
83

Introduction
The Longyearbyen CO2 Lab aims to store carbon dioxide 
from the local coal-combusting power plant in Upper 
Triassic to Lower Jurassic sandstones in Adventdalen, on 
Svalbard (Fig. 1). The uplifted unconventional reservoir 
is located at 670–970 m depth at the proposed injection 
site (Braathen et al., 2012; other articles in this volume). 
Water injectivity has been verified in the Carnian De 
Geerdalen Formation and the upper Norian to Bathonian 
Knorringfjellet Formation of the Wilhelmøya Subgroup 
(Fig. 2). The upper unit shows the best injection potential 
(Braathen et al., 2012). 

The presently exposed Svalbard archipelago was a shelf 
area until the early Carnian (Riis et al., 2008), with 
sediment influx primarily from a western source and 
a potentially distal influence from deltas advancing 
northwestwards, sourced from the Uralide mountains 
and the Fennoscandian Shield. Towards the late 
Ladinian these large-scale prograding systems began 
to exert significant influence on sedimentation in 

present onshore areas (Høy & Lundschien, 2011) with 
deposition of the pro-deltaic Tschermakfjellet and 
deltaic De Geerdalen formations (Mørk et al., 1999a). 
There are questions regarding if and when a decline in 
western influence occurred, and uncertainty concerning 
the degree of influence from northern sources. Lateral 
variations within the onshore Triassic exposures suggest 
complex variations in sedimentation (Mørk et al., 
1999a) and the links between depositional sources are 
unclear. Offshore seismic and well data are limited and 
of varying quality and the onshore-offshore correlation is 
particularly difficult to ascertain. 

Using available well data, geological outcrops, 
palaeocurrent and provenance studies in conjunction 
with reflection seismic data, the purpose of this study 
is to explore the regional context of the proposed 
potential CO2 storage unit. The aim is to provide a 
detailed understanding of the Triassic to Early Jurassic 
development and depositional environment on Svalbard 
and down across the northern Barents shelf. This may 
help to delineate the extent and structure of sandstone 
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to Early Carboniferous (Faleide et al., 1993). The Late 
Permian through Early Triassic saw the completion of 
the formation of the Uralides and the final assembly 
of Pangea. The Uralide orogeny provided a significant 
sediment source and large delta systems prograded from 
the southeast across the Barents Shelf from the Late 
Permian and onwards (Riis et al., 2008; Glørstad-Clark 
et al., 2010; Høy & Lundschien, 2011). Ensuing periodic 
rifting during the lengthy onset of North Atlantic 
spreading and reactivation along old sutures and zones 
of weakness created rift-basins during the main phases 
of extension in the Early–Mid Devonian, Carboniferous 
to Early Permian, Triassic and Late Jurassic–Cretaceous 
(Eldholm & Thiede, 1980; Faleide et al., 1984; Doré, 1995; 
Gudlaugsson et al., 1998). 

Palaeocontinental reconstructions suggest that Svalbard 
moved rapidly northward during the Triassic, from 
45 to 60°N. The climate was temperate and relatively 
humid, in contrast to the Mid Permian arid environment 
(Mørk et al., 1982). Northwestern Eurasia hosted a large 
epicontinental sea during the Triassic, which included the 
Barents Sea region. The area was bounded by landmasses 
to the south, west and east (the Fennoscandian Shield, 
North America, present-day Novaya Zemlya) with an 
open seaway toward the northwest. The fundament for 

bodies as well as depositional factors influencing the 
formation and quality of the reservoir units: provenance, 
rate of deposition, resedimentation and reworking, 
faulting and regional tectonics, and post-depositional 
development. It may also contribute to the overall 
understanding of regional stratigraphic correlations and 
the palaeogeography of the Barents Sea.

Geological background

Tectonic overview

The Barents Shelf consists of a complex series of basins, 
platforms and highs (Fig. 1) and the Svalbard archipelago 
is an uplifted region of the shelf (Elverhøi et al., 1988; Riis 
& Fjeldskaar, 1992; Faleide et al., 1993, 2008; Henriksen et 
al., 2011). The development of the area is dominated by 
two major continental collisions, the Silurian–Devonian 
Scandian phase of the Caledonian orogeny in the west 
(McKerrow et al., 2000 and references therein) and later 
the Carboniferous–Triassic Uralian orogeny in the east 
(Rickard & Belbin, 1980; Ziegler, 1988; Gee et al., 2006; 
Pease, 2011). Following the Caledonian orogeny, erosion 
of hinterland areas and deposition of Old Red Sandstone 
in supra-detachment basins characterised the Devonian 
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Figure 1. Geological map of the Barents Sea and outline of the geological sub-crop below a thin Quaternary cover. Adapted from Sigmond 
(1992). The study area is outlined and the seismic lines used in this study (courtesy of the NPD) are shown on the map in the lower right corner. 
The upper-right map shows an enlargement of the area in the map below, with the seismic lines in Isfjorden and onshore Svalbard, including 
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Figure 2. Lithostratigraphy of the Sassendalen Group and Kapp Toscana Group from the Barents Sea and Svalbard, redrawn from Mørk et al. 
(1999a). 

Triassic sedimentation was a complex series of horst-and-
grabens of Devonian to Carboniferous age, draped by 
Permian platform deposits. Tensional movements along 
lineaments slowed down in Late Carboniferous–Permian 
time (Høy & Lundschien, 2011). Basins that were initially 
fault-controlled experienced rapid infill and subsidence 
without much fault movement (Gudlaugsson et al., 1998). 
In the Late Permian–Early Triassic, an extensional event 
occurred in the southern Barents Sea which marked the 
onset of basin formation in the western Barents Sea and 
amplified the relief of the palaeo-Loppa High (Faleide et 
al., 1984; Ziegler, 1988; Gabrielsen et al., 1990). Farther 
east, at the same time, the northern and southern Barents 
Sea basins in the Uralian foreland were undergoing 
rapid subsidence (Johansen et al., 1992; Riis et al., 2008). 
The Triassic was generally tectonically quiescent in 
the northern Barents Sea. However, syn-sedimentary 
processes generated a series of growth faults (Edwards, 
1976; Lock et al., 1978) and deep-rooted faults may have 
experienced small-scale movement (Anell et al., 2013). 

Late Jurassic rifting extended into the southern Barents 
Sea through the Hammerfest and Bjørnøya basins. The 
rift was connected to an embryonic spreading in the 
Arctic Ocean via a transform fault between Svalbard 
and northern Greenland (Faleide et al., 1993). Many 
deep basins developed, subsided rapidly and segmented 
into sub-basins and highs. The Mid–Late Jurassic rifting 
thinned the crust significantly and contrary to previously 

largely continental rifting this phase submerged the rift 
below sea-level. Early evidence of the break-up of the 
North Atlantic is evident in the Cretaceous magmatic 
activity associated with the Arctic Large Igneous Province 
(c. 125 Ma) which caused regional uplift in the north 
and southward sediment propagation in the Barents Sea 
region (Grogan et al., 1998; Maher, 2001; Corfu et al., 
2013). Early Cretaceous strata are progressively truncated 
northwestward by a low-angle regional unconformity 
reflecting this crustal tilting event (Braathen et al., 1999a). 
On the northern Barents Shelf, sea-floor spreading 
culminated in a partial collision with northern Greenland 
and development of the Palaeogene fold-and-thrust belt 
before separation was achieved and a passive margin 
developed (Bergh et al., 1997; Braathen et al., 1999b).

Mesozoic sedimentation

The Permian–Triassic transition is widely exposed 
onshore. Offshore, it is generally a prominent reflector 
marking a change from silicified cemented spiculitic 
shales and carbonates to non-siliceous shales and 
dolomites which occurred in the latest Permian 
(Stemmerik & Worsley, 2005; Worsley, 2008). The 
boundary is, in places, an erosive and/or unconformable 
surface (Worsley et al., 1986; Nøttvedt et al., 1992; 
Worsley, 2008) possibly reflecting updoming due to heat 
accumulation resulting from the continental assembly of 
Pangea (Nance et al., 1988; Doré, 1992). 
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Lower Triassic deposits on Svalbard, the Sassendalen 
Group, are dominated by non-siliceous fine clastics 
(marine shales) with subordinate siltstones and 
sandstones and minor carbonates (Steel & Worsley, 1984), 
representing a series of stacked transgressive-regressive 
sequences, each initiated by a significant transgression. 
On Western Spitsbergen the deposits comprise coastal, 
deltaic to shallow shelf deposits grading into shelf 
mudstones towards the east and south (Mørk et al., 
1982). Large amounts of Caledonian zircons indicate a 
probable source to the west (Greenland; Bue et al., 2010). 
While markedly different in lithology and fauna from 
the underlying Tempelfjorden Group, the Lower–Middle 
Triassic Sassendalen Group is also locally rich in organic 
material (Worsley, 2008).

In the Barents Sea, the Sassendalen Group consists 
mainly of mudstones of varied thickness (Mørk et al., 
1999a) although in places thicker sandy deposits occur. 
The Uralides, Timan–Pechora and Fennoscandian Shield 
supplied large amounts of S–SE-sourced sediments 
(Mørk et al., 1989) and generated an influx of three 
major Induan–Anisian progradational units (the Havert, 
Klappmyss and Kobbe formations). These can be fairly 
well correlated with three upward-coarsening sequences 
onshore Svalbard (the Vardebukta, Tvillingodden and 
lower Bravaisberget formations) (Fig. 2; Mørk et al., 
1989). 
 
Onshore Svalbard, the Middle Triassic to Middle 
Jurassic Kapp Toscana Group consists of grey shales 
progressively grading into immature sandstones with 
a sudden transition to mature sandstones in the latest 
Triassic (Mørk, 1999). The difference between the Kapp 
Toscana Group and the underlying Sassendalen Group is 
mainly the higher sandstone content in the former. The 
boundary between the groups may reflect a period of 
low sedimentation (Steel & Worsley, 1984) or, as recent 
data indicate, a significant hiatus (Hounslow et al., 
2007; Hounslow & Nawrocki, 2008). The Kapp Toscana 
Group is characterised by shallow-marine and coastal 
reworked deltaic sediments, with increasing proportions 
of sandstone towards the southwest, northeast and east 
in large- and small-scale, upward-coarsening sequences 
(Mørk et al., 1999a). On most exposures wave and storm 
reworking is evident, suggesting deltaically introduced 
sediments in marine environments (Steel & Worsley, 
1984). The Group is locally up to 400 m thick on Svalbard 
and up to 2 km thick in the Barents Sea. The two thickest 
depositional formations onshore, the Tschermakfjellet 
and De Geerdalen formations, form eastward- and 
northeastward-thickening wedges. The uppermost 
Triassic to Lower Jurassic formation on Svalbard, the 
Wilhelmøya Subgroup, is very condensed and thin, 
thickening eastward (Worsley et al., 1988). Offshore, the 
time-equivalent Realgrunnen Subgroup is comparatively 
thicker than its onshore counterpart, although thin 
compared to underlying units.  

Studies suggest that widespread transgression occurred in 
the Late Triassic and Late–Early Jurassic with intervening 
periods of non-deposition (Steel & Worsley, 1984). 
Overlying the Kapp Toscana Group is a 1–2 m-thick 
phosphatic and quartzitic conglomerate representing 
a major Mid Jurassic (Bathonian) transgression that 
flooded many areas and cut off the supply of coarse 
clastics (Worsley, 2008). Middle Jurassic to Lower 
Cretaceous sediments are characterised by deeper shelf 
sedimentation with a periodically anoxic sea bottom, 
which again reversed to shallow shelf and delta deposits 
in the Hauterivian (Dallman, 1999). The ensuing deposits 
make up the Adventdalen Group which comprises 
four formations: the mainly Upper Jurassic, organic-
rich Agardhfjellet Formation, the Lower Cretaceous 
dominantly shaly shelf deposits of the Rurikfjellet 
Formation, the Barrermian fluvio-deltaic Helvetiafjellet 
Formation and finally the shallow-marine to inner-shelf, 
heterolithic, Aptian to Albian Carolinefjellet Formation. 
The alluvial influx of the Helvetiafjellet Formation with 
subordinate volcaniclastics and time-equivalent lavas 
occurred in response to northerly uplift associated with 
the High Arctic Large Igneous Province.

Data
The results from this study are based on interpretation 
of 2D seismic data from the northern Barents Shelf (Fig. 
1) and palaeocurrent data collected on Hopen, Edgeøya 
and Eastern and Central Svalbard. The 2D seismic lines 
are courtesy of the Norwegian Petroleum Directorate 
(NPD) and the grid is generally spaced between 5 and 
10 km (Fig. 1). The quality of the data is adequate for 
regional mapping in the basin areas but generally poor 
near highs and platform areas where high-velocity rocks 
sub-crop near the sea floor and poor penetration of 
seismic energy occurs (Riis et al., 2008). The seismic data 
lose resolution near-shore making the onshore-offshore 
connection difficult. Compilations of previous data 
such as stratigraphic logs, additional palaeocurrent data, 
onshore sediment thickness and various sedimentary 
analyses have been compared with the results from this 
study in order to provide a comprehensive overview of 
the Triassic sedimentary development.

The seismic boundaries that have been traced and used 
to delineate the ages of the sedimentary successions are 
based mainly on the work of others (Rønnevik et al., 
1982; Rønnevik & Jacobsen, 1984; Breivik et al., 2005; 
Riis et al., 2008; Glørstad-Clark et al., 2010, 2011; Høy & 
Lundschien, 2011), which includes ties to wells farther 
south and ties to recently drilled shallow cores on the 
Sentralbanken high and east of Kong Karls Land (Riis et 
al., 2008). The seismic boundaries have been correlated 
to the Hopen-2 well.
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generates the concave shape of the isopachs as the 
platform edge advanced more rapidly in the eastern part 
of the study area. The Gardarbanken high appears to 
have developed similarly to the Stappen and Loppa highs, 
which were uplifted during Permian tectonism and 
received little sedimentation until the Middle Triassic 
(Riis et al., 2008). In the Sørkapp basin, there is a second 
depocentre which is elongated NE–SW in line with the 
delta-front (Fig. 3). Indications from the seismic data 
(Fig. 4) suggest that these deposits were sourced mainly 
from the southeast; however, it is difficult to rule out 
input from other sources (Mørk et al., 1982, 1999b; Mørk, 
1999). Palaeotopographic highs, such as the Stappen 
and Gardarbanken highs, could have been local sources 
of sediment for this depocentre. A third, Early Triassic 
depocentre is located onshore Svalbard, elongated NNW 
to SSE. It has been suggested that these deposits were 
sourced from close proximity in the west (Mørk et al., 
1982, 1999b; Nøttvedt et al., 1992; Mørk, 1999; Bue et 
al., 2010; Bue, 2012). Towards the east, with increasing 
distance from this western source, deposition becomes 
increasingly shale-dominated (Mørk et al., 1982). 
The organic-rich shales of the Botneheia Formation, 
deposited in a shelf environment (Mørk et al., 1999a), 
may represent distal suspended sediment from several 
sources. 

Triassic sedimentary development

Results

Isopachs of the two main Triassic lithostratgraphic 
groups (Sassendalen and Kapp Toscana) are created 
combining onshore measurements (Harland & Geddes, 
1997; Mørk & Worsley, 2006) and offshore seismic 
interpretations (Fig. 3). The seismic TWT data are 
converted to metres using a simplified 4000 m s-1 

velocity conversion based on general Triassic onshore 
and offshore velocities (Renard & Malod, 1974; Faleide 
et al., 1991; Czuba et al., 2008). Based on the isopach 
maps of Triassic sedimentation, seismic characteristics, 
mapping of the platform edge location, palaeocurrent 
data and a compilation of stratigraphic logs, we discuss 
the sedimentary development during the Triassic period. 

Early Triassic sedimentary development – the Sassen-
dalen Group

The isopach map of the Lower Triassic Sassendalen 
Group shows the advancing delta systems in the 
southeast, thickening towards the source area (Fig. 
3). The earliest clinoforms terminate against the 
Gardarbanken high (Anell et al., 2014b) (Fig. 4), which 
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Lower Triassic deposits offshore thin significantly 
toward the Edgeøya platform (Fig. 3). As the 
reflectors shallow the resolution decreases and, 
hence, determining thickness and continuity of 
sedimentary sequences is difficult. In Storfjorden, 
tracing any Triassic reflectors is difficult (Fig. 4). 
The northern ends of the three seismic lines in 
Storfjorden (Fig. 1) terminate near an onshore 
line, on which it is possible to resolve the Near 
Base Triassic reflector. The reflector outlines a 
relatively thick succession of subsurface Triassic 
deposits east of the Lomfjorden Fault zone (Fig. 
5). A concurrence of the total thickness of Triassic 
deposits can be found between the onshore and 
offshore lines (Figs. 4, 5), however, the resolution 
of the data limits detailed observations of Triassic 
sedimentation. East of Svalbard, the Lower Triassic 
deposits thin to within seismic resolution as the 
clinoforms downlap onto the Near Base Triassic 
reflector. Meanwhile, dark shales of the Botneheia 
Formation have been cored east of Kong Karls 
Land indicating the presence of Lower Triassic 
deposits farther north (Riis et al., 2008), illustrating 
the limitations of seismic mapping of diachronous 
prograding systems.

The vertical stacking pattern of the Lower Triassic 
deposits in the southern Barents Sea indicates 
that creation of accommodation was similar to 
or outpaced sediment infill, causing shore-line 
transgression followed by prograding events (Høy 
& Lundschien, 2011). In the northern Barents Sea, 
the Early Triassic clinoforms generally display an 
ascending regressive trend (Helland-Hansen & 
Hampson, 2009) with clinoforms laterally stacked, 
each platform edge break slightly higher and 
further forward than the next (Figs. 3, 6). Relatively 
thick topsets are commonly preserved and the 
trajectory angle (the angle between successive 
platform-breaks/rollover points) is high compared 
to the Late Triassic. This suggests the availability 
of accommodation (Helland-Hansen & Hampson, 
2009) and a comparatively slow advance of the 
platform edge (Fig. 7). The general eustatic sea-level 
trend in the Triassic was transgressive (Vail et al., 
1977, Haq et al., 1987), which suggests that sediment 
supply in the overall regressive delta-system was 
often high enough to outpace the rising sea-level. 
Meanwhile, the advance of the platform edge was 
relatively slow as the rising sea-level continually 
generated more accommodation. Transgression 
led to onlap and submergence of positive features 
(Worsley, 2008). While the Lower Triassic deposits 
are thin or absent across the Gardarbanken high, the 
Ladinian deposits are uniformly thick. It is inferred 
that the high was completely transgressed at this 
time, coevally with the Loppa High (Worsley et al., 
2001; Larssen et al., 2002; Riis et al., 2008; Worsley, 
2008) and Stappen High. 
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Sedimentary development 
of the Kapp Toscana Group

Storfjorden Subgroup

The Early Triassic depocentre in Western Svalbard is no 
longer appreciable in the Late Triassic (Fig. 3). Instead, 
the sedimentary pattern is almost wholly governed by 
the advance of the platform edge from the southeast. The 
delta system, while still clearly advancing, shows a more 
complex pattern as compared to the Early Triassic. There 
are two separate depocentres, one in the Sørkapp basin 
and the other farther northeast, east of Edgeøya. While 

post-depositional erosion has influenced the present 
thickness of the Triassic to Middle Jurassic deposits, both 
onshore and offshore, inferences from the seismic data 
indicate that the main variations in thickness are probably 
due to depositional processes. The offshore Kapp Toscana 
Group accumulations of >2 km thin significantly on the 
Edgeøya platform, indicating that this structure exerted 
influence on accommodation (Fig. 3). 

The platform edge becomes increasingly difficult to 
resolve around the early Ladinian and onwards (Fig. 7). 
While younger clinoforms can be mapped in both the 
Sørkapp basin and in the Olga basin and around the Kong 
Karls platform, it is complicated to connect isochronous 
platform edges across the whole area and ascribe a correct 
age. It is therefore hard to surmise what happened when 
the platform edge reached the Edgeøya platform. When 
accommodation space is limited a progradational system 
will advance more rapidly. As the Edgeøya platform 
was a structural high, advance would have been rapid 
with a lower and flatter trajectory, forming less distinct 
clinoforms. This might explain the lack of a clear platform 
edge and resolvable clinoforms in the seismic data near 
Edgeøya. Meanwhile, advance in the Sørkapp basin and 
in the eastern depocentre would have been comparatively 
slower. The resulting delta front would have formed a 
curved shape across the platform (Fig. 7). A rapid advance 
may have had significant effects on the depositional 
regime on the presently exposed onshore areas, such as 
the Longyearbyen CO2 Lab reservoir, including effects 
on porosity and general sediment instability (Mills, 1983 
and references therein; Riis et al., 2008). The Triassic 
clinoforms in the Sørkapp basin are poorly resolved. It 
appears, however, that the platform edge transitioned 
from a more northwesterly towards a more northerly 
advance around Ladinian time (Fig. 7). 

 The provenance areas for the prograding successions are 
likely Siberia, the Kola Peninsula and the Caledonides 
(Høy & Lundschien, 2011). The Uralide/Baltic source is 
visible in detrital zircon analysis, becoming the dominant 
provenance area in the Early Triassic on Bjørnøya and 
later onshore Svalbard and coevally on Franz Josef 
Land (Worsley et al., 1986; Bue et al., 2010; Bue, 2012). 
This is in accord with an advancing delta system, 

0

1000

2000

TWT
N

BJØRNØYA

SVALBARD

0          150 km

Cretaceous
Late Jurassic
Ladinian-Middle Jurassic
Induan-Anisian
Uncertain interpretation

Intra Cretaceous
Base Cretaceous
Middle-Jurassic (?)
Intra Norian (?)
Early Carnian
Intrusion

KEY Early Ladinian
Base Anisian
Base Olenekian
Near Base Triassic
Late Carboniferous
Sea-floor
 

Edgeøya
Platform

0                2 km

OLENEKIAN

ANISIAN

LADINIAN

N

0�����������100�km

?

?

CARNIAN/NORIAN?

Figure 6. A schematic profile showing sediment thicknesses in the southeastern part of the study area, drawn from interpretations of a 
composite seismic section of unreleased seismic data.

Figure 7. The advance of the platform edge during the Triassic 
as interpreted from seismic data. Ages of the Early Triassic 
clinoforms are based on shallow well cores from the work of Riis et 
al. (2008). From the Ladinian onwards it is increasingly difficult 
to distinguish a clear platform edge and to ascribe an age to those 
clinoforms apparent in the seismic data. The thick, red dotted line 
across Svalbard shows an interpretation of how the rapid advance 
interacting with the Edgeøya platform may connect with the offshore 
platform edge breaks.
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number of growth faults in the exposed De Geerdalen 
Formation (Edwards, 1976) and it is possible that 
faulting impacted on drainage patterns. The variability 
of drainage directions can also be explained if the delta 
front advanced rapidly across the Edgeøya platform and 
drainage was splayed (Fig. 8). It has also been suggested 
that uplift occurred in northern and eastern sources such 
as the Lomonosov Ridge, Franz Josef Land and Novaya 
Zemlya (Nøttvedt et al., 1992).

Offshore, the base of the Kapp Toscana Group is marked 
by the base of the Snadd Formation (early Ladinian). 
The base of the Snadd Formation is lithologically (and 

which is diachronous, with older deposits occurring 
toward the south and east. Provenance studies of Upper 
Triassic sandstones indicate a strong contribution from 
the Caledonides in the southern Barents Sea with a 
potentially greater influence from an eastern source 
farther north (Riis et al., 2008). 

Palaeocurrent data in the De Geerdalen Formation 
are generally very complex, with multiple orientations 
measured (Fig. 8) (Knarud, 1980). While a clearer north-
northwestern orientation is often apparent onshore 
Spitsbergen, the pattern becomes increasingly complex 
towards the east, on Edgeøya. Edgeøya reveals a large 
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delta-system may form part of the Botneheia Formation 
(of the upper Sassendalen Group) exposed on Edgeøya. 
The early Carnian reflector within the Snadd Formation 
correlates time-wise with the Sassendalen–Kapp Toscana 
Group transition onshore. Offshore, the reflector 
correlates with the base of the first massive sandstone 
in the Hopen-2 well (Anell et al., 2014a). Onshore, the 
Sassedalen–Kapp Toscana Group transition is probably 
marked by a regional hiatus broadening towards 
the southwest, indicating a period of erosion and/
or non-deposition (Hounslow et al., 2007; Hounslow 
& Nawrocki, 2008). As the early Carnian reflector 
offshore is traceable regionally it is likely to be linked 

lithostratigraphically) connected to the base of the 
Tschermakfjellet Formation (early Carnian) onshore 
(Mørk et al., 1999a), and isochronously connected 
to an early Ladinian horizon associated with a major 
transgressive pulse. This transgression submerged many 
of the highs, which is apparent in deposition across the 
Gardarbanken and Stappen highs (Fig. 4). The Snadd 
Formation consists of grey shales coarsening upward 
into siltstones and sandstones with thin coaly lenses in 
the upper parts (Dalland et al., 1988). The lower Snadd 
Formation consists of prograding clinoforms which form 
a tapering wedge thinning toward Edgeøya. The distal, 
fine-grained, suspended sediments associated with this 
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to a significant event. The deposits above this reflector 
mark the progressive advance of the platform edge and a 
paralic influence on sedimentation. 

The Tschermakfjellet Formation is a pro-delta succession 
consisting of dark shales with increasing intercalations 
of siltstone laminae and abundant siderite-rich beds 
(Mørk et al., 1999a) deposited during continuous and 
high rates of sedimentation (Hounslow et al., 2007). 
Generally, this formation grades into the overlying 
upward-coarsening successions of immature sandstones 
and shales of the De Geerdalen Formation, although 
in places it is missing, or very thin (Vigran et al., 
2014). Shallow-marine sandstones characterise the De 
Geerdalen Formation deposits on Spitsbergen while 
eastern exposures on Edgeøya, Barentsøya and Hopen 
comprise deltaic channels and stacked sandstone bodies 
with minor coal (Edwards, 1976; Knarud, 1980; Mørk et 
al., 1982, 1999a; Dypvik et al., 2004; Høy & Lundschien, 
2011). On Bjørnøya, the unconformably bounded Skuld 
Formation (Ladinian–early Carnian) forms an upward-
coarsening unit (Mørk et al., 1982, 1989). The unit 
shows a similar development to equivalent sequences on 
Svalbard with basal beds consisting of prodeltaic facies 
grading upward into sandstone (Worsley et al., 2001). 
This suggests that the curve of the isopachs (Fig. 3) can 
be readily linked to the advancing delta front, giving rise 
to penecontemporaneous development on the Stappen 
High and the Edgeøya platform.

The WSW–ENE cross-section of stratigraphic logs 

reveals a relatively uniform thickness of the De 
Geerdalen Formation across Svalbard and an increase 
offshore towards Kong Karls Land (Fig. 9). A generally 
uniform thickness of Triassic sediments is also apparent 
in seismic data available on a local scale across the 
injection site (Fig. 10) corroborated by the uniform 
thickness of the Triassic sediments regionally across 
Svalbard (Fig. 5). On the NW–SE cross-section (Fig. 
11), the De Geerdalen Formation appears to increase 
in thickness markedly towards the southeast (Fig. 
11). However, the top deposits on Edgeøya have been 
eroded and therefore this trend is based largely on the 
increase towards the Hopen-2 well. The Hopen-2 well 
does not provide much information on sedimentary 
structures (Fig. 8). What is apparent is the transition 
from shales with interbedded sandstones towards 
sandstones with interbedded shales and abundant coal 
seams. This represents the progressive shallowing and 
transition towards alluvial deposition as the platform 
edge advanced. Farther northwest, in line with the 
advancing delta front, the sedimentary logs of the De 
Geerdalen Formation are characterised by a decreasing 
sand content and plant material, and increasing storm-
influenced sedimentation with abundant hummocky 
cross-stratification and shell-beds consistent with a 
deeper to moderately deep shelf environment. Towards 
the upper beds, an increasing amount of fluvial, wave and 
tidal influence is apparent, including soil horizons in the 
DH4 well at the proposed injection site (Fig. 9). The trend 
is similar on the WSW–ENE cross-section with more 
cross-bedded sandstones, coal seams and abundant plant 
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material on East Barentsøya and increasing hummocky 
cross-stratification, shells, fish remains and bioturbation 
towards the west (Fig. 9). It is possible to connect 
upward-coarsening units bounded by large flooding 
surfaces between logs (Figs. 9, 11). While the onshore 
clinoform geometries have not been established it should 
eventually be possible to map complete clinoforms 
between logs. On Edgeøya and Barentsøya, typical topset 
features grading upward from delta-front/shoreface to 
delta plain are evident, while farther west within the same 

succession more typical pro-deltaic strata associated with 
foresets and bottomsets are present (Figs. 9, 11).

The logs, palaeocurrent and seismic data suggest that 
the dominant influx for the Storfjorden Subgroup was 
from a delta-system advancing towards the northwest. 
This is further corroborated from analysis of the cores 
of the De Geerdalen Formation in Adventdalen, where 
high amounts of plagioclase and lithic grains of similar 
composition to the Snadd Formation are present (Mørk, 
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Member reveals facies associated with an offshore 
to lower shore-face location. The up to 40 m-thick 
Kongsøya Formation is a condensed unit with several 
hiatuses thought to represent shallow-marine, inner-
shelf deposits (Larssen et al., 1993). On Wilhelmøya and 
Hopen the Svenskøya Formation is thinner, c. 45 m, but 
with similar characteristics to those on Kong Karls Land. 
The time-equivalent, 13 m-thick deposits in Western 
Svalbard are severely condensed with several hiatuses. 

A similar development is seen offshore in the 
Realgrunnen Subgroup in the southwestern Barents Sea 
where condensed units with several hiatuses occur on rift 
shoulders, structural highs and platforms, which thicken 
toward basins (Henriksen et al., 2011) and may reach 
up to 900 m on some terraces (well 7219/9–1, NPD fact 
pages). The sandstone-prone Realgrunnen Subgroup, 
which was deposited in a variety of inner-shelf, near-
shore to alluvial environments, is the main reservoir unit 
in the southwestern Barents Sea (Olaussen et al., 1984; 
Berglund et al., 1986; Henriksen et al., 2011).

The Upper Triassic to Middle Jurassic deposits offshore 
are particularly difficult to trace in the seismic data. 
The characteristics of the upper 500 ms are generally 
masked by multiples together with very poorly defined 
reflectors (Fig. 5), and in the eastern Barents Sea a series 
of anticlines distort internal characteristics and confident 
tracing. On the Barents Shelf the Realgrunnen Subgroup 
is commonly relatively uniformly thick; however, it 
appears to have been deeply eroded and in places 
completely removed, notably on the Gardarbanken 
and Stappen highs (Anell et al., 2014a). It is a relatively 
thin unit compared to the underlying Snadd Formation 
(Fig. 6) particularly given the long time period of 
deposition spanning the Late Triassic to Middle Jurassic. 
In Storfjorden, where seismic lines tying to the onshore 
data are available, the intra-Norian reflector (the base of 
the Realgrunnen Subgroup) is truncated. Near Edgeøya, 
the deposits are more continuous, although a more 
detailed analysis of onshore dip is required to extrapolate 
between the offshore and onshore. Near Hopen, the 
projection of the mid-Norian reflector intersects at the 
base of the exposed Flatsalen Formation (Anell et al., 
2014a). It is generally difficult to resolve clinoforms in 
the Realgrunnen Subgroup given the poor resolution 
mentioned before. It is, however, possible to resolve 
a succession of clinoforms near the southern tip of 
Spitsbergen which are possibly Norian in age. These 
appear to prograde in a more northerly direction in the 
Sørkapp basin, possibly changing gradually towards more 
northwesterly in the north (Fig. 7), where the structures 
of the Palaeogene fold-and-thrust belt have, however, 
overprinted the seismic signal. The limited accumulation 
and in places truncation and absence of the Realgrunnen 
Subgroup offshore suggests that limited accommodation 
and erosion played an important part in the development 
offshore.

2013). It is inferred that the Upper Triassic deposits 
are characterised by generally progressively shallower 
environments both upwards in the stratigraphy and 
southeastward. Therefore, the sand content, coarseness of 
sand and larger channellised sandstone bodies will also 
be more prolific upwards in the stratigraphy and to the 
east and southeast.

Wilhelmøya Subgroup – Realgrunnen Subgroup

The Wilhelmøya Subgroup is contained between polymict 
(phosphatic) conglomerate beds. The basal formation 
is the Norian Slottet Bed, and the upper layer consists 
of the Bathonian Brendkardshaugen and Marhøgda 
beds (Fig. 2). The condensed calcareous, phosphate-
rich, shallow-marine sandstone Slottet Bed is overlain by 
mudstones marking a widespread Early to Mid Norian 
transgression that can be recognised all over Svalbard, the 
Barents Sea and the Sverdrup Basin in Canada (Mørk et 
al., 1989). Offshore, this transgression marks the base of 
the Fruholmen Formation of the Realgrunnen Subgroup, 
which is the offshore counterpart of the Wilhelmøya 
Subgroup. Flooding was followed by regression and 
northwestward progradation, and establishment of coastal, 
deltaic and alluvial systems (Mørk et al., 1999a). Maximum 
regression was probably reached in the Early Toarcian 
followed by a period of condensation, non-deposition and 
erosion across the east and north Barents Shelf including 
Svalbard, which lasted until the Late Bathonian (Nøttvedt 
et al., 1992; Nagy & Berge, 2008; Henriksen et al., 2011). 
Large parts of Western and Central Spitsbergen were 
probably emergent during deposition of the Wilhelmøya 
Subgroup, and only transgressed at maximum highstand 
(Vigran et al., 2014).

The potential uppermost CO2 storage reservoir in 
Adventdalen belongs to the Knorringfjellet Formation 
of the Wilhelmøya Subgroup. The drilled and cored 
25 m-thick Norian to Bathonian unit is laterally 
condensed with several regional hiatuses consistent with 
intermittent deposition in Spitsbergen, as described by 
Bäckström & Nagy (1985), Dypvik et al. (2004) and Nagy 
& Berge (2008). The increased maturity likely reflects 
extensive reworking of the deposits (Mørk, 1999). In the 
eastern parts of the Svalbard archipelago, around Hopen, 
Wilhelmøya and Kong Karls Land, the Norian deposits 
are represented by the Flatsalen Formation. It forms a 
coarsening-upward unit representing a transition from 
offshore/pro-delta to lower shore-face/distal delta-
front deposits. Westward on Spitsbergen, the time-
equivalent deposits are represented by a condensed, 
only 12 m-thick, succession of inner-shelf and shallow-
marine deposits, with several stratigraphic breaks. On 
Kong Karls Land, the Upper Triassic to Middle Jurassic 
deposits are represented by the 225 m-thick Svenskøya 
and Kongsøya formations (Larssen et al., 1993). The 
lower 200 m of the Svenskøya Formation show evidence 
of strong tidal influence in a coastal-plain shoreline 
environment. Overlying these deposits the Mohnhøgda 
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The Early to Middle Jurassic is characterised by 
transgression and landward displacement of shorelines 
(Doré, 1992; Henriksen et al., 2011). The top of the Kapp 
Toscana Group is marked by a 1–2 m-thick phosphatic 
and quartzitic conglomerate, the Brentskardhaugen 
Bed and additionally in places also the Marhøgda Bed 
(Mørk et al., 1999a). The Brentskardhaugen Bed has 
an erosive base representing a hiatus and is generally 
thought to represent a trangressive lag deposit due to 
a major Mid Jurassic transgression that flooded many 
areas and cut off the supply of coarse clastics (Dypvik, 
1985; Worsley, 2008). The Brentskardhaugen Bed can 
be traced regionally via wells to structural highs in the 
Barents Sea, where a conglomerate marks the top of the 
Stø Formation. There is a marked change in sedimentary 
regime around the Middle Jurassic as sandstones grade 
into dark shales (Dypvik et al., 1991). The transgression 
is appreciable in onlapping the infill of the Upper Jurassic 
deposits (Fig. 4). 

Conclusions
The targeted CO2 storage reservoir in Adventdalen on 
Svalbard comprises two different sandstone units, the 
immature sandstones of the Carnian De Geerdalen 
Formation and the overlying, thin, Norian–Bathonian 
mature sandstones of the Knorringfjellet Formation. 
The main findings of this study, based on collation of 
previous studies and new data, are summarised below.

• The De Geerdalen Formation is composed 
dominantly of immature sandstones deposited from 
rapidly advancing delta systems sourced mainly from 
the Urals and Fennoscandian Shield. Influence on 
deposition from the previously dominant western, 
and/or local sources is difficult to surmise.

• The De Geerdalen Formation shows increasing 
thickness towards the east and southeast along with a 
higher degree of alluvial influence.

• The Early Triassic clinoforms in the southeastern 
part of the study area are well developed and reveal a 
comparatively slowly advancing platform edge. Rapid 
advance due to limited accommodation is inferred 
across the structurally higher area of the Edgeøya 
platform which influenced drainage patterns. Rapid 
deposition across Svalbard probably resulted in flatter 
trajectories, potentially poorer sorting and more 
structurally unstable deposits.

• Inferences from this study suggest that regionally 
limited accommodation controlled the development 
of the Wilhelmøya/Realgrunnen Subgroup (to which 
the Knorringfjellet Formation belongs). Although 
comparatively thicker deposits developed offshore, 
both onshore and offshore deposits on the northern 
Barents shelf experienced periods of condensation, 
sediment starvation, erosion and reworking. While 
ultimately the provenance of the Knorringfjellet 
Formation is probably the same as for the De 

Geerdalen Formation, the reservoir is likely to be the 
result of extensive reworking and redeposition.
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