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HAUTERIVIAN BIOGENIC BUILDUPS OF THE BODRAK RIVER RIGHT BANK AREA, CRIMEAN MOUNTAINS 
The paper analyzes the factors affecting spatial distribution of the Low Cretaceous biogenic buildups in the Crimean Mountains. For the case of the 

Hauterivian paleobasin buildups, two most plausible hypotheses have been chosen out of the explanations, published earlier by different authors. These are 
an anoxic hypothesis of buildups control and a hypothesis of an increasing terrigenous export resulting from transgression, active block tectonics and 
differences of the surface relief. The hypothesis of the terrigenous export caused by active tectonics can be tested by applying methods of geological survey 
of biogenic buildups. In such a way, if in transgressive overlapping of certain biogenic buildups there is revealed an increase in an amount of terrigenous 
material in the reef limestone or inhibition of coral growth, the hypothesis of terrigenous export will be proved.  

In the present paper the altitude harp method and the facial profiles analysis have been applied to buildups of the Bodrak River right bank area. 
The study reaffirms the Early Hauterivian transgression for this area; however, its rates are quite moderate (of about 5–10 m during the time span 
corresponding to two ammonite zones). The parts of buildups which correspond to the sea level rising show no signs of degradation, quite the 
reverse, they have the most complete development. These results argue against the hypothesis of buildups control by a terrigenous export and are 
the evidence of classical positive dependence between the area downwarping and reef growth. Thus, only the anoxic scenario remains most 
credible explanation for buildups distribution in the Hauterivian of the South-Western Crimeans. A trend to an exclusion of corals from the adaptive 
zone of reef-builders, which existed during all the Lower Cretaceous, was caused by global warming (similarly to modern situation). This trend 
resulted in destroying coral communities, in the first place at the expense of their heterotrophic component. As a consequence, there occurred 
anoxic events. In the case of the Early Hauterivian of the Bodrak river right bank area those used to be local, merely confined to inter-buildup 
depressions, hence later overgrowing into the global ones. 

It has been shown that biogenic buildups of the Hauterivian Bodrak-Alma interfluve can be classified as buildups of sandbank barrier zone. 
Low depths and off-shore location, the absence of foreslope bioclastic aprons, rapid lateral migration of buildup facies, and the presence of wave-
protected areas are characteristic of these buildups. Besides, the paleogeographic situation was additionally complicated by the presence of many 
intrusions building positive topographic forms, all providing favourable environment for scleractinian communities.  

Keywords: Hauterivian, biogenic buildups, South-Western Crimea. 
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antarctica Comber),   –   
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    . 
     

      -
 .    98   

 ,    41 . -
       

 .    -
   –  80–85 % .  

      
 ,      

65–75 %.    – 7–
16 %,    ,   

   , – 5–10 %,  -
    3–5 %. 
 " "   . . -

 (1949)      -

, '       -
 [3].   " " ( . sea ice algae) -

  ,       
 ,      -

 ,   .   -
       

      
. 2.      -

   . 3. 
      

Thalassiosira,     50  60 % -
,      

T. antarctica.       
  T. lentiginosa (Jan.) Fryx.,  1–4 %  -

.  T. gracilis (Karsten) Hustedt  -
 1–2 %     : 

T. gracilis var. expecta (VanLand.) Fryxell & Hasle  
T. gracilis var. gracilis (Karsten) Hustedt.    
Thalassiosira     

 . : T. eccentrica (Ehr.) Cleve, 
T. oliveriana (O'Meara) Makarova & Nikolajev, T. perpusilla 
Kozlova, T. ritscheri (Hustedt) Hasle, T. tumida (Janisch) 
Hasle .      -

      Chaetoceros 
spp. – 5–8 %, Actinocyclus actinochilus (Ehr.) Sim. – 4 %, 
Porosira glacialis (Grun.) Jorg. – 4–7 %, Stellarima 
microtrias (Ehr.) Hasle & Sims – 2–3 %.   

 Eucampia antarctica var. recta (Mang.) Fryx. & Pras. 
  0,5  4 %, Porosira pseudodenticulata 

(Hust.) Jouse – 0–3 %   Rhizosolenia, -
  Rh. antennata Sundstrom  Rh. styliformis 

Bright., – 0–2 %.     1–2 %  
: Paralia sol (Ehr.) Crawf., Odontella aurita (Lyngbye) 

Agardh.   1 %    
 : Actinocyclus octonarius Ehr., 

Coscinodiscus oculus-iridis (Ehr.) Ehr., Odontella 
weissflogii (Janisch) Grunow, Podosira stelligera (Bailey) 
Mann, Triceratium arcticum Bright.   Asteromphalus. 

     -
,  10–20 %,     -

 .  Cocconeis  3–7,5 %  -
    C. fasciolata (Ehr.) 

Brown – 2,5–6 %  C. costata Greg. – 0,5–2%.  
 : C. antiqua Tempere & Brun, 

C. californica var. kerguelensis Heiden & Kolbe, C. distans 
Greg., C. scutellum Ehr.    

  Fragilariopsis. : F. curta, 
F. cylindrus, F. kerguelensis (O'Meara) Hust., F. linearis 
(Castr.) Freng., F. obliquecostata (Van Heurck) Heid., 
F. ritscheri Hust., F. rhombica (O'Meara) Hust.  
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Trichotoxon reinboldii (Van Heurck) Reid & Round. 

     04-63    
  Denticulopsis dimorpha (Schrader) 

Simonsen. 
    ,    

    -
.    Thalassiosira 

        -
   .   T. antarctica 

    -  
.   T. antarctica   -

       40–50 %.  
   , -

      –1,5 °C  
   –0,5  +0,5 °C [5]. -

  T. antarctica,   -
     +1,5  +4 °C [5], -

   .   -
 , T. antarctica   -

,       -
       [8]. 

 Porosira glacialis  P. pseudodenticulata -
        

 ,     
 .      
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     –1,3  +2 °C  

   0  +0,5 °C.   -
        

      -
   [4].      -

    5–10 %,  P. glacialis. 
Actinocyclus actinochilus –     

 .     
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-    1,5…0 °C. 
      

    . 
 Stellarima microtrias    2–3 % 

  .      
        -

 .       
    (7,5   )  -

    –1,3  +3,5 °C [4]. 
  Chaetoceros –   

    . 
  ,       

 ,     -
       

1  +1 °C      
,      [4].  -
  Chaetoceros    -

 5–8 %. 
 Fragilariopsis curta  F. cylindrus  '  
     -

 ,        
  [5, 9].    -

       –0,5 
 +1 °C.   A. actinochilus     

     [9].  -
       

 0,5–1,5 % (  – 2,5 %    
 04-65)    . 

 

 
. 2.      

     : 
1 – Thalassiosira antarctica, 2 – Porosira glacialis,  

3 – Stellarima microtrias, 4 – Actinocyclus actinochilus, 
5 –  Chaetoceros, 6, a – Fragilariopsis curta,  

6, b – F. cylindrus 
 

   7  16 %  -
  ,     
  .  

Thalassiosira lentiginosa –  ,  
     -

  ,     -
,       

 ,    .  -
      -

  +1  +8 °C [6],     -
   .   -

     1–4 %. 
Fragilariopsis kerguelensis –  -

  ,      
  .    

 ,    -
  [9].      -
     +5 °C   
    '   [6, 7].  -
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   .  

      -
   2,5 %. 
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 ,      04-57,  

   ,    2 %. 
     -
      -
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SPECIES DIVERSITY AND ECOLOGICAL FEATURES OF DIATOM ASSEMBLAGES  
FROM THE SURFACE LAYER OF THE WESTERN ANTARCTIC BOTTOM DEPOSITS (THE ARGENTINEAN ISLANDS) 

 
This paper is devoted to diatom taxonomic diversity in marine surface deposits of the Argentinean Islands water area near the "Academician 

Vernadsky" Ukrainian Antarctic Station. The research is aimed at analyzing the palaeofacial conditions of diatom assemblage formation and various 
agents which affected their taxonomic composition and ecological structure. To study the fossil diatom assemblages, the material was treated in 
accordance with standard techniques. Diatom frustules were examined by light and scanning electron microscopy. Quantitative estimation showed 
up to 600–800 diatom frustules in each slide. The share has been identified for each species in the assemblage. 

The research yielded data on the taxonomy and ecological features of the diatom assemblages. There have been analyzed the major factors in 
the assemblage formation. The species composition of the assemblage suggests that the surface layer (0–3 cm) of the Argentinean Islands 
deposits was being formed in a hydrological environment similar to the present one. Lack of benthos can be accounted for by a sea depth of over 
150 m below the photic zone. 

The predominant planktonic littoral cold-water species, cryophile diatom species and scarce oceanic warm-water ones must have occurred in 
the near shore waters with ice cover, which, due to cold winters, remained thick for 7–8 months per year. The results suggest that the temperature 
of the marine surface waters ranged from –1,5 °C to +3 °C during the vegetation season. With average summer temperatures of +0,5 … +1,5°C, ice 
remained drifting in the waters throughout the summer.  

The distribution of planktonic diatom species in the surface bottom assemblages coincides with their modern areas, which is accounted for by 
weak sea surface currents and low hydrologic dynamics. It can be assumed that the oceanic subantarctic diatoms were brought into shallow 
Antarctic coastal waters by tides. 

Due to their sensitivity to changes in environmental variables, diatoms are widely used as an indicator in reconstructions of palaeoclimatic 
variations and fluctuations resulting from global warming, as well as in the geological and paleoceanological investigations of the South Ocean. 
However, fossil siliceous microalgae in the North-Western Antarctic bottom deposits had not been given a detailed description, which necessitated 
a thorough analysis of diatoms from the sediments in the Argentinean Islands water area. 

Our scientific research into the diatom flora development has enhanced the understanding of the Quaternary Antarctic palaeoclimate variables. 
The new diatom data may be of use to those undertaking paleoceanological and sedimentological inquiry. 

Keywords: diatoms, marine bottom deposits, Argentinean Islands, Southern ocean. 
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EARLY AND LATE SYNCHROGRANITIZATIONAL BLASTOMYLONITES IN PERVOMAISKA FAULT ZONE 
The paper explores stages in granitization of the leucocratic blastomylonites intersected by melanocratic tectonites. The study focuses on di-

feldspar migmatites and gneissoid granites, variegated in texture, structure and composition, which are the tectonites of the Pervomaiska 
gneissoid granite monocline. The prevalent blastomylonites in the study area are light gray, light pink and pink, average-to-coarse-grained, 
pegmatoid, porphyroclastic, heavily schistose and banded. 

Early leucocratic pegmatoid tectonites occur subvertically and are intersected by melanocratic tectonites at 45o. Showing no major 
recumbency or discontinuity of the directive structures, the intersection provides evidence of a brittle-ductile deformation. Rotational amplitude 
and vector being vague to define, the juxtaposition of the deformed fragments of the pegmatite vein in the late tectonites is assumed to have been 
affected by low amplitude of shear or thrust deformational processes, though. The hypothesis made is further confirmed by the occurrence of Fsp 
porphyroclasts as well as Fsp quartz aggregates. 

The thickness of the melanocratic layer observed within 3 m makes 8–10 cm, with an azimuth being 240–260o, and the gradient making 45–55o. 
This is contrasted to leucocratic tectonites with an 80o azimuth and an 85o gradient.  

Melanocratic tectonites are of fine-grained texture and Fsp biotite-quartz chemistry. They are identified based on blastomylonite fine-grained 
granoblastite texture with traces of relict Fsp and garnet porphyroclasts, as well as low mineralized quartz lenses that are similar to those of the 
basic gneissoid granites. Blastasy is quite mature, while sections reveal distinct blastomylonite schistose features. Minor porphyroclasts can be 
seen throughout the study area, which suggests permanent hetero-axial brittle-ductile deformation. 

The leucocratic tectonites being intersected by the melanocratic ones is obvious. What raises further consideration is the temporal correlation 
between the deformational processes in question and the Palaeo-Proterozoic granitization. Interestingly, microtectonic evidence suggests late and 
post granitization deformations having been in sync, with granitization strains showing considerable variability. 

Keywords: leucocratic gneissoid granites (polytectonites), relic porphyroclast, melanocratic blastomylonites. 
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TECTONIC EVOLUTION OF MOUNT SYNIAK (THE VYHORLAT-HUTYN VOLCANIC CHAIN) 
IN POSTMAGMATIC STAGES: A RECONSTRUCTION BASED ON STRUCTURAL MORPHOMETRY 

Active magmatism gave rise to the Vyhorlat-Hutyn volcanic mountain chain, which had formed by the late Pliocene and is a recent indication of 
endogenous processes in the Ukrainian Carpathians. Mount Syniak – a stratovolcano in the NW part of the chain – has preserved its original shape, 
heterochronous igneous complexes and is well-marked among the landforms. However, little evidence has been collected concerning the presence 
of volcanic calderas, spatial and temporal distribution of neotectonic movement amplitude in the postvolcanic stages, and the tectonic activity 
level. These complex issues can only be clarified by analyzing a sufficient bank of geological, geophysical and geomorphological data. The goal of 
this research is to reconstruct the postmagmatic tectonic processes based on relief analysis. B. Filosofov's structural morphometry technique has 
been employed to determine the main relief indices. A complex analysis of geological, geophysical data and structural-morphometric indices 
yielded numerical parameters of the neotectonic vertical movements and their spatial-temporal patterns for Mount Syniak in the four posmagmatic 
stages. Differences in the tectonics of Grabowsk volcanic dome and the summit caldera have been determined. The summit caldera has been 
proved to show indications of destruction. There have been identified two local structures with high values of vertical movement amplitude: the 
central part of the volcano's summit caldera (m. Buz) and a section within the Grabowsk volcanic dome (between m. Berdo and h. Chervone).  

Keywords: structural morphometry, neotectonic movements, GIS, relief, morphogenesis. 
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FENITIZATION HALOS IN PENCHENGA AND CHERNIGOVKA CARBONATITE MASSIFS: 
SIMILARITIES AND DIFFERENCES  

Mineralogical, petrographic and geochemical features of carbonatites and fenitization halos of two linear carbonatite massifs, Penchenga 
(Yenisei Ridge) and Chernigovka (Pre-Azov Region), have been investigated. The purpose of the research was to identify and compare regularities 
of mineral association changes and major and trace elements behavior during the fenitization halo evolution over different host rocks (silicate and 
carbonate). To achieve this goal, we carried out three principal components of the laboratory and analytical study: petrographic investigation in thin 
sections to determine the mineral composition as well as the textural and structural features of rocks; X-ray fluorescence analysis to identify major 
and trace elements; interpretation of the data obtained.  

Our research produced the following results: (1) a similarity has been found in the direction of mineral association changes brought about by 
fenitization of different host rocks (silicate and carbonate) for both studied massifs (complete disappearance of such relict minerals as quartz, 
biotite and hornblende, and emergence of newly formed paragenesis: alkaline amphiboles, phlogopite, and calcite; an increase in apatite and 
pyrrhotite content, and the emergence of pyrochlore and titanite); (2) it has been found that in both cases, the main direction of changes in the 
contrast type host rocks caused by fenitization is the convergence of their mineral and chemical compositions; (3) according to their behavior 
during fenitization, the major and trace elements in each massif have been found to fall into three groups: lost, gained and redistributed; (4) the 
composition of these groups reflects a difference in the geochemical specialization of the massifs, which is also marked by the absence of 
nepheline rocks in the Penchenga massif in contrast to the Chernigovka massif; (5) similarities and differences in the Penchenga and Chernigovka 
carbonatite massifs have been revealed for the first time, and a common multiplicative geochemical zonation index has been constructed for both 
massifs to objectively show an increase in the level of contrast host rocks transformation. Using this index can enhance the efficiency of area 
selection and target evaluation. 

Keywords: carbonatite massifs, fenitization, Pre-Azov Region, Ukrainian Shield, Yenisei Ridge. 
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GEOLOGICAL POSITION AND COMPOSITION OF PICRITES  
FROM THE NOVOUKRAINKA DYKE FIELD (INGUL MEGABLOCK OF THE UKRAINIAN SHIELD) 

A study has been conducted into the uncommon dyke rocks with ultrabasic composition which were opened with deep boreholes within the 
Novoukrainka Granite Massif located in the Ingul megablock of the Ukrainian Shield. The research was aimed at specifying the geological position 
of the studied dyke rocks, as well as clarifying their petrographic features and the presumptive metallogenic specialization. The results of drilling 
showed that ultrabasites form small dyke bodies of northwesterly extension intruding in the Novoukrainka complex granitoids of 2040-2000 Ma U-
Pb isotope age. The isotope age of the ultrabasic dykes has not been precisely determined. Together with the more numerous olivine dolerite and 
diabase dykes, the ultrabasic dykes form the Novoukrainka Dyke Field (NDF) flanking the southwest Novoukrainka granitoid massif on the 
northwestern border of the Bobrinets dyke belt. Cores from the wells were studied using optical and electronic microscopy, electron probe 
microanalysis, emission spectral analysis and "wet" chemistry. The results suggest that the NDP ultrabasic dyke rocks can be referred to 
subalkaline picrites altered to a certain extent by low-temperature post-magmatism. The relic paragenesis of mafic minerals characteristic of 
subalkaline magmas (Ti-salite and kaersutite) can be associated with primary hyperalkalinity of the picrites. High TiO2 in the studied rocks caused 
by high concentrations of ilmenite and Ti-magnetite is also primary in origin. Relic microtexture features of the picrites testify to fast crystallization 
of the Ti-oversaturated ultrabasic melt that took place in hypabyssal or even subvolcanic conditions. Low-temperature post-magmatic changes in 
the picrites were followed by full replacement of olivine and partial replacement of monoclinic pyroxene due to the development of actinolite, 
biotite, chlorite, pyrites and iron oxides. It has been shown that subalkaline picrites of the NDP are petrographically and geochemically distinct from 
other dyke rocks of the Bobrinets belt presented by a low-alkaline dolerite-diabase association belonging to the tholeiitic series. As is evident, 
subalkaline picrites refer to a different rock association, which requires further research into their geologic age, geotectonic position and 
petrogenesis, their peculiar Ti-V-Ni metallogenic specialization being of scientific interest as well.  

Keywords: dyke rocks, subalkaline picrites, Ukrainian Shield. 
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ELECTRICAL PROPERTIES OF CAMBRIAN ROCKS IN VOLYNO-PODILLIA 

 
(     . . , . . . . . ) 
In this article, we present the results of applying a petroelectrical research technique to complex terrigenous and carbonate 

reservoirs. There have been determined the petroelectrical properties and their relation to porosity and permeability of sandstones, 
dolomites and limestones (Cambrian deposits) from the Volodymyrska area, Volyno-Podillia. The aim of the research was to build 
petroelectrical models of reservoir rocks to ensure a comprehensive analysis of electrical parameters of rocks and their correlation with 
porosity and permeability. Determining effective resistivity of reservoir rocks can provide data on: changes in different types and groups 
of rocks, stratigraphic horizons, facies and geological sections; correlations between effective resistivity and mineral composition, pore 
structure, substance phase ratio, electric field intensity and frequency; resistance variations due to epigenetic transformation and 
metamorphic changes in rocks. 

Petrophysical laboratory studies included determining: bulk density of rocks (both dry and saturated with synthetic brine); effective 
porosity (obtained by nitration and synthetic brine saturation); residual water saturation factor (by centrifugation); permeability (by 
stationary nitrogen filtration method); interval time (P-wave velocity) and electrical resistivity. Laboratory research yielded data on the 
petroelectrical parameters of Cambrian sandstones, dolomites and limestones from the hydrocarbon prospective Volodymyrska area, 
as well as empirical correlations between petroelectrical parameters, porosity and permeability of the studied rocks.  

It has been found that the electrical resistivity of the dry extracted samples (mainly determined by electrical resistance of the rock 
matrix) ranges from 5,2·104 Ohms m (sandstones) to 2,4·107 (dolomites), with an average value of 3,8·106. The electrical resistivity of 
synthetic brine saturated rock samples (NaCl solution) ranges from 7,2 Ohms m (sandstones) to 73 (limestones), with an average value 
of 45. The formation resistivity factor ranges from 20,4 to 85,5, with an average value of 44,1 (sandstones); from 143,9 to 207,6, with an 
average value of 188,6 (limestones); from 81,7 to 198,7, with an average value of 155.6 (dolomites). The variation range of the resistance 
increase is: from 1 to 3,24, with an average value of 1,24 (sandstones); from 1 to 7,19, with an average value of 2,24 (limestones); from 1 
to 2,76, with an average value of 1,44 (dolomites). Sandstones are characterized by changes in resistance from 1 to 2,12, with an 
increase in pressure from atmospheric to hydrostatic (to 59 MPa), while for limestones the resistivity index ranges from 1 to 7,7, with 
pressure ranging between 0-49 MPa.  

There have been found correlations between electrical resistivity and porosity ratio, as well as resistance increase and the water 
saturation ratio in the laboratory and reservoir conditions, which may be used as a framework for geological interpretation of 
geophysical data. These correlation dependences are generally approximated by the power function. Data analysis shows that 
petroelectrometric studies are a powerful tool in laboratory and field research, being efficient enough to give extensive and useful 
information about rock properties. Laboratory data on electrical resistance of rocks may be employed to further reinforce the 
interpretation of the results of electrometric well logging and electric exploration. 

Key words: core, water saturation, fluid, borehole, Cambrian, sandstone, limestone, dolomite, centrifuge, porosity, electrical 
resistivity, pressure, permeability, petroelectrical parameters, correlation dependence.  

 
Introduction. The intricate correlation between porosity, 

permeability and logging and field geophysical data requires a 
thorough analysis based on petrophysical laboratory studies. 
A crucial factor in determining the geoelectrical properties of 
rocks is electrical resistivity ( ), which is determined by rock 
composition and texture, capacity space structure, oil- gas- 
and water saturation of rocks, porosity factor, reservoir water 
salinity, temperature and pressure [1–8]. 

Our main purpose was to develop a petroelectrical 
model of reservoir rocks so as to provide the basis for a 
comprehensive analysis of their electrical parameters and 
their relation to porosity and permeability. Determining 
reservoir rock resistivity is essential to clarifying its 
variation range for certain types and groups of rocks, 
determining individual stratigraphic horizons, sections and 
facies; revealing the correlation between resistivity and a 
number of attributes, such as mineral composition, pore 
space structure, the phase relation of matter, frequency 
and tension of the electric field, as well as identifying the 
nature of changes in electrical resistivity under epigenetic 
transformations and metamorphic changes in rocks. 

Laboratory data on resistivity variation in rocks are used in 
electrical logging interpretation and electrical exploration. 

This paper presents the results of petroelectrical laboratory 
analysis of Cambrian sandstones, limestones and dolomites 
from the hydrocarbon prospective Volodymyrska area 

(Volodymyrska-1 and Volodymyrska-2 wells, the interval 
1,190–2,520 m). The area is located in the northern part of the 
eastern side of the Lviv Paleozoic rock bend in Volyno-Podillia 
edge of the East-European platform. 

Experiment. A series of laboratory experiments involved 
identifying the density of the rocks under study (dry and 
saturated with synthetic brine), open porosity (method of 
nitrogen saturation and method of synthetic brine saturation), 
residual water saturation factor (by centrifugation), 
permeability (nitrogen filtration method), interval time (velocity 
of P-waves) and resistivity. In the laboratory experiments, we 
determined electrical resistivity of rock samples under various 
conditions (dry, partially and completely saturated with 
reservoir synthetic brine) under atmospheric conditions and 
under those similar to in-situ conditions. 

Laboratory electrometric measurements of dry core 
samples were performed at a temperature of 20° C with a 
digital teraohmmeter C.A. 6547, which ensures high-
precision measurement of electrical resistivity in the 
range of 10 Ohms to 10 Ohms, using a DC two-
electrode scheme, with computerized digital recording [3–
7]. For NaCl (M = 30 g/l) saturated samples, RCL-meter 
MHC-1100 was used. Cylindrical samples to be tested 
were placed in a special core holder with nonpolarized 
electrodes, which are specially made from graphitized 
rubber. In order to determine the correlation between the 
petrophysical parameters and the water saturation levels 
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(and hence oil and gas saturation) of rocks, we studied 
the changes in resistivity while stripping water on 
centrifuge OC-6M. 

Petroelectrical analysis involved repeated measuring of 
electrical resistivity in core samples saturated with 
synthetic brine. Measurements were performed before and 
after centrifugation in stripping modes from 1,000 to 6,000 
rev/min with a measurement interval of 1,000 rev/min, 
water displacement pressure ranging from 0,2 to 1,0 MPa 
(7 measurement cycles). Simultaneously, water saturation 
factor and velocity of elastic waves were being determined. 
The mean relative error of electrical resistance was 
estimated to be 2,4%. 

Data analysis. Petrophysical laboratory research 
yielded data on porosity, permeability and electric 
properties of the major types of rocks, as shown in Table 1. 

The laboratory measurements have shown that 
resistivity values measured on dry extracted samples 
(electrical resistivity of the rock matrix) range from 51,610 
(sandstone) to 24,441,890 Ohms m (dolomites), with an 
average of 3,827,440 Ohms m. Major variations in the 
resistivity values of the samples are due to 
inhomogeneities in the texture of rocks (the presence of 
clay and sandy layers) and their disarray. Specific electrical 
resistivity of rock samples saturated with synthetic brine (NaCl 
solution) ranges from 7,2 (sandstones) to 73 Ohms·m 
(limestones) with an average value of 45 ohms m. 

 
Table  1  

Results of measuring petrophysical properties of limestones, dolomites and sandstones 
Density, g/m3 Open porosity, % Resistivity, Ohms·m 

Index Rock Age 
Parameter 

Value dry 
NaCl 

saturated 
with 

nitrogen 
NaCl 

saturated 

Perme-
ability, 

femtom2 

Residual 
Water 

Saturation 
Factor 

dry 
NaCl 

saturated 

Resistivity 
factor 

1 2 3 4 5 6 7 8 9 10 11 12 13 
1 limestones  min 2,661 2,673 0,01 0,002 0,001 0,03 131,110 50,5 143,9 
2 limestones  max 2,699 2,704 0,025 0,013 3,479 0,67 6,588,358 72,9 207,6 
3 limestones  avg 2,690 2,695 0,016 0,006 0,442 0,269 1,423,156 66,2 188,6 
4 dolomites  min 2,690 2,694 0,017 0,005 0,001 0,3 146,508 28,7 81,7 
5 dolomites  max 2,845 2,854 0,046 0,038 0,002 0,65 24,441,890 69,8 198,7 
6 dolomites  avg 2,753 2,766 0,026 0,017 0,001 0,41 6,411,826 54,6 155,6 
7 sandstones  min 2,116 2,222 0,054 0,044 0,005 0,27 51,610 7,2 20,4 
8 sandstones  max 2,486 2,526 0,13 0,116 1,067 0,86 11,127,988 30 85,5 
9 sandstones  avg 2,290 2,361 0,089 0,077 0,139 0,71 3,647,329 15,5 44,1 
 

 b 

c  
Fig. 1. Correlation between porosity ( ) and the formation resistivity factor (FR) – 

 Archie–Dahnov Equation (laboratory conditions):  
a – sandstone, b – limestone, c – dolomite 

 
Our laboratory studies showed the following correlation 

(Fig. 1a, 1b, 1c) between porosity ( ) and the formation 

resistivity factor (FR): mF  – Archie-Dahnov Equation 

for sandstone, limestone and dolomite, respectively, where 
a is constant coefficient, and m – structural indicator [7]. 

Electrical resistivity can be quantified using Archie–

Dahnov Equation: 1.22
RF 1.675  where R2 = 0.835 

(sandstones), 0.27
RF 40.99 , where R2 = 0.77 (lime-
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stones), 0.33
RF 37.60 , R2 = 0.74 (dolomites), where – 

FR = R0/RW, R0 – the resistivity of a 100% water saturated 
rock, RW – electrical resistivity of reservoir water. 

Data analysis showed that in sandstones, relative 
changes in formation resistivity factor range from 20.4 to 
85.5, with an average value of 50. Accordingly, porosity 
variation is within the range of 0.089 to 0.116, with an av-
erage value of 0.077. For limestone, variation in formation 
resistivity ranges from 143.9 to 207.6, with an average 
value of 180, whereas porosity varies from 0.002 to 0.015, 
with an average value of 0.008. Dolomites show variation 
in formation resistivity factor ranging from 81.7 to 198.7, 
with an average value of 145, and porosity variation of 
0.005 to 0.038, with an average value of 0.017. 

Limestone and dolomite from Volodymyrska area show 
little difference in the values: coefficient a is 41 and 36.6 
respectively, and the structural index m – 0.273 and 0.33. 

On the other hand, for sandstones from the Volodymyrska 
area, coefficient a is 1.675, and structural index m – 1.124, 
these values being markedly different from those above. 

We used the centrifuge OC–6M in our laboratory ex-
periment and carried out statistical analysis of petroelectri-
cal measurements to determine the correlation between 
resistivity index (IR) and water saturation factor (Sw) for the 
rocks under study. Correlation dependences are as follows: 

for sandstones – 0.92
R wI 1.069 S , with R2 = 0.82, for the 

limestones the relationship is: 0.79
R wI 1.169 S , with  

R2 = 0.86; dolomites dependence can be expressed by the 

following formula: 0.87
R wI 0.997 S  , with R2 = 0.79, where 

IR = Rt / Ro, Ro – partially water-saturated rock resistivity 
and Rt is water-saturated rock resistivity. Fig. 2a, 2b and 3c 
show the correlations: 

 

 b 

c  
Fig. 2. Correlation between water saturation factor (Sw) and resistivity index (IR):  

a – sandstones, b – limestones, c – dolomites 
 
Data analysis shows that the sandstones have a resis-

tivity index ranging from 1 to 3.23, with an average value of 
1.24. Accordingly, water saturation factor ranges from 1 to 
0.29, with an average value of 0.88. For limestones, resis-
tivity index variation is from 1 to 7.19, with an average 
value of 2.24 and water saturation factor ranging from 1 to 
0.08, with an average value of 0.48. For dolomites, resistiv-
ity index ranges from 1 to 2.76, with an average value of 
1.44 and the corresponding water saturation factor varying 
from 1 to 0.33, with an average value of 0.71. 

It should be noted, that in the correlation equation 
n

R wI b S which expresses the relationship between wa-

ter saturation factor and resistivity index, coefficient b var-
ies from 0.997 (dolomites) to 1.17 (limestones), and wet-

tability index n ranges from 0.79 (limestones) to 0.92 
(sandstones). The rocks under study show little difference 
in these attributes. 

To evaluate specific resistivity of rocks in situ, we car-
ried out a comprehensive study using a special high pres-
sure installation – VSC-1000, with pressure ranging from 
the atmospheric pressure to 59 MPa. The results clearly 
show that under increasing pressure, closing of micro-
cracks and deformation of the pore space result in an in-
crease in the electrical resistivity of rocks. We have been 
able to define the correlation between the mean value of 
the resistivity increase coefficient (Q) and pressure (p) for 
sandstones and limestones. This relationship can be ex-
pressed by polynomials of order 3 and 4: 

-5 3 -4 2 -2Q 1 10 13 10 5.9 10 0.9993 , with R2=0.99 (sandstones), 
6 4 4 3 2 2Q 8 10 9 10 2.98 10 4.022 0.4302 , with R2=0.99 (limestones). 

Figures 3a and 3b show this relationship. 
Sandstones show a variation of resistivity increasing 

coefficient ranging from 1 to 2.12, with an increase in the 
hydrostatic pressure from the atmospheric pressure up to 

59 MPa. For the limestones, the variation range of resistiv-
ity increasing coefficient is from 1 to 7.7, with an increase 
in the hydrostatic pressure from the atmospheric pressure 
up to 59 MPa. 
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 b  
Fig. 3. Correlation between the resistivity increasing coefficient (Q) and pressure (p) for: sandstones (a) and limestones (b) 
 
Graphs in Fig. 3 suggest that there are three areas 

showing marked differences in the nature of electric resis-
tivity variation. In the first area, where pressure ranges 
from the atmospheric pressure to 24.5 MPa, resistivity in-
creasing coefficient is very high – up to 1.8 for sandstones. 
This may be caused by intense closing of microcracks, 
which reduces channels conductivity. The following range 
of pressure variation – from 24.5 to 44 MPa – is associated 
with a certain stabilization of electrical resistivity variation. 
In this case the coefficient of resistivity increasing ranges 
from 1.8 to 2 for sandstones. In the range of pressures 
from 44 to 59 MPa resistivity increasing coefficient is lower 
than in the first range, but higher than in the second one. 
The slow growth rate of the resistivity increasing coefficient 
in the ranges (plots) 2 and 3 may be accounted for by rela-
tively smaller (than in the first range) deformations of the 
pore space, which constricts or breaks the conduction 
channels. For limestones, in the first section (pressure in-
creases from atmospheric to 9.8 MPa) the resistivity in-
creasing coefficient varies from 1 to 2. In the range of pres-
sures from 9.8 to 29 MPa, there is some stabilization in 
electrical resistivity variation to be observed. With pressure 
increasing above 30 MPa, the resistivity increasing coeffi-
cient rises sharply (up to 7.7 at a pressure of 59 MPa). This 
is probably due to abrupt closing of major cracks responsi-
ble for electrical conductivity. 

Using the data on measuring resistivity under pressure, 
we calculated its values for the rocks in situ. A petroelectri-
cal study with high pressures applied enabled us to define 
the relationship between porosity ( ) and formation resis-
tivity factor (FR) in situ. The Archie–Dahnov Equation for 
the Cambrian sandstones (in situ) is as follows (Fig. 4): 

1.52
R ,F 1.365 , with R2 = 0.92. 

 
Fig. 4. Correlation between porosity ( )  

and formation resistivity factor (FR) under in situ conditions  
for the Cambrian sandstones 

 
To evaluate electrical anisotropy, we took measure-

ments of electrical resistivity along and across the stratifi-
cation. Resistivity anisotropy coefficient  was determined 
using the formula: 

v

h

R

R
 

where Rh and Rv = electrical resistivity along and across 
stratification respectively. 

The results show that the resistivity anisotropy coeffi-
cient of dry extracted sandstones varies from 1.01 to 1.09, 
with an average value of 1.05. Anisotropy factor of satu-
rated (NaCl solution) sandstones ranges from 1.05 to 1.18, 
with an average value of 1.12. 

A comprehensive analysis of the petrophysical data set 
was the basis for determining petroelectrical models of 
consertal sandstones, limestones and dolomites. In this 
paper, the petroelectrical model is presented in the form of 
geoelectrical data and relationships between petroelectrical 
parameters and physical properties of the Volodymyrska 
area rocks. These data are summarized in Table 2. 

Conclusions. We have shown that, being a powerful 
tool for both laboratory and field studies, electrometric 
methods prove to be effective and provide extensive and 
accurate data on the properties of rocks. Petroelectrical 
study plays an important role in petrophysics and is widely 
used in determining the physical properties of rocks and 
ores. Determining their composition, structure and condi-
tion is essential for solving various tasks in mineral explora-
tion, particularly in petroleum geology. 

Laboratory experiment has been conducted in order to 
determine the petroelectrical attributes of Cambrian sand-
stones, limestones and dolomites from the hydrocarbon 
prospective Volodymyrska area. It was found that the elec-
trical resistivity of the dry extracted samples (determined 
mainly by electrical resistance of the rock matrix) ranges 
from 5.2·104 Ohms m (sandstones) to 2.4·107 (dolomites), 
with an average value of 3.8·106. The electrical resistivity of 
rock samples saturated with synthetic brine (NaCl solution) 
ranges from 7.2 Ohms m (sandstones) to 73 (limestones), 
with an average value of 45. The formation resistivity factor 
ranges from 20.4 to 85.5 with an average value of 44.1 
(sandstones); from 143.9 to 207.6, with an average value 
of 188.6 (limestones); from 81.7 to 198.7, with an average 
value of 155.6 (dolomites). The variation range of the resis-
tance increase is: from 1 to 3.24, with an average value of 
1.24 (sandstones); from 1 to 7.19, with an average value of 
2.24 (limestones); from 1 to 2.76, with an average value of 
1.44 (dolomites). Sandstones are characterized by 
changes in resistance from 1 to 2.12 with an increase in 
pressure from atmospheric to hydrostatic (to 59 MPa), 
while for limestones the resistivity index ranges from 1 to 
7.7, with pressure ranging between 0-49 MPa. Our study 
has revealed empirical relationships between petroelectri-
cal parameters and filtration–capacity properties of sand-
stones, limestones and dolomites, which are essential to 
the geological interpretation of geophysical data. These 
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relationships are approximated by a power function. 
Extensive petroelectrical research into the properties of 

sandstones, limestones and dolomites has ensured accu-
rate petroelectrical models of these rocks based on geo-
logical and geophysical data. The models show significant 
differences in the electrical parameters of sandstones, 
limestones and dolomites. These models can become a 
powerful tool in studying the petrophysical properties of 

different rock types. Further research into petroelectrical 
properties of rocks will require data on dielectric permeabil-
ity, dielectric loss tangent, as well as evaluating the rele-
vance of geoelectric parameters which account for varia-
tion in electrical resistivity of dry extracted samples ex-
posed to direct current over longer periods of time and es-
tablishing their correlations with logging data. 

 
Table  2  

Petroelectrical models of rocks (wells Volodymyrska–1 and Volodymyrska–2,  
the interval 1,190–2,520 m) from Volodymyrska area 

Parameter variation range (mean value)/ 
Correlation equation (correlation coefficient) Index 

Petroelectrical parameter/ 
Correlation dependence 

Sandstones Limestones Dolomites 
1 2 3 4 5 

1 
Electrical resistivity  

of dry extracted samples 
5.2·104  1.1·107 

(3.6·106) 
1.3·105   6.6·106 

(1.4·106) 
1.5·105   2.4·107 

(6.4·106) 

2 
Electrical resistivity of rock  

samples saturated with synthetic 
brine (NaCl solution) 

7.2  30 
(17.6) 

50.5  72.9 
(63.2) 

28.7  69.8 
(51) 

3 
Formation resistivity factor (F) 

 in laboratory conditions 
20.4  85.8 

(50) 
143.9  207.6 

(180) 
81.7  198.7 

(145) 

4 
Formation resistivity factor (F) 

under in situ conditions 
36 146 

(75) 
– – 

5 
Archie–Dahnov dependence 

(laboratory conditions) 

1.224F 1.675 PF   

with R2=0.84 

0.273F 41 PF  with R2=0.77 0.33F 37.6 PF  with R2=0.74 

6 
Archie–Dahnov dependence 

(in situ conditions) 

1.519F 1.365 PF  with 

R2=0.92 

 
– 

– 

7 
Resistivity anisotropy coefficient 

 of dry extracted samples 
1.01  1.09 

(1.05) 
– – 

8 
Resistivity anisotropy coefficient 

 of rock samples saturated with 
synthetic brine (NaCl solution) 

1.05  1.18 
(1.12) 

– – 

9 Resistivity index (I) 1  3.24 
(1.24) 

1  7.19 
(2.24) 

1  2.76 
(1.44) 

10 
Correlation between water  

saturation factor (Sw)  
and resistivity index (I) 

0.925
wI 1.067 S  

with R2=0.82 

0.86
wI 1.09 S  

with R2=0.82 

0.864
wI 1.003 S  with R2=0.79 

11 
Correlation between resistivity 
increase (Q) and pressure (p) 

5 3 4

2 2

Q 1 10 13 10

5.9 10 0.9993
 

with R2=0.99 

6 4

4 3 2

2

Q 8 10

9 10 3.06 10

4.045 0.3645

 

with R2=0.97 

– 

12 
Coefficient of resistivity increas-
ing with pressure changing from 

atmospheric to 59 MPa 
1  2.12 1  7.7 – 
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     -
 [6, 7]     

      -
 (1) ( . 3).       

     .  ,  
   . 1,0·103 / 3,   -

     (1) 
829,5 / ;   .  = 1,1·103 / 3, -

    794,7 / ;   

.  = 1,2·103 / 3,  , , 

759,0 / .     [6–8]  -
      830 / . 

 ,      -

      -
  . .  

.. 1177,8 348,3 . n = 112    r = 0,9 (1) 

      
    .     

   ,  
       
 (B. Carpienter  ., 1989)   -
 .     

  [6]    -
       ( . 4). 

    (   
 ) 

. K0,5354 0,2134 log . n = 112  R = 0,62  (2) 



~ 46 ~        ISSN 1728-3817 
 

 

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

, 103 / 3

240

280

320

360

400

440

480

T
, 

ì
êñ

/ì

 
. 3.      

      
(   – B. Carpientier  ., 1989) 

 

0.04 0.08 0.12 0.16 0.20 0.24 0.28
0.24

0.28

0.32

0.36

0.40

0.44

0.48

0.52

 
 

 
. 4.      

  (   )  
     

(   – B. Carpientier  ., 1989) 
 

     
      

( ).   K = 1   -
 0,54.     -

      -
     0,61 [6]. 

    .     

  :   
     -

,       -
  . ,     [6]  

  (3)    n   

   n      

     ( . 5): 

n n n
20,046 0,86 0,3 . n = 112  R = 0,81  (3) 

     -
      . 

 ,    '    
  .    

 (3)  ,  K  = 1: 

.  = 0,51 

  –    1·103 / 3; 

.  = 0,54  

  –    1,1·103 / 3; 

.  = 0,55  

  –    1,2·103 / 3. 
       

;       
   . 

 

2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 2.45 2.50

, 103 / 3

0.24

0.28

0.32

0.36

0.40

0.44

0.48

0.52

 
 

 
. 5.      

  (   )  
     

(   – B. Carpientier  ., 1989) 
 

,   .    

,    -
  .   [5]   -
   R0 0,9–1,0   

    0,64.   [3] -
    .  0,59,   

 R0 : 1,0–1,1 (   ). 
  ,    

(  )      0,75 (  
  )  0,51.   

    
      -

  . = 0,6 (  R0   

1,0),  0,5–0,55 –   R0   1,0. 
 

Ro

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

0 0.5 1 1.5 2 2.5

, / 3

 
. 6.      

      
    

(   L. Vernik, X. Liu, 1997 [8]) 
 



ISSN 1728–2713 . 4(67)/2014 ~ 47 ~ 

 

 

    ( )  

.     .  -

     -
     . 

,      [8]   -
     -

 (1,18–1,25)·103 / 3     
.      -

  –   [8]   -
  1,35·103 / 3.    -
  [8]     -

   –   
  (   R0)    
 ( . 6,  (4)). 

. R00,984 0,3297 . r = 0,95 (4) 

 ,     -
    1,1  (1,5–1,6)·103 / 3   

     . 
     -

      
 ,       

,       
R0     .  -

,       -
 R0       
.       -

,      . 1,  -
   ,   

      . 

 
 1  

  R0          
 ,  

 
 ,  

( )  min H max 
 

 R0 
R0 = f(H) grad (R0/H) 103 r 

1 1-  2015 4486,3 12 R0, % = –0,3231 + 0,0004·H 0,4 0,97 
2 403-  2313,5 2890,9 6 R0, % = 1,1543 – 0,0002·H 0,2 0,96 
3 487-  3756,4 4525 20 R0, % = –0,1898 + 0,0002·H 0,2 0,84 
4 1-  4581,8 5228,6 7 R0, % = –1,6106 + 0,0008·H 0,8 0,82 
5 637-  2666,4 4585 17 R0, % = –0,837 + 0,0006·H 0,6 0,93 
6 491-  4493,5 6092 11 R0, % = –1,3188 + 0,0004·H 0,4 0,99 
7 4-  1450,9 4325,4 11 R0, % = –0,3149 + 0,0007·H 0,7 0,97 
8 500-  3318,7 5511 12 R0, % = –0,8509 + 0,0004·H 0,4 0,95 
9 313- .-  3900,2 5036,9 5 R0, % = –0,5514 + 0,0003·H 0,3 0,98 
10 2-  4251 4872 7 R0, % = –2,848 + 0,0008·H 0,8 0,96 
11 609-  2852 4764 12 R0, % = –0,6845 + 0,0005·H 0,5 0,97 
12 613- '  2696 4929 15 R0, % = –0,5206 + 0,0005·H 0,5 0,96 
13 205-  3209,5 4312,1 10 R0, % –0,5893 + 0,0003·H 0,3 0,91 
15 19-  1443 3040 8 R0, % = 0,2451 + 0,0001·H 0,1 0,92 
16 800-  4214,2 6057 21 R0, % = –2,1878 + 0,0007·H 0,7 0,97 
 

    . 
      

 ;     -
      -

 .    
       -
       

   . -
  ,     -

     
       -
    .  -
,      -
         

 . ,     
'      . -
     -

     -
       

     .  
    '   -

      
   -  -

    . 
 

   
1. Heidari Z. Quantitative method for estimating total organic carbon and 

porosity, and for diagnosing mineral constituents from well logs in shale-gas 

formations / Z. Heidari, C. Torres-Verdin, W. Preeg // SPWLA 52nd Annual 
Logging Symposium. – Colorado Springs, USA. – 2011, May 14–18. – . 1–15. 

2. Heidari Z. Estimation of Static and Dynamic Petrophysical Properties 
from Well Log sin Multi-Layer Formations : Dissertation by M. Sc., Faculty of 
the Graduate School of The University of Texas at Austin in Partial 
Fulfillment of the Requirements for the Degree of Doctor of Philosophy / Z. 
Heidari. – The University of Texas at Austin. – 2011, August. – 237 . 

3. Mendelson J. D. Source rock characterization using multivariate 
analysis of log data / J. D. Mendelson, M. N. Toksoz : SPWLA 26th Annual 
Logging Symposium. – 1985. 

4. Passey Q. A practical model for organic richness from porosity and 
resistivity logs / Q. Passey, S. Creaney, J. Kulla, F. Moretti, J. Stroud // 
AAPG Bulletin. – 1990, December. –  74. – . 1777–1794. 

5. Passey Q. My source rock is now my shale-gas reservoir – Geologic and 
Petrophysical Characterization of Shale-Gas Reservoirs / Q. Passey, R. Bohacs, 
W. Klimentidis, S. Sinha // AAPG Annual convention. 2011, April 10–13, Houston, 
Texas, Search and Discovery Article # 90124, Web accessed 22 June 2012, 
http://www.searchanddiscovery.com/documents/2012/80231passey/ndx_passey.
pdf. 

6. Carpentier . Diagraphies etroches meres estimation desteneurs en 
carbone organique parlamet hode Carbolog / . Carpentier, G. Bessereau, 
A. Y. Huc // Revuede L'Institut Francais du Petrole. – 1989. –  44, 6. – . 
699–719. 

7. Ciechanowska M. Ocena potencjalu macierzystosci perspektywicznych 
formacji ropogazonosnych metodami geofizyki wiertniczej / M. Ciechanowska, J. 
Kusmierek // Nafta-Gaz. – 1992. –  11–12. – . 269–277. 

8. Carpienter D. Method for estimating the organic matter content of 
sedimentary rocks from data recorded in wells by well-logging probes. 
Patent 5, 126,939. – Int. Cl. GO1V 1/00; G06F 15/48. – 30.06.92. 

9. Passey Q. R., Petrophysical Evaluation of Hydrocarbon Pore-
Thickness in Thinly Bedded Clastic Reservoirs / Q. R. Passey, 
K. E. Dahlberg, K. B. Sullivan, H. Yin, R. A. Brackett, Y. H. Xiao, 
A. G. Guzman-Garcia // AAPG Archie Series 1. – 2006.  – . 210 p. 

   02 .1 2 . 14  

 



~ 48 ~        ISSN 1728-3817 
 

 

I. Karpenko, Postgraduate Student 
E-mail: sharanskiy@gmail.com, 
O. Karpenko, Dr. Sci. (Geol.), Professor 
E-mail: alexbrig@inbox.ru, 
Institute of Geology, Taras Schevchenko National University of Kyiv, 
90 Vasylkivska Str., Kyiv, 03022 Ukraine, 
G. Bashkirov, Cand. Sci. (Geol.-Min.), Senior Researcher 
E-mail: magnum669@gmail.com 
State Enterprise "Naukanaftogaz" NAK "Naftogaz of Ukraine", 
8 Kyivska Str., Vyshneve, 08132 Ukraine, 

 

PETROPHYSICAL APPROACH TO DETERMINATION  
OF KEROGEN CONTENT IN ROCKS BASED ON WELL-LOGGING DATA 

The topicality of research into the physical properties of organic matter in rocks is largely associated with the prospects of a significant increase in shale 
gas production. Geophysical diagnostics, including assessment of kerogen content in shale-gas deposits, requires a thorough petrophysical analysis. 
Based on the recently published results of research into the physical properties of organic matter from the discovered US shale-gas fields, we have derived 
petrophysical relationships for quantitative calculations of kerogen content using well-logging data. The earlier developed system of interpretational 
equations contains petrophysical constants defining the individual characteristics of solid organic matter in rocks.  

Mathematical models have been built to relate the interval time of the longitudinal acoustic wave and specific hydrogen content to the density 
and catagenetic maturity of organic matter. There have been suggested equations of the identified patterns of change in the value of vitrinite 
reflectance with the increasing depth of the deposits for various areas of the Dnieper-Donetsk Basin. The research results also include suggestions 
on specifying the petrophysical characteristics of organic matter taking into account its maturity and specific oil and gas strata or areas.  

Keywords: shale gas, rock, petrophysical characteristics, kerogen, specific hydrogen content, density. 
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13313 3261  
 

55,63 0,08 
0,713; –0,006; 0,70 

51,73 0,07 
0,13; 0,984; –0,122 

49,05 0,08 
–0,689; 0,176; 0,703 

1,08 1,05 5,2  
mmm 

16240 3702  34,856 0,3625 
–0,21; –0,21; –0,95 

27,873 0,3927 
–0,63; 0,77; –0,03 

23.844 0.3995 
0,74; 0,598; –0,29 

1,251 1,169 15,57  
mmm 

17010 3995  63.050 0.0431 
–0,21; 0,08; 0,98 

62,770 0,0482 
–0,68; 0,71; –0,20 

51,682 0,0479 
–0,71; –0,7; –0,096 

1,004 1,215 8,91  
mmm 

17725 4243  41,159 0,1068 
–0,12; 0,93; –0,35 

33,709 0,1061 
0,05; –0,35; –0,94 

29,908 0,1007 
–0,99; –0,127; 0,003 

1,221 1,127 13,26  
mmm 

19148 4617  39,032 0,0545 
0,9; –0,33; –0,283 

34,637 0,0585 
0,43; 0,6; 0,674 

32,256 0,0569 
–0,056; –0,729; 0,68 

1,127 1,074 7,92  
mmm 

20540 5232  59,83 0,18 
0,9; –0,44; 0,57 

58,86 ,0,20 
0,4; 0,74; –0,54 

62,50 0,19 
–0,19; –0,507; 0,84 

1,04 1,02 2,6  
mmm 

20604 5296  59,963 0,0670 
0,49; –0,43; 0,76 

57.403 0.0641 
0,04; –0,86; –0,52 

54,550 0,0641 
0,871; 0,285; –0,401 

1,045 1,052 3,86  
mmm 
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ELASTIC ANISOTROPY OF PLAGIO-MIGMATITE CORE SAMPLES FROM KRYVORIZ'KA ULTRADEEP WELL: 
A PETROACOUSTIC INVESTIGATION 

This paper investigates the influence of changes in the tectonic regime on the acoustic properties of plagio-migmatite samples from the 
Kryvoriz'ka ultradeep well based on petroacoustic analysis. 

The seismic-polarization method was used in the research to obtain velocities of longitudinal and transverse waves in nine directions. The 
velocity of plagio-migmatite core samples from Kryvoriz'ka ultradeep well an interval of 3,261–5,296 m have been defined with high accuracy. 

Based on petrophysical data, the authors obtained a full set of effective acoustic and elastic constants matrices and determined the parameters 
of anisotropy and rock texture types. 

It has been found that most of the samples exhibit an axial-rhombic type of texture symmetry. The integral anisotropy coefficient generally 
decreases with depth from 2,6 to 15 %, with the exception of cataclased plagio-migmatite. Analysis of anisotropy parameters showed that the depth 
interval 3,700–4,620 m is associated with the highest values of the integral coefficient of acoustic anisotropy, with the linear parameter significantly 
exceeding schistosity. From balanced velocity values there were obtained stereo-projections of directing surfaces of longitudinal wave propagation 
velocity, differences between "fast" and "slow" velocities of transverse waves and the differential coefficient of elastic anisotropy. 

Velocities of longitudinal waves at stereo-projections show less anisotropy than the other parameters. The difference between "fast" and "slow" 
transverse wave velocities for some samples (#16240 and #17725) is nearly 1 km/s, which suggests intensive elastic wave splitting in plagio-migmatites. The 
complexity and heterogeneity of elastic anisotropy is observed on stereo-projections of the differential anisotropy coefficient whose value ranges from 14 to 
48 %. The number of extreme points on the stereo-projections of anisotropy parameters indicates significant heterogeneity of plagio-migmatite texture and 
changes as follows: Vp – 3,6, for the difference of transverse waves with different polarization – 6,14, Ad – 8,11. The parameters obtained are highly 
informative for research on the anisotropy of the medium. For samples  #17010 and #19148 there are at least two extreme points where the nature of elastic 
wave propagation shows the medium to be isotropic, these are located at a 60  angle to the well axis.  

Research results show that the rocks from the well interval in question have been under high lateral compression. The type of acoustic tensor 
symmetry has little effect on reducing the anisotropy coefficient, which can be accounted for by an increase in pressure, and hence in density, with 
depth, the latter directly affecting the nature of rock anisotropy in the strata.  

Further research into the complex geological profile revealed by the Kryvoriz'ka ultradeep well should be based on a thorough petrographical 
and petrophysical analysis, with multidirectional anisotropy taken into account.  

Keywords: effective acoustic and elastic constants, anisotropy, texture, deformation. 
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MAGNETIC METHODS IN UNCONVENTIONAL HYDROCARBON EXPLORATION: SETTING THE OBJECTIVES 
This paper deals with unconventional hydrocarbons exploration and production. Unconventional gas and oil include hydrocarbons in tight 

rocks, coal bed methane, shale gas and oil. The focus is on magnetic methods in geological exploration and geophysical research on 
unconventional oil and gas deposits. Oil and gas genesis has no direct bearing on the use of magnetic methods, with the latter being applied 
directly in hydrocarbon prospecting. On the other hand, an anomalous magnetic signal from soils is comparable in its intensity and amplitude with 
magnetic signals from hydrocarbon deposits. We have assessed the prospects of developing a direct method of oil and gas exploration based on 
the assumption that hydrocarbon migration brings about changes in magnetic minerals within the lithological formations of a hydrocarbon halo 
along the entire oil travel path from the lower geological layers up to the near surface geological section and soils. A correlation has been found 
between hydrocarbon deposits and changes in magnetic mineralogy caused by hydrocarbon fluid migration. The main magnetic attributes under 
study include magnetic susceptibility, frequency dependence magnetic susceptibility, isothermal remanent magnetization, saturation 
magnetization, and the parameters of thermomagnetic analysis. 

Hydraulic fracturing, which is commonly used to extract hydrocarbons from unconventional reservoirs, often results in emitting environmental 
pollutants, such as toxic chemical reagents, petroleum derivatives and sand fraction. Furthermore, hydrocarbon handling entails the risk of 
accidental release of pollutants and contaminating the subsurface, geologic sections, groundwater and soil. It has been shown that environmental 
pollution caused by hydraulic fracturing and hydrocarbon handling is associated with formation and introduction of secondary magnetic minerals. 
Magnetic methods used to detect autogenic magnetic substances are rapid, highly efficient and economically sound. 

Keywords: magnetic methods, hydrocarbons, shale gas, oil, soil magnetism, magnetic susceptibility. 
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GEOPHYSICAL TOMOGRAPHY: CURRENT STATE AND IMPLICATIONS 
FOR THE PETROLEUM GEOLOGY INDUSTRY 

This paper reviews current approaches to the implementation of the method of seismic tomography – a powerful tool which is used for solving 
the inverse problem in geophysics. Emphasis is laid on the application of geophysical tomography in the oil and gas industry at all field 
explortation and production stages. 

It has been shown that this method can be successfully used for the inversion of elastic and electrical parameters, anisotropy, etc. The three-
dimensional distribution of geophysical parameters in the explored medium obtained through imaging can be used to determine the geological 
(lithological) parameters such as mineral composition, structural and textural features, porosity, and fracture. 

A possible implementation of the inversion suggested is not into geophysical but directly into lithological parameters. It has also been 
demonstrated that tomography can be used to interpolate the well logging data in the inter-well space. 

Keywords: inversion, geophysical tomography, lithological tomography, Geophysical Research Methodology. 
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IDENTIFYING PROSPECTIVE GOLD MINERALIZATION AREAS IN WESTERN KALBA (EASTERN KAZAKHSTAN):  
AN INNOVATIVE APPROACH  

A new type of gold deposits In Eastern Kazakhstan is gold ores commonly found in hydrothermally altered carbonate rocks. We have suggested a 
geological-genetic model of their origin based on a volumetric stereo-metallogenic analysis of West Kalba and Zharma-Saur zones. Use has been made of 
comprehensive geologic-geophysical methods and high-precision analyses to develop criteria for predicting, prospecting and evaluating gold-carbonate 
formations, as well as identifying new prospective areas having category P2 and P3 gold resources. In addition to describing the geological structure of the 
Earth's surface, this model applies to exploring its deeper strata, hence the term "volumetric or stereo metallogeny". 

Our research into the genesis of gold deposits in Western Kalba has yielded more accurate data on the geotectonic position of the gold-bearing 
structures and the age of gold mineralization, there being a connection between typical gold associations and particular ore parent formations. The 
local gold mineralization zones (West Kalba, Zhana-Boko-Zaisan), whose position is obliquely counter relative to the traditional north-westerly 
direction of the Altai structures, intersect the volcanic-sedimentary and terrigenous strata of different age (from Devonian to C2–3). These gold-
bearing zones are cut and metamorphosed by the Kalba-Narym Pluton granitoids, which points to their Pre-Permian age. 

The results of the laboratory tests performed on modern equipment in the laboratories IRGETAS D.Serikbaev EKSTU, analytical centers of IGM 
SB RAS (Novosibirsk, Russia) and the Natural History Museum in the UK (London) showed that gold-sulfide ores (primary and oxidized) contain 
free gold in the form of fine particles in pyrite and arsenopyrite. The nanoscale gold particle sizes range from microns to 0,1–0,5 mm. The gold 
particles are bright yellow in color and high purity (an average of 935 ‰). According to the X-ray diffraction analysis, the gold-bearing jasperoids 
are composed mainly of silica and iron oxides. The results of the atomic absorption analysis of rocks showed that gold has a very uneven 
distribution (from 0,1 to 33,5 g/t), while the silver content is low (from 0,06 to 2,66 g/t). Electron microscopy yielded new data on the distribution of 
noble metals (Au, Ag, Pt, Pd), associated chalcophiles and rare earth elements in the ores and host rocks, as well as mineral indicators for 
identifying new ore deposits. 

Keywords: gold, unconventional type of gold mineralization, carbonate formation, assessment of the prospects, West Kalba, Charskaya zone, 
Eastern Kazakhstan. 
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GAS CONTENT OF THE ARTEMIVSK AREA TIGHT ROCKS 
IN THE SOUTHEASTERN DNIEPER-DONETSK DEPRESSION 

The purpose of the article is to consider the geological structure and oil and gas content of the Artemivsk area. Previous geological exploration 
revealed traces of oil and gas in the Middle Carbonic Moscovian sediments. A complex analysis of field geophysical survey data allowed the 
authors to identify numerous gas saturated tight reservoirs in the Artemivsk area. The technique included a complex interpretation of well-logging 
and mud-logging data, results of core analysis and a description of thin rock sections. The obtained results suggest that there is a strong likelihood 
of discovering new unconventional gas fields in the Artemivsk area.  

There has been confirmed the presence of oil and gas in the tight Middle Carbonic rocks of the southeastern Dnieper-Donetsk Depression. 
These sediments were earlier considered as lacking prospects of having hydrocarbon deposits, hence the scientific novelty of the research. Further 
inquiry concerning the adjacent subsurface sites can be expected to produce new interesting findings. The presence of oil and gas in the Artemivsk 
area, which has been identified, expands the hydrocarbon resource base of the southeastern Dnieper-Donetsk Depression. A practical application 
of the authors' recommendations combined with modern hydrocarbon exploration and production technologies will facilitate detecting new gas 
fields and increase its production. 

Keywords: Dnieper-Donetsk Depression, Artemivsk area, reservoir, core, log, organic compound, gas saturation. 
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ECOLOGICAL AND HYDROGEOLOGICAL RESEARCH ON "WET" PRESERVATION OF COAL MINES 
(A CASE STUDY OF ALMAZNO-MAR'YVSKY MINING AND INDUSTRIAL REGION, DONBASS) 

Goal. The article describes the implications of the Donbass loss-making coal mine removal from service by "wet" preservation. The Almazno-
Mar'yvsky mining region (MR) was chosen to be the study area as the most representative of geological complexity, scale of engineering and 
industrial activities. The main factors in adverse processes and hazards resulting from closing Almazno-Mar'yvsky MR mines have been defined. 

Methodology. The research yielded data on potential hazards associated with changes in the natural and man-made environment under the 
mine closure conditions.  

The results of research. It has been shown that the major effects on the ecology and geology of natural and man-made systems are exerted by 
ecological and hydrogeological processes accompanied by gas-, mass-, and energy transfer. Data analysis showed that the mine concentration 
zones had a local man-induced impact on the underground hydrosphere, where a hydrodynamic system formed, with aquifers being interconnected 
both horizontally and vertically.  

Originality. The case of closing Proletarskaya mine located in close proximity to the Svetlichansky water intake was used to show the 
complexity of problems caused by "wet" preservation of coal mines. It has been found that the major changes in the ground water quality at 
the Svetlichansky water intake resulted from the long-term infiltration of the highly mineralized chloride mine waters from Proletarskaya mine into 
the aquifer. The mine drainage waters within the Almazno-Mar'yvsky MR were analyzed as well as their implications for balneology.  

Practical use. The Proletarskaya mine closure has exacerbated gas migration at the Svetlichansky water intake; the presence of radon was detected in 
the underground water samples. Different aspects have been shown of monitoring the changes in the underground water quality under the conditions of pit 
closure. The research results may be used as a framework for creating an efficient monitoring system on a local and regional scale.  

Keywords: loss-making coal mines, "wet" preservation, hydrodynamic system, Proletarskaya mine, Svetlichansky water intake, Almazno-
Mar'yvsky mining region. 
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GEOCHEMICAL ENVIRONMENT AND CHANGES IN GROUNDWATER CHEMISTRY 
(A CASE STUDY OF GROUNDWATER INTAKE IN LUHANSKA OBLAST) 

Drinking water availability is essential for sustainable development of any country. Groundwater sources being more protected than surface 
ones, this determines their importance for any national economy. Providing industrially developed regions with drinking water is becoming 
particularly vital and crucial nowadays. Luhanska oblast is characterized by diversified economy, with processing industry being dominant. The 
main source of centralized drinking water supply in the region is fresh groundwater obtained from marly-chalk thickness, which quality is 
deteriorating. The increase in groundwater salinity is caused by an increase in sulphate and chlorides concentration in groundwater.  

Several hypotheses about the groundwater quality deterioration within Luhanska oblast have been proposed; however, no primary reasons 
have been validated yet. Since the chemical composition of groundwater depends on the composition of soils in many cases, it is relevant to study 
hydro-geochemical conditions of the area. The aim of the paper is to highlight geochemical processes in the geological environment and their 
impact on groundwater chemistry. Data from water extracts helped to reveal the ways of chemical compounds distributing with depth, and to build 
the graphs. In order to establish a correlation between the groundwater quality and the soil chemistry in the aeration zone there was made a map 
showing maximum variation in groundwater salinity within marly-chalk thickness aquifer. Spatial analysis of groundwater salinity variations was 
carried out based on interpolation. Quantitative data were put together by the Sturges formula. The research reveals the highest salinity to be 
observed in the water extracts taken from loam and clay. Spatial analysis shows the areas within which groundwater quality deteriorates. Peak 
values of groundwater salinity variations are confined to the areas of clay rocks in weathered crusts, while salt formations occur in unsaturated 
zone. Research findings helped to establish a correlation between hydro-geochemical environment and groundwater chemical composition. 
Research aimed at identifying the causes for changes in groundwater macrocomponent composition in marly-chalk thickness over time has 
practical implications for further research into groundwater quality, for the aquifers located in the unsaturated zone vicinity, namely. 

Keywords: hydrogeology, groundwater quality deterioration, salinity, sulphates, chlorides, hydro-geochemical conditions, water extraction, 
unsaturated zone, clay rocks. 
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