EXPLORATION OPPORTUNITIES

Geological understanding
based on New Data is
required to unlock potential
in the Vering Basin

TGS has taken another step forward for new exploration in the frontier Vering Basin
acquiring 10,000 km? GeoStreamer 3D seismic using state-of-the-art broadband
processing and imaging technology.
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The composite line is from the newly acquired PGS23MO02NWS 3D survey. The line passes near five wells in the Varing Basin, from Gullstierne 14 km east of the
Balderbré discovery to 6704/ 12-1 on the Gjallar Ridge. The primary drilling targets were sand units in Springar Formation. Gullstierne and Gullris were both
associated with a class Il AVO anomaly believed to be related to gas bearing turbidites, but the wells were dry. Obelix was a gas discovery estimated to contain
12.6-69.2 million barrels of oil equivalent. The Irpa gas field was discovered in 2009. Production is planned to start in 2026, and the field may extend the life of
Aasta Hansteen until 2039.
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Highlights:

* New high-quality seismic and FWI velocity attributes to identify
petroleum plays and prospects

Refinement of sedimentary systems and sand deposits in regions
with complex geology

Identification and mapping of deep-water Paleogene source -to-
sink sedimentary systems

* New understanding of volcanic basin processes and deposits

* Interaction between volcanic rocks / sill intrusions and sediments
* Maturation and focused migration of hydrocarbons from deep-
er structures to shallow reservoirs in hydrothermal vent complex-
es (HTVC)
* Tie to industry and scientific boreholes and seabed sampling lo-
cations
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EXPLORATION OPPORTUNITIES

Outer Vering Basin -
What is required?

JENS BENFEELDT AND REIDUN MYKLEBUST, TGS

TO UNLOCK the prospectivity of the Outer Vering Ba-
sin TGS has acquired ~10,000 km? of GeoStreamer
multisensory broadband data using a wide-tow
triple source configuration and two long tails for FWI
(full-waveform inversion) processing. This new data
is the latest piece of the comprehensive TGS Atlantic
Margin data library, covering the Faroe Shetland
Basin to the Norwegian Sea.

During the last decade, there has been a shift to
larger 3D surveys, which is important for the new
geological understanding. From 2017 to 2020, TGS
acquired more than 55 000 km? in the Mgre and
Vegring basins, providing new insight and knowledge
of the prospectivity along the whole mid-Norwegian
continental shelf.

The PGS23MO2NWS addition to the Atlantic
Margin is a high-quality GeoStreamer volume which
combines multisensory broadband and wide-tow
triple source efficiency with the latest processing tech-
nology and velocity model building to improve the
subsurface imaging, its complexities and potential.
Pre-stack depth migration (PSDM) combined with
full-waveform inversion (FWI) makes a major differ-
ence for the interpretation and mapping of hydrocar-
bon deposits and for discrimination between volcanic
rocks and sediments

GEOLOGICAL SETTING
AND OPPORTUNITIES
For more than three decades the Outer Vering Ba-
sin has been explored, experiencing increasing or
decreasing industry interest depending on recent well
results and resource estimates. The area was without
infrastructure, and it took 21 years before the 1997
Luva discovery, now a part of the Aasta Hansteen
Field, to come online in 2018 after the construction
of the Polarled pipeline. Recent discoveries such as
the Obelix Upflank (2023) and the Haydn (2024)
have again spurred interest in the area potentially
extending the life of Aasta Hansteen by seven years.
Besides the infrastructure in place, what other factors
have changed to renew the industry intereste

“Norwegian gas is in high demand and is crucial
to Europe's energy security. That's why it’s important
for us to continue exploring and making new discov-
eries so we can maintain a high level of deliveries”
(ref: Equinor)

Another important factor contributing to the
change of exploration interest in the area could be
the cooperation between academia, petroleum com-
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Figure 1a. Irpa gas discovery (proven in 2009) is located above a
deep saucer-shaped sill connected to a HTVC less than 2 km from
the well. Obelix Upflank discovery is located 20 km further south,
and is situated in a similar geological setting close to sill intrusions
and hydrothermal vent complexes.

Figure 1b. The sill complex correlates with high seismic velocity,
whereas the HTVC is associated with lower seismic velocities in the
dome structure. Low velocity might be an indication of gas and thus
a good guide for mapping fluid migration not clearly visible on the
seismic profile.

panies, and the government in joint research projects,
leading to the publication to new geological models
and research results. The Paleogene continental
breakup and ocean formation is an important event
in this geological complex areq, as it impacted the
sedimentary systems going from shallow to deep ma-
rine environments with bottom currents and sedimen-
tary drift deposits. To further improve the exploration
success in the Vering Basin, an understanding of the
volcanic margin deposits and processes is essential.
Short-term effects of the magma emplacement includ-
ed deformation, uplift, heating of host rock, petro-
leum maturation and differential compaction. The
recent results from the IODP Expedition 396 drilling
campaign in 2021 may provide new documentation
and constrain on the Paleogene breakup magmatism
which should be beneficial for the explorationists
working in this area

The Gjallar Ridge, covered by the PGS23M02N-
WS, was a large pre-breakup structure. Sand
sourced from Greenland may have crossed the
Vering transform margin to the Vigrid Syncline and
Fenris Graben.

With new high-resolution seismic data, inter-
preters will be able to map and explore in detail the
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Figure 3. New PSDM (B, C) showing improved sub-sill imaging.
Top and bottom of a 100 - 200 m thick sill ("Vivel Sill") can
be interpreted with higher confidence and is also supported
by a high FWI velocities. Sub-sill structures and faulting have
better definition compared to vintage data (A).
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deep-water source-to-sink
sedimentary systems related to
the Paleocene-Eocene Thermal
Maximum.

Over the last decade, more
than 800 hydrothermal vent
complexes (HTVC) have been
identified in the Varing Basin,
and some of them studied in
great detail. A schematic from
Manton et al. (2022) is shown
in Figure 2. These studies have
led to a better understanding
of their formation and long-
term impact on fluid migration
and petroleum systems. The
vent complexes were formed
due to pressure build-up in
metamorphic aureoles around
the hot magma intrusions
56 millions years ago, mainly
by explosive eruption of gases,
liquids and sediments, forming
craters at the seafloor. Most
of them are located at the Top
Paleocene level (Planke et al.,
2004). The conduits between
the sills and the vents are im-
portant for fluid-migration and
potential for hydrocarbon mi-
gration from deep structures to
shallower reservoirs. Mounds
and seismic seep anomalies
located above the hydrother-

Figure 2. Seismic
characteristics of
hydrothermal vent
complex (HTVC). Inset
fig from Manton et al.,
2022. Vent conduit with
a conical geometry has
disrupted reflections

of variable amplitude.
Post-venting fluid-flow
features are image in the
velocities. Gas leakage
may correlate with
velocity inversion.

mal vent complexes suggest
that they been re-used for fluid
migration long after their for-
mation. (Manton, et.al., 2019).
Internal structures of the vent
complexes are now possible to
interpret in detail on the new
data and will contribute further
to the knowledge of these.

Sills display a large vari-
ation in geometries and sizes
and the emplacement process-
es lead to complex geometries
in the Vering Basin. Sills can
vary from a few meters in thick-
ness to a couple of hundred
meters and they are observed
to merge info one or split into
several sheets. They may clear-
ly impact both seismic imaging
and potential hydrocarbon
reservoirs, The intrusive sill
complexes can more easily be
recognized and risk-evaluated
on the new seismic data. Deep
sills which were poorly imaged
on vintage data can now be
mapped with high confidence
and supported by velocity
contrast as seen in Figure 3.
The new data are crucial input
for basin and reservoir model-
ling and can facilitate de-risk-
ing of prospects.
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