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1. Purpose of the STSM
This basin modelling project of the Vestnesa Ridge hydrate system, located on the Western Svalbard
Margin, may help to gain further understanding on how such systems of hydrocarbon generation,
migration and accumulation, together with hydrate generation and dissociation, located close to a
warm mid-ocean ridge system may evolve through time.
This is a major project, and have long-term goals such as: 1) Understanding and mapping of
hydrocarbon sources, migration pathways, seal efficiencies, and overpressure system in order to
obtain the most accurate prediction of timing and location of petroleum generation, expulsion and
migration processes. 2) Investigation of gas hydrate generation and dissociation, including local
changes of gas hydrate stability around geological features such as chimneys and faults, with particular
focus on the specific setting of the Vestnesa Ridge that (situated on relatively young and hot oceanic
crust). and 3) Estimation of total hydrocarbons in the study area (including free gas trapped beneath
the base of the HSZ, trapped methane in hydrates within the HSZ, and methane in solution). Further
information regarding the long-term purposes, together with the local study area introduction, are
included in the STSM application.
The purpose of this STSM was to develop a good initial workflow for the basin modelling project in the
study area, where we could spend time efficiently in the early developing phase. This included: 1)
Learning the methodological modelling approach. 2) Start acquiring the needed skillset for the work
(+PetroMod training). and 3) Develop a working collaboration with the host institution. The host was
chosen based on their vast knowledge within basin modelling, including the modelling software. Ewa
Burwicz (host) has also participating as a co-author in a similar basin modelling project, located close
to our area of interest (Dumke et al., 2016).

2. Work carried out during the STSM
A meeting with the host was carried out in the beginning of the STSM stay, where the purposes/goals
and initial workflows were discussed. It became quite clear that such a major modelling project, in an
area with relatively sparse seismic and well coverage, had its difficulties. The large amount of work
that needed to be done prior to any modelling also became clear. It was further understood that most
of our in-house data (especially the seismic data) was focusing on areas too shallow to be of any use
in the initial phase of the project.
It was decided to start with relatively simple and short computational 1D models, with the initial work
associated to those. The plan was to develop three 1D models in the area, where they should be
located such that they had somewhat different modelling parameters.
The work carried out during the STSM (which was mostly dedicated to the initial pre-modelling phase)
was mainly to:
-

Investigating the potential source rocks in the area;
Investigate and collect deep geophysical surveys (and wells), for establishing the stratigraphy
in the area;

-

Investigate the heat-flow distribution in the area, and its evolution through time;
Establish the 1D model locations;
Start running the PetroMod software for the chosen 1D model locations for this study

Hydrate samples taken from the Vestnesa Ridge suggest thermogenic origin of the trapped
gas (Smith, Mienert, Bünz, & Greinert, 2014). This, in comparison to the microbial origin found from
samples taken closer to the Svalbard Margin (Fisher et al., 2011; Sahling et al., 2014), makes the basin
modelling quite complex as we need to determine a stratigraphy that includes the deep subsurface
where thermogenic gas is produced. Together with this, the study area contain a mid-oceanic ridge
system (figure 1) that complicates the basin reconstruction and heat-flow distribution. However, based
on the available data, an effort has been made to develop a good initial workflow for this project.

3. Summary of the main results
Information from deep geophysical surveys and wells are crucial for the determination of the
stratigraphy in an area. This is especially true in our study area, where we want to investigate sources
of thermogenic gas generation where the sediment packages are up to 5 km thick. Unfortunately, there
exist few deep geophysical surveys and wells in the study area, so the stratigraphy is rather difficult to
establish. A handful of deep geophysical surveys have, however, been collected (figure 1), where they
consist of seismic and magnetic 2D surveys. Most of the deep surveys have been acquired on basis of
deeper basements and mantle investigations (especially related to the spreading ridges, and the
border between the continental and the oceanic basement). This result in that the resolution varies
between the different surveys, and thus the comparison between them can sometimes be difficult.
There exist several ODP drill holes in the area (figure 1), which prove necessary information about the
lithologies. Unfortunately, most of them does not penetrate deeper than Pliocene sediments.
However, one of the ODP wells (ODP 909, located west of the KR and south of the MTF) has been
drilled down to Oligocene sediments (Shipboard Scientific Party, 1995). We were thus seeking
geophysical surveys that have any connection to this well site.
In this STSM, we are focusing on the work related to the establishment of 1D petroleum models,
preferably in close vicinity to the Vestnesa Ridge (our local study area). Based on this, and that we
wanted to include the ODP 909 well site (for model calibration), we focused on the 2D seismic Svalex
P3 line that extends from the ODP 909 well site and up through the east segment of the Vestnesa Ridge
(figure 2 & 3). Since we do not possess the complete Svalex seismic line (only some interpretations
from it), we needed to verify the interpretations. This verification was accomplished by comparison
with another wide-angle seismic transect of (O. Ritzmann et al., 2004) that extend from Kongsfjorden
to Hovgård Ridge, and thus crosscutting the Svalex line. Due to their similarities regarding the sediment
thicknesses and basement depths (some differences in the basement behavior across the MTF, but
this is a complex area where local changes may occur), the Svalex P3 line was chosen to represent our
2D stratigraphic line containing the locations of our 1D models.
The stratigraphy and ages of the sediments down to the basement along the Svalex 2D seismic line
was defined based on various sources (Daszinnies, 2017; Hustoft, Bünz, Mienert, & Chand, 2009; Plaza-

Faverola et al., 2015; Shipboard Scientific Party, 1995) (figure 3). The stratigraphy was defined such
that it gave a good representation of the different ages through the subsurface sediments, and
included layers necessary for known and potential source rock locations. There are two main source
rock intervals defined and recovered from the ODP 909 drilling campaign (Dumke et al., 2016; Knies &
Mann, 2002; Shipboard Scientific Party, 1995), which are included in our stratigraphy (as layer five and
six in figure 3). Based on Vitrinite Reflectance, these two main source rocks were interpreted to be
immature (Knies & Mann, 2002).

Figure 1: Bathymetric overview of the study area (Western Svalbard Margin). Black circles with cross marks location of ODP
boreholes. Black numbered lines marks the extension of collected deep seismic surveys: 1a-c (Engen, Faleide, & Dyreng,
2008), 2 (Hermann & Jokat, 2013), 3a-d (Baturin, Fedukhina, Savostin, & Yunov, 1994), 4 (Oliver Ritzmann, Jokat, Mjelde, &
Shimamura, 2002), 5 (O. Ritzmann et al., 2004), and 6 is the Svalex P3 seismic line. YP-Yermak Plateau, VR-Vestnesa Ridge,
HR-Hovgård Ridge, PKF-Prince Karls Forland, LT-Lena Trough, STF-Spitsbergen Transform Fault, MR-Molloy Ridge, MTFMolloy Transform Fault, KR-Knipovich Ridge. Bathymetry is from the international Bathymetric Chart of the Artcic Ocean
(IBCAO) grid (Jakobsson et al., 2012), as is the other bathymetry data in this report.

Figure 2: Overview of the 2D seismic lines considered in the initial phase of the basin modelling study. a) Bathymetric
overview of the location and extent of the lines. b) Svalex P3 seismic line, used for stratigraphy and model locations (see
figure 3). c) 2D seismic line with relatively good resolution over the Cenozoic sediments, used for validation. After (O.
Ritzmann et al., 2004)

One of the reasons why the drilling of ODP 909 well had to be terminated was because of a relatively
high influx of gas (both light gas and heavier components) migrating into the base of the well, indicating
that there exist one or more source rock(s) underneath the well termination e.g.(Stein, Brass, Graham,
& Pimmel, 1996). Therefore, two potential source rock intervals were included in the stratigraphy (as
layer seven and eight in figure 3).
Three 1D-model locations were defined along the Svalex P3 seismic line. The first 1D model was set at
the ODP 909 well site, where the lithology and stratigraphy down to the well termination is known
(calibration point). The second model is situated just east of the MTF, where heat-flow values are
expected to be higher, and might give us important information on the modelling results based on this
heat-flow difference. The third model was placed on top of the Vestnesa Ridge (local study area),
where the prominent BSR and hydrates have been observed and mapped. At the local study area we
also have the shallower in-house data (2D and 3D seismic, interpreted faults, etc.), which we wish to
utilize when we have a trustworthy large-scale basin model in the area. The total sediment thicknesses
for the three models are 2.5, 4.3 and 5.5 km, respectively.

Figure 3: Overview of the stratigraphy and the initial 1D-model locations along the Svalex P3 seismic line. a) Bathymetric
overview of the applied 2D line, with locations of the three 1D models (red circles). b) Illustration of the stratigraphy along the
2D seismic line, and the1D model locations (red vertical lines). Location of the models are chosen based on distance to the
MTF and the VR, where the first 1D used as a reference model at the ODP 909 well site. The legend include the overview of all
the defined layers with respective ages.

Another important aspect we need to consider when developing the basin models is the heat flow
variation in the area (lateral, with depth, and through time). Here, all the available heat-flow data
found for the area have been collected (from (Crane, Sundvor, Buck, & Martinez, 1991; Geissler, Pulm,
Jokat, & Gebhardt, 2014; Global Heat Flow Compilation, 2013)), and can be seen in figure 4. The heatflow values are higher close to the spreading segments, but there are also local variations independent
on the distance to the spreading segments. The more heat-flow points we have available, the better
control on the heat-flow distribution we will have. Collection of more heat-flow measurements is
therefore a priority in order to develop heat-flow maps with higher details. The spreading rates of the
mid-oceanic ridge system (based on work done by (Engen et al., 2008)) have also been included in
figure 4.
The plan is to use all the available heat-flow measurements for the generation of a present-day heatflow variation map. Together with the location of the spreading system, and the spreading rates, the
heat-flow map can be used to determine a potential variation of heat-flow through time. We then
want to apply these heat-flow changes to our 1D-model locations. Testing of other hypothesis (such
as constant heat flow distribution), are also planned.

The PetroMod software has been used for developing 1D-models based on the stratigraphy at the
three modelling locations. However, better heat-flow inputs, and more work generally, are needed
before any reasonable results can be expected. Models based on the input parameters from the
modelling done by (Dumke et al., 2016) have also been carried out, with the aim of gaining more
experience with the modelling software and modelling techniques.

Figure 4: Overview of the heat-flow measuremntes in the study area. The figure is showing the location of the collected
heat-flow measurements in the area, relative to the spreading segments and the 1D-model locations. Included are also the
outlines from the magnitic seafloor spreading anomalies (from (Engen et al., 2008)).

4. Future work
The development of a reasonable basin model at the Western Svalbard Margin is a major project,
where we have only begun. There still exist a lot of work, but some of the aims we have for the near
future are:
-

Finish the work on the heat-flow distribution and thus determine the heat-flow variation
through time at the 1D-model locations;
Clean up the stratigraphy and expand the number of layers in the model, and perform source
rock assessments;
Update the PetroMod models, and continue with further testing using various input
parameters (number of source rocks, source rock kinetics, source rock thicknesses, etc.,);

-

Expanding our 1D models into 3D models. This might be possible by including some of the
other collected deep geophysical surveys.

With further collaboration with the host, the work on this project is expected to give results that will
lead to publications in the future.

5. Other
Due to a hand-injury, the STSM had to be terminated two weeks earlier than expected. This resulted
in some unfinished work (e.g. the heat-flow distribution), that were expected to be completed.
I want to thank the host institution for making it possible for me to stay and work at their location, and
helping me with the initial phase of the project. I hope that this collaboration will continue also in the
future.
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