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Introduction 

 

Lower Permian carbonate formations have a wide-spread occurrence in the Russian Plate territory, 
including its eastern edge within the western piedmont of the Urals Mountains. Hydrocarbon 

accumulations in the Lower Permian rocks are discovered in numerous fields associated mainly with 

the organic massifs 2.5 thousand kilometres long, which are running in meridional direction from 
Caspian Syneclise to Novozemel’sky Archipelago in the Barents Sea (Fig. 1). Monadocks taken today 

to the day surface in the Sterlitamak Region of Bashkiria are the fragments of this reef system [2]. 

Extensive inhomogeneity of lithofacies, considerable variability of porosity and permeability, 
predominant development of low-porosity reservoirs are typical of the Lower Permian carbonate 

formations. This determines the need for a detailed petrophysical and geophysical study of the 

mentioned deposits. 

 
The paper contains comparative analysis of Lower Permian carbonate deposits associated with the 

northern and southern parts of the Urals Foredeep. Similar lithological structure of the deposits, which 

responds to the common spatial and temporal features of the territory evolution, allows making such a 
comparison. In the analysis, the authors used the results of core and well log data from the Kochmessky 

field situated in the northern Pre-Urals and a number of sites in the south: Nagumanovsky, Peschany, 

Vershinovsky, etc.  

Methodology 

 

Main facies settings were identified on the basis of methodological approaches of sequence stratigraphy 

and sedimentological and litho-petrographic studies of core [2, 4]. The results of petrophysical core 
studies, including porosity and permeability determination on standard and whole core samples, 

carbonate analysis, analysis of mineral composition using XRD method (X-ray phase analysis), 

estimation of vuggy porosity using video analysis, quantitative analysis of macro fracture on core 
column, determination of fracture capacity on cubical samples by saturation with luminescent fluid, 

etc., are used in the work. Estimation of rock composition and identification of permeable intervals are 

carried out using the modern well log suite that includes Cross-Dipole Sonic Waveform, Litho-Density 

Log (LDL), Spectral Gamma Ray Log (SGR) Log, etc. 
 

Brief lithofacies characteristics 

 
Open shelf facies (by the example of the Kochmessky field) are represented by fine-grained silty or 

clotty-lump limestone, dark-grey, with mud-wakestone texture, rare partings of bryozoan-crinoid 

limestone with thin claystone partings. 
Organic buildup facies are represented by biohermal bryozoan and crinoid-tubifites-bryozoan, algal-

foraminifera-bryozoan-crinoid and serpulid-tubifites limestone partings, highly fractured and 

bituminous. In the southern part of the foredeep, cavernous Palaeoaplisina boundstone with well 

diagnosed stromatactis texture typical of biohermal varieties. 
Facies of organic slope are represented by interbedding of light-grey organogenic-detritic and 

organogenic crinoid-bryozoan limestone with grainstone, grainstone-boundstone, and boundstone-

grainstone structures. 
Facies of deepwater shelf are represented by argillaceous-terrigenous-carbonate, siliceous-terrigenous-

carbonate rocks with mudstone, wakestone-mudstone structure [2].  

It should be noted that in the northern and southern Pre-Urals series, the identified facies rock 
associations are of different stratigraphic completeness, which can be seen in rock composition and 
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lithotypes variability within the same facies. Figure 1 presents the concept of lithofacies zonation in the 

western piedmont of the Urals Mountains [5]. 

 
Figure 1. Concept of lithofacies zonation of the Lower Permian formations in the western piedmont of 

the Urals Mountains: scheme (a) and latitudinal depositional profile (b), after Chuvashov, 2011. I – 

zone of molasse occurrence; II – flyschoid deepwater formations; III – zone of relatively deepwater 
inspissated shelf deposits; IV – slope zone of organic buildup; V – area of organic buildups occurrence; 

VI – zone of shallow marine shelf. 

Porosity and permeability of Lower Permian genetic groups 

 

On the results of petrophysical studies, the authors found that porosity and permeability parameters of 

the identified facies are similar in the northern and southern parts of Pre-Urals; there is however the 
considerable diversity resulting from different influence of post-depositional processes on the initial 

reservoir capacity.  

Deposits confined to the open shelf facies have permeability (PERM) ranging from 0.002 to 3.338 mD 

and open porosity (PHI) from 0.217 to 7.32%. Core demonstrates the intensive fracturing along bedding 
planes. Reservoir is of porous-fractured type. Carbonate reservoir, VI Class according to K.I. 

Bagrintseva classification (1999) [1]. 

Permeability of argillaceous-terrigenous-carbonate rocks, rarely siliceous-terrigenous-carbonate rocks 
associated with the deepwater shelf facies varies from 0.004 to 165.78 mD with PHI=0.155-5.87%. 

Core demonstrates presence of vertical fractures. Reservoir is of porous and porous-fractured type. 

Carbonate reservoir, VI Class according to K.I. Bagrintseva classification (1999).  
It was also found that organic buildups identified in northern and southern parts of Pre-Urals have the 

considerably different properties. Deposits of buildup in the north of the study area have lower reservoir 

quality. Permeability of the rocks varies in a wide range from 0.003 to 64.36 mD, open porosity is 0.01 

to 9.767%. Vertical macro-fractures, often with the traces of oil migration, are found in core. Reservoir 
is porous-vuggy, porous-fractured, and fractured. Carbonate reservoir, VI Class according to K.I. 

Bagrintseva classification (1999).  In the southern part, deposits of organic buildup have lower 
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permeability – up to 23.64 mD, while the porosity is up to 17.6% higher compared to the northern part. 

It is due to the dominating occurrence of porous and porous-vuggy reservoirs. In a number of samples 
having a porosity exceeding 5%, the isolated open pores and caverns are reported, which determines 

their low permeability (PERM<0.2 mD).  

Facies of organic buildup slope in different parts of the trough have similar properties. Permeability of 

the rocks varies in a wide range from 0.007 to 95 mD, open porosity values are low and do not exceed 
2%. According to core studies, horizontal fractures prevail, which determines the considerable 

anisotropy of permeability. Reservoir is fractured and porous-fractured; carbonate reservoir belongs to 

VI Class according to K.I. Bagrintseva classification (1999). Figure 2 shows the comparison of open 
porosity and absolute gas permeability for different genetic types of the rocks. 

Features of studying Lower Permian formations using well logging methods 
Experience of studies of the Lower Permian deposits showed that identification of reservoirs, estimation 
of their properties, building a petrophysical model is a sophisticated problem owing to the low porosity 

and permeability of the rock matrix [3]. In the presentation, the approaches to building a volumetric 

petrophysical model of the deposits under consideration, which accounts for the organic matter content 

confirmed by the core studies results in the southern part of this area, are discussed. It is shown that the 
standard well log suite is not efficient for reservoir identification in these circumstances. The advanced 

well log suite used for the Lower Permian deposits allowed to identify different classes of permeable 

intervals and subsequently compare them with the reservoir types determined on core. The following 
features are typical of them: 1 – separation between the measured (DTST) and modelled (DTSTM) 

Stoneley waves; 2 – separation between the normalized interval time-distance curves of P-wave (DTP) 

and S-wave (DTS); 3 – increased values of S-wave anisotropy factor; 4 – a slight increase in open 
porosity compared to the porosity of host rocks in the absence of separation between the measured and 

modelled Stoneley waves, etc. (Fig. 2).  

  
Figure 2. Left: Comparison of open porosity and absolute gas permeability of different facies on 

crossplots (top) and histograms (bottom); diagrams for the samples from: a, b – facies of organic 

buildup slope; c, d – deepwater facies; e, f – open shelf facies; g, h – all samples from organic buildup; 
i, j – northern Pre-Urals; k, l – southern Pre-Urals. 

Legend for the left crossplot: 1 – facies of organic buildup, 2 – facies of organic buildup slope, 3 – open 

shelf facies, 4 – deepwater shelf facies, 5 – facies of organic buildup (whole core), 6 – facies of organic 
buildup slope (whole core), 7 – open shelf facies (whole core), 8 – deepwater shelf facies (whole core); 

right crossplot: 9 – facies of organic buildup (southern Pre-Urals); 10 – facies of organic buildup 

(northern Pre-Urals); 11 – facies of organic buildup - whole core (northern Pre-Urals).  

Right: Example of delineation of permeable intervals using the advanced well log suite in multifacies 
Lower Permian formations of the northern Pre-Urals 
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Conclusions 

1. The results of comparative analysis of Lower Permian carbonate deposits based on sedimentological 
core studies, the detailed petrophysical studies and well log data interpretation show that the deposits 

of the open, deepwater shelf, and organic buildup slope facies have a similar pattern of porosity and 

permeability distribution; they mainly occur in low-porosity reservoir section regardless of whether 

they are confined to the northern or southern parts of the Pre-Urals Foredeep. Reservoirs of this type 
play an important role in the fields with the “Kinzebulatovsky” type of reservoirs; they demonstrate 

higher productivity in the early stage of operation but rapid and sudden production decline. 

2. Rocks with highest capacity are associated with the organic buildup facies in the southern part of the 
Pre-Urals Foredeep, where reservoirs of porous-vuggy and porous type prevail. The higher reservoir 

quality is related to the results of leaching in the rocks having originally high porosity predetermined 

by the sedimentation features of the buildups formation on the pronounced shoulder of the northern 
edge of Caspian Syneclise during the course of Early Permian. In the northern Pre-Urals, reservoir 

quality of buildup deposits is lower; and reservoirs of fractured and porous-fractured types predominate. 

3. Reliability of reservoirs identification and their quality assessment in Lower Permian formations is 

governed by the completeness and quality of well log data and petrophysical support of well logging 
methods. Standard well log suite not including Litho-Density Log, Spectral Gamma Ray Log and Cross-

dipole Sonic Waveform Log does not allow reliable evaluating the rocks composition, porosity, and 

permeability, which results in ignoring of intervals of promising reservoirs, or their identification by 
mistake. 
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