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Preface
Late 2019, GEUS was asked to lead research initiatives in 2020 related to technical barriers for
Carbon Capture, Storage and Usage (CCUS) in Denmark and to contribute to establishment of a
technical basis for opportunities for CCUS in Denmark. The task encompasses (1) the technical
potential for the development of cost-effective CO2 capture technologies, (2) the potentials for
both temporary and permanent storage of CO2 in the Danish subsurface, (3) mapping of transport
options between point sources and usage locations or storage sites, and (4) the CO2 usage
potentials, including business case for converting CO2 to synthetic fuel production (PtX). The
overall aim of the research is to contribute to the establishment of a Danish CCUS research centre
and the basis for 1-2 large-scale demonstration plants in Denmark.
The present report forms part of Work package WP5 and focuses on the structural configuration
of the Hanstholm and Thisted structures. A special focus has been dedicated to seismic facies
analysis in order to unravel the depositional setting and dimensions of sedimentary features, e.i.
fluvial channels (styles and dimensions).
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Dansk Sammendrag
Denne undersøgelse omfatter en strukturel kortlægning og seismisk facies analyse af Gassum
og Fjerritslev formationerne omkring Hanstholm og Thisted strukturerne. Hanstholm strukturen
er aflang og stryger NNV-SSØ på top Gassum niveau, hvorimod Thisted strukturen er cirkulær.
Sadelpunktet mellem de to strukturer er lokaliseret nær den nuværende kystlinje mellem Thy og
Skagerrak. Selv om kvaliteten af de seismiske data er forholdsvis ringe, så er det muligt at
erkende reflektionsmønstre karakteristisk for mæandrerende flodsystemer. Disse flodsystemer
er erkendt både i den nedre del af Gassum Formationen vest for Felicia brønden og i den
øverste del af Gassum Formation. Ved Thisted er der en direkte korrelation i mellem det
seismiske reflektionsmønster og brønddata fra Thisted-3 brønden.

Summary
This study presents a structural mapping and a seismic facies analysis of the Gassum Formation
and Fjerritslev Formation within the Hanstholm and Thisted structures located offshore and
onshore Thy, Jylland. The Hanstholm structure is an elongated NNW – SSE trending, four-way
dip structure at top Gassum Formation level. The Thisted structure is a simple dome structure.
The saddle point, between the two structures, is located NNW offshore Thy and thus straddles
the northern coastline of Thy. The seismic facies analysis is hampered by the relatively poor
data, but in the lower part of the Gassum Formation west of the Felicia-1 well a zone with
channel-like features with internal dipping reflectors (shingles) dominates the seismic facies.
This seismic facies is interpreted as channels of a meandering fluvial system. Similar features
are also seen locally at the top of the Gassum Formation. At the Thisted-3 well, this pattern
correlates with a fluvial channel interpreted from well logs and cores.
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Introduction
In order to estimate the storage potential of CO2 in the Hanstholm structure, located offshore
NNW of the town of Hanstholm, a structural and seismic stratigraphic study has been carried
out. Three surfaces are mapped; top Vinding Formation, top Gassum Formation and top
Fjerritslev Formation (Fig. 1). The study aims to define the size and type of the Hanstholm
structure. Futhermore, a seismic facies study has been made of the Gassum Formation. The
latter is made to reveal possible sedimentary and erosional features within the Gassum interval
that are within the vertical resolution of seismic data (>20 ms).

1 Database
Regional seismic surveys of RTD-RE94, DCS-RE96; SKAG-86 and DBT-2005 provide the
seismic data in the offshore area (Fig. 2). The density of the offshore seismic lines is very low,
7–10 km, except from the northwestern part of the study area where line spacing is around 3
km. The onshore dataset is very open (Fig. 2) and includes WGC81, L, 74, ADK-85, Line 73252
and DNJ. Line spacing is in the order of 5 km to 10 km.
Wells used in the study are the offshore wells: Felicia-1, J-1 and onshore wells: Thisted-1 to 5
(Fig. 2). These wells provide the seismic tie of the mapped surfaces and partly, interpretation of
seismic facies.

2 Data quality
The quality of the data is highly variable from very poor to good (Fig. 3). The offshore data are
generally of good to fair quality (Fig. 3A). However, the tie between the key-well, Felicia-1 and
seismic data is hampered by a complex geology adjacent to the well (Fig. 4). Similarly, the tie
of seismic data with the J-1 well is problematic due to faults at different stratigraphic levels in
the area around the J-1 well. Multiples created by the base chalk reflector are very common on
the offshore data in certain areas (Fig. 5). The multiples hinder a proper interpretation of the
Jurassic succession, especially east of the Felicia-1 well and thus make interpretation a difficult
task. The onshore seismic data is fair to very poor (Fig. 3 B, C), but base and top of the Gassum
Formation in the Thisted wells correlates well with seismic reflectors. Despite the general low
quality of data, some interesting features, e.g. fluvial channels have been revealed from the data
(see below).
In both areas, the very low density of seismic data, commonly 7 to 10 km between each seismic
line, makes it very difficult to make a proper seismic interpretation in an area with a complex
structural geology.
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3 Results
3.1 Extrapolation of Thisted data to the Hanstholm area
To optimize the sedimentological model of the Gassum Formation in the offshore located
Hanstholm structure, the data from the Thisted structure are included. The Thisted structure is
drilled by 5 wells, Thisted-1 to -5. The Gassum Formation at Thisted works as a geothermal
reservoir and therefore the reservoir properties are well known here. In figure 6 a compounded
seismic section shows the correlation from the Thisted area and to the Hanstholm structure. The
correlation is hampered by very poor seismic data in the Thisted area, but the base and top of
the Gassum Formation is clearly evident on the seismic data both onshore and offshore (Fig.
6). Consequently, despite the poor data, the correlation of seismic facies is confident. Therefore,
the well data information and consequently the sedimentological model, from the Thisted area
can be used as an analogue. This is also confirmed by the study of seisfacies (see below) which
reveal similar fluvial channel systems both on data form the offshore sector and seismic data
adjacent to the Thisted wells. However, due to the very poor seismic quality of some of the
onshore lines, a confident seismic interpretation of surfaces and seismic facies between the
Thisted area and the Hanstholm structure is not possible. The main surfaces, the top Vinding
and top Gassum, can with some confidence be mapped. Both the seismic facies study of a
single seismic line tying the Thisted-3 well and the seismic facies study of the offshore data
indicate a similar depositional setting as demonstrated in the subsequence paragraph of seismic
facies.

3.2 Seismic time-Structure and seismic time-isochore maps
Gassum Formation
The Hanstholm structure is an elongated NNW – SSE trending, four-way dip structure (Figs. 6;
7, 8 and 9). In the northeastern part, east of the Felicia-1 well, a NNW-SSE trending fault
displace the formation. The top Gassum Formation level (Fig. 9) has spill point at 850 ms and
top point at 700 ms. The Thisted Structure is a simple dome with spill point at 850 ms top point
at 600 ms. The saddle point is located NNW offshore Thy and thus straddles the northern
coastline of Thy. The thickness (isochore) map indicates thicknesses of the Gassum Formation
from 100 to 125 ms at the Thisted structure (ca. 140 m in the Thisted wells; Fig. 10). The
thickness increases in an even way towards the NW and reach a highest thickness near the
Felicia-1 well where the thickness is ca 150 ms (ca 210 m in the Felicia-1 well).
Fjerritslev Formation
At top Fjerritslev Formation the Hanstholm structure forms an elongated NNW-SSE striking,
four-way dip closure (Fig. 11). East of the Felicia-1 well the formation is displaced by a NNWSSE trending fault. The top Fjerritslev Formation has a spill point at 750 ms and a top point at
550 ms. The Thisted structure is more circular and has a top point at 500 ms. The saddle point
is located NNW off the coast-line of Thy. The thickness of the Fjerrritslev Formation (time5
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isochore) shows a thickness variation from 0 ms to more than 800 ms. In the southern part of
the study area, the formation is rather thin, ca. 50–100 ms (ca. 90m in the Thisted wells, Fig.
12). The 0 ms thickness in the extreme southwestern part of the study area is due to truncation
of the Fjerritslev succession near salt structures. In the northern part of the study area,
thicknesses up 800 ms are seen (900 m in the Felicia well). This strong variation in thicknesses
in the northern part is partly due to fault activity east of the Felicia-1 well location and partly due
to truncation of the Fjerritslev Formation during the mid-Cimmerian tectonic phase (Ziegler 1990;
Nielsen 2003; 13).
Depth converted versions of the above described maps are shown in Mathiesen et al. (2020).
3.3 Seismic facies analysis
In this study two intervals have been analysed with respect to seismic facies, the Gassum
Formation and the Fjerritslev Formation.
Gassum Formation
The base of the Gassum Formation is a high amplitude and continuous reflector (Figs. 6; 7 and
14). Locally, erosional channels are noticed. The top of the Gassum Formation is similarly
expressed by a generally high amplitude and continuous reflector. The seismic facies
recognized within the Gassum Formation is characterized by a discontinuous, high to low
amplitude reflection pattern. Some reflectors sharply cross-cut underlying reflectors (Fig. 14A),
but they are local. In the lower part of the Gassum Formation west of the Felicia-1 well, a zone
with channel-like features with internal dipping reflectors (shingles) dominates the seismic facies
(Fig. 14B). The dipping reflectors are ca. 25 ms thick and dominantly dip towards E, but
westward dipping reflectors also occur (Fig. 14B). In the upper part of the formation, similar
channel-like features with dipping internal reflectors are noticed (Figs 14C and 14D). Here the
height of dipping reflectors within channels are estimated to 23 ms.
Interpretation
The seismic facies pattern of the Gassum Formation, which is characterized by discontinuous,
high and low amplitude reflectors is partly cored in the Thisted-3 well. Here it correlates with
alternating fluvial and lagoonal deposits (Nielsen 2003; personal communication, Sofie
Lindstrøm 2020). From the core study, coal and marginal marine muddy sediments have also
been observed (personal communication, Henrik Vosgerau 2020). A fluvial to nearshore
depositional environment (paralic) depositional setting of the Gassum Formation in the study
area is also in line with the regional depositional setting of the formation (Nielsen 2003). The
overall reflection pattern thus is interpreted to represent a paralic depositional environment. The
channel like features with internal dipping reflectors, west of the Felicia-1 well (Fig. 14B and
15A) represent fluvial channel deposits of a meandering fluvial system (e.g. Posamentier 2005;
Rasmussen 2009; Hagstrom et al. 2019). The maximum depths of the channels are estimated
to be between 23 ms (app. 31m based on an ava. Int. velocity of 2700 m(s) and 25 ms (app. 34
m) which is in line with fluvial deposits penetrated in Thisted-2 well (Fig. 16). The channel-like
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features found in the upper part of the Gassum Formation correlate with the fluvial system
penetrated in the upper part of the Thisted-3 well (Fig. 17).

Fjerritslev Formation
The lower boundary of the Fjerritslev is characterized by a high amplitude, continuous reflector
(Fig. 6 and 7). The upper boundary is more obscured, but locally distinct truncation of intra
Fjerritslev reflectors are noticed (Fig. 18). Internally, the Fjerritslev Formation is characterized
by a parallel to sub-parallel reflection pattern. The amplitude is variable, but in general, the
formation is dominated by a relatively low amplitude reflection pattern.
Interpretation
Correlation of the seismic data with wells, Felicia-1 (Fig. 4) and the five Thisted wells, indicates
that the Fjerritslev Formation consists of shale with some intercalation of sandstone layers. The
Fjerritslev Formation was deposited in an offshore setting dominated by settling of clay with
periodical sedimentation of storm sand layers (Pedersen 1985; Nielsen 2003). The lower
relatively sharp and continuous boundary (high amplitude reflector) is the result of a
transgressive erosional surface commonly overlain by a transgressive lag. The upper boundary
with local truncation was the result of local tilting and movement of salt structures and fault
movements associated with the Mid-Cimmerian tectonic phase (Ziegler 1990).

4 Suggestions for supplementary investigations and research
In order to establish a well-constrained reservoir model that can be used for simulation of CO2
injection in the Hansthom structure, a new 3D seismic survey is mandatory. This study indicates
that sedimentological features such as fluvial channels can be interpreted from the analysis of
seismic facies. High-resolution seismic data will make it possible to map more details of the
reservoir characteristics and the cap rock. To allow this type of detailed seismic facies analysis,
3D seismic is of highest priority because 3D seismic not only will improve the vertical resolution
similar as new 2D seismic data, but 3D seismic data also provides high lateral resolution. The
latter has the potential of revealing even more details of sedimentary facies.
Alternatively, a dense network of high-resolution 2D seismic data must be acquired. The
present-day seismic network has a line spacing from 7 to 10 km. This open network should be
reduced to a density of ca. 1 km and cover the offshore area NNW of the coastline and include
the structural closure of the Hanstholm structure. A high-resolution seismic dataset in
combination with a test well is the only way of getting sufficient data for an accurate geological
model for the depositional setting of the Gassum Formation (i.e. the reservoir) and the Fjerritslev
Formation (i.e. the seal) in the “Hanstholm structure” area.
If a 2D seismic data set is planned, it is recommended to aquire a few test lines as a start in
order to check the quality of the data setup. The lines should both trend NE – SW and NW –
SE.

7
GEUS

References
Hagstrom, C.A., Hubbard, S.M., Leckie, D.A. & Durkin, P.R. 2019: The effects of accretionpackage geometry on the lithofacies distribution in point-bar deposits. Journal of Sedimentary
Research, 89, 381-398.
Mathiesen, A., Laghari, S. & Rasmussen, R. 2020: Capture, Storage and Use of CO2 (CCUS):
Depth conversion of seal and reservoir maps from the Havnsø and Hanstholm areas (Part of
work package 5 in the CCUS project). Danmarks og Grønlands Geologiske Undersøgelse
Rapport 2020/35, XX pp.
Nielsen, L.H. 2003: Late Triassic – Jurassic development of the Danish Basin and the
Fennoscandian Border Zone, southern Scandinavia. In: Ineson, I. & Surlyk, F. (eds.): The
Jurassic of Denmark and Greenland. Geological Survey of Denmark and Greenland Bulletin 1,
459-526.
Pedersen, G. 1985: Thin, fine-grained storm layers in a muddy shelf sequence: an example from
the Lower Jurassic of the Stenlille 1 well, Denmark. Journal of the Geological Society, 142, 357374.
Posamentier, H.W. 2005: Application of 3D seismic visualization techniques for seismic
stratigraphy, seismic geomorphology and depositional systems analysis: examples from fluvial
to deep-marine depositional environments. In: Dore A.G. & Vining B.A. (eds.): Petroleum
Geology: North-West Europe and Global Perspectives–Proceedings of the 6th Petroleum
Geology Conference II, 1565-1576. London: Geological Society.
Rasmussen, E.S. 2009: Detailed mapping of the marine erosional surfaces and the geometry
of clinoforms on seismic data: A tool to identify the thickest reservoir sand. Basin Research, 21,
721-737.
Ziegler, P.A. 1990: Geological atlas of Western and Central Europe. Geological Society
Publication, Bath, UK. 1-239.

8
GEUS

Figures

Fig. 1: Upper Trassic – lower Cretaceous lithostratigraphy of the Danish Basin.
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Fig. 2: Map showing the seismic data base and wells used in the study. Locations of seismic
section are also shown.
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Fig. 3: Examples of seismic data showing the variation in seismic data quality. A) Offshore
seismic section of good quality. B) onshore data of fair quality and C) onshore seismic data of
very poor quality.

11
GEUS

Fig. 4: Seismic tie to the Felicia-1 well. Two regional surfaces tie well with the top Vinding
Formation and top Gassum Formation defined in the well. See figure 2 for location.
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Fig. 5: Seismic example showing the presence of multiples (red arrows) formed by the base and
intra Chalk Group reflectors. See figure 2 for location.
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Fig. 6: North – South cross-section showing the geology from the Thisted structure in the south
to the offshore located Hanstholm structure. See figure 2 for location.
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Fig. 7: West – East cross-section of the Hanstholm structure which together with the north –
south section shown in fig. 6 illustrates a simple four-way dip closure of the Hanstholm structure.
See figure 2 for location.
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Fig. 8: Time-structure map of the top Vinding Formation. Note the well-defined four-way dip
closure of both the Hanstholm and Thisted structures at this level.
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Fig. 9: Time-structure map of the top Gassum Formation. Note the well defined four-way dip
closure of both the Hanstholm and Thisted structures at this level.
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Fig. 10: Time-isochore map of the Gassum Formation. The thickness of the Gassum Formation
is almost constant 125 ms in the whole area varying between 150 ms in the Thisted area to near
200 ms in the northern-easten part of the Hanstholm structure.
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Fig. 11: Time-structure map of the Fjerritslev Formation.
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Fig. 12: Time-isochore map of the Fjerritslev Formation. The variation of the Fjerritslev
Formation is related to both truncation of the formation and to salt movements.
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Fig. 13: NW-SE trending seismic section showing the truncation (red arrows) of the Fjerritslev
Formation. A) without the top Fjerritslev surface. B) with the top Fjerritslev surface purple
marker. See figure 2 for location.
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Fig. 14: Seismic images of channels of meandering systems. A) channels from the lower and
upper part of the Gassum Formation east of the Felicia-1 well. Red arrows indicate dipping
reflectors (shingles) interpreted as form by lateral accretion. B) and C) channels from the
onshore area adjacent to the Thisted-2 and -3 wells. Red arrows point towards dipping reflectors
interpreted as lateral accretion surfaces associated with point bar migration. Note the high
amplitude reflector above the dipping reflectors in C which indicate sand-rich point bar deposits.
Note also that the shingles (i.e. point bar) contribute to the differential compaction as illustrated
by the bump (blue arrow). See figure 2 for location.
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Fig. 15: Fluvial channels of the Gassum Formation based on the seismic interpretation and well
data. A) Channels in the lowerpart of the Gassum Formation. B) Channels in the upperpart
Gassum Formation. Note, that both the channels revealed form seismic - and partly from well
data in the lower and upper part are meandering systems.

23
GEUS

Fig. 16: Correlation panel of the Thisted wells (provided by Henrik Vosgerau). Note that the thickness of the fluvial systems in both Thisted-1 and
-2 and the mapped systems on seismic data are equal, ca 30 m (Black arrows).
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Fig. 17: Fluvial channel found on seismic data in the Thisted area and the correlation with the
Thisted-3 well. Note the fining upwards motif of the sand-rich unit from 1165 m in the Thisted-3
well. This is a typical characteristic for fluvial point bars. Note also, that the thickness of the
fluvial section is the same on both seismic data and well data. See figure 2 for location.
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Fig. 18: Seismic section showing the truncation of the Fjerritslev Formation. See figure 2 for
location.
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