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FOREWORD

This report was prepared as part of the World Energy Project of the U.S. Geological
Survey.  In the project, the world was divided into 8 regions and 937 geologic
provinces.  The provinces have been ranked according to the discovered oil and gas
volumes within each (Klett and others, 1997).  Then, 76 "priority" provinces (exclusive
of the U.S. and chosen for their high ranking) and 26 "boutique" provinces (exclusive
of the U.S. and chosen for their anticipated petroleum richness or special regional
economic importance) were selected for appraisal of oil and gas resources.  The
petroleum geology of these priority and boutique provinces is described in this series
of reports.  A detailed report containing the assessment results will be available
separately, if such results are not reported herein.  The priority South Barents Basin
Province ranks 35th in the world, exclusive of the U.S.  Even though a frontier
exploratory basin, it’s ranking would move to 29th if several adjacent fields that are
part of the same major petroleum system are included within this greater South
Barents area.  The North Barents Basin is a boutique province.

The purpose of the World Energy Project is to aid in assessing the quantities of oil,
gas, and natural gas liquids that have the potential to be added to reserves within the
next 30 years.  These potential resources reside either in undiscovered fields whose
sizes exceed the stated minimum-field-size cutoff value for the assessment unit
(variable, but must be at least 1 million barrels of oil equivalent) or they occur as
reserve growth of fields already discovered.

The total petroleum system constitutes the basic geologic unit of the oil and gas
assessment. The total petroleum system includes all genetically related petroleum
that occurs in shows and accumulations (discovered and undiscovered) that (1) has
been generated by a pod or by closely related pods of mature source rock, and (2)
exists within a limited mappable geologic space, together with the essential
mappable geologic elements (source, reservoir, seal, and overburden rocks) that
control the fundamental processes of  generation, expulsion, migration, entrapment,
and preservation of petroleum.  The total petroleum system concept is modified from
Magoon and Dow (1994).  The minimum petroleum system is defined as that part of a
total petroleum system encompassing discovered shows and accumulations together
with the geologic space in which the various essential elements have been proved by
these discoveries.
                                                          
2 South and North Barents Triassic-Jurassic total petroleum system (# 105001), Eastern Barents Sea, South
Barents Basin Priority Province (#1050), North Barents Basin Boutique Province (#1060), and part of Timan-
Pechora Basin Province (#1008).
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An assessment unit is a mappable part of a total petroleum system in which discovered
and undiscovered fields constitute a single relatively homogenous population such
that the chosen methodology of resource assessment based on estimation of the
number and sizes of undiscovered fields is applicable.  A total petroleum system
might equate to a single assessment unit.  If necessary, a total petroleum system
may be subdivided into two or more assessment units such that each assessment
unit is sufficiently homogeneous in terms of geology, exploration considerations, and
risk to assess individually.  Assessment units are considered established if they
contain more than 13 fields, frontier if they contain 1-13 fields, and hypothetical if they
contain no fields.

A graphical depiction of the elements of a total petroleum system is provided in the
form of an event chart that shows (1) the time of deposition of essential rock units; (2)
the time processes, such as trap formation, necessary for the accumulation of
hydrocarbons; (3) the critical moment in the total petroleum system; and (4) the
preservation time, if any.

A numeric code identifies each region, province, total petroleum system, and
assessment unit; these codes are uniform throughout the project and will identify the
same item in any of the publications. The code is as follows:  

        Example
Region, single digit          3
Province, three digits to the right of region code 3162
Total Petroleum System, two digits to the right of  province code 316205
Assessment unit, two digits to the right of petroleum system code 31620504

The codes for the  regions and provinces are listed in Klett and others (1997).

Oil and gas reserves quoted in this report are derived from Petroleum Exploration
and Production database (Petroconsultants, 1996) and other area reports from
Petroconsultants, Inc., unless otherwise noted.

Figures in this report that show boundaries of the total petroleum systems,
assessment units, and pods of active source rocks were compiled using geographic
information system (GIS) software.   Political boundaries and cartographic
representations were taken, with permission, from Environmental Systems Research
Institute's ArcWorld 1:3 million digital coverage (1992), have no political significance,
and are displayed for general reference only.  Oil and gas field centerpoints, shown
on these figures, are reproduced, with permission, from Petroconsultants, 1996.

ABSTRACT

One major gas-prone petroleum system characterizes the sparsely explored South
and North Barents Basin Provinces of the Russian Arctic in the eastern Barents Sea.
More than 13 billion barrels of oil equivalent (79 trillion cubic feet of gas) known
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ultimately recoverable gas reserves in seven fields were sourced from Triassic
marine and continental shales and stored in Jurassic (97%) and Triassic (3%) marine
and continental sandstone reservoir rocks.  The basins contain 18-20 kilometers of
pre-Upper Permian carbonate and post-Upper Permian siliciclastic sedimentary fill.
Late Permian-Triassic(?) rifting and subsidence resulted in the deposition of as much
as 9 kilometers of Triassic strata, locally injected with sills.  Rapidly buried Lower
Triassic source rocks generated hydrocarbons as early as Late Triassic into
stratigraphic traps and structural closures that were modified periodically.  Thermal
cooling and deformation associated with Cenozoic uplift impacted seal integrity and
generation processes, modified traps, and caused gas expansion and remigration.

INTRODUCTION

In the terminology of the U.S. Geological Survey (USGS) World Energy Project, the
eastern Barents Sea region of Russia contains two large Mesozoic basin provinces,
South Barents and North Barents, separated by the Ludlov Saddle (fig. 1).  The major
petroleum system for this area has widespread, mature Triassic gas-prone shale
source rocks with most identified reserves within Jurassic siliciclastic reservoir rocks.
It is herein called the South and North Barents Triassic-Jurassic total petroleum
system (#105001).  There also are largely immature, oil-prone Jurassic shale source
rocks (Bazhenov-Hekkingen stratigraphic equivalent of adjacent regions) associated
with potential Jurassic and Cretaceous sandstone reservoirs.  Paleozoic shaly
carbonate source rocks (Devonian Domanik stratigraphic equivalent from the Timan-
Pechora Basin), if present in the eastern area, might contribute gas and liquids to
various reservoir rocks.   

References listed in this report include a selection of those most recent and most
pertinent to the subject matter.  Not all are specifically cited in the text.  Translations
from original Russian papers are reported with the translated publication date.  For
one paper, Gramberg and others (1998), the translation date is ten years more recent
than the original publication date.  The Norwegian Petroleum Society (NPF) Special
Publication No. 2 is referenced as 1993, although there are contradicting publication
dates of 1992 (first page of all individual articles) and 1993 (title page) in the book.
No stratigraphic column is presented for the region because only age nomenclature
is used in the literature for most of the region.

PROVINCE GEOLOGY

Province Boundary and Geographic Setting

Both the South and North Barents Basin Provinces are located entirely within the
eastern Barents Sea (the westernmost Russian Arctic offshore) (fig. 1).  The priority
South Barents Basin Province (#1050) is northwest of and adjacent to the Russian
Timan-Pechora Basin Province (#1008; Lindquist, 1999) and west of the southern
part of the Novaya Zemlya archipelago.  South Barents is located between longitude
37° and 51° E. and between latitude 69° and 74.5° N., covering approximately
173,000 km2.  It contains 20 km of sedimentary fill.

Cheryl W Adkisson
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Figure 1.  Location map of Triassic-Jurassic (105001) total petroleum system of the South (1050) and 
North (1060) Barents Basin Provinces in the Russian Barents Sea.  The three assessment units extend
across the Ludlov Saddle Province (1059) and into the northern Timan-Pechora Basin Province (1008).
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The boutique North Barents Basin Province (#1060) is north of South Barents, but
separated from it geographically by the subtle Ludlov Saddle (fig. 2a).  Due north of
North Barents is the Grumant Uplift, containing the islands of Franz Josef Land.  The
marine area to the west of both these basins includes the Central Barents Platform of
Norway, Russia, and disputed Russian-Norwegian waters (fig. 2b).  North Barents is
located between longitude 42° and 57° E. and between latitude 75.5° and 79° N.,
covering approximately 106,500 km2.  It contains 18 km of sedimentary fill.

All water depths in both provinces are <350 km.  The eastern Barents crustal block
has drifted continuously northward since Cambrian time when it was in an equatorial
position (Ustritskiy, 1991).  Both basins are characterized by gravity maxima and low-
intensity magnetic signatures (Bogolepov and others, 1992).  Several solitary
producing fields near but outside the South Barents Province outline are of the same
total petroleum system and are included in the statistical treatment of field sizes and
numbers.  Those fields include N. Kildinskoye, Ludlovskoye, Tarkskoye, and
Peschanoozer (fig. 3).

Geologic setting

The tectonic history of the Euro-Asian Arctic is anchored by the Early Proterozoic
(Karelian) orogeny, which established the stable Russian-European platform adjacent
to the Archean Baltic Shield (Alsgaard, 1993; Dore, 1995; Bogdanov and others,
1996).  Accreted and superimposed, latest Proterozoic (Baikalian) orogenic trends
are oriented NW-SE, exemplified by the Kanin-Timan Ridge and the Kola Monocline
southwest of the Timan-Pechora and Barents Provinces (fig. 1).  Baikalian basement
comprises the western and central Timan-Pechora Basin Province and possibly part
of the South Barents Basin Province (Bogdanov and others, 1996; Gramberg, 1998).
Karelian (or younger, Grenvillian) basement is likely present in more northern
regions.

The Early Paleozoic Caledonian orogeny largely closed the Cambrian Iapetus (old
Atlantic) Ocean and consolidated the Laurentia (Greenland/North America) and Baltic
(Euro-Russian) continental plates, primarily impacting the more western Barents Sea
but perhaps also establishing tectonic trends northeastward into at least part of the
North Barents Basin.  A remnant of the old Iapetus oceanic basin could have been
preserved in this eastern Barents region, according to some plate tectonic models
(Ustritskiy, 1991).

Late Paleozoic (Devonian and younger) rifting and subsequent continental collision
were recorded in the carbonate-to-siliciclastic stratigraphic succession along the
southern margins of the South Barents Basin.  Collisions of the Laurentia/Baltic plate
with the West Siberian plate (Permo-Triassic “Uralian” orogeny and Early Jurassic
“Early Kimmerian” orogeny) tectonically defined the eastern boundaries of the
Barents and Timan-Pechora Provinces by creating the Ural and Novaya Zemlya
foldbelts (fig. 1) that supplied siliciclastic sediments westward to the foredeeps of the
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eastern Barents Sea and the Timan-Pechora Basin.  Eastern Barents subsidence
and sedimentation rates were probably greatest during latest Permian and Triassic
times (Ostisty and Cheredeev, 1993) (fig. 2a).  The Ludlov Saddle separating the
South and North Barents Basins is Mesozoic in age, possibly as old as Triassic, and
contains east-west trending anticlines and synclines.

The exact origin of the mostly Mesozoic eastern Barents basins and the age of the
basin floors are uncertain.  Remnant Cambrian (Iapetus) ocean floor might be
present locally (Ustritskiy, 1991).  Similar basins exist northeastward within the North
Kara Sea.  Gramberg and others (1998) propose a Late Permian-Triassic  rifting
origin from mantle diapirism, which explains the gravity maxima.  Crust of the basin
centers is thin and oceanic, with basalts of presumed Late Paleozoic age and a
typical Moho depth of 30 km (fig. 2b).  In contrast, surrounding platform areas contain
additional continental crust to 15 km in thickness above the basalts, with the Moho at
an average depth of 45 km.  East Barents magnetic rocks are known or postulated to
exist in the basement, locally within Devonian carbonates, in the basin centers as
sills within Triassic siliciclastics, and in the northern regions of Franz Josef Land and
Svalbard within Jurassic through Early Cretaceous rocks.

Cenozoic uplift associated with the opening of the Greenland Sea and the Arctic
Ocean resulted in regional erosion ranging from probably hundreds of meters to
several kilometers over the entire Barents Sea (Nyland and others, 1992; Dore,
1995).  Late Cretaceous and Tertiary rocks are generally thin to absent from the
eastern Barents region.

Exploration history

Bathymetric studies, bottom samples and earliest seismic surveys in the Barents Sea
were acquired during the 1960s, followed in the 1970s by more detailed seismic
exploration and the acquisition of gravity and aeromagnetic data to nearly latitude 80°
N.  Some island drilling was accomplished during the 1970s, with Franz Josef Land
and Svalbard containing wells to 3-km-depths.  The first offshore location was tested
in 1982/1983 at Murmansk field in the southern South Barents Basin.

More than 250,000 km of eastern Barents seismic data have been acquired with a
typical 1-6 km spacing in the South Barents Basin and a typical 20-40 km spacing in
the North Barents Basin (Johansen and others, 1993; Malovitsky and Matirossyan,
1995).  At least 30 major structures have been identified.

The deepest regional well was drilled to a depth of 4524 m in Lower Triassic rocks
within the central South Barents Basin (Petroconsultants, 1996).  Carboniferous
limestones are the oldest rocks penetrated at 4005 m total depth in a well just east of
these provinces on the Novaya Zemlya monocline (fig. 1).

Cheryl W Adkisson
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PETROLEUM OCCURRENCE

Seven fields thus far characterize the South and North Barents Triassic-Jurassic gas-
dominated total petroleum system – three within the South Barents Basin province
outline and four from adjacent areas (fig. 3, table 1).  Just one well has been drilled
within the North Barents Basin province outline, and no production has been
established.  Based on the Petroconsultants (1996) data base used in this USGS
assessment, the three South Barents fields contain 11.8 BBOE (70+ TCF) in
ultimately recoverable reserves, ranking 35th in the world.  Adding the four
surrounding fields increases the reserve number to 13.2 BBOE (79 TCF) and the
ranking to 29th in the world.  Widespread Lower Triassic shale source rocks are at
gas-stage maturity in the central basin areas and at oil-stage maturity around the
basin margins (fig. 2a).

Of the seven fields, the central area’s Shtokmanovskoye, Ludlovskoye and Ledovoye
fields – accounting for 97% of the known, ultimately recoverable reserves –  produce
dry methane gas with a trace of condensate from Jurassic sandstones (fig. 3).
Vertical migration paths are required to charge those multi-pay reservoir rocks.

Shtokmanovskoye, with the most field reserves in the province, contains gas and
condensate with 42°-52° API gravity, low sulfur (0.02%), a pristane/phytane ratio of 5
to 6, high C24 tetracyclic terpanes compared with C23-C26 tricyclic terpanes, low C27,
and a small sterane/triterpane ratio (Ferriday and others, 1995).  The hydrocarbons
were generated from marine and terrigenous source rocks at about 0.9 %Ro.  The
younger and shallower Shtokmanov Callovian accumulation is more biodegraded
than the older, deeper Bajocian accumulation, but it is slightly lighter isotopically
(δ13C of –27.5 to –29 ppt Callovian vs. δ13C of –27 to –28 ppt Bajocian).  Although
this isotopic difference might not be significant, the observation led Ferriday and
others (1995) to suggest that the younger and shallower Callovian accumulation
contains a contribution from a carbonate source rock such as the Devonian Domanik.
The maturation and migration history for such an occurrence would be difficult to
explain, even if those source rocks were present.

Dry methane is also trapped in two southwestern fields within Triassic sandstone
reservoirs, North Kildinskoye and Murmansk – accounting for 2.8% of the known,
ultimately recoverable reserves.  A greater lateral component of migration is required
to charge those fields from the basin centers.  The gas δ13C there is characterized by
–34 to –37 ppt (Zakharov and Kulibakina, 1997).

Oil and wet gas occur in Triassic sandstones in two southeastern fields at Kolguyev
Island near the Russian coastline.  Peschanoozer and Tarkskoye fields contain 0.2%
of the petroleum system’s known, ultimately recoverable reserves.  The oil at
Peschanoozer is characterized by approximately 42° API gravity and 2200-2500 cu
ft/bbl GOR (Petroconsultants, 1996).  The oil is low in sulfur and paraffin and has
δ13C of –27 ppt; whereas, the gas has δ13C of –41 to –42 ppt (Zakharov and
Kulibakina, 1997).  Gas presence in these basin-margin fields requires a major lateral



              Table 1.  Producing fields in the South and North Barents
                            Triassic-Jurassic total petroleum system.

FIELD LOCATION DISCOVERY DATE RESERVOIR
Ledovoye South Barents 1991 Jurassic
Ludlovskoye Ludlov Saddle 1990 Jurassic
Murmansk South Barents 1984 Triassic
N. Kildinskoye Central Barents 1983 Triassic
Peschanoozer Timan-Pechora 1982 Triassic
Shtokmanovskoye South Barents 1988 Jurassic
Tarkskoye Timan-Pechora 1988 Triassic

Cheryl W Adkisson
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component of migration from the basin centers.  It has been suggested that
southward migrating thermal Triassic gas from the South Barents Basin has come
into contact with and has dissolved oil from Paleozoic carbonate accumulations, then
continued migrating laterally and vertically into Triassic reservoir rocks where the gas
subsequently underwent phase differentiation (Clarke, 1999).

Additional gas shows occur in Triassic rocks of the Franz Josef Land islands and in
an offshore well west of the Novaya Zemlya archipelago as far north as the southern
part of the North Barents Basin (fig. 3).  Gas shows also occur in Cretaceous
reservoir rocks in wells on the Ludlov Saddle and in the southern North Barents
Basin.  Two oil shows also have been reported in Cretaceous rocks penetrated in the
center of the South Barents Basin and in Paleozoic carbonate rocks somewhere
along the west coast of southern Novaya Zemlya.  The former could have been
sourced from Jurassic shale source rocks at early-stage maturity to oil in the central
basin areas and the latter sourced from remnant Devonian source rocks of the
northeastern Timan-Pechora Basin Province.

SOURCE ROCK

Major Source Rock – Triassic

During the Triassic Period, the eastern Barents region drifted from about latitude 40°
to 60° N. (Leith and others, 1993).  The paleogeographic setting was a shallow
epicontinental sea with local areas of upwelling and restricted circulation and a
climate that varied regionally from semi-arid to humid.  Eastern Barents subsidence
was rapid, probably exceeding 150 mm/1000 years (Ostisty and Cheredeev, 1993).
Ulmishek suggests that Late Triassic sedimentation rates might have been as high as
1000 mm/1000 years (oral communication, 1999).

Major siliciclastic provenance was from southern and eastern areas, with lesser
sediment contributions from northern and northeastern directions.  Southeastward
marine transgressions occurred, but eastern Barents organic matter is still
considerably more humic than in other Arctic regions such as northern Alaska and
the Canadian Sverdrup Basin.  Similar depositional and tectonic conditions actually
existed from Late Permian through Early Jurassic time, but best eastern Barents
source rocks are probably Early and Middle Triassic in age (fig. 4).

Eastern Barents Triassic source rocks are medium to dark shales, locally coaly, that
contain type II (oil-prone) to type IV (as per Ferriday and others, 1995; gas-prone)
kerogen (fig. 3, limited subsurface data).  This total petroleum system is probably gas
dominated because of the abundance of gas-prone kerogen, the rapid burial, and the
relatively advanced stage of thermal maturity for large areas of Lower Triassic rocks
in the basins (fig. 2a).  Gross shale thickness ranges from hundreds to thousands of
meters.  Subsurface total organic carbon (TOC) content is variable to 20 wt% (2-8
wt% typical), and hydrogen index (HI) ranges from 200-500 mg/g TOC (Leith and
others, 1993; Ferriday and others, 1995).
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Other Source Rocks – Jurassic and Possible Devonian

A Late Jurassic warm and humid climate coincided with a sea level maximum and
localized conditions of restricted bottom-water circulation in the Arctic region (Leith
and others, 1993).  Dark gray to black, bituminous marine shales tens of meters thick
were deposited in several-hundred-meter water depths, but these source rocks are
largely thermally immature in the eastern Barents basins (Oknova, 1993).  They are
the Bazhenov and Hekkingen stratigraphic equivalents of adjacent regions in Russia
and Norway, respectively, where they do reach thermal maturity.

Arctic Upper Jurassic source rocks are thicker but lower in TOC away from the
eastern Barents basins.  In the North American Arctic, thicknesses range from
hundreds to 1000 m, and TOCs range from 1-9 wt%.  In contrast, central and
southern Barents subsurface TOCs can reach 15-25 wt%, but with thicknesses of just
20-30 m (Leith and others, 1993).  Norwegian Barents Sea thicknesses approach
100 m.  Kerogen types are generally more oil-prone upward and range from type III
to amorphous type II.  An early-oil stage of thermal maturity possibly is reached at
Upper Jurassic level in the deepest basin areas (figs. 2 and 3).

The presence of Devonian Domanik-equivalent, oil-prone, shaly basinal carbonate
source rocks is unproven much north of the coastline in the Timan-Pechora Basin
Province (see Lindquist, 1999, and cited references therein) and such facies are
missing on Kolguyev island.  If present in the Barents basins, Devonian source rocks
would be overmature except for the eastern basin flanks along the Novaya Zemlya
archipelago.  Devonian source rock facies are known to exist in the North Kara
depression on the east side of the Novaya Zemlya archipelago (Borisov and others,
1995).

OVERBURDEN ROCK AND THERMAL HISTORY

Triassic rocks possibly reach a maximum of 8-9 km in thickness (rifting origin?), and
facies range from continental and deltaic to submarine canyon (Ryabukhin and Zinin,
1993).  Total thickness and facies vary significantly areally, and interbedded sills are
common in the basin centers.  The regional thermal gradient was probably highest
during this geologic period because of rifting and the associated magmatic activity.
Overburden sequences in basin depocenters contain approximately 2 km each of
Jurassic and Cretaceous rocks – mostly siliciclastics of shallow marine origin.
Preserved post-Cretaceous strata are typically less than 1 km thick, but Cenozoic
uplift resulted in significant thermal cooling and possibly as much as hundreds of
meters of eastern Barents erosion.  It is possible that there was Paleogene
deposition and Neogene uplift and erosion.  Prior to Cenozoic cooling, the oil
generation window ranged from about 2 to 8 km deep in the basin centers
(corresponding to 60°–150° C, fig. 2a) (Ostisty and Cheredeev, 1993).  Considering
the higher Triassic thermal gradient, hydrocarbon generation from Lower and Middle
Triassic source rocks probably began by Late Triassic time.
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TRAP STYLE

All discovered fields and wildcat wells are on structural closures, but many structural
closures remain untested.  Some basin-scale folds and faults relate back to the
Uralian (Permo-Triassic) orogeny and the Early Kimmerian (Early Jurassic) orogeny.
Penecontemporaneous folding and faulting during Triassic rifting and subsidence
affected the facies distribution and initiated formation of the Ludlov Saddle.  Uplift
associated with the Cenozoic opening of the Arctic Ocean and/or with glacial isostacy
resulted in the erosion of post-Neocomian strata and in further structural deformation.
Uplift and pressure decrease also caused the expansion of existing gas
accumulations, remigration of trapped hydrocarbons, possible loss of seal integrity,
and local halting of hydrocarbon generation.

Jurassic reservoir sandstones are stratigraphically more continuous and generally
better in reservoir quality than their Triassic counterparts.  Thus, some Jurassic
accumulations could be characterized as true structural closure or faulted structural
closure traps.  Ninety-seven percent of the known recoverable reserves in the
eastern Barents region are in Jurassic reservoir rocks (Petroconsultants, 1996).

Undertested are the undrilled structural closures and fault traps, drapes, stratigraphic
onlaps, stratigraphic pinch-outs, stratigraphic and structural erosional traps, and
diagenetic traps for all potential reservoir horizons in Triassic, Jurassic and
Cretaceous sandstones.

Discovery History

Fields of the Triassic-Jurassic total petroleum system in the eastern Barents basins
were discovered between 1982 and 1991 (table 1), but only one (Peschanoozer) has
been developed.  The first four fields, discovered between 1982 and 1988 in the
southern regions, had Triassic reservoir rocks (fig. 3).  Peschanoozer (1982) on
Kolguyev Island in the northern Timan-Pechora offshore produces oil, gas and
condensate from Lower Triassic sandstones.  North Kildinskoye (1983), just west of
the South Barents Basin province boundary, and Murmansk (1984) in the southern
South Barents Basin contain dry gas in Lower to Middle Triassic sandstones.
Tarkskoye (1988) on Kolguyev Island in the northern Timan-Pechora offshore
produces oil from Triassic rocks.

In 1988, Shtokmanovskoye was discovered in the northwestern South Barents Basin
(fig. 3).  This field contains gas and some condensate in four Middle and Upper
Jurassic sandstone horizons.  Published reserve figures include 141 TCF (Oil and
Gas Journal, 1990), 88 TCF (Dore, 1995) and 117 TCF (Malovitsky and Matirossyan,
1995), making it the largest province field in terms of reserves.

Ludlovskoye, discovered in 1990 on the Ludlov Saddle, tested gas and minor
condensate from Middle and Upper Jurassic sandstones.  Ledovoye, discovered a
year later between Shtokmanovskoye and Ludlovskoye, tested gas from Middle



Page 17 of 22

Jurassic sandstones.  Prisyazhniy (1995) reported 177 TCF reserves for all five
offshore eastern Barents fields (excluding the two Kolguyev Island fields).

RESERVOIR ROCK

Major Reservoir Rock – Jurassic

Jurassic sedimentation rates declined considerably from those in Triassic time (>150
mm to <35 mm/1000 years; Ostisty and Cheredeev, 1993), and there is a maximum
Jurassic thickness of 2 km in the basin centers.  Lower and Middle Jurassic strata are
marine and deltaic facies with a high proportion of sandstone; Upper Jurassic strata
are deeper marine facies with greater volumes of shale.  Coals are common locally.
Regionally, Jurassic facies are more terrigenous southeastward toward the Timan-
Pechora shelf and coastline.  Jurassic and Cretaceous volcanism affected northern
provenance from the islands of Franz Josef Land.

Known Jurassic sandstone reservoir rocks are thickest and best in reservoir quality
on paleohighs (Zakharov and Yunov, 1995).  The three fields producing from Jurassic
reservoir rocks have net pay thicknesses ranging from 8-76 m, porosity ranging from
15-25% and permeability ranging from hundreds of millidarcies to more than one
darcy (Zakharov and Yunov, 1995; Petroconsultants, 1996).  There are four stacked
reservoir sandstones at the largest field, Shtokmanovskoye.  Jurassic reservoir rocks
are underexplored, with but little drilling to evaluate their potential.

Other Reservoir Rocks – Triassic and Cretaceous

Eastern Barents Triassic rocks record numerous transgressive/regressive cycles and
possible erosional episodes (Johansen and others, 1993).  Known reservoir rocks are
more discontinuous than their Jurassic counterparts and are commonly
overpressured.  Sediment transport directions were predominantly westward and
northward during a time of rapid basinal subsidence.  A maximum Triassic thickness
of 9 km characterizes the basin centers.  Facies vary from fluvial/alluvial to deltaic to
deep marine, and clinoforms on seismic data correspond to depositional water
depths as great as 1200 m (Semenovich and Nazaruk, 1992).

Sandstone mineralogy is commonly lithic-rich, but still with “good” porosity (Oknova,
1993).  The known fields produce from Lower Triassic sandstones (Charkabozh
Formation) and are characterized by porosity ranging from 13-24%, permeability
ranging from tenths to nearly 200 millidarcies, and net pay ranging from 3-12 m
(Petroconsultants, 1996).  Best prospectivity is at marine-to-continental facies
transitions, but hydrocarbon recoveries are commonly low (20-30%) and reserves
small (20-35 mmboe) from stratigraphic traps (Zakharov and Kulibakina, 1997).
Triassic reservoir rocks are underexplored because of sparse drilling.

Cretaceous rocks (probably mostly Lower Cretaceous) have a maximum thickness of
approximately 2 km in the eastern Barents region, and no economic accumulations
have yet been found in them.  They include widespread continental to shelf shales
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and sandstones that prograded southward in Neocomian time (Johansen and others,
1993).  Thus, more proximal and sand-rich Cretaceous facies might be preserved in
the sparsely drilled North Barents basin.  Neocomian sandstones are important
reservoir rocks in the West Siberian Basin east of the Novaya Zemlya archipelago.
No information has been published regarding reservoir quality of Cretaceous
sandstones in the eastern Barents region.

SEAL ROCK

Thick and widespread Mesozoic marine to continental shales are good to excellent
local and regional seals in the eastern Barents basins.  The major regional seal for
this Triassic-Jurassic total petroleum system is an areally extensive, 400-600-m-thick
Upper Jurassic to Neocomian marine shale with a mixed-layer clay mineralogy
(Oknova, 1993; Zakharov and Yunov, 1995).  Older Jurassic shales of local to
regional areal extent have thicknesses of 50-300 m (Khain and others, 1993;
Zakharov and Yunov, 1995).  Triassic shales also provide good local seals
(Semenovich and Nazaruk, 1992; Oknova, 1993; Zakharov and Kulibakina, 1997), as
do Lower Cretaceous shales (Johansen and others, 1993).

ASSESSMENT UNITS

Three assessment units are used to characterize the South and North Barents
Triassic-Jurassic total petroleum system for the purposes of resource prediction. No
appropriate field growth function was identified for this petroleum system, and none
was used in the assessment process.

The “Kolguyev Terrace” (#10500101) assessment unit is a 79,000-km2 area in the
northernmost, offshore Timan-Pechora Basin Province #1008 (including Kolguyev
Island with 5% of the area), adjacent to and southeast of the South Barents
physiographic basin and geologic province (fig. 1).  Kolguyev Island contains two
small fields producing oil and wet gas from discontinuous Triassic sandstone
reservoirs in folded and faulted traps.  Triassic and older source rocks are absent on
the island, and lateral migration from the Triassic source rocks of the South Barents
Basin is assumed.  Stratigraphic traps also are expected.  The area contains
abundant and excellent Mesozoic shale seals.  This frontier assessment unit is
predicted to contain somewhat more gas reserves than oil reserves in reservoir rocks
and traps similar to what have been discovered, but perhaps with additional Jurassic
sandstone reservoirs.  Significant lateral migration is required from the thermally
mature shale source rocks in the South Barents Mesozoic depocenter.  Water depths
range from 0-80 m, and seasonal ice pack affects the area.

The “South Barents and Ludlov Saddle” (#10500102) assessment unit includes the
entire South Barents Basin Province #1050 (170,000 km2) and the northerly adjacent
Ludlov Saddle Province #1059 (26,000 km2) (fig. 1).  Four large, unproduced gas
fields with Jurassic and Triassic sandstone reservoir rocks characterize this greater
South Barents frontier assessment unit.  Jurassic sandstones are more continuous,
have better reservoir properties, and contain more known reserves than their Triassic
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counterparts; hence their inclusion in the total petroleum system name.  Cretaceous
sandstone reservoirs are also possible.  Known traps are anticlines, and stratigraphic
complexity is expected to also play a role in hydrocarbon accumulation.  Source
rocks are gas-prone and gas-and-oil-prone Lower Triassic shales thermally mature to
oil on the basin margins and to gas in the basin center.  Mesozoic shales are seals,
with thick Upper Jurassic shales comprising a regional seal. Water depths range from
10-350 m, and seasonal ice pack affects the area.

The “North Barents” (#10500103) hypothetical assessment unit includes the entire
“boutique” North Barents Basin Province (#1060) (fig. 1).  Reservoir rocks are
presumed to be Mesozoic siliciclastics, with seals and traps similar to those in the
South Barents and Ludlov Saddle assessment unit, but the Jurassic System might be
shalier here than in South Barents.  Thus, favorable rock attributes are at slightly
greater risk than in South Barents and Ludlov Saddle, but source rock quality,
thermal maturity history and migration scenarios are probably similar.  Water depths
range from 70-350 m, and seasonal ice pack affects the area.
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