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Summary
Reprocessing and integrated interpretation of vintage and newly available data provided new insight into structural
framework of thrust belt in the northeastern part of the Timan Pechora basin. It showed that structural evolution of
the fold and thrust belt was influenced by the multiphase development of salt diapirs which finally were squeezed
during pulses of the orogenic shortening. This was accompanied with expulsion of salt and the development of
divergent thrusting. The improved seismic imaging has allowed for more accurate definition of the structure and
stratigraphy below thrust sheets including salt sole in frontal zone of the fold and thrust belt. The updated
interpretation shows new exiting opportunities for petroleum exploration provided by subsalt traps.
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Introduction
Over the last two decades the frontal part of the fold and thrust belt in the northeastern part of the
Timan Pechora basin attracted considerable interest of oil industry. Nevertheless, significant
exploration efforts so far have failed to deliver significant volume of hydrocarbons. Review of the
past exploration indicated that majority of the wells failed due to misinterpretation of structural setting
and evolution of petroleum systems. Many dry holes were targeted late or post-migrational traps.
This study included reprocessing and reinterpretation of vintage and newly available data which
provided new insight into structural framework of the fold and thrust belt. The updated interpretation
shows new exiting opportunities for petroleum exploration provided by subsalt traps.
General setting
This study is focused on highly prospective frontal part of this fold and thrust belt in the northeastern
part of the Timan-Pechora basin (Figure 1). The development of this belt resulted from closure of the
Uralian Ocean and the convergence the East European Platform and a collage of island arcs and
microcontinents of West Siberia in course of the Pangea assembly in the Late Permian. It was
followed by collision with the South Kara-Yamal terrain in the Late Triassic, which produced the PayKhoy Fold Belt, overprinting the Uralian structural trends in the north-eastern part of the Timan
Pechora basin. In course of the orogenic pulses Silurian-Lower Permian sequence has been decoupled
from its basement along Upper Ordovician salt and deformed by large-scale folding and thrusting.

Figure 1 A- Overview map of northwestern Russia. B- Location of the study area in the framework of
the Timan-Pechora basin. The structural grid shows top of the Carboniferous-Lower Permian
carbonates. The map outlines the distribution of the oil and gas fields.
In previous interpretations the Upper Ordovician salt was only considered as a weak detachment level
facilitating decoupling of the sedimentary cover and allowing long-distance transmitting of folding
(e.g. Yudin, 1994). The important structural role of the salt detachment was supported by drilling
data. Several deep exploration wells, drilled in 1999-2010 in front of the fold belt, showed that salt is
located at the thrust soles.
Reinterpretation of regional seismic dataset suggested that the Upper Ordovician salt played more
important role in the structural evolution of the study area (Sobornov & Astafiev, 2017). Based on
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regional 2D offshore data, it was proposed that diapiric structures in the area had been developed prior
to the onset of the orogenic shortening. During the contractional folding the pre-existed salt walls and
domes were squeezed with expulsion of salt and the development of divergent thrusting (Figure 2). In
the recent study we were focused on the onshore part of the fold and thrust belt.

Figure 2 Composite transect across of the offshore part of the fold and thrust belt in the northeastern
part of the Timan Pechora basin showing squeezed diapirs formed by the Upper Ordovician salt in its
frontal zone. From Sobornov & Astafiev, 2017 with modification. See Figure 1 for location.
Methodology
To constrain geological setting of the area we integrated available 2 and 3D seismic, potential fields,
drilling and geological mapping data, as well as results of the previous studies. Complexity of seismic
acquisition condition related to the extensive development of thrust faulting, velocity contrast and
karstification of carbonates and anhydrates resulted in poor resolution of the available vintage seismic
data. In order to improve the subsurface imaging, the Common-Reflection Surface (CRS) technique
was used for signal to noise ratio increasing on vintage data gathers. Enhanced CRS gathers were then
passed through conventional PreSDM imaging workflow. Additionally advanced 3D processing
techniques were used including seismic tomography, RTM and CBM migrations. The reprocessed
data provided substantial increase in subsurface imaging. This coupled with relevant geological
information permitted better definition of structural geometry and showed much greater role of salt
tectonics than perceived previously.
Interpretation
Interpretation of recently acquired and reprocessed legacy data provided evidence that the Upper
Ordovician salt had played an important role prior to the onset of the syn-orogenic folding and
thrusting. Reprocessed 3D onshore seismic data showed the presence of various structural
configurations related to the squeezing of diapirs. Seismic line shown in Figure 3 exhibits a large
mushroom-shaped diapir, piercing the entire sedimentary cover and producing large salt glaciers at the
surface. The presence of diapir caprock and salt glaciers explain the extensive occurrence of the
carbonate breccia consisting of the Upper Ordovician-Silurian carbonates. It is regarded to as a
byproduct of salt mobilization, extrusion and dissolution. Considerable thickness variations of
stratigraphic units abutting the salt diapirs are recognized at seismic data. These changes in
stratigraphic units’ thickness are interpreted to be related to salt withdrawal and inflation which
occurred prior to the syn-orogenic folding.
Significant facial changes in the Upper Devonian-Lower Permian section flanking a squeezed diapir
are shown in Figure 4. This line exhibits an interpreted Upper Devonian reef attached to a thrust sheet
with salt sole. The Visean-Lower Permian deposits onlap this reef and get thinner towards the crest of
the reef drape. It is likely that the nucleation and growth of this reef may have been linked to a local
uplift produced by salt pillow, which later were transformed into the salt diapir.
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Figure 3 Seismic section showing mushroom-shaped diapir. Note the significant thickness variations
of the Silurian-Permian deposits flanking the diapir on the southeast. Data processing by Seismotech.
See Figure 1 for location.

Figure 4 Seismic section showing the Upper Devonian reef attached to the interpreted squeezed
diapir. Data processing by CGG with use of RTM migration. See Figure 1 for location.
Figure 5 shows the proposed sequential structural evolution of the southern part of the fold and thrust
belt along with the development of oil kitchen in the foredeep basin. It includes rifting and salt
accumulation in the Ordovician. It was followed by foredeep subsidence and initiation of salt
diapirism. The beginning of collision in the late Artinskian resulted in the increasing rate of
subsidence which rejuvenated halokinesis. Progressive folding and thrusting in the Late Permian
accelerated the foredeep subsidence and led to a massive hydrocarbon expulsion. The culmination of
shortening in the Latest Permian-Early Triassic resulted in the delamination of sedimentary section
along the Upper Ordovician evaporites and disharmonic folding. In the frontal part of the fold belt the
shortening was accommodated by the squeezing of diapiric walls and domes. The detachment
thrusting caused the general uplift and erosion of the postsalt deposits which decreased the
hydrocarbon expulsion.
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Figure 5 Cartoon diagram showing the sequential restoration of the structural development of the fold
and thrust belt in the northeastern part of the Timan Pechora. See text for comments.
Petroleum prospectivity
The improved seismic imaging has allowed for more accurate definition of the structure and
stratigraphy below thrust sheets including salt sole in frontal zone of the fold and thrust belt. Large
traps are provided by three-way closures juxtaposed against salt or salt weld, which may acts as the
updip seal. The pre-collisional development of the salt diapirism provides favorable conditions for the
development of reservoir intervals at several stratigraphic levels and their early charging with oil
during the major hydrocarbon migration phase which pre-dated the squeezing of diapirs. The
principal hydrocarbon plays are presented by carbonates including reefs and drapes in DevonianLower Permian section.
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