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 A model of multi-stage formation of Visean oil deposits in Solikamsk depression in condition of stabilization of ancient oil-
water contacts is provided. When reservoir rocks stay in condition of oil-water zones for extended periods of time, 
oxidizing processes actively develop, as result of which oil saturated reservoirs undergo non-reversible changes in rock 
wettability. After inflow of new portions of hydrocarbons and formation of modern oil-water contact residual products of 
oil oxidation are formed as solid bitumen. Cases of absence of reservoir bitumenosity in ranges of ancient oil-water contacts 
are explained by active fluid exchange in reservoirs. 
It is established that high specific resistance values in terrigenous reservoirs of Visean deposits in Solikamsk depression, exceeding 
600 Ohm*m, are related to their hydrophobization in conditions of ancient oil-water contacts. Electrical laterlog results are 
compared with evaluation of rock wettability based on X-ray core tomography and microscopic analysis of thin sections. 
For Visean high-ohmic reservoirs of Shershnevskoe deposit statistically significant excess of rock porosity comparing to
standard geophysical section is established. For ranges with resistivity < 120 Ohm*m porosity distribution maximum is 
observed within 12 – 16 %. In high-ohmic section for resistivity from200 to 600 Ohm*m maximal porosity frequency is
observed within 16–18 %; for resistivity > 600 Ohm*m – at porosity over 18 %. In average, excess porosity in high-ohmic 
section is over3 %, which is probably due to predominance of reservoir deconsolidation (dissolution) processes over their
cementation at levels of ancient oil-water contacts. 
For Visean operational objects of Shershnevskoe deposit geological model is built on basis of resistivity data, separating 
zones (volumes) of different wettability type reservoir development. In general, the established zones of development of
hydrophilic and hydrophobic reservoirs are of regular spatial arrangement. Geological models built with regard to rock 
wettability may be used to optimize reservoir management technologies at oil operational objects. 
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 Предложена модель многоэтапного формирования визейских нефтяных залежей Соликамской депрессии в
условиях стабилизации древних водонефтяных контактов. При длительном нахождении коллекторов в условиях 
водонефтяных зон происходит активное развитие окислительных процессов, в результате чего нефтенасыщенные
коллекторы подвергаются необратимым изменениям смачиваемости пород. После поступлений новых порций
углеводородов и формирования современного водонефтяного контакта происходит образование остаточных 
продуктов окисления нефти в виде твердых битумов. Случаи отсутствия битуминозности коллекторов в
интервалах древних водонефтяных контактов объяснимы активным флюидообменом резервуаров.  
Обосновано, что высокие удельные электрические сопротивления (УЭС) терригенных коллекторов визейских
залежей Соликамской депрессии, превышающие 600 Ом·м, связаны с их гидрофобизацией в условиях древних 
водонефтяных контактов. Результаты электрического бокового каротажа сопоставлены с оценкой смачиваемости 
пород по данным рентгеновской томографии керна и микроскопическим анализом шлифов. 
Для визейских высокоомных коллекторов Шершневского месторождения установлено статистически значимое превышение
пористости пород в сравнении со стандартным геофизическим разрезом. Для интервалов с УЭС < 120 Ом·м наблюдается 
максимум распределения пористости в диапазоне от 12 до 16 %. В высокоомном разрезе для интервалов УЭС от 200 до 600 Ом·м 
наибольшая частота пористости установлена в диапазоне 16–18 %; для УЭС > 600 Ом·м – при пористости более 18 %. В среднем 
превышение пористости в высокоомном разрезе составляет более 3 %, что, вероятно, является следствием преобладания на
уровнях древних водонефтяных контактов процессов разуплотнения (растворения) коллекторов над их цементацией.  
Для визейских эксплуатационных объектов Шершневского месторождения по данным значений УЭС построена
геологическая модель с выделением зон (объемов) развития коллекторов различных типов смачиваемости. В целом 
установленные зоны развития гидрофильных и гидрофобных коллекторов имеют закономерное пространственное
расположение. Геологические модели, построенные с учетом смачиваемости пород, могут быть использованы при
оптимизации технологий разработки нефтяных эксплуатационных объектов.
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Introduction 
 

For a number of regions of Volga-Ural oil and 
gas province (OGP) (Bashkortostan, Tatarstan, etc.) 
multiple occurrences of bituminous sandstones are 
established [1–4]. In these cases rocks are naphtides 
(maltha, asphalts and asphaltites) practically not 
recoverable by modern methods. Presence of 
bitumen colors rocks in black, referred to in the 
literature as «black sandstones». Bitumenosity of 
«black sandstones» is commonly explained by oil 
oxidation at ancient oil-water contacts (OWC). 
Discovery of bituminous sandstones in terrigenous 
reservoirs at Pashian horizon of Romashkinskoe 
deposit as long as since 60-ies of XX century was 
explained by V. A. Retush (1965) as manifestation of 
traces of ancient OWC in section. 

To the fullest extent process of ancient OWC 
influence is studied in works of R. S. Sakhibgareev 
[1, 5, 6]. According to his opinions, taken as basis for 
this work, two contrary processes – rock 
deconsolidation (dissolution) and cementation – take 
place at levels of OWC stabilization. Immediately at 
OWC place in general rock decomposition prevails, 
as dissolved components do not fully precipitate 
from bottom waters. As result, at place of ancient 
OWC formation of residual oil oxidation products in 
the form of solid bitumen is taking place. 

Bituminous oil oxidation products may be 
extracted by the following portions of hydrocarbons, 
while this extraction takes place in selective manner. 
To the maximal degree bitumenosity signs are lost by 
the most permeable reservoirs, for which signs of 
initial bitumenosity are preserved in dead-end micro 
portions of pores. Less permeable rocks, to the 
contrary, contrast in geological section in the form of 
dark lenticular and striped compartments, due to 
preservation of bitumen. 

Irregular bitumen extraction may result in layered 
bitumen pigmentation of rock in zones of ancient 
OWC, and in case of intense extraction in the whole 
geological section – lead to complete rock bleaching. 
Exactly such conditions, to opinion of the authors, 
prevail in case of Visean reservoirs in Solikamsk 
depression. For these producing facilities distribution 
of bituminous «black sandstones» with reservoir 
properties higher than cutoff values is not 
characteristic in general. At the same time for oil-
saturated zones of Visean reservoirs abnormally high 
specific resistance values are noted, in number of 
cases exceeding 1000 Ohm*m. Reservoirs with 

abnormally high resistivity mainly are found within 
Solikamsk depression, though there are singular 
examples in other regions of Perm Territory. 
According to core data high-ohmic oil-saturated 
reservoirs are practically not distinguished in 
geological section, and usually are presented by light 
gray sandstones. Due to absence of evident signs of 
Visean reservoirs bitumenosity in Perm Territory, 
formation of such deposits have not been earlier 
viewed in relation to ancient OWC. 

Works [7–9] give results of X-ray tomography 
core studies, showing that in conditions of 
abnormally high resistivity intervals rocks absolutely 
do not take water. This is regarded as consequence of 
manifestation of high hydrophobization of reservoirs 
[7–10]. According to modern views full 
hydrophobization of collectors is extremely rare and 
usually is characteristic for oil source rocks [11, 12]. 
It is evident that Visean highly permeable layers 
could not be viewed as oil source rock. To the 
authors opinion, reservoir hydrophobization is 
residual consequence of deposit reformation at 
ancient OWC. Absence of bitumen in the reservoirs 
is related to active reservoir fluid exchange in results 
of several stages of hydrocarbons inflow. 

As for Visean producing facilities of Solikamsk 
depression, according to modern views, at least two 
main stages of hydrocarbons input are presumed [13, 
14]. First, in the end of late Carboniferous period, oil 
and gas source rock of Domanic age, being the main 
in the studied territory, came to main zone of oil and 
gas generation. As result, initial (ancient) OWC was 
formed, which existed for a long geological time. 
This has led to development of oxidation processes in 
water-oil transition zone reservoirs. Then in early 
Permian period (Asselian-Sakmarian age), along with 
intensive downwarping of Solikamsk depression, 
shale deposits of lower Carboniferous age, rich with 
organic substances, lowered to depths necessary to 
achieve sourcing potential. As result, new portion of 
hydrocarbons entered the deposit, forming OWC 
being close to the modern one. Implementation of 
this process was significantly aided by large 
amplitudes of local positive structures in Solikamsk 
depression, which provided for separation of 
secondary non-uniformities, related to stabilization of 
ancient OWC, in conditions of multi-stage input of 
hydrocarbons into traps. 

It is necessary to note that issue of studying 
ancient OWC in the given conditions is of not only 
great theoretical, but also practical importance. It is 
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wettability factor which plays its especially great role 
in optimizing deposit development by water flooding 
[11, 15–17]. For Visean producing facilities in 
Solikamsk depression problem of insufficiently 
effective water flooding is especially pressing. For 
some areas reduction of intake capacity is observed 
already in first month of production, resulting in 
failure to reach design degree of oil withdrawal 
compensation by water flooding [18]. 

Except that, zones of hydrophilic and 
hydrophobic reservoirs significantly differ in oil 
production parameters, which determines its key role 
in determining methods to increase oil recovery [19–
22]. So, detailed elaboration of this issue shall permit 
(in relation to Visean producing facilities) to 
approach, in a more substantiated way, determination 
of optimal solutions during operation. 

 
Formation of deconsolidation 

and cementation zones in conditions 
of stabilization of ancient OWC 

 
An issue of influence of ancient OWC on the 

modern oil and gas occurrence was first brought 
about by G. I. Teodorovich (1944), who linked rock 
pyritization to sig of stabilization of OWC 
of Buguruslan deposit. О.А. Radchenko and 
V.А. Uspensky (1952) showed that oil in result of 
anaerobic oxidation may gradually transform to 
maltha and further to asphalt. 

In zone of development of ancient OWC are 
established changes of feldspar in direction to 
processes of their caolinization [23] and especially 
pelitization [24]. Meanwhile high degree of feldspar 
change usually is accompanied by their pigmentation 
by bitumen substance. Analysis of pelitization 
coefficient [25] made in work [1] shows that for 
deposits in West Siberian oil and gas province 
maximum of pelitization is observed near to modern 
OWC. Significantly smaller changes are 
characteristic to sandstones both of edge water zone 
farthest from OWC and oil part unaffected by 
influence of OWC. 

Main reason of intense rock alteration is 
formation of components aggressive to minerals  in 
OWC stabilization zones. Many studies have 
established joined presence of sulfate-reducing and 
methane-producing microbial flora. Sulfate-draining 
microbial flora, by oxidizing organic substances and 
reducing sulfates, provides energy substrates (CO2, 
organic acids, etc.) for methane-forming bacteria. 

Meanwhile, due to decreasing рН in aqueous media, 
favorable conditions for development of methane-
producing bacteria [1]. Except that, deposit bottom 
waters may have considerable aggressive potential, 
even though due to increased content of organic 
solvents, which, together with newly formed 
aggressive components, while oxidizing 
hydrocarbons at OWC, may dissolve minerals. 

In conditions of bacterial methane production at 
OWC heavy oil thickening with precipitation of   
resinous-asphaltenic components may happen even 
without additional input of hydrocarbons. Meanwhile 
increase of deposit volume presumes increase of 
bitumen-containing substances, significantly leached 
due to participation of acid metabolic products of 
sulfate-reducing microorganisms. 

At temperatures less than 100 ºС two diverse 
processes may develop. On one side, minerals 
precipitation happens due to environment 
alkalization as result of consumption of organic acids 
and carbon dioxide by methane-producing microbial 
flora. Work [26] gives laboratory experimentations 
proving, for carbonate minerals, possibility of system 
equilibrium shift to calcite precipitation side during 
oxidation of organic substances. In situ this may lead 
to secondary calcite precipitation from dissolved 
waters with partial filling of reservoir voids. So, for 
number of deposits in Volga-Ural OGP examples of 
link between authigenic calcite and solid bitumen in 
border zone are established [27]. Examples of  calcite 
cementation of terrigenous reservoirs in OWC zones 
are described by Yu. V. Schepetkin (1966, 1968, 
1976), О. А. Chernikov (1969), V. F. Kozlov (1974). 

In contrast with minerals precipitation they are 
dissolved due to excretion of acid metabolic products 
by sulfate-draining bacteria (СО2, organic acids, 
etc.). Work [28] gives examples of dissolution of 
anhydrite cement in  conditions of activity of sulfate-
reducing bacteria for terrigenous reservoirs of 
deposits in Volga-Ural OGP in OWC zone. In such a 
way, both rock dissolution and cementation happen 
simultaneously in OWC area. Degree of 
manifestation of rock decomposition and 
cementation zones depends on character of OWC 
development. 

As result of input of additional hydrocarbons 
volumes OWC shifts down section, which leads to 
capacitive reservoir growth (progressive type of 
OWC alteration). In this case not all dissolved 
minerals, and not to the full extent, precipitate in 
corresponding cementation zone. Very compact 



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.2. P.104-116 

ISSN 2224-9923. Вестник ПНИПУ. Геология. Нефтегазовое и горное дело. 2019. Т.19, №2. С.104–116 

107

quartzitic sandstones happen to be impermeable by 
aggressive components, which penetrate into less 
silicified areas, and in case of intense fluid exchange 
turn them into highly capacitive loose varieties. Most 
demonstrably selective quartz cement dissolution 
manifests itself in bitumen-containing dissolution 
zone. Intensely silicified areas are distinguished by 
light color against background of dark grey or nearly 
black bitumen-containing varieties. Latter before 
deconsolidation differed from quartzitic varieties by 
somewhat greater porosity, which value increased 
due to dissolution by 1,2–2,0 times. 

At partial trap deforming OWC shifts up section 
(regressive type). In this case cementation processes 
explicitly prevail over dissolution. In general 
silicification processes in cementation zone are 
slowed by clay material, but at content of clay 
cement less than 5 % inhibitory effect scarcely 
appear [1]. 

 
Secondary reservoir alteration at ancient OWC 

in process of oil deposit formation 
 
In case of fast oil deposits formation minerals 

dissolution processes at ancient OWC are less 
expressed. The maximal oxidizing effect is observed 
in conditions of continuous and slow hydrocarbons 
input. Most aggressive environments, judging by 
secondary rock alterations, were created in 
conditions when not only sulfates and carbonates 
have been dissolving, but also quartz have been 
dissolving directly. In zones of stabilization of 
ancient OWC intense corrosion of various rock-
forming minerals is observed. Abundant signs of 
quartz grains corrosion are observed in zones 
containing solid bitumen. 

Silica mobilized into solutions at ancient OWC, 
as a rule, is not moved beyond structure limits. In 
result of multistage deposit formation quartz 
redistribution is observed within traps, which is 
determined by water exchange troubles at ancient 
OWC. Formation of secondary varieties in this case 
happens at significant distance from fold of anticlinal 
trap due to deficit of input hydrocarbon. 

The issue of secondary rock alterations at modern 
OWC in most details is studied by R. S. 
Sakhibgareev (1989) for terrigenous deposits of 
South Baltic. As result following vertical rock zones 
model in geological section is achieved. 

To higher section part (above OWC) usually 
pertain cemented low-porous oil-saturated sandstones 

without signs of etching. For these rocks even in 
conditions of full quartz grains regeneration (5–8 %) 
relatively high volume of capacitance space is 
preserved. 

Lower, immediately in transition zone of OWC, 
rocks are being deconsolidated. In its upper part 
bitumen-containing sandstones rest, which due to 
uneven asphalt pigmentation obtain spotty dark gray 
and sometimes black color. Open porosity of bitumen 
sandstones comparing to oil-saturated varieties 
increases by 1,5 time, and permeability – by an order. 
Bitumen zone thickness is 2–3 m, sometimes more, 
depending on conditions of downward spreading of 
aggressive products of oil oxidation and water 
exchange, providing for withdrawal of dissolved 
substances. 

Below OWC surface follow light gray, almost 
loose water-saturated sandstones (thickness not 
exceeding 2 m), by degree of quartz grains etching 
similar to bituminous sandstones. For 
deconsolidation zone reduction of regenerated quartz 
content to 1 % is characteristic, silicification stays 
only at hardly permeable micro areas. 

Lower than deconsolidation zone (going away 
from OWC transition zone) concentration of 
aggressive components in bottom waters reduces, 
and hard to dissolve components reach oversaturation 
phase. This leads to cementation and formation of 
compact quartzitic sandstones (thickness not 
exceeding 2 m) with porosity less than 3 %. Contents 
of regenerated quartz in these may exceed 15 %, 
which practically excludes effective rock capacity. 
These sandstones, except for maximal input of silica, 
may differ by intense pyritization (isometric pyrite 
aggregates size up to 0,5 mm). 

Even lower down section degree of silicification 
reduces, and rocks by content of regenerated quartz 
come closer to same type of oil-saturated rocks. 
Parallel to reduction of sandstones silicification 
degree  down section, signs of pyritization also 
disappear [1]. 
 

Evaluation of reservoir wettability  
by core study and well logging 

 
Conclusions stated in the previous section are 

obtained on basis of analysis of modern OWC 
conditions. Diagnostics of ancient OWC is hindered 
by the fact that layers of bituminous sandstones, as a 
rule, does not lay strictly horizontally in geological 
section [29]. Except that, in high capacity bit 
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relatively low-amplitude traps, due to merger of 
dissolution zones of several ancient OWC during 
multi-stage deposit formation, almost all oil-saturated 
medium may be involved, except for hardly 
permeable rock. To the greater extent analysis is 
complicated in case of partial bitumen extraction 
depending on reservoir permeability. So in study of 
ancient OWC complex analysis is necessary, based 
first of all on geophysical well logging and core 
material data. 

Most informational in study of bituminous oil 
and respectively rock wettability in well logging is 
nuclear magnetic resonance logging (NMR) [30–36]. 
But in the Perm Territory intense reservoir 
bitumenosity is relatively rare. Due to this NMR 
studies are made in general on basis core only [37], 
and in wells are of а sporadic character. 

In distinction from NMR electric methods are 
included into standard well logging complex, entirely 
describing geophysical section of all wells. Most 
credible in evaluation of resistance laterlog method is 
considered. Due to usage of guard electrodes for 
laterlogging reduction of influence is achieved, masking 
effects are reduced, permitting to study thin layers [38, 
39]. Suitable for evaluation of layer resistance by 
laterlogging are data on well filled with aqueous mud 
having specific resistivity ƍs from 0,03 to 3 Ohm*m. 

During core studies it is necessary to combine 
data of standard studies (determination of porosity 
Kp, water saturation Kw, permeability k, etc.), special 
methods of wettability evaluation (X-ray core 
tomography, etc.) and microscopic analysis of thin 
sections. Complex analysis of these data with 
specific resistivity correlation to logging for Visean 
oil-saturated reservoirs is given in work [40]. 
Summarizing the results, it is possible to distinguish 
four types of oil-saturated reservoirs: highly porous 
hydrophobic; bituminous low porous with strong 
signs of hydrophobicity; with signs of 
hydrophobicity and hydrophilic. 

Core samples being hydrophobic according to 
tomography data are met within high-ohmic section with 
resistivity > 600 Ohm*m. Light samples without 
bitumenosity have Kp > 20 %, and samples with bitumen 
cement – Kp within 11–13 %. Meanwhile permeability 
of light highly porous samples is by an order higher than 
that of bituminous samples. Samples with 
hydrophobicity signs are met in areas with resistivity 
from 120 to 600 Ohm*m; for hydrophilic reservoirs 
resistivity < 100 Ohm*m is characteristic [40]. 

For more detailed study of rocks the present work 
gives microscopic analysis of thin sections made 
from central part of the cores. Mineral composition 
of rocks and inclusions is studied on basis of thin 
sections, and also textural and structural features of 
the rocks. Photographs of thin sections for reservoirs 
with different wettability type are given in fig. 1. 

As shown above, one of associated signs of 
ancient OWC is rocks pyritization. Pyrite formation 
is related to activity of sulfate-reducing bacteria, due 
to interaction of iron-containing aqueous solutions 
with hydrogen sulfide, usually evolved as result of 
decomposition of organic remains. Pyritization is 
related to abundant water exchange, where iron 
precipitates from bottom waters. 

Analysis of mineral composition of Visean 
reservoirs showed presence of pyrite in 75 % thin 
sections made of hydrophilic core samples, having 
moderate (according to tomography data) 
hydrophobicity signs, while pyrite is absent in 
hydrophobic samples. This correlates well with data 
of R. S. Sakhibgareev (1989), according to which 
pyrite is instable in oxidation zone and in presence of 
free oxygen easily transforms to iron sulfate. The 
latter decomposes into insoluble ferrous hydroxide 
(limonite) and free sulfuric acid passing into solution. 
Except that absence of pyrite in bituminous media in 
dissolution zones may be related to formation of 
iron-organic complexes, which may show resistance 
to action of hydrogen sulfide [1]. 

 

 
а b c d 

Fig. 1. Photographs of thin sections of core with crossed nicols: а – hydrophobic sample (cylinder 84911); 
b – bituminized sample with strong signs of hydrophobicity (cylinder 66541); 

c – sample with signs of hydrophobicity (cylinder 101116); d – hydrophilic sample (cylinder 108484) 
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Characterizing the studied thin sections, we may 
say that in general quartz grains are observed (from 
69 to 89 %), other minerals are obviously 
subordinate. In theory redistribution of quartz should 
happen in process of multi-stage deposit formation 
by reduction of quartz concentration in zone of 
ancient OWC influence and sedimentation in edge 
water zones in direction of bottom waters flow. But 
here, though, it is possible to evaluate rather scales of 
quartz dissolution during deposit formation process, 
but not scales of its sedimentation beyond ancient 
OWC influence contour. That is why absence of 
significant differences in quartz content for studied 
reservoir types could not be viewed as a controversy. 
More important is that, according to thin section 
analysis data, quartz in cores with hydrophobicity 
signs has significantly more relief grain boundaries, 
which probably points to traces of its dissolution. 

Incorporative contacts are characteristics for all thin 
sections from samples with hydrophobicity signs (see 
fig. 1, а–c), meanwhile specifically for hydrophobic 
highly porous sample (resistivity = 1800 Ohm*m) 
there observed most relief microstylolitic type of 
intergranular contacts (see fig. 1, а). It is necessary to 
note that for the most highly porous loose samples 
(Kp > 20 %) thin sections characterize the most 
compact core part. For example, Kp evaluation based 
on thin section (see fig. 1, а) is mot more than 10 %; 
during evaluation of Kp at standard 30 millimeter core 
Kp = 21,4 %. This permits to suppose even greater 
actual differences of this core type from the other types. 

Significantly less porous (Kp = 13,5 %) and by 
an order less permeable (k = 0,055 um2) is 
hydrophobic sample (resistivity = 620 Ohm*m). 
Contents of clay bitumen aggregate in thin section is 
10 %, next to quartz grains black clay bitumen pugs 
are observed (see fig. 1, b). At the same time, taking 
into account rather low density of solid bitumen, 
decompactification effect for this type of rocks to a 
great extent also continues. Difficult water exchange 
paths in thin section are determined in the form of 
small microstylolite contacts made in clay bitumen 

substance. Stylolite elements present in thin section 
probably reflect rock dissolution processes in paths 
of aggressive media filtration. It would be incorrect 
to view their formation in relation to migration of 
bitumen substance on them, as bitumens in stylolite 
seams are formed mainly by passive concentration 
similar to insoluble constituent of rock [1]. 

For hydrophilic samples in thin sections most 
characteristic are linear and conformal contacts, 
incorporative contacts are less common. Grains for 
hydrophilic samples are most rounded which may be 
regarded as sign of absence of minerals dissolution (see 
fig. 1, d). Except other, minimal contents of organic 
matters is established for hydrophilic samples. 

So, microscopic analysis of thin sections 
demonstrated significant differences in core samples 
for various wettability types. Also, for all samples 
considered to be hydrophobic according to 
tomography data, signs of decompactification are 
established. Such signs become less evident with the 
reduction of hydrophobization degree and are least 
characteristic for hydrophilic samples. This conforms 
to theoretical concepts on secondary reservoir 
changes in conditions of ancient OWC. 

 
Allocation of secondary reservoir alterations 

at ancient OWC for Visean deposits 
of Shershnevskoe oil deposit 

 
As shown above, in case of progressive 

character of ancient OWC development reservoir 
decompactification processes prevail over their 
cementation. Then, accepting cause and effect 
relationship of abnormally high specific resistivity 
values and ancient OWC, capacity parameters in 
zones of abnormally high resistivity should be 
statistically different from standard conditions. 
First of all this should pertain to reservoir porosity 
(Kp). Let study this issue with the assistance of 
statistical data processing at the example of Visean 
producing facilities (layers Tl, Bb, Ml) of 
Shershnevskoe oil deposit. 

 

Distribution of average values Kp 
 

Parameter 
Resistivity range, Ohm*m 

5–20 20–50 50–80 80–120 120–200 200–300 300–400 400–500 500–600 600–700 700–1000 1000–2500

Kp, % 14,0 14,0 15,0 14,7 
No data 

16,0 16,1 17,0 16,5 17,5 18,2 17,5 

n 15 34 36 22 32 26 14 22 24 25 33 
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The table shows distribution of average values of 
Kp according to logging data in various resistivity 
ranges. Analysis of table data permits to separate 
three ranges of rock resistivity values, for which Kp 
values are fundamentally different. First reservoir 
type in range of average values Kp from 14 to 15 % 
is limited by resistivity values < 120 Ohm*m. 
Average value Kp and standard deviation for this 
type correspond to 14,5 ± 2,8 % at number of 
determinations n = 107. 

Starting from resistivity > 200 Ohm*m, an 
abrupt increase of Kp values is noted, with their 
stabilization in resistivity range up to 600 Ohm*m. 
For this reservoir type Kp in average is notably 
higher: 16,3 ± 2,2 % at n = 94. Next abrupt leap is 
observed at resistivity > 600 Ohm*m, without 
further growth at large resistivity values (see 
table). For high-ohmic reservoir type Kp = 17,7 % 
± 2,3 % at n = 82. 

To establish statistical differences of capacity 
parameters of reservoirs depending on resistivity 
statistical analysis of average values Kp of 
separated classes on Student’s t-criterion was 
performed. As results it is established that 
acceptance of zero hypothesis is absolutely 
improbable. Probabilities of equality of means for 
classes correspondingly are: during  comparison of  

low-ohmic reservoirs with intermediate class – 
0,0001 %, with high-ohmic classes – less than 
0,00005 %, intermediate class with high-ohmic 
classes – 0,0033 %. 

It is obvious that average values in classes do not 
fully characterize variety of geological settings in oil 
deposit. In conditions of stabilization of ancient OWC 
porosity should increase to the utmost extent in 
relatively high capacity and permeable intervals, and 
Kp values should grow less in less permeable areas. 
With regard to this Kp distribution histograms for 
separated classes are built (fig. 2). 
 

 
 

Fig. 2. Distribution of porosity coefficients 
depending on rock resistivity ranges 

for Shershnevskoe oil deposit 
 
 

 
 

Fig. 3. Distribution of Visean reservoirs with various resistivity values in geological sections 
of Shershnevskoe oil deposit in directions south – north (а); west – east (b) 
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From fig. 2 is clear that for intervals with 
resistivity < 120 Ohm*m, at generally uniform 
distribution of Kp maximum is observed in range 
from 12 to 16 %. In high-ohmic section for resistivity 
ranges from 200 to 600 Ohm*m maximal porosity 
frequency is established in range of 16–18 %, while 
reservoirs with Kp < 12 % are observed in less than 5 
% of cases. For intervals with resistivity > 600 
Ohm*m reservoirs with Kp < 12 % are absent, and at 
Kp < 14 % their frequency is 6 %. Prominent 
maximum of frequency Kp (54 %) for the most high-
ohmic section is observed at Kp > 18 %. 
 

Conclusions 
 

So, definitely significant statistical differences in 
rock porosity depending on specific resistivity are 
established. This, in the authors opinion, is direct 
consequence of reservoir decompactification 
processes in rock hydrophobicity zones, which in its 
turn is related to oxidation processes at ancient 
OWC. For Visean reservoirs of Shershnevskoe 
deposit average Kp value of low-ohmic section (14,5 
%) may be considered most typical for areas where 
OWC influence was minimal. Then an increase of 
3,2 % relative to it for high-ohmic reservoirs (Kp = 
17,7 %) may be regarded as averaged increase due to 
decompactification in areas of ancient OWC. 

At the final stage, for Visean reservoirs of 
Shershnevskoe deposit a geological model was built 
on basis of resistivity values, separating zones 

(volumes) of development of reservoirs with 
different wettability types (fig. 3). The model equates 
hydrophobic reservoirs with areas with resistivity > 
600 Ohm*m, and hydrophilic reservoirs – with areas 
with resistivity < 120 Ohm*m. 

The established zones of development of 
hydrophilic and hydrophobic reservoirs have regular 
spatial arrangement (see fig. 3). Development of 
hydrophilic reservoirs in general is associated with 
slope reservoir areas. In roof reservoir area 
predominantly spread are hydrophobic reservoirs, 
while in a number of cases immediately next to them 
zones of reservoir substitution with compact rocks 
(cementation areas) are adjacent, which is especially 
characteristic for Ml layer. 

In general, issue of correlation of modern oil and 
gas content to ancient OWC for Visean reservoirs in 
Solikamsk depression seems to be a priority task 
related to improved development of the such. 
Geological models built with regard to rock 
wettability surely further detail geological setting of 
reservoirs. They may be useful in detailing reservoir 
capacity characteristics, and also may be used to 
optimize reservoir management technologies at oil 
operational objects. 
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