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Abstract
Petroleum exploration discovery in the easternmost Hammerfest Basin is contrary to the western part. The last decade exploration only found
some minor discoveries and several dry holes. Hence, this basin modelling and petroleum system analysis study has been performed to get
better understanding about the basin history and lack of petroleum discovery in the study area. Five exploration wellbores together with one
3D seismic data and eighteen 2D seismic data are the primary data for this study. The easternmost part of the Hammerfest Basin is a larger rift
basin that underwent extensional tectonics. The area is a normal-hyperthermal basin with a geothermal gradient of 33°C/km. The basin has
undergone some tectonic activities such as rapid subsidence and uplift-erosion (Oligocene-Miocene and Plio-Pleistocene) as result of
exhumation and glaciation processes. Two petroleum systems have been identified in the study area with the main source rocks found in the
hydrocarbon generation window for both Upper Permian Ørret Formation (peak expulsion phase) and the Middle Triassic Kobbe Formation
(early expulsion phase); with vertical migration drainage style, low-impedance entrapment style, and normally charged. These source rocks are
getting more mature towards the central sag-part in the basin with the main kitchen area located around the closure of 7124/3-1 wellbore
(overpressure found at the depth of approximately >2200 m). Other potential source rocks such as Snadd Formation and Fuglen-Hekkingen
Formation are marginally mature and immature, respectively. Both reservoir (Tubåen Formation and Stø Formation) and seal rocks (Fuglen
Formation and Hekkingen Formation) are widely developed with good quality. The hydrocarbon trap geometry is faulted and 4-way dip
closures, formed as half graben geometry during the syn-rift period (Late Jurassic-Early Cretaceous). In addition, no hydrocarbon expulsion is
found in the well 7124/4-1 (western side of study area). This is assumed as the main cause of the dry holes or no hydrocarbon accumulation in
the well 7124/4-1 and surrounding area. Based on the petroleum system analysis, large lateral distance of secondary migration is not likely in
the study area since there are no sufficient amounts of expelled hydrocarbons (normal charge). Besides, uplift and erosion affected the
petroleum systems especially in terms of hydrocarbon generation, preservation and accumulation. This study shows that such a simple
workflow using a petroleum system analysis approach could be employed for petroleum exploration preliminary assessment to reduce
exploration risk and dry holes in a basin.
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INTRODUCTION
The easternmost Hammerfest Basin (HB) (including the
Masøy-Nysleppen Fault Complex areas) are poorly explored,
as compared to the western HB, with three minor discovery
wells and one dry hole (Figure 1). Basin modelling and
seismic interpretations study have been carried out to
comprehend the petroleum system of the study area and thus
might reveal the reasons for the lack of discovery success.

Figure 1: Structural map of the southwest Barents Sea
(NPD, 2017). The red square depicts the study area.

PETROLEUM SYSTEM ELEMENTS
OF THE BARENTS SEA
Multiple potential source rock with both oil-prone and gas
prone including Middle Permian Røye Fm, Upper Permian
Ørret Fm, Lower-Middle Triassic Intervals, Upper Triassic
Snadd and Furholmen Fms, and Upper Jurassic Hekkingen
Fm (Lerch et al., 2016) (Figure 2).
Potential reservoir rocks in the Barents Sea consist of
Palezoic Røye Fm (limestones and dolomites), Triassic
Intervals, Upper Triassic-Lower Jurassic Tubåen and
Nordmela Fms (fine-grained sandstones) ,and main reservoir
Lower-Mid Jurassic Stø Fm (fine-medium grained
sandstones) (Awuah et al., 2013; Rodrigues Duran et al.,
2013b; Harishidayat et al., 2015; Lerch et al., 2016) (Figure 2).
Seal rocks are Upper Jurassic Fuglen and Hekkingen Fms
and Lower Cretaceous Kolmule Fm, formed mainly as
structural traps from the rotating fault blocks during the Late
Jurassic-Early Cretaceous rifting (Awuah et al., 2013;
Rodrigues Duran et al., 2013).

Figure 2: Stratigraphic chart showing lithologies, proven and
potential source rocks, reservoirs, and the structural evolution
of the Hammerfest Basin (modified after Lerch et al., 2016)
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DATA AND METHODS

RESULTS

This study utilized five exploration wellbores together with one 3D seismic survey and eighteen 2D
seismic lines, provided by NPD-NTNU-Schlumberger Petrel Ready Database.

Seismic interpretation shows an extensional basin, dominated by numerous normal faults, with horst
and graben and half-graben geometries that potentially form hydrocarbon structural traps (Figure 4).

Based on the 1D basin modelling, including the time plots (vitrinite reflectance, transformation ratio, and
generation) and burial histroy, the source rock potential (SRP) from each source rock is analyzed to define
the petroleum system of the basin (Table 1).
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Snadd Fm (Triassic)
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reflectance
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In general, the study employs two workflows which are seismic interpretation for both 2D and 3D
seismic data (Petrel®V.2014) and basin modelling (PetroMod®V.2014.1) to analyze the petroleum
system of the study area. General workflows are summarized in Figure 3.
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Figure 6: Time plots of generation mass bulk for: (a) Ørret Fm; (b) Hekkingen and Fuglen Fm; (c).
Kobbe Fm; and (d) Snadd Fm.
Seismic interpretation

15000.00
0.00
-15000.00

Figure 4: Seismic interpretatio of a key SE-NW line (See Figure 1 for line location). Note that
vertical scale is in second.
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a

b

c

d

potential oil/gas (mainly
potential gas-prone SR gas) prone SR - early
main phase
phase

Table 1: Source rocks potential analysis based on Petromod 1D basin modelling results of the
study area.

DISCUSSION - PETROLEUM SYSTEM ANALYSIS
Based on the SRP analysis (Table 1), seismic interpretation results, and temperature history, the main
kitchen area with its migration pathway (Figure 8b) is defined following the maturity trend of the main
source rock (Figure 8a). The basin has an effective caprock (Fuglen and Hekkingen Fms), low-impedance
entrapment style, predominantly vertical migration style, normal charging, and low preservation.

1D basin modelling depicts a good calibration trend between data and model (Figure 5). The basin is
indicated as a normal-hyperthermal basin with geothermal gradient ca. 33oCkm-1. Overpressure is
observed below depth of ca. 2200 m. The Ro profiles show two normal-sublinear (constant geothermal
gradient) separated by a jump of Ro (Ceonzoic unconformity) (Figure 5).

Petroleum system elements and
boundary conditions

7124/3-1

all w ells, except w ell
7125/4-1

-PWD : Heinicke, 2012
-SWIT : Rodrigues Duran et al., 2013a
-HF : McKenzie (Petromod)
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1D basin modelling

Basin and petroleum system analysis
(Allen and Allen, 2013)

-kinetics: Sweeney and
Burnham,(1990); Pepper and
Corvi (1995)

Figure 3: Workflow of the study: from seismic interpretation to basin modelling and petroleum
system analysis.

Figure 5: Calibration results for well 7124/3-1 using well temperature, vitrinite reflectance, and
porosity data. Pressure was calibrated automatically from PetroMod without any input.
Generation time plots (FIgure 6) and burial history (Figure 7) show the hydrocarbon generation
potential of the source rocks and also basin history. Rapid increases in maturity during the Early
Cretaceous is interpreted to be related to rapid burial during the syn-rift period in the basin. Rapid
subsidence, uplift, and unconformities are also depicted in the burial history to understand the basin
history.

Figure 7: Burial history plots for well 7124/3-1, overlain by: (a) Temperature; (b) Transformation
ratio; (c) Porosity (effective); and (d) Vitrinite reflectance.

Figure 8: (a) Source rock potential map based on the Ørret Fm surface. Black arrow indicate the
increase of maturity. (b) Migration pathways of the study area based on the Stø Fm surface map.
Red line indicates the main kitchen area. Red arrows describe the migration direction.
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Proceeding from the analysis above, two petroleum systems are identified in the study area, which are (1) Upper Permian Ørret Fm
as the source rock and (2) Mid Triassic Kobbe Fm as the source rock (Figure 9). Uplift and erosion are considered as an important
factor that affected petroleum systems on the study area including erosion of the overburden sediment, lower reservoir quality and
cooling of the source rocks. Both petroleum systems are potentially effective. Few losses of hydrocarbons may be encountered in the
petroleum system 1. Petroleum system 2 is on the early phase (no critical moment).

Figure 9: Petroleum system elements events chart of the study area. Lower part represents the Late Permian (Ørret Fm)
petroleum system 1, upper part shows the Mid Triassic (Kobbe Fm) petroleum system 2.

CONCLUSION
The study area has two petroleum systems with Ørret and
Kobbe Fms as source rocks respectively. Large lateral
distance of secondary migration is not likely in the study area
since there is no sufficient amounts of expelled hydrocarbons
(normal charge). This is assumed to be the main cause of the
dry hole or lack of a hydrocarbon accumulation in the well
7124/4-1 closure and 7125/4-3, besides the fact that no
hydrocarbon expulsion is found in the well 7124/4-1. Our
study provides important information that exploration activity
in the Easternmost HB should focus closed to the kitchen
area. Out of kitchen area has also potential for hydrocarbon
accumulation as long as hydrocarbon vertical migration is
accommodated by deep-seated fault propagation.
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