroleum fluids
have been the subject of many studies by foreign and
domestic researchers [1–5]. The dynamics of changes
in the composition and properties of oils during devel�
opment is also determined by physicochemical pro�
cesses in the reservoir initiated by the operating condi�
tions. In [5] we proposed a methodological approach
to typification of the oils, produced at the late stage of
development of the Romashkino field, by chemical
composition and physicochemical properties.

In this study, the method was used for typification
of crude oils from fields at the early stage of develop�
ment. For this purpose, a comprehensive analytical
study of 30 samples of Devonian (DIII, DI, D3br, Dl,
D3lv) and Carboniferous (A4, B2, V1, V3) oils from
the southern, central, and northern areas of Samara
oblast was conducted. By the paraffin wax content (6
to 33 wt %) all of the test oils belong to paraffinic and
high�paraffin oils. The physicochemical properties of
the oils (density, viscosity) and the composition
(amounts of gasoline fractions, lube oils, resins,
asphaltenes) were determined (Table 1). The molecu�
lar mass distribution of n�alkanes in crude oils was
determined by the GLC technique (figure), and the
concentration of paramagnetic centers due to stable
carbon�centered radicals (SCR) and vanadyl porphy�
rin complexes (VC) was found using EPR spectros�
copy [6] (Table 2). The fractional composition of the
oils and the water content were characterized using
thermal analysis (Table 2); fractional composition
index F, defined as the ratio of light and medium frac�
tions relative to the heavy fraction, and index P char�
acterizing the mass fraction of peripheral substituents
on the fused aromatic structures of average oil mole�
cule [7] or the presence of higher molecular weihgt
paraffin hydrocarbons [8] were determined.

In geochemistry, various methods of statistical
analysis, such as factor and cluster analysis [9], are
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Table 1. Physicochemical properties and composition of crude oils from Samara oblast

Zone Oilfield Bed Well 
no.

Viscosity, 
20°C, 
mm2/s

Density, 
g/cm3

Gasoline 
fraction, 

wt %

Lube 
oils, 
wt %

Resins, wt % Asphalt�
enes, 
wt %benzene alcohol–

benzene

S
ou

th
er

n

Verkhne�Gaiskoe D3br 43 11.6 0.8535 21.2 63.7 9.7 2.8 2.6

Verkhne�Gaiskoe V1 89 23.6 0.8550 16.8 65.6 10.6 2.8 4.2

Zapadno�Pinenk�
ovskoe

B2 10 4.2 0.8111 32.6 61.3 4.9 0.7 0.5

Zapadno�Pinenk�
ovskoe

V3 30 7.0 0.8305 24.4 65.8 7.0 1.9 0.9

Zapadno�Pinenk�
ovskoe

V1 80 3.9 0.8040 34.8 61.1 3.2 0.8 0.1

Zapadno�Pinenk�
ovskoe

Dl 81 3.8 0.7954 35.3 60.4 3.5 0.8 Trace

Kryukovskoe A4 50 2.9 0.7918 38.8 56.9 3.5 0.7 0.1

Kryukovskoe DIII 51 3.8 0.8024 36.7 58.9 3.7 0.7 Trace

Kryukovskoe DIII 55 3.7 0.8090 32.2 63.6 3.3 0.8 0.1

Kryukovskoe D3br 56 185.3 0.8871 17.5 68.2 10.5 3.5 0.3

Mamurinskoe D3br 21 18.5 (50°C) 0.8744 12.4 80.8 2.2 3.6 1.0

Mamurinskoe B2 29 7.6 0.8388 21.3 68.7 6.3 1.9 1.8

Mamurinskoe V1 40 6.1 0.8272 23.7 68.1 4.6 1.8 1.8

Malochernigovskoe A4 2 6.7 0.8193 21.3 74.9 2.8 0.9 0.1

Shabolovskoe DI 12 5.9 0.8117 33.2 61.1 4.4 1.1 0.2

Shapkinskoe B2 1 3.4 0.8067 37.8 57.6 3.8 0.7 0.1

C
en

tr
al

Zarechenskoe DI 111 4.9 0.8066 32.5 60.1 5.3 2.0 0.1

Zarechenskoe DIII 112 6.6 0.8264 23.1 68.6 6.0 1.5 0.8

Zarechenskoe DIII 115 6.2 0.8312 22.6 69.7 5.2 2.2 0.3

Zhikharevskoe DI 200 17.0 0.8626 18.4 66.4 11.9 2.6 0.7

N
or

th
er

n

Bulatovskoe D3br (reef) 226 531.5 0.9424 8.8 49.5 25.8 6.5 9.4

Bulatovskoe Dl (reef) 301 674.4 0.9417 8.2 49.1 27.7 6.8 8.2

Bulatovskoe D31v (reef) 340 445.9 0.9390 7.9 54.2 23.9 5.9 8.1

Bulatovskoe D3br (reef) 352 754.9 0.9474 8.4 51.0 24.6 7.3 8.7

Bulatovskoe B2 411 366.1 0.9274 6.2 58.2 25.2 7.3 3.1

Kazakovskoe B2 400G 453.1 0.9352 7.5 54.6 24.7 7.3 5.9

Lapinskoe B1 5 103.6 0.8932 11.5 60.4 22.3 4.6 1.2

Pogruznoe B0' 1 774.4 0.8744 9.7 42.5 27.1 7.3 13.4

Kazakovskoe 400 833.5 0.9338 8.5 46.7 31.1 9.6 4.1

Gatarskoe B1 1 433.4 0.9790 3.6 54.9 20.5 6.2 14.8
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widely used for the determination of trends in the
composition and properties of oils. By statistical anal�
ysis test samples are divided into three clusters, what is
in good agreement with the geographic locations of
the studied deposits, these are oils extracted in the
south, center, and north of Samara oblast.

Analysis of Composition and Properties of Oils 
from the Southern Zone of Samara Oblast 

The main parameters determining the physico�
chemical properties of crude oils from the southern part
of Samara oblast were identified using factor analysis of
interrelations between certain oil characteristics. It was
found that the density (and, insignificantly, viscosity)
increases with a decrease in the amounts of gasoline,
light and medium fractions, and lower molecular weight
alkanes relatively to heavy homologues—mostly nor�
mal�chain species—or an increase in concentration of
resins, in particular, alcohol–benzene resins. The

asphaltene content has no significant effect on the for�
mation of the physicochemical properties of crude oils.
The increase in thermal analysis index P is associated
with an increased concentration of higher molecular
weihgt paraffin hydrocarbons in the oils.

The properties and characteristics of oils from the
south of the region are quite diverse. By cluster analy�
sis, the oils of the southern zone of Samara oblast were
divided into three main groups.

The first group includes the lightest oils from the
Zapadno�Pinenkovskoe (V1, Dl), Kryukovskoe (A4,
DIII), and Shapkinskoe (B2) fields, which are char�
acterized by the lowest values of density (0.7918–
0.8090 g/cm3) and viscosity (2.9–3.8 cSt), resin con�
tent (4.0–4.5%), and especially asphaltene content
(0.1⎯0.3%) and the highest values of the gasoline con�
tent (34.8–38.8%) and the concentration of lower
molecular weight normal paraffin hydrocarbons rela�
tive to heavy homologues (Table 1, figure). Oils of the
first group are also characterized by the lowest con�
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centrations of SCR and VC paramagnetic centers
ranging from 206 to 1142 × 10–16 spin/cm3 and 1 to 5–
6 × 10–16 spin/cm3, respectively (Table 2).

The interrelation between the characteristics of the
lightest oils is an indication of catagenetic change of
their composition, which is accompanied by a

decrease in density and the concentration of resin–
asphaltene substances and an increase in the propor�
tion of lower molecular weight paraffin hydrocarbons.

The second group includes Carboniferous oils
extracted from the Zapadno�Pinenkovskoe (B2, V3),
Mamurinskoe (B2, V1), Malochernigovskoe (A4),

Table 2. Data of thermal analysis and EPR spectroscopy of crude oil samples from Samara oblast fields

Zone Oilfield Oilfield Well 
no.

Thermal analysis data EPR data

F P H2O, %

concentration, 
(n × 1016), spin/cm3

VC SCR

S
ou

th
er

n

Verkhne�Gaiskoe D3br 43 2.7 1.0 – 3–4 5101

Verkhne�Gaiskoe V1 89 2.8 1.1 – 107 4111

Zapadno�Pinenkovskoe B2 10 5.6 0.6 – 10 2070

Zapadno�Pinenkovskoe V3 30 4.4 0.8 – 20 3201

Zapadno�Pinenkovskoe V1 80 8.1 0.7 – 5–6 1142

Zapadno�Pinenkovskoe Dl 81 9.0 0.6 – 5–6 245

Kryukovskoe A4 50 7.8 1.2 – 10 326

Kryukovskoe DIII 51 7.2 0.8 – 3–4 242

Kryukovskoe DIII 55 7.5 0.5 – 1 206

Kryukovskoe D3br 56 1.3 2.3 22.0 – –

Mamurinskoe D3br 21 1.7 1.9 16.9 – –

Mamurinskoe B2 29 4.0 0.7 – 20 2888

Mamurinskoe V1 40 4.9 0.9 – – –

Malochernigovskoe A4 2 5.5 0.9 – 10 367

Shabolovskoe DI 12 5.9 0.7 – 5–6 1054

Shapkinskoe B2 1 7.9 0.6 – 3–4 624

C
en

tr
al

Zarechenskoe DI 111 6.5 0.5 – 27 1023

Zarechenskoe DIII 112 5.6 0.6 – 20 1555

Zarechenskoe DIII 115 6.0 0.3 – 20 1642

Zhikharevskoe DI 200 2.8 1.0 – 346 3271

N
or

th
er

n

Bulatovskoe D31v (reef) 226 0.9 1.5 – – –

Bulatovskoe Dl (reef) 301 0.9 1.5 – 4209 1802

Bulatovskoe D31v (reef) 340 0.9 1.4 – – –

Bulatovskoe D3br (reef) 352 0.9 1.4 – 4506 1953

Bulatovskoe B2 411 1.0 1.5 – 3974 1450

Kazakovskoe B2 400G 0.9 1.5 – 4145 1485

Lapinskoe V1 5 1.4 1.4 – 1885 965

Pogruznoe B0' 1 0.7 1.2 20.6 – –

Kazakovskoe 400 0.8 1.6 3.0 3893 1742

Gatarskoe V1 1 0.9 1.2 7.4 – –
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and Shabolovskoe (D1) fields. The composition of
these oils differs from that of group 1 oils by increased
values of density (0.8111–0.8388 g/cm3) and viscosity
(4.2–7.6 cSt), lube oil content (61.1–74.9%), and
resin–asphaltene substances (on average 7.3%);
reduced values of the gasoline content (on average
26%) and light paraffin hydrocarbons relative to heavy
homologues with both normal and isoprenoid chains
(Table 1, figure); and a somewhat larger concentration
of both SCR and VC paramagnetic centers (Table 2).

Comparative analysis of changes in the characteris�
tics of the composition and properties of group 1 and 2
oils with taking account of both the geological tying of
oil samples to producing beds and the changes in the
concentration of vanadyl compounds (increased in
Carboniferous oils) makes it possible to draw the fol�
lowing conclusions on the transformation of oils:

—the composition of Zapadno�Pinenkovskoe
(bed V1) and Shapkinskoe (bed B2) oils was trans�
formed as a result of loss of resin–asphaltene sub�
stances during filtration;

—the composition of the Shabolovskoe (bed D1)
oil is depleted in light and middle fractions as a result
of the preferred primary filtration of a more mobile
and lighter oil.

Oils of third group sampled from the Verkhne�
Gaiskoe (D3br, V1), Mamurinskoe (D3br), and Kryuk�
ovskoe (D3br) fields are the heaviest among the oils
from the southern zone of Samara region. They are
characterized by the highest values of density (0.8535–
0.8871 g/cm3) and viscosity (11.6–185.3 cSt), a high
concentration of heavy fractions (low values of F,
Table 2), the lowest amount of gasoline fractions (on
average 17%) in the component composition (Table 1),
and the presence of higher molecular weight n�alkanes
with carbon number 48−50 (figure). These oils from the
southern oilfields also have the highest concentrations
of resin–asphaltene substances (on average 13.5%) and
stable carbon�centered radicals (up to 5101 × 10–16

spin/cm3). It may be assumed that the oils of this group
underwent thermobaric differentiation (unloading
zone), which is due to changes in temperature and pres�
sure and is manifested in phase transitions (oil degas�
sing, precipitation of the solid phase, etc.) [10].

Analysis of Composition and Properties of Oils
from the Central Zone of Samara Region 

Three samples of Devonian oils (DI, DIII) from
the Zarechenskoe field and one sample of Devonian
oil from the Zhikharevskoe field were taken for the
study. Because of the small number of samples, statis�
tical data processing by the cluster and factor analysis
methods was impossible. The Devonian oils of the
central part of Samara oblast differ from the Devonian
oils of the first two groups of the southern part by
somewhat higher values of density (0.8317) and vis�
cosity (8.7 cSt), lower amounts of light and middle
fractions (lower value of F) and gasoline (24.2%), and

the presence of higher molecular weight n�alkanes
with the number of carbon atoms of >52 among paraf�
fin hydrocarbons (figure). The component composi�
tion of these oils also features high lube oil (66.2 wt %)
and resin–asphaltene (9.7 wt %) contents. By the con�
centration of compounds with vanadyl complexes,
these oils are close to Carboniferous oils of the south�
ern zone. Thus, the Devonian oils of the central zone
are heavier owing to the greater concentrations of
higher molecular weight paraffins, resins, and asphalt�
enes.

Analysis of Interrelations between Physicochemical 
Properties and Chemical Composition 

of Oils from the Northern Zone of Samara Oblast 

Oils from the Kazakovskoe (B2), Lapinskoe (V1),
Bulatovskoe (B2, D3br, Dl, D3lv), and Pogruznoe
(B0) fields were taken for the study. The oils of the
northern part of Samara oblast significantly differ
from those of the southern and central oilfields. They
have higher concentrations of resins (on average
32.7 wt %), asphaltenes (on average 8.4 wt %), and
vanadyl compounds (about 4000 × 10–16 spin/cm3)
and lower concentrations of gasoline fractions (on
average 7.6%) and light hydrocarbons of both normal
and isoprenoid structures (Tables 1, 2; figure). In
accordance with their composition, these oils have a
high density (on average 0.9356 g/cm3) and a high vis�
cosity (on average 585.2 cSt). The Lapinskoe oil pro�
duced from bed V1 stands out from the other oils of the
northern zone. Considerably lower values of density
(0.8744) and viscosity (103.6 cSt) of the Lapinskoe oil
are due to lower concentrations of resins (26.9%) and
asphaltenes (1.2%). The lighter composition of this oil
may be due to loss of resins and asphaltenes in the res�
ervoir or bottomhole area. There is another possible
explanation of this fact. Stratigraphically below, there
is a deposit of abnormally viscous (>1500 MPa s) oil in
a Famennian reef reservoir. It is likely that due to the
imperfect cap, light hydrocarbons have migrated
from the Famennian to the Tournaisian reservoir
and, hence, made the bed V1 oil lighter.

All the characteristics of the composition and
properties of oils from the northern zone of Samara
oblast were processed by factor analysis. According to
the principal factor, the viscosity (insignificantly, den�
sity) of crude oils decreases with an increase in the
amounts of light and middle fractions, lube oils, and
light hydrocarbons relative to their higher molecular
weight homologues of both normal and isoprenoid
structures or a decrease in the asphaltene content.

In general, the comparison of the interrelations
between the composition characteristics and the prop�
erties according to the factor analysis (by principal
factor) of crude oils of the southern and northern areas
of Samara oblast leads to the following conclusions:

—for oils from the southern zone, higher molecu�
lar weight paraffin hydrocarbons as heavy components
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play a major role in the formation of the physicochem�
ical properties;

—for oils from the northern zone, the asphaltene
components and higher molecular weight paraffin
hydrocarbons play the major role.

These conclusions are consistent with previously
published data on type classification of Samara�oblast
oils by hydrocarbon biomarkers [11, 12], and the dis�
crepancies are due to both differences in the original
organic matter and secondary processes of reforma�
tion of oil deposits.
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