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 In order to detect, determine thickness and localize hydrocarbon accumulations there are qualitative and quantitative meth-
ods of interpretation still in use. Such methods are not divided into geological criteria and geophysical features which cause 
certain error. 
The study is based on the theory of appearance processes and composition formation as well as on conditions of occurrence of 
oil and gas. Deep structure such as gas-steam-conductive faults and oil-gas-steam-distributing faults of low order were studied. 
All the features of its determination under natural conditions of occurrence were integrated. Based on listed above and on results
of several years of experimental and operating works, carried by other scientists in order to discover hydrocarbon accumulation 
in geological structure the authors determined and grouped geological criteria and geophysical features. 
Furthermore, during determination of geological criteria and geophysical features following petrophysical parameters of reservoir 
properties are determined: porosity, saturation, effective porosity, reservoirs density and speed of seismic wave propagation in the
rock, rock and fluid resistivity.  
It should be noted, that during interpretation of seismic data to discover hydrocarbon migration tame and deep cross-sections 
as well as simultaneous cross-sections, frequencies and phases were used. The charts of amplitudes, frequencies, phases and
its dispersion, decrement and attenuation coefficients that are equivalents to absorption coefficients and differences of elas-
tic vibrations of reflected waves were used. 
Finally, having these parameters determined geological criteria and geophysical features of discovery of hydrocarbon ac-
cumulations under natural conditions of occurrence were grouped.
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 Для обнаружения наличия, определения мощности и локализации углеводородных залежей до сих пор на практике
используются качественные и количественные способы интерпретации без разделения их на геологические крите-
рии и геофизические признаки, что, безусловно, приводит к определенным ошибкам.  
В связи с этим, основываясь на теории процессов образования, формирования состава и условиях залегания нефти 
и газа; детально изучая глубинное геологическое строение, в частности устанавливая на временных разрезах нали-
чие глубинных разломов, являющихся газопароподводящими, и разломов низкого порядка, являющихся нефтега-
зопарораспределяющими; в целом собирая все приметы их обнаружения в естественных условиях залегания,
а также на основании результатов многолетних экспериментальных и производственных работ, проводимых дру-
гими исследователями, авторы установили и сгруппировали геологические критерии и геофизические признаки по
определению наличия углеводородных залежей в геологическом строении.  
Кроме того, при установлении геологических критериев и геофизических признаков с высокой точностью определяются 
петрофизические параметры коллекторских пластов, такие как пористость, насыщенность и, соответственно, эффективная 
пористость, являющаяся их произведением, пластовые плотности и скорости распространения сейсмических волн и
удельное электрическое сопротивление пласта, плотность и скорость распространения сейсмических волн и удельное
электрическое сопротивление скелета горных пород, слагающих коллекторских пластов и заполняющих их флюидов.  
Следует отметить, что кроме вышеперечисленных петрофизических параметров при интерпретации сейсмических
данных для обнаружения углеводородных залежей были использованы миграционные временные и глубинные 
разрезы и разрезы мгновенных амплитуд, частот и фаз, а также использованы графики амплитуд, частот, фаз и их
дисперсии, декремент и коэффициенты затухания, являющиеся эквивалентом коэффициентов поглощения и рас-
хождения упругих колебаний отраженных волн.  
В итоге после определения этих параметров были сгруппированы геологические критерии и геофизические при-
знаки обнаружения углеводородных залежей в естественных условиях залегания. 
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Introduction 

Analysis of theoretical basis to predict fluid-
saturated media and fluids by geophysical explora-
tion methods and their synthesis are given in this 
article in order to use in production. 

Summary of results of several years of experi-
mental and production works performed by scien-
tists previously during forecast of hydrocarbon  
accumulation and analysis of physics and mathe-
matics of geophysical methods (seismic explora-
tion, resistivety prospecting and gravimetric pro-
specting), petrophysical properties of reservoirs 
and physical features of fluids were the basis to 
group following exploration criteria and features of 
hydrocarbon fields discovery [1-17]: 

1. Geological criteria.  
2. Geophysical features.  

Geological criteria  
to discover hydrocarbon accumulation  

in geological structure 

Summary of formation processes and condi-
tions of hydrocarbon occurrence allows to distin-
guish following geological criteria to discover  
hydrocarbon in geological structure [1-3]:  

1. Deep gas-steam-conductive faults (migration 
channels).  

2. Dispersed organic matter in geological 
cross-sections.  

3. Migration faults that are oil-gas-steam-
distributing for first and second hydrocarbons. 

4. Reservoirs that have pores and cracks of  
effective porosity more than 2%.  

5. Anticlines, domes, bars, monoclines, strati-
graphic unconformities, riffs, lenses, paleo chan-
nels etc.  

6. Seals that are not permeable and represent 
screen which block oil, gas, condensate, water and 
its vapor to flow upside. 

7. Lateral limit that does not allow oil, gas, 
condensate and water to move laterally.  

8. Unconformity of morphology of seals with 
underlying sediments detected on temporary and 
seismic deep cross-sections.  

9. Deep-buried part of crystal foundation and 
superimposed structure.  

Thus, based on mentioned geologic criteria it is 
possible to determine fluids in the geological 
cross-section of studied areas during exploration of 
oil, gas and condensate fields. 

Geophysical features of discovery  
of hydrocarbon accumulation  

in geological structure 

In order to determine geophysical features of 
hydrocarbon presence under natural conditions an 
analysis of theory that forecast fluid-saturated  
media and fluids by geophysical methods of explo-
ration is done [4-8]. 

Based on the analysis of the theory and field da-
ta it can be concluded that seismic shear waves do 
not propagate in fluids, but longitudinal do. On the 
other hand, it is also known that the longitudinal 
seismic waves propagating in fluids lose some of its 
energy due to divergence and absorption. As a 
result, their dynamic parameters change. For exam-
ple, amplitude of elastic vibrations are reduced and 
attenuation coefficients, which are equivalent to the 
absorption coefficients and the differences increase.  

Moreover, it is also known that velocity of 
seismic wave propagation in fluids and fluid-
containing reservoir is much less than velocity of 
rock matrix. Therefore, on seismograms and time 
sections of reflected waves in the hodograph longi-
tudinal reflected, refracted and transmitted waves 
there is a time delay of their travel. Simultaneous-
ly, there is an increase of observable periods and 
decrease of frequency of elastic vibrations on rec-
orded seismic signals. 

Considering factors of wave field physical 
phenomena during several years a lot of investiga-
tors while forecast of hydrocarbon deposits have 
started to apply full-wave seismic survey in order 
to use both longitudinal, transverse and converted 
waves, since they can help to determine exact loca-
tion of fluids on its way. 

Discovery of hydrocarbon accumulations in the 
overlying and underlying medium using full-wave 
seismic survey carried out as follows: 
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– a desired object is located in overburden in 
the area of incident waves, wave types РРР, PPS, 
PSP, PSS, РР and PS are registered, there are 
no wave types such as SSS, SSP, SPS, SPP, SP 
and SS;  

– a desired object is located in overburden, in 
the reflection or refraction area wave types РРР, 
SPP, PSP, SSP, РР and SP are recorded, 
there are no wave types SSS, SPS, PPS, PSS, SS 
and PS;  

– a desired object is in underlying medium, in 
an area below refractor, wave types РРР, SPP, 
PPS, SPS are recorded and there are no wave types 
SSS, SSP, PSP, PSS.  

Besides, it was found that changes in values of 
dynamic and kinematic parameters of longitudinal 
reflected, refracted and transmitted waves depend 
on power and phase of hydrocarbon compounds 
and formation water, reservoir saturation, porosity 
as well as pressure and temperature. 

During the processing and interpretation of 
seismic data obtained by methods of reflected, re-
fracted and transmitted waves, the authors found 
that all kinds of longitudinal waves passing 
through fluids (particularly through gas reservoir) 
produce in the corner of its trap dynamic mature 
longitudinal diffracted waves. 

Also, according to actual seismic data authors 
found that from the oil-water and water-gas contact 
reflection that is so-called "flat spot" is registered. 
Reflection from these contacts is always recorded 
with a horizontal axis phase synchronism that is 
characterized by an angular unconformity with ax-
is of phase synchronism of waves reflected from 
top and bottom of a formation. Wherein reflection 
coefficient of these contacts have the same order of 
magnitude as from the other media boundaries.  

This boundary has two characteristics: 1) lim-
ited length of media boundary in case of small 
thickness and high angle of boundary of media 
saturated by fluid can be less than Frenel zone that 
leads to decrease in reflection intensity from the 
boundary; 2) non-mirror and gritty nature of the 
border causes an amplitude dependence of the  
reflection from a frequency range of research. 

Secondary transformation may occur in the contact 
area, i.e. reduced porosity and increased density of 
the water-saturated rocks. 

In the analysis of electrical exploration data  
obtained earlier [16, 17], it was found that the  
value of resistivity of oil, gas and condensate is 
very high and ranges from 106 to 1014 Ohm·m. In this 
regard, resistivity of formations saturated by water is 
significantly reduced from 0.01 to 100 Ohm·m.  
On the other hand it was found that the higher res-
ervoir temperature the lower resistivity and the 
higher the geostatic pressure (gravity effect) the 
higher resistivity of formation saturated by fluid. 

Furthermore, field data show that relatively 
small group of rocks (metal nuggets minerals, sul-
fides, certain oxides, carbons and carbonized 
graphite) has electron conductivity and the higher 
the concentration of such minerals in the rocks the 
lower resistivity. 

Main rock-forming minerals such as silicates, 
most oxides (quartz etc.), carbonates (calcium 
etc.), nitrates, phosphates and the like have very 
high resistivity. Most igneous rocks are character-
ized by high resistivity and change in the value of 
resistivity of these rocks depends on many physical 
and geological factors, in particular on their struc-
ture, texture, mineral composition etc. 

Texture and structure of rocks mainly affect 
their electrical anisotropy, due to the existence of 
which resistivity along the lamination (ρt) in most 
cases is smaller than across (ρa), i.e. ρt < ρa. In case 
of reverse phenomenon anisotropy paradox is  
observed. Fluids in geological structure (under 
natural conditions of occurrence) are discovered 
with detection of negative local anomalies in gravi-
tational fields.  

Thus, in the analysis of seismic, gravimetric 
and electrical exploration data obtained previously 
by researchers during prediction of hydrocarbon, 
authors established following geophysical features 
of detection of hydrocarbon accumulations in the 
geological structure: 

1. Seismic shear waves do not propagate in  
fluids, therefore are not presented on seismograms 
in presence of fluids in geological structure.  
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2. When longitudinal, reflected and refracted 
waves pass from borders below object of interest 
there is a decreased values of effective and reser-
voir velocities and frequencies of elastic vibra-
tions, increase of attenuation coefficients, travel 
time and visible periods of seismic waves.  

3. Having considered factors above and taking 
into account reference data authors grouped  
following seismic characteristics. Kinematic,  
dynamic, morphological, structural and formation-
al group of features [4-8]: 

A. Kinematic features:  
– increase of time interval between reflections 

of overlying and underlying layers of hydrocarbon 
accumulations;  

– decrease of time interval between reflections 
of covering layers of hydrocarbon accumulations;  

– increase of a number of signal phases of  
reflected waves coming from underlying layer and 
passing through hydrocarbon accumulations;  

– increase of travel time of reflected waves 
from underlying layers and passing through hydro-
carbon accumulations;  

– increase of formation speed between the  
covering layers of hydrocarbon accumulations;  

– decrease of formation (interval) speed in the 
presence of hydrocarbon accumulations;  

– increase of formation speed between underly-
ing layers in presence of hydrocarbon accumulations.  

B. Dinamic features:  
– decrease of amplitudes of elastic vibrations 

of reflected waves coming from underlying layers 
and passing through hydrocarbon accumulations;  

– increase of amplitudes of elastic vibrations of 
reflected waves (bright spot), coming from covering 
layers (surfaces) of hydrocarbon accumulations;  

– decrease of amplitudes of elastic vibrations 
of reflected waves (dark or dim spot), coming from 
the underlying layers (from the base and below) of 
hydrocarbon accumulations;  

– increase of period and decrease of frequency 
(spectrum frequency) of elastic vibrations of  
reflected waves coming from the underlying layers 
(from the base and below) and passing through  
hydrocarbon accumulations;  

– decrease of period (increase of frequency) of 
elastic vibrations of reflected waves coming from 
the covering layers (from the roof and above) of 
hydrocarbon accumulations;  

– increase of attenuation coefficient of elastic 
vibrations of reflected waves coming from under-
lying layers (from the base and below) and passing 
through the hydrocarbon accumulations;  

– decrease of attenuation coefficient of elastic 
vibrations of reflected waves coming from the 
covering layers (from roof and above) of hydro-
carbon accumulations;  

– increase in relative dispersion of instant σf /f 
frequency in an area with hydrocarbon accumula-
tions;  

– increase in relative dispersion of instant 
phases of σφ /φ in an area with hydrocarbon accu-
mulations;  

– a local change of polarity of reflected waves 
at the corners of contacts between hydrocarbons 
and reservoir rocks;  

– an increase in intensity energy of reflected 
and diffracted waves generated at the corner points 
of contacts between hydrocarbons and reservoir 
rocks;  

– increase of energy of reflected waves coming 
from layers covering (roof and above) in an area 
with hydrocarbon accumulations;  

– decrease in energy of reflected waves coming 
from underlying layers (from the base and below) 
and passing through hydrocarbon accumulations;  

– change in relative dispersion of lateral reflec-
tion coefficient Kref;  

– increase of average reflection coefficient 
module |Kref| layers in the area covering (from the 
roof and above) of hydrocarbon accumulations;  

– decrease of average reflection coefficient 
module |Kref| in underlying layers (base and lower) 
of hydrocarbon accumulations.  

C. Morphologic (discovery of hydrocarbon 
traps on migration time sections for configura-
tions) features:  

– anticline (tectonic) traps have isometric 
(domes), slightly elongated (brachyanticline) and 
linearly-extended (anticline) forms of folds.  
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On migration time cross-section domes are  
expressed in almost symmetrically convex shape of 
axis of phase synchronism, and shape of brachyantic-
line is convex on one side only or slightly stretched 
in both directions. Anticline folds have a convex 
shape and are strongly stretched in both directions. 

In accordance with structural shapes anticline 
traps may be: 

a) Through: when an axis of phase synchro-
nism of seismic horizons can be traced from the 
crystalline basement to the surface in inherited 
form. Often these phenomena are expressed even 
in the present relief. Within these inherited arches 
anticline traps are coincide and shifting aside 
sometimes;  

b) Buried: associated with wedges of the  
crystalline basement, where seismic horizons have 
certain amplitude that attenuate up to the sross-
section until horizontality; anticline trap are 
blocked by horizontal horizontals from the top;  

c) Hinged: located in a limited range and do 
not have roots in the crystalline basement.  
Anticline trap accompanied by horizontal phase 
synchronism axis of reflected waves coming from 
covering and underlying sediments.  

– Nonanticlinal (stratigraphic, lithological, 
complex (lithologic and stratigraphic) and reef) 
traps in terms of features can be categorized as fol-
lows: 

a) reservoirs are stratigraphic traps, connected 
to pinching out layer. Pinching out line and cut 
surface are lateral screen. In this case, it is neces-
sary to determine where the pinching out layer is: 
on monoclines or on anticline wings. In all the  
options pinching out is accompanied by merge of 
axial phase synchronism of reflected waves  
coming from the top and bottom of pinching out 
layers, and a straight line of phase synchronism of 
reflected waves coming from the cut surface;  

b) reservoirs are lithological traps associated 
with facies replacement of layers. These traps may 
be located on anticlines and monoclines. Lenses and 
layer inclusions of paleo channel, paleo delta and 
other forms of sedimentation, which are presented 
by clastic (sandy) sediments are related to lithologi-

cal traps. Lens inclusions on migration time section 
are allocated by presence of parallel axis phase syn-
chronism horizons overlying and underlying sedi-
ments. Pinching out both at the beginning and at the 
end of the phase synchronism are lateral screens.  

Traps of reservoir inclusions represent chaotic 
records of symmetrical signals that are detected by 
presence of homogeneous, heterogeneous, non-
layered and strongly crumpled media with no  
reflection. The zone is limited to the top and  
bottom by parallel axis phase synchronism of  
covering and underlying layers.  

Lateral screens of reservoir inclusion on migra-
tion time section are characterized by presence of 
homogeneous and heterogeneous rocks within the 
formation, where layered axis phase synchronism 
of reflected waves are traced.  

In the traps of paleo channels and deltas on  
migration time section some areas with lack of  
reflection were found coming from the media of 
homogeneous stratified rocks; 

c) complex traps that have complicated and  
difficult to determined shape of folds (monocline 
fall of layers with sand bodies, which have screens 
presented by line of cut surface). They are found 
during determination of true speeds in reservoirs, 
rock matrix and fluids.  

d) reef traps associated with organogenic  
constructions – barrier, shelf, coastal (boundary) 
etc. For a number of specific features, especially in 
the facies complex, reefs appear in a seismic field, 
i.e., according to the shape of axis phase synchro-
nism reef structures are determined;  

D. Structurally formational (age determina-
tion, establishment of sedimentation conditions 
and study of form of folds) features: 

a) seismic facies change (change of cross-
bedding to chaotic, delta or vice versa) within the 
parallel layered covering and underlying sedi-
ments. On migration time section of cross-bedding 
axis of phase synchronism are surrounded by  
chaotic records in a trap area;  

b) lateral change of layering types surrounded 
by traps, i.e. cross-bedding sediments are fixed to a 
trap, change to parallel layered sediments. On 
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migration time section cross-beddings axis of 
phase synchronism around a trap change to parallel 
layered axis of phase synchronism. 

c) lateral change of frequency of stratification 
around the trap. From the one hand, trap crowding 
(compactions) upside down is observed. From the 
other hand there is an expansion of trap layers 
(decompactions). Axis of phase synchronism of re-
flected waves behave the same way. 

4. Longitudinal diffracted waves are formed at 
the end of structures saturated with fluid. 

5. During the use of method of reflected wave 
longitudinal reflected waves with lateral axis phase 
synchronism shortly extended from water-oil and 
water-gas contacts are registered.  

6. On gravimetric fields (charts of gravity 
anomaly) hydrocarbon accumulations are 
highlightted by presence of local minimums [9-12].  

7. In presence of fluids in geological  
cross-section high temperatures and pressures 
(AHRP and AHPoP) are observed.  

8. Hydrocarbon deposits are found along well 
borehole according to the lateral logging sounding 
with definition of true resistivity and self polariza-
tion. In presence of hydrocarbon compounds resis-
tivity is very high, while in the presence of  
formation water resistivity is low [13–15].  

9. In contrast to true velocity and density in 
presence of hydrocarbons in geological structure 
true values of resistivity are very high, while in 
presence of saline and fresh reservoir water true 
resistivity values, as velocity and density values, 
are very low [16-17].  

Conclusion 

Use of geologic criteria and geophysical  
features allow discovering hydrocarbon accumu-
lation and places of its high concentration in  
geological cross-section because they are deter-
mined based on processes of oil and gas  
formation and study of geological structure of 
territory of interest.  
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