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Abstract. The Precaspian basin is the main oil province in Kazakhstan, where there are such giant fields as Tengiz, Kara-
chaganak, Astrakhan and Kashagan. In previous works have been identified source rocks associated mainly with the sub-salt
complex. However, the issue of such parameters as the depth of the oil window remains unresolved, because the geothermal
gradient is low and the studied source rocks have a low maturity. By the study of the organic matter in these sediments and
simulation of genesis of hydrocarbons by Petromod 1D software (IES Gmbh; now SiIb), we wanted to determine the depth
range of oil window for essential source rocks. This area is composed of three parts from Devonian to late Carboniferous: the
Precaspian Basin subdivided into a basin (claystones, mudstones and calciturbidites) and a platform (limestone and storm
sandstones), and the Pre-Uralian Basin (turbidite sandstones). For the studied sector the values of the Ro are low and varies
from 0.4 to 0.7 and Tmax lies between 420 and 445°C. The simulation of the heat flow was calibrated by Vitrinite reflectance
with different kinetics according to the type of organic matter — VVandenbroucke et al. (1999)’s model was chosen for the type
111 (Brent) and for the type 1l (KCF). The low value of the heat gradient can be compensated by the geological duration during
which source rock undergoes the transformation. In the sector studied the phase of generation of oil can correspond to the level
of evaluation, corresponding to value 0.5% of Ro and even 0.4% for the algal type or mixed OM II/11l. For the studied for-
mations, the major part of hydrocarbons was generated from the maximal phase of burial. We can distinguish four zones in
which the depths of the beginning and end of the oil window are different: the western zone (basin) from 4-4.5 km to 7-9 km,
the zone of slope and border from 3-3.7 km to 4.5-5 km, the zone of Preuralian basin from 2.8-3.3 to 4.5-5 km, and the eastern
zone under the thrust of Ural (Izembet) from 2-2.8 to 3.5-4 km.
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1. Introduction turbidites and claystones accumulated throughout the eastern
Precaspian Basin and the Pre-Uralian Basin, followed by
evaporite deposition during the Kungurian [1]. These sedimen-
tary successions occur at depths ranging from 1700 to 4500 m.

The samples were analyzed using organic petrography,
including maceral analysis and vitrinite reflectance meas-
urements; geochemical methods, including Rock-Eval pyrol-
ysis and extract analysis; and molecular analysis by gas
chromatography-mass spectrometry (GC-MS).

To investigate hydrocarbon generation and migration,
one-dimensional (1D) basin modeling was performed to
reconstruct the evolution of the sedimentary basin during
subsidence. This approach enables the positions of the oil
and gas windows to be reconstructed throughout the basin’s
geological history. The modeling was conducted for five
wells representing five distinct tectonic zones using version 9
of PetroMod 1D, developed by IES GmbH (now SLB).

The Precaspian Basin contains substantial prospective
hydrocarbon resources, estimated at 10-12 billion tonnes of
oil and condensate and 5-6 trillion cubic metres of natural
gas. However, the origin of these hydrocarbons remains
insufficiently understood because the basin is characterized
by a low geothermal gradient and generally low source-rock
maturity. Therefore, this study examines the organic matter
in the sedimentary succession to identify the principal source
rocks and assess their thermal maturity.

The study area comprises three principal geological do-
mains developed from the Devonian to the Late Carbonifer-
ous: the basinal zone of the Precaspian Basin, composed
predominantly of claystones, mudstones, and calciturbidites;
its platform zone, represented by limestones and storm-
generated sandstones; and the Pre-Uralian Basin, dominated
by turbiditic sandstones. From the Asselian to the Artinskian,
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The models integrate geological and geochemical data,
subsidence and thermal histories, the Kinetics of organic
matter transformation, and hydrocarbon generation and
expulsion. Together, these parameters define the physical
framework for simulating the basin’s thermal evolution and
hydrocarbon generation history. To obtain an acceptable
agreement between the modeled and measured thermal
indicators, the heat-flow history of each well was calibrated
using vitrinite reflectance data, present-day temperatures,
and paleotemperatures derived from fluid inclusion mi-
crothermometry.

2. Materials and methods
2.1. Principles and background

2.1.1. Model parameters

1D modeling was performed for wells representing dif-
ferent tectonic zones: the western part of the basin, the
slope, the platform zone of the Caspian basin, the Cis-Ural
zone, and the reverse-thrust junction zone with the Urals
under cover, respectively.

The calculations were performed using the PetroMod
1D model. This model was used to reconstruct the subsid-
ence history, thermal evolution of the basin, and hydrocar-
bon generation. The model was calibrated by changing the
heat flow and the degree of erosion until an acceptable
agreement between the modeled and actual thermal indica-
tors was achieved.

2.1.2. Physical parameters

The thicknesses and lithologies of the various geological
formations were specified for each well. The lithologies used
in the calculations were defined as mixtures of pure compo-
nents with specified volume percentages.

The geological history of the eastern Caspian Basin has
been dominated by subsidence, but there were also isolated
periods of tectonic inversion at the end of the Bashkirian, the
end of the Carboniferous, and the end of the Asselian-
Artinskian. The thicknesses and lithologies of the various
geological formations were specified for each well (an ex-
ample of the well representing the middle position within the
territory under consideration is given in Table 1).

Table 1. Input table with stratigraphic data for the Loktybai 14G well (Case of a model with small amplitude erosion)

Bottom F_’resent Eroded
Age Top, m ' | thickness, @ thickness,
m m
Quaternaire 0 10 10
Cretaceous 10 500 490
Jurassic 500 630 130
Triassic 630 950 320
Permien Sup. 950 1250 300
Kungurian 1296 3442 2146
Asselian-Artinskian 3442 3685 243
Upper Carboplferous- 0 0 0 130
Podolskian-
Myachkovian 3685 3721 36
Lower Podolskian 3721 3813 92
Upper Visean 3813 4005 192
Lower Moscovian
Lower-Middle Visean 4005 5250 1245
Middle-Upper 5250 6200 950
Devonian
Lower Devonian 6200 6750 550
Lower Paleozoic 6750 7500 750
Basement 7500

The lithologies used in the calculations were defined as
mixtures of pure components with specified volume per-
centages. The geological history of the eastern Caspian
Basin has been dominated by subsidence, but there were
also isolated periods of tectonic inversion at the end of the
Bashkirian, the end of the Carboniferous, and the end of the
Asselian-Artinskian.

2.1.3. Thermal indicators of the model

The thermal markers used in this study are vitrinite re-
flectivity (VR), current temperatures and fluid inclusion
entrapment temperatures.

Thermal history reconstructions are based on vitrinite re-
flectence measurements (VR, % Rr). The VR measurements
were primarily performed on samples from potential source
rocks of the Visean, Serpukhovian-Moscovian, and Asselian-
Artinskian successions. In general, the measured VR values
are consistent with previously reported data for the eastern
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- Erosion age,
Deposition age, MPa MPa Lithology
from to From to
65 0
135 65 Clastic
203 135 Clastic
250 203 Clastic
274 250 Clastic
277 274 Salt-bearing rocks+clastic
296 277 Clastic
305 296 leestqnes+ evaporites
Limestones
307 305
308 307 Clastic
337 308 Limestones
360 337 Middle- Clastic
Devonian
390 360 Devonian Limestones
410 390 Clastic
540 410 Clastic-limestone
540 Volcanic, metamorphic rocks

part of the Precaspian Basin [2]. The values are relatively
low and generally do not exceed 0.7%. Only the reverse-
thrust zone beneath the allochthonous strata shows VR val-
ues in the range of 1-1.25. Thermal history was reconstructed
based on these parameters.

For one-dimensional modeling, wells with a sufficient
number of vitrinite reflectance (VR) measurements over the
investigated depth intervals were selected. Where direct VR
measurements were unavailable, three types of maturity
proxies were used: VR-equivalent values derived from non-
vitrinite macerals, such as alginite and tasmanite; VR values
estimated from the methylphenanthrene index (MPI-1); and
VR values estimated from Rock-Eval Tmax. The latter two
were calculated using the corresponding empirical relation-
ships between MPI-1 or Tmax and vitrinite reflectance.

The measured VR values were plotted against depth for
each well and compared with the corresponding vitrinite
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reflectance profiles simulated using the Easy%Ro model
Omuoka! UCTOYHUK CCHIJIKM He HaiiieH.
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2.1.4. Hydrocarbon genesis modeling

This study also considers the conditions of hydrocarbon
formation. The model uses parallel-reaction kinetic models to
simulate hydrocarbon generation (oil and gas) and includes
the secondary cracking of compounds formed during primary
cracking. These reactions are described by the Arrhenius
Equation (1) and are assumed to follow first-order kinetics:
dX E,

dt X AOeXp( RTJ' W)
where X is the fraction of the substance reacted; Ay is the
pre-exponential factor, s!; E. is the activation energy,
cal/mol; R is the universal gas constant; T is the absolute

temperature, K; tis time, s.
Equation (1) can also be written in differential form as:

Ea

dX =X Aoexp[ RTjdt' 2

Knowing the change in temperature with time, this equa-
tion allows one to calculate the fraction of reacted substance
in a given time interval. Most modern Kkinetic models use
distributions of activation energies, but with a single pre-
exponential factor. Each fraction is assigned a fraction of the
original carbon (IH) determined for the reference sample.

Thus, for the same thermal history and a given activation
energy, the fraction of reacted substance can be determined.
Models with parallel reactions also allow the distribution of
part of the IH to different compounds, which makes it possi-
ble to quantitatively estimate the number of compounds
generated (oil, gas, etc.) during kerogen cracking.

Numerous kinetic models have been reported in the lit-
erature [4]. However, whenever possible, the model should
incorporate kinetic parameters specific to the source rocks
under investigation.

This study focuses on the different phases of hydrocarbon
generation and the possibilities of secondary cracking. The
quantitative aspect is considered only indicatively.

2.1.5. Thermal regime of the basin

According to Ommnoka! McTOYHHK CCHIIKH He HaiieH.
the threshold for the onset of oil formation depends on the
geothermal gradient, depth and time of burial. The tempera-
ture at which oil begins to form varies from 50°C in Paleozo-
ic basins to 115°C in Mio-Pliocene deposits. The time of oil
generation also varies: the main phase may follow the depo-
sition of source rocks with a delay of several million to
300 million years.

The temperature corresponding to the onset of the oil
window decreases from approximately 120°C for 12-million-
year-old deposits to 60-62°C for deposits aged 180-359 mil-
lion years. This relationship is expressed as:

T =164.4-19.39Int, (r =-0.89) ©)

where T is the threshold temperature for oil generation,
°C; t is geological time, million years; r is the correlation
coefficient.

An alternative time-temperature relationship is given in

[61]:
3014

Ioglo t = ? - 6498 (4)

where t is geological time, million years, and T is the ab-
solute temperature, K.
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These equations were used to determine the threshold
temperature for the onset of oil generation in different
source-rock series. For the Lower-Middle Visean rocks
(345.5-334 Ma), the estimated temperatures are 50-51°C
according to the Pigott model [7] and 60-61°C according to
the Connan model [6]. For the Serpukhovian—Moscovian
rocks (326.5-305 Ma), the corresponding temperatures are
52-54°C and 62-63°C, while for the Lower Permian rocks
(296-278.5 Ma), they are 55-56°C and 64-65°C. These tem-
peratures were used to estimate the depth of the onset of the
oil window in the source rocks of the pre-salt complex. The
resulting temperature and depth estimates helped to select the
most appropriate Kinetic model for the organic matter types
and basin conditions.

2.1.6. Kinetic model

Several kinetic models are available in PetroMod 1D.
The following criteria were used to select the most suitable
models. First, models related to type Il or type Il organic
matter (OM) were selected. PetroMod 1D includes 27 mod-
els for type 11 OM and 10 models for type 111 OM.

A comparison of the hydrocarbon generation phases ob-
tained using different models showed that the T2(KCF)-CS
model of Vandenbroucke et al. (1999) [8] best meets the
selection criteria. According to this model, the temperature of
oil generation onset varies from 72°C in the Devonian to
63°C at present. The PRV value remains relatively stable
from the Devonian to the present (0.45-0.49%). The present-
day depth of the onset of the oil window is approximately
2800-3000 m.

The T2(KCF)-CS model of Vandenbroucke et al. (1999)
[8] was developed for the Portlandian—Berriasian Elgin Field
in the North Sea. The studied Kimmeridge Clay Formation is
characterized by the following parameters: type 1l OM; TOC
—8.2%; HI — 567 mg hydrocarbons/g TOC; Tmax — 420°C.

In the Kumsai well, type Il organic matter occurs in the
Sakmarian—Artinskian sediments, whereas mixed type 11/111
organic matter occurs in the Asselian sediments. The
Sakmarian sediments are characterized by TOC — 1.13%, HI
— 49 mg/g TOC, and Tmax — 425°C, indicating type 111 OM.
The Asselian sediments are characterized by TOC — 3.49%,
HI — 512 mg/g TOC, and Tmax — 441°C, indicating type Il or
mixed type I1/1I1 OM.

2.1.7. Current heat flow

Heat flows from the Cenozoic to the present were deter-
mined by calibration against present-day temperatures. The
results show that the temperature curve in the PetroMod 1D
depth-temperature plot depends exclusively on the heat flow
during the latest stratigraphic period, which corresponds to
the Cenozoic in the present models. The present-day heat
flow of 35-37 mW/m? was used as a reference for the paleo-
heat-flow evolution curve.

3. Results and discussion

The Rock-Eval analysis identified two groups of kerogen
in the slope and basin sediments: type 11l (humic) kerogen
with a low HI (<150 mg/g TOC) in the Permian and Visean
sediments, and type Il (algal) kerogen with a high HI
(>250 mg/g TOC) in the Serpukhovian-Moscovian sedi-
ments. Type |11 kerogen has the lowest oil-generation poten-
tial, whereas type 11 kerogen has the highest.
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The Visean, Serpukhovian-Moscovian, and Asselian—
Artinskian samples generally show low thermal maturity,
with vitrinite reflectance (VR) values below 0.65% and Tmax
values below 435°C. The VR-depth diagrams show three
types of gradients: the lowest in the western part and plat-
form zone of the Precaspian Basin (Figure 1a), intermediate
in the Pre-Uralian Basin, and the highest in the eastern suture
zone overthrust by the Ural nappes (Figure 1b).

The heat-flow model was calibrated using vitrinite re-
flectance data. Three periods of erosion were identified in
the study area: at the end of the Bashkirian, at the end of
the Carboniferous, and before the Kungurian. The estimat-
ed erosion thickness ranges from 100 to 700 m. In the
suture zone, the thickness of the nappes thrust over the
autochthonous deposits of the Pre-Uralian Basin is approx-
imately 4500 m.
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The simulated heat-flow values are low in the western
part of the Precaspian Basin (15-25 mW/m?) and increase to
40-50 mW/m? in the eastern part of the Pre-Uralian Basin
within the suture zone. The maximum heat flow occurred
during the period of maximum burial in the Early Permian,
reaching 30 mW/m? in the west and 65 mW/m? in the east.

Hydrocarbon generation in the source rocks was simulated
using different kinetic models according to the type of organic
matter. The models of Vandenbroucke et al. (1999) [8] were
selected for type Il (Brent) and type Il (KCF) organic matter.

The majority of hydrocarbons were generated during bur-
ial without any additional thermal event. In the eastern part
of the Precaspian Basin (Akjar well), the low heat flow ex-
plains why the source rocks are either immature or within the
oil window, from the Devonian to the base of the Permian
succession (Figure 2).
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Figure 1. Calibration of the thermal history using vitrinite reflectance data for the: (a) — Akjar well; (b) — Izembet well

1000

2000

30007

Burial depth [meter]

4000 7

5000

Zone_“andenbroucke_et_al(199%)_T2(KCF)-CS [zones]

. Immature .Vapur

.Liquwd Owermature

G000

G642

Akj arUEfcopH - Default_cogy

Mesozoigue

Fermien Sup

Fungurien

Asselien-Arting

Dewonien Inf.

Figure 2. Simulation of hydrocarbon zones in the Akjar well (liquid represents oil)
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In the suture zone of the Pre-Uralian Basin, the high heat
flow explains the presence of the oil window in the Visean to
Early Permian rocks and the wet-gas window in the Devoni-
an rocks of the Izembet well (Figure 3), as well as the dry-
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gas window in the Devonian rocks of the Belogorskaya well.
The onset of the oil window occurs at depths of approximate-
ly 4000-5000 m in the basinal part of the Precaspian Basin
and 3500-4000 m in the suture zone.
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Figure 3. Simulation of hydrocarbon zones in the Izembet well (liquid represents oil; vapor represents wet gas)

The modeling results demonstrate that the thermal ma-
turity and hydrocarbon generation history vary considerably
between the tectonic zones of the study area. In the Akjar
well, the low heat flow and thermal gradient resulted in the
preservation of largely immature source rocks, while oil
generation was restricted to the deepest parts of the sedimen-
tary succession (Figure 2). By contrast, the higher heat flow
in the Izembet well promoted more advanced organic matter
transformation, resulting in oil generation within the Visean
to Lower Permian rocks and gas generation within the deeper
Devonian succession (Figure 3).

The depths of the oil window estimated from the PRV-
depth relationships and the T2(KCF)-CS kinetic model [8]
are generally comparable. Its onset is estimated at approxi-
mately 2100-3100 m in the overthrust zone (Izembet) and the
Pre-Uralian Basin (Baijaryk), 3000-3700 m in the platform
(Kumsai) and slope (Loktybai) zones, and 3800-4300 m in
the western basinal zone (Akjar). The greater depth of the oil
window at Akjar is consistent with the lower thermal gradi-
ent of approximately 12-20°C/km.

The vertical extent of the oil window follows the same
regional pattern. It is smallest in the eastern overthrust zone,
increases in the Pre-Uralian, platform, and slope zones, and
reaches 5000-5500 m in the western basinal zone. Thus, the
east-west differences in hydrocarbon generation can be ex-
plained primarily by spatial variations in heat flow, burial
history, and tectonic setting, without requiring an additional
regional thermal event.

4, Conclusions

The modeled heat flow decreases from the eastern over-
thrust zone toward the central and western parts of the Precas-
pian Basin. The lowest heat-flow values and thermal gradients
were identified in the basinal zone, whereas the highest val-
ues occurred in the suture zone of the Pre-Uralian Basin.
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Thermal gradients within most of the Precaspian Basin
generally do not exceed 23-25°C/km. Consequently, the
studied source rocks are predominantly immature or within
the oil window. This thermal regime is consistent with the
predominance of oil and mixed oil-condensate-gas accumula-
tions and the absence of known dry-gas fields in the central
and western parts of the basin.

The PetroMod 1D simulations indicate maximum for-
mation temperatures of 69-106°C, whereas fluid-inclusion
trapping temperatures range from 82 to 138°C. This differ-
ence may reflect the circulation of hot hydrothermal fluids
through relatively cooler formations. However, the discrep-
ancy becomes considerably smaller if the fluid inclusions
formed during the Kungurian-early Late Permian, when the
modeled heat flow was higher.

The onset of the oil window varies from approximately
2100-3100 m in the eastern overthrust and Pre-Uralian
zones to 3800-4300 m in the western basinal zone, with
intermediate depths of 3000-3700 m in the platform and
slope zones. These results confirm that regional variations
in heat flow and burial history controlled the spatial distri-
bution of the oil and gas windows in the eastern Precaspian
and Pre-Uralian basins. The developed models provide a
basis for assessing source-rock maturity and identifying
prospective hydrocarbon generation zones during further
exploration of the region.
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Annarna. Kacruii maner 0acceiini Ka3zakcTaHHBIH HEri3ri MyHai-Ta3 sl MPOBUHIIMSACHI OOJIBINT TaObUIaAbl, MyHaa TeHi3,
Kapamsiranak, Actpaxan »xoHe KamaraH CHSKTBI anblll K€H OpPBIHIAphl OpHaJlacKaH. AJJIBIHFBI 3epTTeylepae HeTri3iHeH
TY3aCThl KellleHIMeH OaillaHbICThl MYHail TY3YIIi JKbIHBICTAD aHBIKTAJFaH. AJaija MyHall Tepe3eciHiH TepeHJIrT CHUSKTHI
napaMeTpIiep/li aHbIKTay Macelieci a1 /ie TOJIBIK LIeMIiIMereH, cede0i reoTepMUSIIBIK IPaJIMeHT TOMEH, all 3epTTENIreH MyHai
TY3YIIi JKBIHBICTAPBIH JKETUTy nopexeci ToeMeH. OCHl HIOTiHINepIeri OpraHuKaJbIK 3aTTapasl 3epTTey koHe PetroMod 1D
Oarmapnamanbik skacaktamachkl (IES GmbH; kasipri yakeitra SLB) kemeriMeH KeMipCyTEKTEpHiH TY3UIyiH MOJENbIey
HeTi31H/le Heri3ri MyHal Ty3ylli KbIHBICTap YIIIH MYHai Tepe3eciHiH TepEeHIIK apasibIFbIH aHBIKTAy Ke3Jelli. 3epTTeleTiH
ayMak JCBOHHAH KEWiHT1 KapOOHFa NEeHiH KaJbINTaCKaH YII KYPBUTBIMIBIK-(PaIlsIblK OenikTeH Typaabl: Kacrnwmit mMaHbBI
GacceliHi, oy OaccelHmiK OeiKKe (Ca3bl )KBIHBICTAP, APTHIUTUTTED KIHE KAJIBIUTYPOUIUTTED) JKoHE TUIaT( OpMabIK Oellikke
(eKTacTap MeH IaybUIIBIK KyMmTacrap) OeiliHeli, cCOHIai-ak TypOMAMTTIK KymracrapiaH TypartelH Opan anisl OacceifHi.
3epTTenreH ceKTop/a BUTPUHUTTIH Marbuty Kabineri Ro temen Monnepmen cunarransi, 0.4-ren 0.7%-ra neifin e3repesi, a
Tmax 420-445°C apanbireinaa Oonansl. JKbITy arbIHBIH MOJENBJCY OPraHMKAJBIK 3aTTHIH TypiHe OalIaHBICTBI SpTYpIi
KWHETHKAJIBIK MOAEIbIEP/i KOJIAaHA OTHIPHII, BUTPUHUTTIH IIaFbuTy Kabineri OoprHIma Kanmuopnerai: [II tunTi opranukamsik
3at (Brent) ymin Vandenbroucke et al. (1999) monemi, an I tun ymia KCF mozaeni tagmganapl. ['eoTepMUsIIBIK TPaIUeHTTiH
TOMEH MOHI MYHal Ty3yIlIi XbIHBICTAPABIH TPaHC(HOPMAIHSFa YIIBIPANTBIH I€0JOTHUSUIBIK YaKbIT Y3aKThIFBIMEH OTEIyl MYMKIH.
3epTTeNreH ceKkTopia MyHail TeHepanuschl (a3achiHbIH Oactamysl mamameH 0.5% Ro xeTiny aeHreiiine, am OammabIpIIbIK
Hemece apanac II/III TunTi opranukanbeik 3attap yuiH TinTi 0.4% Ro MoHiHE colikec Keyi MyMKiH. 3epTTenreH ¢popManusiap
YIIiH KeMipCyTeKTepAiH Heri3ri 0emiri MakcuManasl KeMily Ke3eHiHae Ty3uireH. MyHail Tepe3eciHiH 6acTary oHe asKTary
TepeHIIKTEP] apTYpIi TOpT aiimak OeiHni: 6artsic aiiMak (Oacceitnaik Oeiik) — 4.0-4.5 kM-z1eH 7-9 kM-Te neiiiH; OeTkeil xoHe
*kuekTik aiimak — 3.0-3.7 km-neH 4.5-5.0 km-re neitin; Opan anner Oacceiini alimarbl — 2.8-3.3 km-geH 4.5-5.0 km-re neitin;
Opa xarcapiibl )KBUDKYBIHBIH aCTBIHIAFbI MIbIFBIC aiiMak (M3emOet) — 2.0-2.8 km-aen 3.5-4.0 km-re neifin.

Hezizzi co30ep: Kacnuii mansl 6accetini, Opan anovl Oaccelini, OpeaHUKaIblK 3am, MOOeibOey, HCbLLY AeblHbl, MYHAU-2a3
Jicytiect, siceminy dapediceci, Kamubpiey.
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IMasie0TepMUYHOCTH M MOEJTUPOBAHUE TeHEPALIMH YIVIEBOAOPOI0B
B BocTouHOM yacTu IIpuxacnuiickoro u Ilpexypanbckoro 6acceiiHoB
(Ka3zaxcran)

T. Encen6aes”, B. Kemxkebaena, Muncso Cyn
Satbayev University, Armamoi, Kazaxcman
*Aemop ons koppecnondenyuu: t.yensepbayev@satbayev.university

Annoranus. [Tpukacnuiickuii 6acceliH sBisieTCs OCHOBHOW HedTerazoHocHO! mpoBuHIMed KazaxcraHa, rae pacnosioxe-
HBI TaKHe THT'aHTCKHE MECTOpOXKAeHUs, Kak Tenrus, Kapayaranak, Actpaxanckoe u Kamaran. B npensiaymmx uccienoBaHu-
X OBUIN BBISBIICHBI He)TEMaTEpUHCKUE TTOPO/IbI, MPEUMYILIECTBEHHO CBS3aHHBIE C I10JICOJIEBBIM KOMILIEKCOM. OIHaKO BOIIPOC
OTIpEICICHNsI TAKUX MapaMeTpoB, KaK IIIyOHHa HE(TSIHOTO OKHA, OCTAETCS HEPEIICHHBIM, IIOCKOJIBKY T€OTEPMUIECKUH rpaan-
SHT 3/1eCh HU3KHH, a N3yUCHHbIC He()TEeMaTEpPUHCKHE MTOPOIbI XapaKTePU3YIOTCS HEBBICOKOH CTENeHbio 3penocTtr. Ha ocHOBe
M3y9ICHUs] OPTaHUYECKOTO BEIECTBA B ATHUX OTIOXEHHSIX M MOJACIMPOBAHUS T€HEPALUH YIIEBOJOPOAOB C HCIOIb30BaHUEM
nporpammuoro obecreuenus: PetroMod 1D (IES GmbH; B HacTosiiee Bpemst SLB) Oblia npeanpuHATa MOMBITKA OMPEACTUTh
JMana3oH TIyOuH He(TSHOTO OKHa A OCHOBHBIX He(premarepmHCKMX mopox. Vcciemyemas TeppuTOpusl BKIIOYAET TPH
CTPYKTYpHO-(annaisHble 001acTd, chOpMHPOBABIINECS B MEPHOA OT JE€BOHA 10 Mo3aHero kapoOona: Ilpmkacnuiickuii Gac-
ceiiH, Iopa3iessieMblii Ha COOCTBEHHO 0acCeiHOBYIO 4acTh (TJIIMHHUCTHIC HOPOJIBI, APTHILIUTH M KaJIbIUTYPOUIUTHI) U IIIAT-
(hopMeHHYIO YacTh (M3BECTHSKU U IITOPMOBBIC NIECYAHUKH), a Takxke [Ipenypanbckuii 6acceiH, npencTaBiIeHHbIH TypOUuInuTO-
BBIMH TecuaHuKaMu. [l ucciaeqyeMoro y4acTka 3HaueHHs OTPaKaTelbHON CIIOCOOHOCTH BUTPUHUTA RO SIBISIOTCS HU3KUMU
u Bapeupyot ot 0.4 1o 0.7%, a Tmax naxonurcs B auanazone 420-445°C. MopenupoBaHue TEIUIOBOTO MOTOKA ObLIO OTKa-
JUOPOBAHO MO OTPAKATEIHHOM CHOCOOHOCTH BUTPUHHTA C UCIIOJIB30BAHMEM Pa3IMYHBIX KHHETHYECKUX MOJIesIel B 3aBUCHMO-
CTH OT THIIAa OPraHMYECKOTO BEIIECTBa: A oprannyeckoro semiectsa |11 Tuna (Brent) 6buta Beibpana moaens Vandenbroucke
et al. (1999), a ans 11 Tuna — mogens KCF. Huskoe 3HaveHHe Tre0TEPMUYIECKOTO TPAMEHTa MOKET KOMICHCHPOBAThCS MPO-
JOJDKUTEIIBHOCTBIO T€0JIOTHIECKOT0 BPEMEHH, B TEUCHHE KOTOPOTO He(hTEeMaTepHHCKHE MOPOABI MOABEPTar0TCs MpeoOpa3oBa-
HUI0. B nccneryemom cexrope Havaino (a3sl reHepaluu HeTH MOXKET COOTBETCTBOBAThH YPOBHIO 3penocTr okoio 0.5% Ro n
naxe 0.4% Ro s BojopocieBoro iubo cmemannoro oprannueckoro semiectsa /111 tunos. s uccnenoBanubix hopmariuii
OCHOBHas 4acTh YIJIEBOJIOPOAOB ObLIa CreHEpPHpOBaHA B IEPHOJl MAKCHMAJIBHOTO IOTPYXEHHS. BBIieieHBl YeThpe 30HH,
pasnuyaroniecs riyonHaMu, Hayasia | 3aBepIieHus] HehTAHOTO OKHA: 3amajaHas 30Ha (OacceiinoBast yacts) — oT 4.0-4.5 10 7-9
KM; 30Ha CKJoHa u 6opta — oT 3.0-3.7 10 4.5-5.0 xm; 30Ha IIpeaypanbckoro 6acceiina — ot 2.8-3.3 mo 4.5-5.0 km; BocTouHast
30Ha moj YpanbckuMm Hagsurom (Mzember) — ot 2.0-2.8 10 3.5-4.0 km.

Kntoueswvie cnosa: [lpuxacnuiickuil 6acceun, Ilpedypanvckuii 6accetin, opeanuyeckoe geujecmao, MoOeauposanue, menio-
801l NOMOK, Heme2a308as cucmemd, 3peiochib, KarubposKa.
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