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The Longyearbyen CO2 Lab is a joint project between the University Centre in Svalbard and a consortium of partners. The project aims to
investigate the possibilities of Carbon Capture and Storage (CCS) in the vicinity of Longyearbyen (Svalbard, Norway). In this contribution, seismic
data from the Adventdalen area of Central Spitsbergen are combined with drillhole and outcrop data to give a thorough picture of the subsurface
structural geometry close to the planned injection site of the Longyearbyen CO2 Lab. So far, 12 km of seismic data and one vertical seismic profile
have been recorded, and four wells have been drilled, logged and cored to a maximum depth of 980 m. Several clear regional reflectors revealed
from the snow-streamer seismic data correlate with boundaries within the lithological succession in drillcores retrieved from the boreholes. This
link between seismics and drillcore units allows the construction of a general velocity model for the Cretaceous to Upper Triassic succession,
covering a 1000 m vertical section. Velocities in the bedrock succession are noticeably high, spanning from around 3500 m s-1 in the upper 200
m, to c. 4000 m s-1 between 200 and 650 m depth, and to 4200–4500 m s-1 below 650 m total depth. Geometrically, the open 2D seismic coverage
shows no local physical closures/structures influencing the succession. Therefore, the potential reservoir rocks of the Upper Triassic De Geerdalen
Formation, located at a depth of 672–980 m in drillhole Dh4 of Adventdalen, seem to follow the regional trend in that the constructed formation
top surface dips gently to the southwest. Around 20 km to the northeast, this unit crops out in mountain sides. The seismic data also show one or
more, laterally extensive, dolerite intrusions that are highly reflective, masking underlying reflectors. Thin (0.5 to 2.5 m) intrusions encountered in
the basal part of the De Geerdalen Formation in drillhole 4 (Dh4) are, on the other hand, below seismic resolution. Locally, the intrusions could
have an inverse saucer geometry, as possibly seen in outcrops. One of these reflective intrusions has its highest point some 50–100 m below the De
Geerdalen Formation in Adventdalen.
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Introduction
Successful CO2 storage requires a suitable reservoir and
a cap rock with sufficient retention capacity (Saghafi
et al., 2008; Dillen et al., 2009). As the world may face
major, commercial, CO2 storage operations in the
future, there is an obvious need for pilot projects that
can identify and illustrate the challenges faced by such
major, costly operations. As one of several initiatives,
the Longyearbyen CO2 Lab is a major R&D project
undertaken by a consortium of academic institutions
and private companies. Since the start in 2007, the key
objective of the project has been to identify potential
reservoirs for CO2 injection and storage. As injectivity
has been confirmed in the target Upper Triassic De
Geerdalen Formation in Adventdalen, the focus of
the project has changed to verification of reservoir
properties, prior to addressing the ultimate goal of CO2
injection and storage. The storage site will act as a field

lab for testing and developing technologies, with spinoffs into educational activities.
With injectivity confirmed in the reservoir succession,
the question of areal extent and implicitly injectable
volumes has risen on the agenda. In this context, seismic
acquisition and mapping have renewed importance. This
first report on the seismic mapping of the Longyearbyen
CO2 Lab area includes public domain terrestrial seismics
and 12 km of new seismic data gathered by the project,
both linked to Vertical Seismic Profiling (VSP) in one
well (Dh4). Further, the close link between seismic lines,
wells and outcrops has allowed us to obtain seismic
velocity profiles for parts of the subsurface succession
and establish the regional geometry of the potential
reservoir. A key topic is the detailed seismic mapping
of key reflector packages, and the implications of the
complex acoustic response for our understanding of the
subsurface geology. What relevant information can we
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obtain from the seismic mapping of the layered reservoir
and cap rock successions? In addition, to what degree
are the limitations in resolution of the seismic system
limiting the information?

Bedrock successions and their seismic
properties
It is crucial for seismic interpretation to have good
reflectors that are regionally recognisable, reflecting the
contrasts of bulk impedance between laterally extensive
sedimentary successions (Yilmaz, 2001). In Svalbard,
major reflectors are typically related to the boundaries
between lower velocity, thick shale sections and higher
velocity, thicker sandstone, carbonate and evaporite
sections, and dolerite intrusions. The density of the
sedimentary bedrock is, on average, 2.5 g cm-3 reflecting
significant mechanical and chemical compaction of the
entire succession due to burial and subsequent unroofing
(Braathen et al., 2010). Some well consolidated formations
with low porosities (e.g., parts of the Gipsdalen Group)
have densities as high as 2.8 g cm-3 (Eiken, 1985). The
P-wave velocities (Vp) are generally very high (>4 km s-1).
Longyearbyen is situated on the eastern flank of the
Tertiary Central Basin of Svalbard, as shown by a gentle
dip of beds towards the southwest. In this area, the nearsurface succession seems little affected by the Palaeogene
fold-thrust belt province that has significantly modified
bedding orientations farther west (Bergh et al., 1997;
Bælum & Braathen, 2012), and layering is mostly
undisturbed (Dallmann, 1999; Major et al., 2009).
However, the Longyearbyen CO2 Lab drillholes confirm
the position of a regional layer-parallel thrust or
décollement zone at 400–450 m depth in Adventdalen
(Braathen et al., 2010). Thrust splays that break out of
this zone and are associated with fault-propagation folds
are seen in outcrops both to the east and to the north.
The surface geology of the area consists of the Tertiary
Van Mijenfjorden Group of predominantly shallowmarine and deltaic sediments with coal-bearing layers,
mined in the communities of Longyearbyen, Svea and
Barentsburg. The lower boundary of the formation is
located above sea level and this succession is therefore
not observed in the seismic data of the study area in
Adventdalen.
The underlying Cretaceous Adventdalen Group consists
of the Carolinefjellet and Helvetiafjellet formations. This
succession comprises the prodeltaic to deeper marine
shales and sandstones of the Carolinefjellet Formation
above the deltaic and fluvial sedimentary rocks of
the Helvetiafjellet Formation (Gjelberg & Steel, 1995;
Dallmann, 1999; Onderdonk & Midtkandal, 2010).
The lower succession of the Helvetiafjellet Formation
is made up of the distinctive 10–20 m-thick Festningen

NORWEGIAN JOURNAL OF GEOLOGY

sandstone, which in most places is a good reflector.
At the base of this unit, there is an erosive boundary
to the underlying, organic-rich, Jurassic shales of the
Janusfjellet Subgroup (Mørk et al., 1982; Dypvik, 1984).
These shales and mudstones are considered to represent
a likely sealing cap rock for a CO2 reservoir.
The seismic velocities in the Carolinefjellet and
Helvetiafjellet formations have been measured directly in
well Dh2 of the Longyearbyen CO2 Lab, which is located
close to the Longyearbyen airport (Fig. 1). Encountered
velocities are 3.8–4.3 km s-1 (Braathen et al., 2010), which
is close to the 4.0–4.5 km s-1 reported from seismic
investigations in Van Mijenfjorden and Storfjorden
(Eiken, 1985). The velocity in the Janusfjellet Subgroup
is slightly lower.
The Jurassic to Upper Triassic Kapp Toscana Group
consists of the Wilhelmøya Subgroup and the De
Geerdalen and Tchermarkfjellet formations (Mørk et
al., 1982; Dallmann et al., 1999). The top of the group
is marked by the coarsening-upwards sandstones of
the Wilhelmøya Subgroup. Individually, these layers
have good reflective properties, but the interbedded
shale layers and the limited total thickness (23.7 m
in Dh4) results in an uneven but still identifiable
reflector that becomes clearer westwards as the group
thickens. The underlying De Geerdalen Formation has
extensive sandstone bodies of shallow-marine to tidal
and potentially some fluvial origin, interbedded with
multicoloured shales (Mørk et al., 1982; Dallmann,
1999). The velocity of the group as recorded in Dh4 is
3.5–4.2 km s-1, compared to 4.0–4.3 km s-1 reported by
Eiken (1985). The De Geerdalen Formation is around
300 m thick, as indicated by the thickness in Dh4.
There, the top of the formation is located at 690 m depth
and the well is within the basal part of this unit at its
termination at 980 m total depth (Braathen et al., 2010).
The regional SW dip in the area is constrained by the
fact that the De Geerdalen Formation crops out 15–23
km to the northeast of the Longyearbyen settlement in
the mountain sides of the De Geerdalen valley. There,
detailed sedimentological investigations combined with
Lidar scans have been undertaken in connection with the
project.
The drillholes in Adventdalen all terminate above the
base of the Kapp Toscana Group. In the following,
deeper units are only briefly described, as they are
of less relevance for the CO2 project. The Lower to
Middle Triassic Sassendalen Group, comprising the
Botneheia/Bravaisberget, Tvillingodden and Vardebukta
formations, consists of fine-grained, shallow- to deepermarine shales, mudstones and sandstones in gradational,
mainly coarsening-up successions, overall offering few
seismic reflectors. This group appears in the seismic data
as a transparent interval, with a velocity of 3.5–4.0 km s-1
(Eiken, 1985). The underlying Kapp Starostin Formation
contains shallow to deep, open-marine silicified shales,
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limestones and sandstones, and subordinate chert and
dolomite layers. A high seismic velocity throughout
this several hundred metre thick unit, exceeding 5 km
s-1 (Eiken, 1985), contrary to the overlying succession,
makes the top surface of the Kapp Starostin Formation
a very good seismic reflector. This reflector is noticeable
across almost the entire Barents Shelf (Eiken, 1985, 1994;
Colpaert et al., 2007) . The seismic data of Adventdalen
offer poor or no resolution of the Lower Permian to
Middle Carboniferous succession of the Gipshuken and
Wordiekammen formations (Dallmann, 1999), which
comprise mostly evaporites above limestones (Eliassen
& Talbot, 2005). The Wordiekammen Formation in
particular contains good reflectors and has intervals
of high velocity (6 km s-1) (Eiken, 1985). Below this
succession, Carboniferous units are found in rift basins
developed within a basement of Devonian sedimentary
rocks and older metamorphic units (see Bergh et al.,
2011; Maher & Braathen, 2011; Braathen et al. 2012;
Bælum & Braathen, 2012).

Seismic datasets and acquisitions
All the studied terrestrial seismic data were gathered using
a snow-streamer, which is considered one of the most
efficient ways of gathering seismic data on land in areas
with continuous snow cover (Rygg et al., 1992). Collection
rates can reach up to 6 km per day. Adventdalen was the
target for seismic investigations in the late 1980s when
Norsk Hydro acquired 7 lines (47 km) of terrestrial
seismic lines in the valley floor (Fig. 1). The data were
of fair quality but results of the work have not been
published. In order to obtain better coverage around and
between the drill sites, and a more reliable velocity model,
three additional lines were acquired in April of 2008. For
all acquisitions, the streamer was towed and transported
by a band wagon equipped with a hydraulically driven
winch (Figs. 2 and 3). As for earlier surveys, a 1500
m-long snow-streamer with 60 geophone groups was
applied. The seismic source used was Dynacord. For line
UNIS08–1, 100 m of cord, equal to 4 kg of dynamite, was
used per shot. For lines 2 and 3 near the settlement of

Figure 1. Location of seismic lines and drillhole 4 (Dh4). All coordinates are in UTM zone 33. The map is modified from Major et al. (2009).
The colours in the schematic cross-section are equivalent to those of the bedrock map. Yellow and light green= Van Mijenfjorden Group, dark
green= upper Adventdalen Group (Carolinefjellet and Helvetiafjellet formations), Blue=Janusfjellet Subgroup (Rurikfjellet and Agardhfjellet
formations), Purple=Kapp Toscana Group. For sedimentological and seismic characteristics of the formations, see Table 1.
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Figure 2. Photograph of band wagon containing recording equipment, towing the reel with the snow-streamer. From the start of line
UNIS2009–02.

Longyearbyen and near the airport, each shot consisted
of 2 kg of dynamite. The cord was laid out parallel to the
seismic line 50 m in front of the band wagon.
Snow-streamer seismics require a substantial manpower
and machinery (Eiken et al., 1989; Johansen et al., 2011).
In our study, scientific leadership and know-how was

offered by key personnel from the University of Bergen
and Bergen Oilfield Services, using nearly the same team
as in 1988. The crew consisted of minimum 11 persons
and all in all the operation requires one band wagon, a
hydraulically powered winch, 4 sledges and 6–8 snow
scooters.

Figure 3. Outline of the set-up of seismic data collection with the snow-streamer. The recording equipment was positioned inside the band
wagon. One shot with 100 m Dynacord (equivalent to 4 kg dynamite) was typically fired every 50 m.
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Processing of seismic data
The Norsk Hydro 1988 dataset was delivered fully
processed and no further processing was possible.
The data acquired in 2008 were processed by Bent Ole
Ruud at the University of Bergen. According to standard
processing techniques (Yilmaz, 2001), the data were
sorted to common midpoint gathers (CMPs) based
on the geometric setting. Traces with a high noise-tosignal ratio and the direct P-wave, airwave and later
arrivals were muted. Automatic spike and noise burst
removal was performed as well as linear and multiple
noise attenuation in the linear tau-p and parabolic
tau-p domains, respectively. Amplitude recovery,
multichannel deconvolution and velocity analysis of
CMP were gathered at 300 m intervals, and a frequency
wave number (FK) filter to remove ground roll and a
minimum phase band pass filter (15 Hz, 24 dB oct-1–
75 Hz, 36 dB oct-1) were also applied. All the data were
migrated. In addition, lines UNIS09–1, –2 and –3 have
been depth converted.
The main source of noise was a random background

Figure 4. Velocity (Vp) model for
Dh4 (thick black line) based on a
correlation between the log and
TWT to reflectors from formation boundaries (right). The VSP
from Dh4 (thin black line) correlates well with the Vp log from
Dh4 (thin dark grey line). As the
Vp log only covers the interval
from 436–788 m, the Dh2 log
(thin light grey line) covering the
interval from 2 to 441 m has also
been added. The height of the
Dh2 log has been adjusted down
with 13 m to compensate for the
regional dip. The velocities in
Dh2 are about 15% higher than
those in Dh4. The source of the
error is most likely linked to the
calibration of the logging instrument and the lack of a soft- sediment overburden in Dh2.

noise, which to a large degree could be filtered out by
stacking the data. Other sources of interference were the
noise from electronic and mechanical equipment such
as scooters and cars, and the constant noise from highvoltage power lines and a powerful 50 Hz transmitter
at the nearby airport. The 50 Hz noise was removed
by a notch filter. Positioning of the lines was done by
differential GPS. The processed data were imported
into Petrel where the seismic/geological interpretation
was conducted. The boundaries between successions
or formations identified in well logs and core material
allowed us to construct a simplistic velocity model (Fig.
4).

Interpretation of seismic datasets
The terrestrial seismic data collected in the spring
of 2009 (Fig. 1, lines UNIS09–1 to 3) and the data
available from the Norsk Hydro 1988 survey are of
good quality but do not have the same penetration as
would be expected from marine seismic data collected
with comparable equipment and favourable seafloor
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conditions. As a result of the completion of the drillholes,
and especially Dh4, with descriptions of the cores and
electrical logging of the boreholes, the control on the
seismic lines improved significantly down to a depth of
1000 m. Below that depth the data quality is limited on
most lines and few reflectors could be picked out below
700 ms (c. 1500 m).
The depth-converted lines of 2008 are shown in
Fig. 5 together with the Dh4 well trace. Details in
the seismic section around Dh4 and the associated
sedimentary log are presented in Fig. 6. Five reflectors
are recognisable throughout the seismic lines; the base
Helvetiafjellet Formation, the near-base Cretaceous,
the top Wilhelmøya Formation, the top De Geerdalen
Formation, and dolerite intrusions. As seen in the
regional line of the 2008 survey, these reflectors can be
traced throughout the study area. They offer only slight
undulations, except for the dolerite intrusions (Figs.
7 and 8) (see below). In more detail, as seen around
Dh4 (Fig. 6), the seismic succession has several distinct
intervals.
The top reflector (number 1 in Fig. 6) is weak but
coincides with the transition from unconsolidated but
frozen water-filled sediments to solid rock at a depth of
60–80 m. Below this reflector is a mainly transparent
interval until the first clear and continuous reflector is
seen (2); hence, there are no clear reflections marking
either the boundary between the Carolinefjellet and
Helvetiafjellet formations or the transition from
permafrost to unfrozen rock. This latter transition is
believed to be situated at 100–120 m depth and has
previously been documented from a smaller-scale
seismic study (Johansen et al., 2003). However, in
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this case the seismic resolution in the shallow part is
not sufficient to resolve this boundary. Reflector 2 is
located close to the lower boundary of the Helvetiafjellet
Formation, which matches the position of the 15 m-thick
Festningen Sandstone Member (Gjelberg & Steel, 1995;
Dallmann, 1999; Braathen et al., 2010). Although
continuous, the reflector changes character from a welldefined signal near the well to a wider, lower-amplitude
signal to the south. This is possibly the result of lateral
sedimentological changes in connection with the fluvial
origin (e.g., Nemec, 1992; Onderdonk & Midtkandal,
2010). The underlying Janusfjellet Subgroup (Rurikfjellet
and Agardhfjellet formations) has very few reflectors
and they all have limited lateral extent. This is consistent
with a succession of nearly 500 m of predominantly
shale with gradational boundaries to fairly thin intervals
of mudstones and siltstones (Dypvik et al., 1991). The
transparent section continues down to c. 650 m and is
interrupted only by one major reflector (3), which likely
coincides with a coarser-grained layer within the shale
section. In wells Dh1 and Dh2, this layer is interpreted as
a debris flow (Braathen et al., 2010). There is a series of
reflectors just above reflector 3 around and to the south
of well Dh2, which could coincide with the debris flow.
They become less clear and finally terminate in the south.
Noticeably, in Dh4, which is located 7 km to the south of
Dh 1 and 2, the debris flow deposits are not observed.
In the drillcore retrieved from Dh4, the transition
to the interbedded mudstones and sandstones of the
Kapp Toscana Group is clearly marked by the thin,
but distinct, Wilhelmøya Formation, starting at 672 m
total depth. However, in the seismic data the transition
(number 4) is less clear and the amplitude and thickness
of the reflector vary laterally. While the thickness of

Figure 5. Lines 1, 2 and 3 (right to left) in
TWT from the UNIS2009 survey. Well Dh4 is
shown with a red line. The reflectors are from
top to bottom: the base of the Helvetiafjellet Formation (orange), near base Cretaceous
(yellow), top Wilhelmøya Formation (blue),
top of potential CO2 storage interval of the
Kapp Toscana Group (purple) and a magmatic intrusion (black).
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the formation is fairly constant throughout the region,
sedimentological changes within the formation can cause
changes in the reflection pattern. Since the formation is
only 20–25 m thick (Dallmann, 1999), and thus near the
lower boundary of seismic resolution, this unit cannot
be distinguished from the top of the underlying De
Geerdalen Formation. They are therefore treated as one
unit.
The De Geerdalen Formation contains several good
reflectors but few can be mapped from one line to the
next, suggesting that they die out laterally as they change
character or experience interference with the reflectors
above or below. This is consistent with an interpretation
of the De Geerdalen Formation as representing a shallow
shelf to coastal setting of interchanging sandbars of tidal
flats and deltaic progressions. The two best reflectors,
numbers 5 and 6, correspond to thick sandstone packages
containing wave ripples (Braathen et al., 2010). These
reflectors extend over the entire length of the line but
change amplitude as they weaken laterally towards
the southwest. Reflector 5 correlates with the massive
sandstone body at 770–800 m depth in Dh4, which is the
cleanest sandstone observed in the drillcore. The lower
boundary of the De Geerdalen Formation is believed to be
located just below the well and would then correlate with
reflector 6. The interval from reflectors 6 to 9 represents
the shales of the Tchermarkfjellet Formation and the
shales, siltstones and fine-grained sandstones of the
Sassendalen Group. According to descriptions (Steel and
Worsley, 1984; Dallmann, 1999), the Sassendalen Group
has few sandstone intervals with a thickness above the
seismic resolution, and various sections show gradual
transitions. Hence, very few reflectors (except for reflectors
7 and 8, described below) are found in the interval.

Figure 7. Map of TWT to the dolerite intrusion located under the well. Black lines are
interpretations from seismic lines, black squares are outcrops of the magmatic intrusion
converted to TWT with a velocity of 4000 m
s-1. (A) 3D view of the intrusion as seen from
the southwest in the area close to the well and
seismic lines. Grid size 200 by 200 m, equidistance 10 ms. (B) Dolerite intrusion in the
Sassendalen Group, Kapp Lee, Edgeøya. The
dimensions of the intrusion are roughly 600 by
50 m.

Figure 6. Line UNIS2009–01, depth converted, with well Dh4 shown as
a black line, and a sedimentary log from the core retrieved from Dh4.
The scale is in metres below the surface, and the well head is located at
10 m a.s.l. Abbreviations on the log: Caro–Carolinefjellet Formation,
Helv–Helvetiafjellet Formation, Agard–Agardhfjellet Formation, Wilh–
Wilhelmøya Formation and De Geer–De Geerfjellet Formation. The
numbers refer to reflector systems discussed in the text. It can be seen
that most of the reflectors correlate well with prominent layers in the log.
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Figure 8. TWT in ms to the top of
the De Geerdalen Fm. The thick
black lines are the interpretations
from the seismic lines, the black squares indicate outcrops of the formation (based on the bedrock map of
Major et al., 2009). The points have
been converted to TWT assuming
a constant velocity of 4000 m s-1. A
more detailed map of the Adventdalen area (inset) shows no faults or
folds in the area near the well.

Below the well, the identification of the reflectors
becomes more uncertain. Reflectors 7 and 8 (Fig. 6) have
very high amplitudes, and seem to crosscut the layering
before terminating abruptly. Such geometries could be
expected for magmatic intrusions (Planke et al., 2005;
Hansen & Cartwright, 2006), and these reflectors are
therefore interpreted as sills and dykes in the following
description. This is further substantiated by the fact that
dolerite sills are commonly found in the Sassendalen
Group, especially in the lower unit, the Bravaisberget
Formation. The main intrusion (8) is located 200–300
m below the end of the well Dh4 whilst the top (7) is less
than 100 m below the well but located some hundred
metres to the northwest. The very strong reflector number
8 continues for at least 3 km along the line UNIS2009–
01, but is also present (or as similar reflectors) in most
of the seismic dataset (Figs. 5 and 6) as well as in nearby
marine seismics. This reflector system terminates at the
seafloor next to outcrops of a 30 m-thick dolerite sill
some 20 km northeast of Longyearbyen, at Diabasodden.
From similarity with outcrops, and from the strong
seismic signature, the thickness is estimated to be at least
10 m, but could be significantly more. On the detailed
scale in Fig. 6, the reflectors 7 and 8 might very well be
connected, together forming a steep-sided inverse saucer
shape (Fig. 7A), a geometry that has often been suggested
for intrusions in Triassic outcrops of Svalbard (Burov et
al., 1977; Mørk et al., 1982; Dallmann, 1999). Such an
inverse saucer shape is potentially seen in outcrops where
the intrusion cuts up from one shale layer to another,
and then back down again (Fig. 7B). In outcrops, the
dimensions of the structure are on the order of 800–1000
m in length and 100–150 m in height, which may well
fit the seismic geometry. However, as the velocity model
is uncertain below the well, the bending upwards of the

layer immediately above reflector 7 could also be an
artefact. This is so because the extremely high velocity
of the intrusions can affect the shape of the reflectors. By
assuming that the reflectors 7 and 8 are connected, a map
was produced of the reflectors, or intrusion (Fig. 7A),
which depicts the saucer geometry. The Diabasodden
intrusions, which are located 20 km northeast of Dh4, are
most likely connected with those observed in the seismic
data from Adventdalen. Due to gaps in the data between
the two locations, this has not been confirmed. However,
based on field observations and marine seismic data it
is probable that while the intrusions are interconnected
and confined to the same stratigraphic interval, they may
have changing geometries and structures similar to those
observed in outcrop. Two thin sills (0.5 and 2.5 m) have
been observed in the core of the lower De Geerdalen
Formation from well Dh4 (Braathen et al., 2010). Such
thin sills have no counterpart in the seismic data as their
thicknesses are well below the seismic resolution.
Reflectors below the magmatic intrusions are low in
amplitude and cannot be confidently mapped in the
Adventdalen area. This contradicts the fact that most
seismic sections from Svalbard show the top Permian
Kapp Starostin Formation reflector with a high amplitude
that is easily identifiable in the data (Eiken, 1985;
Johannessen & Steel, 1992). The poor reflection properties
in the terrestrial data of Adventdalen are likely related to
the general quality of the data at depth in combination
with the dimming of the signal by the overlying and very
reflective dolerite intrusions, rather than to changes in the
physical properties of the deeper units.
The top of the Kapp Toscana Group could be identified
on all the seismic lines (Fig. 8). The formation crops
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out 18–25 km northeast of Longyearbyen at 200–500 m
a.s.l. In the area near the well, the surface shows some
undulations with a vertical expression on the order of 20
ms TWT. These undulations could reflect interchanging
sandbars on a kilometre scale, as are known to exist in
the interval; however, the phenomena are only located
along line NH8802–03. Therefore, they are more likely
to be artefacts of the local topography and positioning
inaccuracies of the line than an actual sedimentological
phenomenon.

Discussion
Velocity model
A reliable velocity model forms the basis for any depth
conversion. The best resolution model is obtained
from direct measurement in the well, which involves
calibration in order to eliminate the effects of, e.g., the
condition of the borehole wall, borehole diameter and
the properties of the drilling fluid. A model as presented
in Fig. 4, which is based on a correlation between seismic
line UNIS2009–01 and the sedimentary log from Dh4,
has a much lower resolution than a well model, as it is
directly dependent upon the number of identifiable
reflectors. One example of this is the lack of an internal
reflector in the Janusfjellet Subgroup, with the whole
group treated as one unit—the boundary between the
Rurikfjellet and Agardhfjellet formations is not included
in the model and nor is the interval of sandstone
layers at 520–580 m. In the same interval the borehole
measurements show a much greater variability.

Due to equipment challenges (Braathen et al., 2010),
direct velocity measurements from Dh4 were only
obtained for the interval from 436 to 788 m. However,
data from the top 500 m exist from Dh2 in the middle
of line UNIS2009–2, at a location 7 km northwest of
Dh4. The log from well Dh2 shows velocities of 3.8–4.3
km s-1 (Table 1, Fig. 4) in the Adventdalen Group. This is
consistent with velocities obtained from the Adventdalen
Group in marine seismic surveys acquired around
Svalbard (Eiken, 1985, 1994). However, these velocities
were obtained from the seismic data in Van Mijenfjorden
and Storfjorden where the overburden is significantly
thicker than in Adventdalen. The data series of Dh2 and
Dh4 only have a 5 m overlap in depth (436–441 m) and
with the lateral stratigraphic changes this in not enough
to determine whether the two logs can be correlated.
The velocities in Dh2 are very high, especially
considering the shallow burial depth and the nature of
the lithologies. The unconsolidated sediments and the
shales of the Rurikfjellet Formation in the top 50 m have
higher than expected velocities (Vp~4 km s-1) compared
both to similar lithologies in Dh4 and to examples in the
literature (Eiken, 1994; Johansen et al., 2003). There is a
significant leap of 500 m s-1 from the velocities measured
in Dh2 to those measured in Dh4 at 440 m depth,
especially considering the distance of only 45 m between
the two wells. The velocities measured in Dh4 fit well
with the velocity model and VSP data. As there is also a
good correlation between the depth-converted seismic
section near the well and the sedimentary log (Fig.
4), this velocity model seems most valid. It is therefore
assumed that the measurement from Dh2 overestimates

Table 1: Overview of the groups and formations included in the text and their general properties.
(Steel & Worsley, 1984; Eiken, 1985; Aga, 1986; Reed et al., 1987; Faleide et al., 1991;
Sellevoll et al., 1991; Dallmann et al., 1999, 2004; Breivik et al., 2005; Braathen et al., 2010).
Unit

Age

Depth top in DH4

Thickness

Seismic characteristics

Lithology

Van Mijen fj. Gr.

Eocene–Palaeocene

n.a.

Up to 2 km

Some good reflectors.
Vp =4.3–4.5 km s-1

Deltaic to shallowmarine, coals

Adventdalen Gr.
-Carolinefj. Fm.
-Helvetiafj. Fm.
-Janusfj. Subgr.
-Rurikfj. Fm.
-Agardhfj. Fm.

Mid Cretaceous–
Mid Jurassic

500–1700 m,
thickens eastwards

Some good reflectors,
especially the Festningen
sandstone. The Janusfj.
Subgr. is mostly transparent.
Vp = 3.8–4.3 km s-1
(Janusfj. 3.5–4.2 km s-1)

Marine to deltaic,
sand- and siltstone.
Shale in the Janusfj.
Subgr.

Up to 500 m,
thickens eastwards

Some good reflectors at
formation boundaries.
Vp = 4.0–4.5 km s-1

Coastal, deltaic and
shallow-marine shale,
sand- and siltstone

64 m*
120 m
188 m
~400 m

Kapp Toscana Gr.
Mid Jurassic –
-Wilhelmøya Subgr. Mid Triassic
-De Geerdalen Fm.
-Tchermarkfj. Fm.

672.1 m
695.8 m
~ 1000 m*2

Sassendalen Gr.
-Botneheia Fm.
-Vikinghøgda Fm.

Mid-Late Triassic

Up to 700 m

Few reflectors, mostly transparent.
Vp = 3.5–4.0 km s-1.
Some intervals with higher
velocities

Stacked transgressiveregressive successions.
Shale, sand-/mudstone

Tempelfjorden Gr.
-Kapp Starostin Fm.

Late-Early Permian

Up to 460 m,
thickens westwards

Very good reflectors in the
Kapp Starostin Fm.
Vp > 5 km s-1

Silicified marine shale,
sand- and limestone

* Not the top of the formation but the start of the solid rock.
*2 The well ends at 980 m, which is presumed to be close to the lower boundary of the De Geerdalen Fm.

386 K. Bælum et al.

the velocity, most likely due to a poor calibration of the
instrument. The Dh2 log was shifted 13 m upwards to
account for height difference between the drill sites and
the regional dip.
Geometry and reflectivity
The strata in the subsurface near Longyearbyen follow
the regional trend, consistent with their location in the
eastern part of the central basin. The subsurface layers
show a gentle inclination of 1–2° towards the northeast,
increasing to 2.5–5° in the areas to the north and east of
Adventdalen, before they flatten out near where the strata
crop out at the surface. The regional-scale décollement
zone in the Jurassic shales that caused problems in the
drilling operation (Braathen et al., 2010) is not visible
in the data as it is layer parallel. In the drillcore from
Dh4 the unit is represented by a 24 m-thick zone of
subordinate shale gouge in highly fractured shales at
a depth of 385–409 m, which, in accordance with the
regional dip, is around 50 m higher than in Dh1 and
Dh2.
The potential cap rock for the planned CO2 storage unit,
mostly made up of the Janusfjellet Subgroup, is known
from the core log to be just over 400 m thick (Figs. 5, 6
and 9). This section consists predominantly of shale
with a few siltstone and fine-grained sandstone layers
in the Agardhfjellet Formation (Dypvik, 1984; Dypvik
et al., 1991). These layers show up well in the seismic
sections due to their contrast with the surrounding
poorly reflective shale intervals. There is no evidence
from the seismic data from Adventdalen to suggest that
the cap rock changes characteristics in the expected flow
direction from the well (northeastward). Compared to
Dh1 and Dh2 (both located 7 km northwest of Dh4),
where several 10–20 m-thick debris flows represent
outstanding events within the formation, the Rurikfjellet
Formation in Dh4 is very homogeneous and contains
few and sporadic reflectors (Fig. 6). As mentioned, the
debris flows encountered in wells Dh1 and Dh2 do not
reach Dh4. However, the number and continuity of the
reflectors increase towards the northwestern end of line
UNIS2009–01 (Fig. 6), indicating an increase in the
number and thickness of more coarse-grained layers.
This is in accordance with the findings from the cores.
The map of the top of the Kapp Toscana Group (Fig.
8) revealed no faults or folds influencing the potential
Upper Triassic–lowermost Jurassic reservoir rocks.
This succession seems to follow the regional trend of
a gentle southeastward dip. Internally, the succession
shows several good reflectors with high amplitudes
but limited lateral extent (0.5–3 km) that cannot be
traced from one line to the next. They either fade out or
converge with other reflectors. For example, the massive
sandstone layer identified in Dh4 from 770 to 800 m can
be identified in the seismic data (Fig. 6). However, in
Dh2 the corresponding stratigraphic interval is a series
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of interbedded silt- and sandstones that are just a few
metres thick, and no clear reflector could be correlated
with the interval. This behaviour is in agreement with
findings in outcrops where the massive sandstone bodies
may extend for a kilometre or more before they either
become too thin to be detected in the seismic data or
merge with other sandstone layers.
Due to the quality of the data no reflectors were
identifiable below the Kapp Starostin Formation.
This was also the case for the terrestrial seismic data
collected previously, farther east in Agardhdalen (Eiken,
1985). The depth to the Devonian succession and/or
metamorphic basement rocks is therefore unknown. The
only indications are aeromagnetic measurements that
suggest a depth to magnetic basement (Hekla Hoek) on
the order of 6–7 km (Skilbrei, 1992). As Longyearbyen
is located on the footwall side of the Billefjorden Fault
Zone, metamorphic basement is presumably overlain
by a thick sequence of Devonian ‘old red’ sedimentary
rocks, as seen in marine seismics, followed by the upper
Gipsdalen Group (Bergh et al., 1997; Bælum & Braathen,
2012).
Physical properties
Another important aspect in the characterisation of a
potential reservoir system is the pressure scheme in the
well. The pressure distribution in the subsurface will
affect the acoustic properties of the rocks and thereby
the seismic data. The Festningen Sandstone Member at
180–200 m depth in Dh2 and Dh4 has been shown to be
an artesian aquifer, offering an outflow equal to 25–50
l min-1, indicating an overpressure of a few bars. This
is not unreasonable when considering the height of the
surrounding mountains, if they represent infiltration and
feeder pathways. The existence of several pingos in the
area also attests to the presence of liquid water beneath
the permafrost (Ross et al., 2005). In contrast, the
injection tests revealed a surprisingly large underpressure
(Fig. 9) in the reservoir as the pressure measured at 870
m depth was just under 30 bar (Braathen et al., 2010),
which is only a third of the expected hydrostatic pressure.
While this is a very strong indicator that the reservoir is
indeed sealed from surrounding units, there is as yet no
complete explanation for this, although burial history
and possibly a temporally sealed reservoir definitely
play a vital part. Permafrost and magmatic intrusions
have also been suggested as influencing factors. More
information on this subject will be gained as the CO2
project enters the next phases.
An underpressure of more than 50 bars in the reservoir
at 870–970 m total depth may cause an increase in the
seismic velocities due to the increased differential or
effective pressure. As the VSP and Vp log from Dh4
only cover the interval between 100 and 788 m, the
only velocity information from this zone comes from
the correlation between the seismic section and the
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Figure 9. Lithographic log, and porosity and pressure distribution in Dh4.
The pressure in Dh4 (grey dots) compares well with the hydrostatic (black
line) and lithostatic pressure (grey
lines) calculated for densities of 2.3,
2.5 and 2.7 g cm-3. The data on the
hydrostatic pressure are from the aquifer at 180 m depth and the pressure in
the well is from the injection testing at
870 m depth (below 30 bar), which has
been confirmed by a long fall-off test.
The cause of the underpressure is not
yet completely understood. The porosity measurements are all from horizontal plugs taken from the De Geerdalen Formation. This formation holds
the most promising reservoir potential
and was the target for the injection
tests performed in 2010. The formation contains several thick sandstone
packages, the thickest at 770–805 m,
as reported by Braathen et al. (2010).
For abbreviations of names in the log,
see Fig. 6. The plot of porosity of the De
Geerdalen Formation is based on plugs
from Dh4, with porosity measurements
in % taken from horizontal plugs.

core log (Fig. 4) of 4225 m s-1. This is in line with the
velocities reported by Eiken (1985). If both the pressure
and the pore fluid in this interval are altered, e.g., by
CO2 injection, combined rock physics and seismic
modelling indicate that the magnitude of altered seismic
velocities would be detectable by studying the difference
between data acquired through repeated seismic surveys
(Mikkelsen, 2009), if the quality of the seismic data
collected is sufficiently good.
Prospects in seismic imaging
While the drillcore gives a very detailed picture of
the geology at the planned injection site, the seismic
data can add valuable information about the largescale structures of the reservoir. This is crucial when
modelling the flow of the injected CO2 in a plume, and
the volume and retention time of the reservoir. Reservoir
modelling requires a coherent picture of the thickness
and lateral extent of the sandstone bodies in the Kapp
Toscana Group, into which the injection is planned.
This is, however, not possible with the data at hand.
Alternative solutions for improving the quality of seismic
data collected on land include a mobile vibro-seismic

unit or a stationary array of geophones with continuous
monitoring during injection. Recently, eight threecomponent geophones have been placed near the drill
site at depths of 12 to 300 m. The main purpose of this
array is, via passive listening, to accurately pinpoint
seismic activity (primarily related to fracturing) in and
near the reservoir in connection with water-injection
campaigns. The stationary geophones were employed in
the autumn of 2010 after the collection of the VSP and
2D seismic data. A new seismic survey was carried out in
2011 and the data from the three-component geophones
will be integrated with the snow-streamer data. This
survey will be repeating the lines from 2010, but with shot
points spaced 10 m apart as opposed to the 25 m spacing
used previously, and using a 300 m-long streamer instead
of 1500 m. A 3D seismic survey, preferably performed
both prior to and during the injection of CO2 could, in
addition to significantly improving the geological model,
also provide a ground truth reference dataset, allowing
detection and quantification of changes in the seismic
signature caused by the subsequent injection. However,
3D surveys are expensive and time consuming and the
value of such a survey has to be weighed against not
only the cost, but also the expected quality of the data.
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The data quality from the snow-streamer seismic surveys
near Longyearbyen is not on par with similar marine
surveys, mainly due to a higher noise level and often poor
coupling to the ground. There is, therefore, no assurance
that the equipment used for the UNIS2009 survey alone
will be sufficient to resolve the expected petrophysical
changes associated with CO2 injection. However, a
significant pressure change can be anticipated, from a
significant underpressure at present to an overpressure
during injection, which should enhance contrasts in
acoustic impedance.
The temperature log from well Dh4 shows subzero
temperatures down to 100–120 m (Braathen et al.,
2010). The calibrated velocity log from Dh2 (Fig. 4)
shows velocities in excess of 3500 m s-1 in this interval,
which is consistent with the models presented for
frozen sediments and bedrock in the area (Johansen et
al., 2003). The resolution of the seismic data at present
is not sufficient to resolve the lower boundary of the
continuous permafrost; however, the planned future
seismic studies aim to enhance the reflectivity of the
shallower part and will, therefore, likely better resolve the
permafrost layer.

Conclusions
The Longyearbyen CO2 storage project is currently
performing injection testing and additional exploration
drilling to further qualify the potential CO2 storage
unit and cap rocks. In this study we have interpreted in
some detail the available seismic data from the area and
correlated our interpretation with the geological data
collected in the first phase of the project.
• In addition to the available seismic data (NH8802),
three seismic lines were collected in the spring of
2008. Of these, line 1 has the best quality whereas
lines 2 and 3 are more affected by noise. The data
quality allowed for identification of reflectors
down to 700 ms which corresponds to a depth of
approximately 1500 m. A velocity model based on the
seismic, VSP and log data was produced allowing for
undertaking the depth conversion.
• No faults or folds influencing the potential Triassic
reservoir rocks were either detected or interpreted
from the seismic data. The layering in the subsurface
near Longyearbyen shows a gentle dip of 1–2° towards
the southwest, which increases to 2.5–5° to the north
and east of Adventdalen before flattening out towards
where the strata crop out. The Upper Triassic–
lowermost Jurassic Kapp Toscana Group, which holds
the most promising reservoir intervals, crops out
18–25 km northeast of Longyearbyen at 200–500 m
a.s.l. Magmatic intrusions are observed in the seismic
data from Adventdalen, situated 150–200 m below
the reservoir interval with one offshoot reaching 100
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m higher. These intrusions are therefore not likely to
influence the reservoir properties to a significant degree.
• The use of a snow-streamer in areas with continuous
snow cover is one of the most efficient ways of
gathering seismic data on land. However, the current
system is getting on in years and requires significant
resources with respect to logistics and personnel.
An improved solution could therefore be a vibroseismic system with state-of-the-art technology
snow streamers. The lower acquisition speed would
be compensated by improved data quality and
elimination of the need for explosives.
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