
Volozh Yu.А., Antipov M.P., Bykadorov V.А., 

Ershov A.V., Korotaev M.V.
(GINRAS, MSU)

4 D modelling oil and gas 
basins within Caspian 

region



 We are aimed at presentation of the three-dimensional 

model of sedimentary basin through definite interval of 

geological history. For ease let define it as “4-D modelling”, 

keeping in mind geological time as the axis of the fourth 

dimension.

 Unlike conventional two-and three-dimensional models the 

four-dimensional models represent not a single geological 

body but a series of bodies that change each other in time 

like succession of images in a cartoon.

 At any time slice each geological body is represented by 

hierarchically subordinated layered associations, limited 

with isochronous boundaries - bedding surface or 

stratigraphical boundaries of regional structural and/or 

erosional unconformities. These features are determined by 

the evolution of tectonic and sedimentary.

 Seismostratigraphic analysis of data remains the principal 

instrument for mapping (allocation) of these bodies.



 Understanding of regularities in hydrocarbon 
deposits with 4-D modeling is aimed at 
reconstruction of oil and gas generation in 
petroleum systems, as well as quantitative 
estimation of the resource potential of the 
region.

 Application of the four simulations allowed us to 
give the most accurate, in our view, 
corresponding to today's level of geological 
knowledge, interpretation of deep structure and 
evolution of sedimentary basins of the Caspian 
region and come to a number of new geological 
concepts.



Four-dimensional model presented as an 
electronic atlas. The atlas reflects the main 
features of the stratigraphy, tectonics, 
geological history and development of oil and 
gas basins within Caspian region. 
We focus on the most controversial problems of the 

geological structure and justification of new perspective 
directions of researches in the allocation of areas and 
localites with quantitative estimates

Atlas includes more than 160 lists of graphics and 
explanatory text, which is illustrated with 56 drawings.
Graphics assembled into five sections: 1) Seismic 
stratigraphy, 2) Tectonics, 3) Evolution, 4) Basin 
modelling, 5) Oil and gas perspectives



 the results of seismostratigraphic 
analysis of regional CDP seismic 
profiles

 parametric and exploration wells

 reprocessing the refraction profiles

 gravity and magnetic data



Caspian region: 
location of 
seismic profiles 
and boreholes



1.Seismostratigraphy

Seismostratigraphical analysis and seismogeological zoning was 
carried out using about 9,000 km profiles of CDP and 160 
deep parametric wells (400,000 meter)

- Seismic-zoning map – 1 list

- Seismostratigraphic model of seismogeological provinces and 
regions -1 list

- Correlation of reference sections and parametric boreholes (about 
150 wells) - 16 lists

- Combined lithologic and stratigraphic columns of seismogeological 
areas and zones -10 lists

- Seismostratigraphic profiles - 58 lists.



Seismic provinces

of 

Caspian region



TWT seismostratigraphic profile across Astrakhan dome



Seismostratigraphic models of seismogeological provinces and regions



SE PreCaspian:South Emba Uplift zone









Fragment of seismic profile across Karaton dome



2. Tectonics
- Structural maps for 10 main stratigraphic 

unconformities (from the surface of the 
consolidated crust to PrePliocene 
unconformity)

- 15 Regional geological cross-sections, 

- maps of thicknesses and 8 seismic 
facies

(R-Pz, D1-C2b, C2m-P1a, P1rg-T, J1-3, K1-2, Pg-N1, 
N2-Q), N2-Q)



Caspian region: consolidate crust



Caspian region:
1. Structural map of preKungurian unconformities        2. PreKungurian seismofacies map



3. Evolution 



Paleotectonic reconstruction 
along the 9 lines of the 

regional sections



Paleotectonic reconstruction along the profile r. Ural - Izembet





Palinspastic-maps for 11 stratigraphic levels 

(from Ordovician to Cretaceous).



4. Basin modeling
results are represented in a set of maps and models for:

- Corg distribution within Caspian and Middle 

Caspian basin

- maturity of organic matter 

- specific densities generated and migrated 

hydrocarbons



5. Petroleum potential
results are represented in the set of maps





There are three regional seals separating the four 
hydrodynamic petroleum systems with different 
thermodynamic conditions in the sedimentary cover within 
the Caspian region:

 Subsalt petroleum system Caspian oil and gas province

 Kungurian-Lower Jurassic petroleum system Caspian, the 
Scythian and Turan Western oil and gas provinces 

 Middle Jurassic-Miocene petroleum system Caspian region

 Pliocene-Quaternary petroleum system Caspian region

Prospects for oil and gas are considered separately for each of these 
petroleum system 



PreCaspian basin, Astrakhan dome:

Lower Permian fan





Thank you very much 
for your very kind 

attention!


