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This article highlights the features of geological (basin) modeling of various zones and migration
routes and presents the assessment of resources of the oil field in the Precaspian region in western
Kazakhstan. A brief overview of geochemical features of the basin is presented using modern
assaying and visualization software packages. The preferred method of constructing 1D models
is indicated, and the results of such 1D modeling derived from the results of basin modeling
are presented. Additional data points (including paleowater depths, sediment-water interface
temperatures and heat flows) as boundary conditions were collected and included in the modeling
software for data calibration and cross-checking purposes. For all 1D models produced in this study,
Jurassic source rocks were deemed to have entered the oil window in Cretaceous time with the
critical moment occurring in Late Cretaceous and Early Paleogene. The implied tectonic history of
the basin suggests two possible periods of trap formation: tectonic inversion in the Middle Jurassic
and possible folding during late Alpine orogeny which began in Late Cretaceous or early Eocene.
While the Middle Jurassic traps can undoubtedly be filled with hydrocarbons, there is no such high
degree of certainty with regards to traps formed after Late Cretaceous, as those traps were formed
after peak migration periods.

KEY WORDS: Precaspian region, modeling, basin, geochemical, PetroMod, geothermal
gradient.
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byn makanada spmypirii Kewi-KOH aliMakmapb! MeH xondapbiH 2e0r102usirnsiK (6accelHdik) Mo-
OenbdeyOdiH epeKwernikmepi 6assiH0anadk! xeHe bambic KazakcmaHdarbl Kacrniuli MaHb! eHipiHOezai
MyHal KeH OpHbIHbIH pecypcmapbiH baranay ycbiHbinadbl. baccelHHiH 2e0XUMUSITIbIK epeKWwerik-
mepiHe KbicKalua Wworsly 3aMaHayu marnday xeHe eu3yanu3ayusi bardaprnamarnsik nakemmepiH nad-
OanaHy apkbinbl 6epineeH. bip enwemdi modenib0epdi KypyObiH Konalsbl 8dici KepcemineeH xoHe
bacceliHdi modenbOey HomuXxenepiHeH arbiHFaH ocbiHOau b6ip enwemdi modernb0eydiH Homuxxernepi
KenmipineeH. Koceimwa depekmep Hykmernepi (maneo xemekmepiHiH mepeHdiei, weaiHdinep meH
cy uHmepageliciHOeai memrnepamypa xoHe Xblry afbiHOapbl) WeKapasbiK Wwapmmap pemiHoe Xu-
Hanbir, 0epekmepdi kanubprey xeHe Kpocc-mekcepy MakcambiHOa Modernboey bardaprnamarsik
JxacakmamachiHa eHeisindi. Ocbl 3epmmeyode xacanraH 6aprnbik 6ip enwemoi Modenboep ywiH
HOpa ke3depiHiH xbiHbIcmapbl bop dayipiHde myHali mepeseciHe kipdi dern ecenmerndi, an MaHbI3-
Obl com kew 6op meH epme naneoz2eHOe 60510bl. baccelHHiH 6omkamObl MEKMOHUKarbIK mapuxbl
mys3akmbiH natida 601ybIHbIH €Ki MyMKiH Ke3eHiH 6ormkaliObl: opma ropadarbl MEKMOHUKarbIK UH-
s8epcus xoHe kew bop dayipiHOe Hemece epme soueHOe bacmariraH anbninik may KypbirbICbIHbIH
bIKmuman kamnapnaHybl. OpmaHfbl Opa my3akKmapbl KOMIPCYMeKmMepMeH mMoimbIpbiiybl MyM-
KiH 6orica 0a, kew 6op dayipiHeH KeliH natida 6onraH my3akmapra 0egeH CeHIMOINiKmIH Xofapbl
OeHeelii 0K, elimkeHi 6ys1 mysakmap KeWwi-KOHHbIH €H Xofapbl ke3eHOepiHeH KeliH natda 60s0bI.

TYWIH CO3MEP: Kacnuii maHs! alimarsi, Modenbdey, 6acceliHdik, 2eoxumusineik, PetroMod,
eeomepmMusAnbIK 2padueHm.
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B daHHoU cmambe ocgewaromes ocobeHHocmu eeonoau4deckoeo (bacceliHo8o020) MoOenupo-
8aHUsi pasuYHbIX 30H U nymel muzpayuu u npedcmasiieHa oyeHKa pecypcos HeghmsiHoeo Mecmo-
poxOeHus e lMpukacnulickom peauoHe 6 3anadHom Kazaxcmane. Kpamkuli 0630p 2e0XUMuYeckux
ocobeHHocmell bacceliHa npedcmaerieH ¢ UCrob308aHUEM COBPEMEHHbLIX MPO2PaMMHbIX MaKemoea
0ns1 aHanu3a u eusyanusayuu. YkasaH rnpednodmumeribHbIl Memod nocmpoeHuUsi 0OHOMEPHbIX
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moderned, u npedcmasrneHbl pe3yibmamabi Mako2o 00HOMEePHO20 MOOe/IUPO8aHUS, MOTy4YEeHHbIE
Ha ocHoge pe3ynbmamos ModenuposaHusi bacceliHa. oMoIHUMesbHbIE MOYKU OaHHbIX (8KITHo4ast
eny6uHbl naneosod, memnepamypbl Ha epaHuuye pasoena OOHHbIX OMIoXeHUU u 800kl U Merio-
8bI€ [TOMOKU) 8 Ka4ecmeae e2paHUYHbIX ycrioeuli bbiru cobpaHbl U 8KITHOYEHbI 8 npo2pamMmHoe obe-
crieyeHue 0151 ModernuposaHus Orisi yenel Kanubposku 0aHHbIX U rnepekpecmHou rnposepku. s
8cex 0OHoMepHbIx Modersnel, co30aHHbIX 8 3MOM ucciedo8aHuUU, cHUMarnoch, Ymo PCcKUe nopo-
ObI-UCMOYHUKU 80WIIU 8 HE(hMSHOE OKHO 8 MET080€ 8PEMS, @ KpUumu4YecKuli MOMeHm npuuier-
CS1 Ha o30Hull Men u paHHul naneozeH. lNpednonasaemast mekmoHu4eckas ucmopusi bacceliHa
npednonazaem d8a 803MOXXHbIX nepuoda hopMUPOBaHUSI FTI08YWKU: MEKMOHUYECKYIO UHBEPCUI
8 cpedHel ope U BO3MOXHYI CKnaddyamocmb 80 8peMsi o30Heasbrnulickoeo 20poobpa3osaHus,
KOmopoe Ha4arnoch 8 Mo30HeM Merly Unu paHHeM souyeHe. B mo epemsi kak cpedHeropcKue /1o-
8YWKU, HECOMHEHHO, Mo2ym bbimb 3aronHeHb! y2rneeodopodamu, Hem makol 8bICOKOU cmerneHu
y8EPEeHHOCMU 8 OMHOWEeHUU 108yWeK, 06pa3osaswiuxcs nocre no3oHeao mera, MoCKOMbKY amu
n108ywWKU 6biniu cQhoOpMUPOBaHbI 110C/IE MUKOBLIX Mepuodo8 Muzspayuu.

KITFOYEBBIE CJT0BA: lNpukacnutickuli 6bacceliH, ModenuposaHue, baccelH, eeoxumuyeckud,
PetroMod, eeomepmuyeckuti epadueHm.

capacitance properties in a number of well-known oil and gas basins of the

world under conditions of abnormally high reservoir pressures and elevated
temperatures at depths of 8,000—10,000 m or more has renewed interest in the search for
large accumulations of hydrocarbons in the deep layers of the Caspian Depression. [2]
The oil and gas potential within the northern and middle parts of the Caspian Sea has been
positively assessed by many scientists. [5] The access of oil prospecting operations to new
territories allowed us to obtain fundamentally new data on the conditions of occurrence
of hydrocarbon deposits, which cannot be explained from the standpoint of the currently
prevailing sedimentary-migration hypothesis of the origin of oil. [7] Traditionally, the main
share of hydrocarbons in the Precaspian basin is currently associated with the Paleozoic
complex in its near-shore zones, primarily with the largest carbonate objects of reef
genesis. [1] The idea of migration routes and unloading zones of deep hydrocarbon systems
in the upper part of the Earth's crust ("degassing pipes", "through range", "foundation
faults") was formulated by P.N. Kropotkin, the author of the fundamental idea: oil and
gas accumulation is the result of the hydrocarbon branch of the degassing of the Earth. [6]
Currently, the strategy of studying the subsalt deposits of the Precaspian Basin is based on
the search for large carbonate bodies of the Lower Permian-Devonian age, which occupy
the main place in the provision of the oil and gas industry of the Republic of Kazakhstan
and with which the bulk of the explored reserves and forecast hydrocarbon resources
are associated. [3] The Middle Devonian deposits in large areas of the side parts of the
Precaspian Basin may have the same composition and represent a promising direction of
oil and gas exploration at accessible depths.[4]

Accumulation of hydrocarbons in traps can occur both in the generation zones and
in the marginal, most elevated parts and separating ledges in the presence of favorable
conditions for lateral migration of hydrocarbons.

Petroleum System Modeling (PSM), often referred to as basin modeling (when
performed at the basin scale), is a method used to represent the history of a sedimentary
basin, including the processes and components necessary for oil formation: oil source

ntroduction. The establishment of giant reservoirs with good filtration and
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rock, reservoir, trapping mechanism, pressure of overlying rocks and the corresponding
relative timing of their formation. Using geological, geophysical and engineering data, a
3D model of the subsurface is created. It can be used to understand whether oil is present
and how much of it may be in potential traps.

The resulting models are valuable during exploration to identify favorable places
where oil could migrate and get trapped.

Methodology. PSM was performed in 1D mode using the PetroMod software and
the PSQL (Petroleum system quick look) tool in the Petrel software.

The following workflow was applied to study the petroleum system:

1) Stratigraphy and facies were analyzed in the selected wells,

2) 1D models created in PetroMod based on these wells,

3) The thermal regime was calibrated based on vitrinite temperature and reflectivity
data found in external sources for one well,

4) 1D models were created to understand the zones of HC generation in the vertical
section,

5) The processes of generation and migration of HC were modeled in Petrel (using
the PSQL tool) to understand the migration paths and highlight possible accumulations.

The Jurassic interval is the only one proven at the deposit and in the neighboring
part of the basin.

Results: 1D models

Figures 1, 2, 3 show the final lithostratigraphic columns created for the selected wells
using the results of petrophysical interpretation. The intervals of the source rocks were
selected in the intervals of shales, the type of kerogen was taken as type III based on the
regional database of Jurassic SR obtained from the IHS source (Figure I). The hydrogen
indicators were taken on the basis of geochemical data recorded in a well located in the
western part. The lower Cretaceous SR intervals have also been investigated in order to
understand the upper limits of HC generation windows.
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Figure 1 - Samples of source rocks plotted on the Van Krevelen diagram (IHS database
for sedimentary basins of Western Kazakhstan)
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Age mp;"fv:‘"‘pkk Depth  Thickness  Eventtype Iay“::‘/':;m P"“’:z‘s’i‘;‘:m"’ Lithology PSE Kinetic Toc HI
[Ma] [m] [m] m] [%]  [mgHC/gTOC]
| 0.00 Ciseal 0 l
| 430 4 Deposion  C1seal Sh80_Sst20 Overburden Rock
[l 66.00 K2seal 430
| 455 4 Deposition K2 seal Chalk70_Sh30 Seal Rock
i 90.00 K2res 885
415 4+ Deposition K2res Sh40_Sst60 Reservoir Rock
| 95.00 K1seal 1300
| 280 4 Depositon  K1seal Sh65_Sst3s Seal Rock
105.00 Kires 1580
700 4 Deposition Kires Sh70_Sst30 Reservoir Rock
140.00 K1 source 2280
130 4 Deposition K1 source Sh60_Sst40 Source Rock Pepper&Corvi(1995)_TIIH(DE) 1.00 300.00
H 145.00 J3seal 2410
17 4 Depositon |13 seal ShS9_Lst25_Sst14_Anh2  Seal Rock
156.00 J2bres 2580
50 4 Depositon  12bres $h40_Sst60 Reservoir Rock
157.90 12b source 2630
1 4 Deposition | 12b source $h70_Sst30 Source Rock Pepper&Corvi(1995)_TIIH(DE) 150 250.00
163.90 J2ares 2800
220 4 Deposition  12ares Sh60_Sst40 Reservoir Rock
172.00 J2a source 3020
215 4 Deposition  J2a source $he0_Sst10 Source Rock Pepper&Corvi(1995)_TIIH(DE) 3.00 300.00
180.00 Jibres 3235
| | 220 1 Deposition Jibres $h20_Sst80 Reservoir Rock
l 201.00 J1source 3455
75 4 Deposition  J1source $h90_Sst10 Source Rock Pepper&Corvi(1995)_TIIH(DE) 3.00 300.00
‘ 208.50 Jiares 3530
20 4+ _Deposition Jiares Sh10_Sst90 Reservoir Rock
|| 210.00 Base Jur 3550
Figure 2 - Lithostratigraphic column of the Arystan well
Age © ';‘;:,‘f i Depth Thickness  Eventtype . ’:f,’?;m Pa'“;z‘s’;’,:"""’ Lithology PSE Kinetic oc HI
Ma] PP ) 4 s (%] [mgHC/gTOC]
0.00 Surface I
4 Deposition 1 Sh80_Sst20 Overburden Rock
66.00 Cretaceous
4 Deposiion 2 Chalk (typical) Seal Rock
100.50 Top Lower Cret 173
921 4 Deposition 3 Shs0_Sst40 Reservoir Rock
122,70 TopK1SR 2094
164 4 Deposition 3a Sh80_Sst20 Source Rock Pepper&Corvi(1995)_TIIH(DE) 1.00 300.00
126.60 BotK1SR 2258
3 4 Depositon | 3b 5h60_Sst40 Reservoir Rock
145.00 Top Jurassic 3021
411 4 Deposition 4 Sh59_Lst25_Sst14_Anh2 Seal Rock
165.10 Top Middle Jurassic 3432
75 4 Deposition 5 Sh40_Ssts0 Reservoir Rock
168,80 Top J2SR. 3507
164 4 Deposiion | 5a 5h60_Sst40 Source Rock Pepper&Corvi(1995)_TIIH(DE) 1.50 250.00
176.80 Top Lower Jurassic 3671
4 Deposiion 6 Sh40_Ssts0 Reservoir Rock
J| 187.90 TopJ1SR 3897
| 103 4 Deposion  6a 5h90_Sst10 Source Rock Pepper&Corvi(1995)_TIIH(DE) 3.00 300.00
I 192,90 Base J1SR 4000
171 4 Deposition  6b Sh20_Sst80 Reservoir Rock
201,30 Base Jurassic unc. 4171
0 t Erosion Ter 0
202,00 Top Triassic 4171 I
549 4 Deposion 7 0 N siltstone (organic lean) Underburden Rock
237.00 Top Mid Triassic 4720
608 4 Deposition 8 Siltstone (organic lean) Underburden Rock
247.20 Top Lower Triassic 5328
652 4 Deposition 9 Siltstone (organic rich, typical)  Source Rock. Pepper&Corvi(1995)_TII-S(A) 100 600.00
323.20 Basement 5980

Figure 3 - Lithostratigraphic column of the pseudo-well Kitchen-1

Boundary conditions. A critical stage in the construction of the oil system model is
the establishment of boundary conditions of the thermal regime. The boundary conditions
are as follows:

- Paleo Water depth (PWD),

- Sediment-water interface temperature (SWIT),

- Heat flow.

SWIT and heat flow are upper and lower boundary conditions that change over the
course of the basin's evolution history and must be reconstructed for the period under
study, i.e. from the beginning of the Jurassic Period to the present day.

Paleo Water depth

PWD is used to calculate SWIT by applying corrections for the water layer to the
surface temperature. PWD was reconstructed based on the previous work done for the
district. Note that the model only takes into account values after the base Jurassic period
(~200 million years ago).
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Sediment-water interface temperature

SWIT is calculated from the surface temperature by applying corrections to the
water layer (PWD). The surface temperature was reconstructed using the global average
temperature model Wygrals (1989), which is available in Petrel. This tool uses as input the
location (set in the Northern Hemisphere > Central Asia > 45 deg. latitude) to reconstruct
the surface temperature curve (Figure 4).

Global Mean Temperature At Sea Level (based on Wygrala, 1989)

__tet. | uet | [Eocene]oi] Mo ]

Temperature [°C]
30.0

Latitude [degree]

300 200 100 0
Time [Ma]

331.45Ma -87.16 degree(7.89 °C)

+ KA $lm-liE
(Crbapsn ] Laioce 1 [ [a—

Figure 4 - The global average temperature model according to Weigrals (1989)

Heat flow

Heat flow is the movement of heat (energy) from the bowels of the Earth to the
surface. The heat flow is calculated using the thermal conductivity of the rock multiplied
by the temperature gradient.

Knowing the lithological column of the well, PetroMod reconstructs the thermal
conductivity profile of the corresponding 1D model.

The digitized data set of the well did not contain temperature logs and the reflectivity
coefficient of vitrinite. The source of the thermal data was external data sources. The
Tereshkovskaya-1P well is located within the research area with only known samples
of vitrinite reflectivity (VR) (from the IHS database - Figure 7). This well was used to
calibrate the heat flow. Note that there are only two VR values in this well.

The current temperature gradient is known as 33 degrees Celsius/km from the same
IHS database (Figure 5).

The value of the heat flow of 55 MW/m2 converts the Tereshkovskaya-1P model into
a temperature logging corresponding to a gradient of 33 ° C/km (Figure 5, left). This value
correlates with the modern map of heat flows, found on a well-known Internet resource
www.earthbyte.org (Figure 6). Since the heat flow curve must be reconstructed in the
past, this value can only be relevant to the end of this curve (i.e. today).
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The rest of the curve was iteratively adjusted to match the VR values of the
Tereshkovskaya-1P well. Unfortunately, it was not possible to compare the two values,
preserving a geologically significant section, so priority was given to the lower VR sample
taken from the Jurassic section (Figure 7, right).

Figure 8 shows the final boundary conditions calibrated for the Tereshkovskaya-1P
well. They were used to run all PetroMod 1D models, as well as generation and migration
models in Petrel.
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Figure 5 - Regional calibration data (IHS database)

Due to an unknown source of calibration data (an external database available only
in image format), the accuracy of the data cannot be verified, the reader should bear in
mind the uncertainties that are unavoidable in such circumstances.

Heatflow

NorthUstyurtBasin - heatfiow Statistics - Heatflow

" ! : " Median 53.125
Mean 52.458
Scale 2,605
stdev 2.640

Z_min/Location | 44.231/48.0333°Lat 59.4667°Lon

Z_max/Location | 56.294/ 42.1°Lat 59.9333°Lon

For explanation to the data source or computation of this
grid please follow this link. Clicking the image will open a
high-res PDF of the map. Units in the statistics table are
same as map units. Z_min and Z_max refer to the minima
and maxima with their respective geographic locations

Jump to the following datatype:
| Dynamic topography history v|
| View |

+ back to the top

Figure 6 - Modern heat flow map of the Northern Ustyurt basin (www.earthbyte.org )
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Figure 6 - Modern heat flow map of the Northern Ustyurt basin (www.earthbyte.org )

Boundary condition tables for New_Teresh-16 & x| | Boundary condition plots for New_Teresh-16 8 X
Showtable [MPWD [Aswir [ HF Showplot [MPWD [Aswir [HF
Paleo water depth SWI temperature Heat flow
Paleo Water Depth, New_Teresh-1G
i L] {4 = i
Sortand dean Calc. settings... Sortandcdean  McKenzieHF... Sortand dean
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[%][+ ][o.00 %] %l E 200
Age  PWD Age | SWIT Age HF F o0
[Ma] [m] [Ma] ra [Ma]  [mW/m*2] ’ T T T T T T T .
400 300 200 100 0
0.0¢ 0 000 125 0.06, 55.00 Time [Ma]
12,00 20 1200 1625 23.30 57.78
30.00 20 3000  20.36 40.55 60.83 RAG Lo Y miny
125.00 0 12500 2766 66.64 59.44
140.00 23 140,00 25.30 97.87 59.44 SWi-Temperature, New_Teresh-1G
145,00 3 14500 2465 137.02 6111 _
5
155.00 5 15500 2375 17197 64.44 <
235.00 5 23500 2479 206.79 68.13 2 20
5
241,00 0 241,00 2583 219.50 69.38 £ 0 . . ; ; . . . .
250.00 0 250.00 25.24 233.56 67.34 . 400 300 200 100 0
Time [Ma]
257.00 20 257.00  23.58 252.29 65.63
290.00 10 290.00  22.39 280.40 65.00
QR 4+ v [
304.00 50 30400 24.00 307.84 63.75
317.00 50 317.00  24.00 350.00 63.60 Heat Flow, New_Teresh-1G
334.00 25 33400 24.00 o -
339,00 25 339.00  24.00 £
342.00 50 34200 24.00 E
35100 50 3500 24.00 uﬁ_
E
363.00 25 363.00  24.00 H] 200
420.00 25 42000 24.00 Time [ha]

Figure 8 - Final boundary conditions calibrated by the Tereshkovskaya-1P well

Analysis. Figures 9 to 12 show the results of modeling created 1D models in
PetroMod. Two burial sites and a diagram of geological events are shown for each model.
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Default Burial Plot, New_Arystan
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Figure 9 - 1D burial sites with superimposed values of VR and TR, Arystan well

The upper graph shows the value of the vitrinite reflection coefficient, grouped by
the oil window (from 0.6 to 1.2%, green colors) and the gas window (from 1.2 to 4.0%,
red colors). This graph shows the maturity level for all intervals in the simulated section.
Blue color corresponds to immaturity conditions, dark green — early/paraffin oil, medium
green — basic oil, light green — late/light oil, dark red — wet gas, light red — dry gas.

The lower burial site is covered by the transformation coefficient (TR). This value
means the percentage of organic matter converted into liquid hydrocarbons, and is
calculated only for the intervals of the oil source rock where the kinetic model was installed
(see lithostratigraphic columns, Figures 9-12). The TR value of 50% is usually considered
as a critical moment for the generation process — the time when migration is at its peak.
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Figure 10 - Diagram of geological events, Arystan well
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Figure 11 - 1D burial sites with superimposed values of VR and TR, Kitchen-1 pseudo-well
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Conclusion. The diagram of geological events summarizes the oil system of the

1D model, superimposing its key processes on the timeline: deposition of the oil source
rock, reservoir, seal, pressure of the overlying strata, generation time, critical moments
for each source rock and the hypothetical time of trap formation. This diagram is used to
understand whether the petroleum system is working, i.e. the source rock was deposited
before the reservoir rocks were covered with a seal, and the formed hydrocarbons began
to migrate after the traps were formed so that they could be filled.

Plot, KNOC_Kitchen1_revised

Cretaceous Paleogene Neogene | |
UJur. | Lower Cretaceous | Ucrt. Plc.| Eocene | Oli. | Mio. |
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Figure 12 - Diagram of geological events, Kitchen-1 pseudo-well

For all 1D models (wells/structures), Jurassic source rocks entered the oil window

in Cretaceous time (intervals J1, obviously earlier than J2), the critical moment occurred
in the Late Cretaceous - Early Paleogene. The tectonic history of the basin suggests two
possible periods of trap formation: tectonic inversion in the Middle Jurassic and possible
folding during the late Alpine orogeny, which began in the Late Cretaceous - Eocene
period. While the Middle Jurassic traps can undoubtedly be filled, given that generation
began in the Cretaceous period, traps formed after the Late Cretaceous period have a high
risk of missing the peak of migration. @
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