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The paper is devoted to the urgent problem of studying the prospects of the oil and gas potential of Riphean-Vendian sediments of poorly
studied areas such as northeastern regions of the Volga-Ural oil and gas province. The paper presents the characteristic of the lithological and
stratigraphic features of the structure of Riphean and Vendian deposits in the northeastern part of the Volga-Ural oil and gas province.
Particular attention is paid to the basin modeling of well sections that did not fully passed through the Riphean-Vendian complex of rocks. That
allows to predict oil and gas generation processes. During the research sections of three wells were modelled. Wells Keltmenskaya-1,
Krasnovisherskaya-18, Borovitskaya-624 revealed Upper Proterozoic rocks in the north-east of the Perm region and the Komi Republic.
Procedure features of the used software systems, phasing of the research, including gathering and input of initial data, processing of
parameters, calculation and calibration of models are given. Certain challenges associated with modeling the conditions of oil and gas
formation and oil and gas accumulation of Riphean and Vendian sediments of this territory are associated with insufficient information on the
structure and composition of sediments, incomplete drilling of ancient sediments in wells and inconsistent geophysical data. In addition, the
complexity of the reconstruction lies in the lack of information about geothermal conditions of sections, numerous interruptions in
sedimentation and erosion of sediments. According to simulation results, most of the Riphean-Vendian sedimentary section is located in the
main zone of oil generation. The research conducted allowed the authors to conclude that there are increased prospects to discover oil
hydrocarbons in a wide range of depths in the areas where the Krasnovisherskaya-18 and Borovitskaya-624 wells are drilled. There is a little
likelihood that gaseous hydrocarbons can be found in the section. Conducted research and obtained results pose a problem for the
development of geological exploration in the poorly studied areas of the northeast of the Volga-Ural oil and gas province. First of all, that
corresponds to reference-parametric drilling together with the zonal-regional geophysical studies.

JlaHHasi cTaThsl IMOCBSINEHA aKTYaJIbHOIH IpoOiieMe W3ydeHHUs NepcreKTHB HedTera3oHOCHOCTH pueii-BeHICKUX OTJIOKEHHH
MaJIOM3Y4EHHBIX PAliOHOB, TAKMX KaK CEBEPO-BOCTOUHBIC PaloHbI Boro-Ypanbckoii HedyrerasoHocHOM npoBuHImMA. TIpencrabieHa
XapaKTEepUCTHKA JINTOJOrO-CTPATHIPAhUIECKHX OCOOEHHOCTEH CTpOeHHs pUDEHCKIX M BEHICKUX OTIOKEHHH B CEBEPO-BOCTOUHON
yacTi Bonro-Ypanbsckoii HedrerazoHocHoil mpoBuHImME. Oco0oe BHMMAHUE aKIEHTHPYETCs Ha 0GacCeiHOBOM MOZEIMPOBAHUN
Pa3pe30B CKBAXKHH, HE TOJIHOCTBIO BCKPBIBIIMX PU(DEH-BEHICKUH KOMIUIEKC IMOPOJ, YTO MO3BOJISET IPOrHO3MPOBATh PA3BUTHE
TIPOLIECCOB He(hrerasoo0pasoBanys. B Xoze NpOBENCHHS HMCCICIOBAHWN BBINOIHCHO MOJCIMPOBAHUE PA3PE30B TPEX CKBAKHH,
BCKPBIBILIMX BEPXHEMPOTEPO30HCKUE MOpPOABI Ha ceBepo-BocToke Ilepmckoro kpas u PecryOomaxu Komm: Kenmbrmenckas-1,
Kpacnoumepckas-18, Boposuikas-624. IlpuBeneHbl MeTOIMYECKHE OCOOCHHOCTH HCTIONB3YEMBIX IPOTPAMMHBIX KOMIUIEKCOB,
ITAHOCTh MCCIICAOBAHMS, BKJTFOYAROIAs COOp M BBOJ MCXOIHBIX JI@HHBIX, 0OpabOTKa TMapaMeTpOB, BBIUHCICHHC M KATMOpPOBKA
Mozeneil. Onpe/ie/ieHHbIe CII0KHOCTH, CBSI3aHHBIC C MOZIEIMPOBAHUEM YCIIOBHI He(hrerasoo0pasoBaHust M He(hTerasoHaKOILICHHS
pudeiicknx 1 BEeHACKMX OTIIOKCHHil JTAHHON TEPPUTOPHH, 00YCIOBIICHbI HEJOCTATOYHBIM O0OBEMOM MH(MOPMALIMH 110 CTPOCHHIO U
COCTaBY OTJIOXKCHHIA, HEMOJIHBIM BCKPBITHEM JIPEBHUX OTJIOXNKCHHII B CKBOKUHAX M HMPOTHBOPEYMBOCTHIO TeO(U3MUESCKHMX JTAHHBIX.
Kpome TOro, CIOXHOCTH PEKOHCTPYKLMH 3aKIIIOYAeTCsi B HEJOCTATKe CBEACHMI O TEOTEPMIMECKHX YCIOBHSIX Paspes3os,
MHOTOYHCIICHHBIX TIepepblBaX B OCAJKOHAKOILUICHWH M pa3MblBax OTIOkeHHil. [lo pesynbratam MozenupoBaHusi GObllas 4acTh
pudericko-BeHICKOTO 0CaIOHOr0 pa3pe3a HaXOAUTCs B TIIABHOM 30He He(hreoOpasoBaHus. IIpoBeIeHHbIC HCCIIEAOBAHIS TIO3BOIIIIH
aBTOpaM CJIeJIaTh BHIBOJ] O MOBBIIICHHBIX MEPCIEKTHBAX OOHAPYKEHHSI HE(TAHBIX YIVIEBOZOPOIOB B IIMPOKOM JIMaria3oHe TIIyOHH B
paiioHax Oypermsi ckBaxuH KpacHoBumepckas-18 u Bopouikas-624. IlepcrekTiBbl OOHApyXKeHHS B pa3pe3e ra3000pasHbIX
YIJIEBOJIOPOJIOB CYILECTBEHHO Ooliee Hu3Kue. ITpoBE/IeHHbIC HCCIIEIOBAHMS M MOJTYYCHHBIC Pe3YJIbTaThl CTABSIT POOIEMy Pa3BUTHS
Te0JIOr0-pasBe/l0YHbIX paboT B MATON3YYEHHBIX paifioHaX ceBepO-BOCTOKa Boiro-Ypassckoil Hedyrera3oHOCHO MPOBHHIIMH, PEX/IE
BCET0 OMOPHO-MAPAMETPHUECKOT0 OypeHHsI B KOMILIEKCE ¢ 30HAIBHO-PETHOHAIBHBIMU NeO(GH3MYECKIMI HCCIICI0BAHMSIMU.
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Introduction

The problem of assessment of oil and gas
potential of the Riphean and Vendian deposits in
the northern part of the Volga-Ural oil and gas
province (OGP) still remains unsolved. It is caused
by insufficient degree of exploration of deposits by
drilling [1-12], as well as by inadequate attention
paid to advanced methods applied to assess the
potential. Such methods include basin modeling of
formation of potentially prospective oil and gas
plays and modeling of oil and gas formation and
accumulation processes; these methods are
especially efficient in case of poorly explored
regions and deposits on which just a little
information is available [13-18]. Abroad, where a
big emphasis is placed on studying the behaviour
and trends of oil systems’ evolution through
exploration of big oil and gas basins in different
countries, significant attention is paid to the
development of basin modeling as one of the most
efficient methods of scientifically substantiated
prediction of oil and gas occurrence [19-39].

Brief lithologic and stratigraphic
characteristic

The Riphean and Vendian deposits in the
northeast of the Volga-Ural OGP are characterized
by extremely low degree of exploration by
geophysical methods and drilling. In the
northeastern part of the Volga-Ural only the Upper
Riphean deposits from among the Riphean plays
are developed. Based on geophysical data, the
thickness of the Riphean deposits exceeds 2,000 m.
The Late Riphean deposits crop up in cores of
anticline  structures of the Polyudovsko-
Kolchimsky anticlinorium within the following
four suites (from bottom to top): Rassolninskaya,
Deminskaya, Nizvenskaya, and Ust-
Churochinskaya. The Rassolninskaya suite consists
of field spar and quartz sand stone, argillite, and
silt-rich mudstone, as well as of silt stone with
occasional interlayers of dolomite with tuff
interlayers in the upper part. The boundary with
underlying deposits is not clear. The suite
thickness is 800-1,000 m. The Deminskaya suite
consists of dolomitic limestone with dolomite
interlayers and clayey limestone, marl, and
argillite. Stromatolite is present. The suite
thickness is 300-400 m. The Nizvenskaya suite
mainly consists of grey dolomites with residues of
stromatolite and microphytolite, as well as of
alternation of layers of argillite, silt stone, and

clayey limestone. The total suite thickness reaches
1,500-1,600 m. The Ust-Churochinskaya suite was
uncovered by Well 517 of the Ostyak profile in
1,173-1,490 m interval and it is represented by
small- and medium-grained sand stone and dark-
grey argillite. The Ust-Churochinskaya suite,
distinguished as the lower part of the Vendian
based on the results of geological mapping
in the northern sections of the Volga-Ural, is
considered by some specialists (Yu.A. Yekhlakov,
B.P. Bogdanov) to be a part of the Upper Riphean,
thus terminating that cycle of sedimentation, in
virtue of conformable bedding with the
Nizvenskaya suite and lithologic and facie
particulars of the section. Rocks of the
abovementioned suites underlay the Timanian
horizon of the Middle Devonian.

In the north of the explored territory of the
Komi Republic, Keltmenskaya-1 well has
uncovered a section of the Upper Riphean deposits
represented by the Yshkimesskaya and Vapolskaya
suites which are similar to the Deminskaya and
Nizvenskaya suites respectively. Tectonically the
well is located on the Keltmensky swell; the swell
makes the Vychegodsky (Pre-Timanian) down-
warping more complex. The Vapolskaya suite
thickness, fully uncovered, is 1,031 m. The
Yshkimesskaya suite section has not been
uncovered in full; the thickness of its uncovered
part is (to the depth of 4900 m) is 959 m.

The Low Vendian deposits in the Vychegodsky
(Pre-Timanian)  down-warping  have  been
uncovered by Keltmenskaya -1 well at the depth of
2,310 m and their thickness is 600 m. The deposits
are represented by the Vychegodskaya suite and
they non-conformably overlay the Vapolskaya
suite deposit thickness of the Late Riphean. The
Vychegodskaya suite in its lower stratum is mostly
silty and in the upper part it is represented by sand
stone interlaid by silt stone and argillite. In the
fold-and-thrust area of the Western Urals in the
Polyudovsky zone the deposits of the Lower
Vendian period have been determined within the
Churochinskaya (argillite and sand stratum) and
Ilya-Volga (silt stone stratum) suites.

The Upper Vendian deposits in the northeast of
the explored territory are singled out within the
Redkinsky and Kotlinsky horizons corresponding
to the Borodulin and Kudymkar series. In the Pre-
Timanian, the Redkinsky horizon is represented by
the Ust-Pinezhskaya suite, the full section of which
has been uncovered by Keltmenskaya -1 well. The
432 m suite consists of alternating layers of
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argillite and silt stone of grey and greenish-grey
color; they are dense and locally fragile. The Ust-
Pinezhskaya suite’s deposits are conformably
interlaid by rocks of the Kotlinsky horizon
represented within the Krasavinskaya and
Mezensko-Padunskaya suites. 152 m thick
Krasavinskaya argillite suite consists of dark-grey
dense argillite with rear interlayers of silt stone and
clayey silt stone. This suite is conformably
overlaid by Mezenskaya suite rocks represented by
irregular interlaying of silt stone and argillite.
These deposits are interlaid by a terrigenous
stratum of the Timanian horizon of the Middle
Devon.

Procedure

To build 1D models the PetroMod [40-42]
software product and the author’s reconstructions
were applied to reconstruct the process of deposit
down-warping, sedimentation, and evolution of
paleothermal conditions of rocks within the
sedimentary mantle and, based on the conducted
research, develop oil and gas formation models.
The overall simulation scheme consists of several
main stages: collect and input initial data, process
parameters, calculate and calibrate models. At the
first stage, data on the structure and evolution of a
territory in question are entered. Mandatory
parameters include the following: geological age
of deposits, depth of the surface of rocks of
various stratigraphic series, geological time of
sedimentation, erosion, and non-depositional
hiatus, as well as lithological composition of
reservoirs, etc. In the PetroMod software, the
timeframes specific to age are taken based on the
general stratigraphic scale of A.P. Karpinsky
Russian Geological Research Institute (1995).
The lithological composition is limited by the
following groups: clay, argillite, silt stone, sand
and sand stone, carbonate (limestone, dolomite,
and marl), evaporite (salt, gypsum, anhydrite),
carbon, basement rocks (granite, touchstone,
andesite). In addition, petrophysical and
geochemical rock characteristics determining the
reservoir and oil-and-gas source properties are
included. Most parameters are included based on
drilling results and geophysical data. If any new
information is received, the initial database can be
topped up at any stage. The more initial
parameters based on drilling results we have, the
more exact and reliable simulation results we
obtain. The outcome of the first stage is the
deposit formation model. At the second stage,

boundary geological conditions are set for the
model including the following: paleodepth of
water, sedimentation water temperature, heat
flow, etc. The third stage reproduces the process
of down-warping, thermal evolution, maturing of
organic substance, change of petrophysical
parameters of rocks, and actual parameters.
Porosity and pressures (lithostatic pressure,
hydrostatic pressure, and pore pressure), vitrinite
reflectance, temperature dependences, and other
parameters are calculated automatically. Models
are calibrated based on actual data (modern
temperature, vitrinite reflectance and, in some
cases, rock porosity, etc.). At the moment of
calibration it is important to take into account
different scenarios of changes in the basement
depth based on geophysical information, special
aspects of erosion events, influence of regional
and local geothermal processes in each region
which can have significant impact on the fairness
of developed models.

The specific feature of simulation for the
Riphean and Vendian potential oil and gas play is
insufficient amount of information about the
structure and composition of deposits, which is
often caused by incomplete uncovering of ancient
deposits in wells and by inconsistency of
geophysical data. Moreover, the complexity of
reconstruction is caused by the lack of data on
geothermal conditions of sections, multiple non-
depositional hiatuses, and washing away of
deposits. 1D simulation has been done for profiles
of Keltmenskaya-1 well, Krasnovisherskaya-18
well, and Borovitskaya-624 well (Fig. 1).

Results

The simulation of the profile of Keltmenskaya-
1 well drilled in the southeast of the Vychegodsky
down-warping in the zone of conjunction with the
Komi-Permyak dome fold, in the area scarcely
explored by drilling, is based mainly on indirect
data and materials from adjacent territories due to
limited data on modern temperatures and vitrinite
reflectance. Under the terrigenous stratum of the
Upper Devon the well has uncovered the Vendian
and Riphean deposits in considerable amount. The
Riphean deposits within the section are represented
by grey carbonate stratum as follows: limestone,
dolomite (more or less clayey), and sometimes
marl. In the upper part separate samples of rocks
with increased source rock properties have been
found. The Vendian play consists mainly of
terrigenous rocks; oil and gas source rock has not
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Fig. 1. Fragment of the tectonic zoning scheme of the Riphean and Vendian deposits
in the northeast of the Volga-Ural OGP

been found. During the simulation the dependences
of modern values of rock temperature and porosity,
as well as vitrinite reflectance from the depth
(Fig. 2) were reconstructed.

The gradient of temperature over the profile in
general does not exceed 2 °C. The petrophysical
model of porosity in general corresponds to rock
compaction principle; in the Vendian play it is
about 12-13 %, in the Riphean play is goes down
to 7 % and less. Compared to the Paleozoic
deposits, in the Vendian and Riphean plays there is
an increased gradient of vitrinite reflectance
change. Based on the simulation results two main
stages of down-warping of deposits were singled
out as follows: the Riphean and Vendian, which,
later on, were supplemented by less intensive
Devonian-Permian stage (Fig. 3).

Throughout the Riphean-and-Vendian time a
big amount of sediments was accumulated
reaching more than 6 km. The first stages of
down-warping were characterized by
sedimentation accumulation rate ranging from
7 to 19 m/million years, whereas during the
Vendian time the down-warping rate was

18.5 m/million years. Towards the end of the
Vendian stage, the basement surface temperature
reached 153 °C already. Based on geophysical
data, the modern basement depth is 6,100 m at the
temperature of 124 °C based on the reconstruction
data. As a result, the bottom of the Upper Riphean
deposit already entered the Main Oil Formation
Zone (MOFZ) during the Late Riphean time,
whereas the Riphean top entered the MOFZ
during the Vendian time. The Lower Vendian
deposits got into the MOFZ at the end of the
Vendian time, whereas the lower part of the
Upper Vendian deposits got into the MOFZ in the
Devonian time. Based on the simulation results,
the overlying Upper Vendian and Paleozoic
deposits did not enter the MOFZ. Maybe this is
the only case for the Volga-Ural and Timano-
Pechora provinces when the Proterozoic plays did
not enter the MOFZ in full. It should be
mentioned that in general the geological and
paleothermal situation obtained correspond to the
results of reconstructions done by other authors
[19]. At the Mesozoic-and-Cenozoic stage
sedimentation almost terminated.
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So, the lower part of the Upper Riphean and
Middle Riphean deposits passed all stages of oil
formation and entered the Main Gas Formation
Zone (MGFZ) beginning with the Early
Paleozoic time. The modern location of the
MOFZ is registered in the Riphean-Vendian
deposits at the interval of 1,760-4,990 m (MK;-
MK3); below that level the deposits could enter
the MGFZ. The deep boundary of oil quality (oil
deadline) is 5150 m.
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Krasnovisherskaya-18 well is located in the
northeastern part of the exploration work zone
where in the bottom-hole area only the Vendian
deposits have been uncovered. According to
geophysical data, with the basement depth of 5.6
km under the Vendian deposits there are the
Upper Riphean rocks. In Fig. 4 there are the
models of changes in modern temperature,
vitrinite reflectance, and porosity over the
well profile. In general, the data obtained are
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Fig. 2. Models of change in modern temperature (@), vitrinite reflectance (b),
and porosity (c) in the area of Keltmenskaya-1 well
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Fig. 3. Models of changes in paleotemperature (@) and oil and gas formation zoning (b)
in the area of Keltmenskaya-1 well. Please see the legend in Fig. 2

similar to the results of well surveys in the
drilling area. At the same time, the actual data on
these parameters for Krasnovisherskaya-18 well
are missing and this decreases the fairness of the
obtained results.

The reconstructed gradient of change in
modern temperatures slightly exceeds 2°/100 m.
The vitrinite reflectance in the sedimentary mantle
basal part reaches 1.41 %. Two main stages of
down-warping and sedimentation are singled out

(Fig. 5). At the Riphean-Vendian stage the average
sedimentation rate exceeded 6.5 m/million years.
The deposit thickness reached 4,250 m. The tempe-
rature at the top of the basement reached 120 °C by
the end of the first stage. At the beginning
of the Middle Devonian, as a result of significant
uplift of the territory, the previously accumulated
1,000 m thick deposits were destroyed. In the
Devonian-Permian time, the second stage of
intensive down-warping took place. The down-
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warping was very quick; the rate exceeded
20 m/million years. By the end of the second stage
of the down-warping, the basement temperature
exceeded 145 °C. The Vendian play of
insignificant thickness entered the MOFZ in the
Permian time only, whereas the significant lower
part of the Riphean play did that already in the
Late Riphean and, in the Triassic time, it left the
MOFZ and entered the MGFZ (please see Fig. 5).
In the Permian time, the Devonian and Lower
Carboniferous deposits entered the MOFZ, and, in
the Cenozoic time, the lower part of the Middle
Carboniferous deposits entered the MOFZ. As a
result, based on preliminary information, in the
territory of Krasnovisherskaya-18 well, today a
connate MOFZ is located within an interval of
1,830-4,930 m (MK;-MK3), i.e. the deposit plays
in question entered the MOFZ completely, and, in
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basal strata, they could enter the MGFZ as well.
The deep boundary of oil quality is 5,240 m.

To the south of Krasnovishersk area there are
wells of the Borovitsky profile. Simulation was
done for the area of Borovitskaya-624 well which
had uncovered deposits of the Upper Vendian of
the Borodulinskaya series at the depth of 2,878 m.
In the upper part the Vendian rocks are represented
by thin-layer dark-brown silt stones; in the lower
part there are thin-layer, indistinctly laminated,
dense greenish-grey argillites. Based on
geophysical data, the sedimentary mantle is
represented by the Vendian and Riphean deposits
in the lower part of the profile. In Fig. 6 there are
models of calculated and actual values of modern
temperatures, vitrinite reflectance, and porosity.
The temperature measured in the well at 2,080 and
2,341 m was equal to 32 °C, which is slightly lower

Porosity, %
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Fig. 4. Models of change in modern
temperature (@), vitrinite reflectance (0),
and porosity () in the area
of Krasnovisherskaya-18 well.
Please see the legend in Fig. 2
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Fig. 5. Models of change in paleotemperature (a) and oil and gas formation zoning (b)
in the area of Krasnovisherskaya-18 well. Please see the legend in Fig. 2

compared to the wells of the drilling territory.
Maybe it was caused by the quality of the survey
work done. The temperature increases with the
depth on the calculated curve, as well as in the
zone of measurements. At the abovementioned
depths the temperature values are 44 and 51 °C
respectively. The actual porosity of the
Serpukhovian deposits is 11 %, whereas on the
model this value is 12 %, which shows that the

calibration was acceptable. The petrophysical
model characterizes low porosity of the Vendian
and Riphean deposits; only in the upper part it
exceeds 10 %. No vitrinite reflectance studies
have been performed. On the down-warping
model (Fig. 7) there are two main down-warping
stages: the Riphean-Vendian and Devonian-
Permian. The first stage is characterized by a
high rate of sedimentation: over 50 m/million
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