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On the island of Hopen, in the Svalbard Archipelago, the Svenskeya Forma- Wilhelmaya Subgroup; petrography
tion is a succession 35 m in thickness, consisting primarily of sandstone beds
and forming the youngest strata exposed on the island. We present a sedi-
mentological and petrographic study of the formation and compare the unit
with its exposures on Wilhelmgya and in Kong Karls Land, Svalbard. We also
compare the onshore characteristics of the Svenskeya Formation with those of
the Tubaen Formation, its time-equivalent unit in the Sentralbanken area of
the northern Barents Sea. On Hopen, the Svenskoya Formation is interpreted
as representing coarse clastic sediments deposited in a fluvial to tidal setting,
prior to being overlain by a thin interval composed of tidal channel and marine
shale deposits. The unit sits atop the regional “Rhaetian Unconformity” and
represents sediments deposited during a regressive system that terminates at
a flooding surface representing a local transgression of the palaeo-coastline.
Petrographic studies show the formation as being arkosic, both on Hopen and
in the Sentralbanken area. The reservoir quality of sandstone samples recov-
ered from Hopen is somewhat lower compared to sandstone reservoirs in the
Sentralbanken area. We attribute this to greater effects of diagenesis in the
Hopen area, which caused increased compaction, mineral dissolution and
extensive precipitation of pore-filling clay minerals.
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Introduction

Hopen is a small island in the south-east of the Svalbard
Archipelago (Fig. 1a). The elongated island is 32 km long
and 0.5-3 km wide and features well-exposed strata of
Late Triassic age. The outcrops of Hopen have recently
been regarded as an excellent analogue to potential res-
ervoir units in the greater Barents Sea area (e.g., Mork
et al. 2013; Klausen & Merk 2014; Lord, Solvi, Klau-
sen et al. 2014), resulting in several expeditions to the
island. Because of the interest in these rocks as analogues
to potential hydrocarbon reservoirs, many expeditions
have been completed with support from industry and the
Norwegian Petroleum Directorate.

The exposure of the Svenskgya Formation out-
cropping on Hopen is the primary target of this study.
Well-developed deposits of the Svenskeya Formation

and the overlying Kongseya Formation are present at
the type sections in Kong Karls Land and on Wilhelmoya
(Worsley 1973; Smith et al. 1976; Mork et al. 1999;
Olaussen et al. 2018; Smelror et al. 2018). However,
the status of Kong Karls Land as a nature reserve and
environmental politics regarding Svalbard have made it
difficult for geoscientists to access to Kong Karls Land.
The exposures on Hopen and Wilhelmgya are therefore
viable alternatives to the type section for those wishing
to study the unit.

The Flatsalen and Svenskeya formations on Hopen
are time-equivalent onshore analogues to the Fruholmen
and Tubden formations, which are exploration targets in
the southern parts of the Norwegian Barents Sea. The
recent hydrocarbon discoveries in the Realgrunnen Sub-
group in the Hoop area (e.g., the Wisting and Hanssen
discoveries [NPD 2018]) have re-established the outcrops
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Fig. 1 (a) Map of the Barents Sea, showing the location of Svalbard and the main study area of Hopen in the south-east. Wilhelmaya is also highlighted,

as is the position of wells and logged sections presented in this article. (b) Geological map of Hopen modified after Mark et al. (2013). The log trace for

Lyngefjellet (Fig. 1¢) is marked by the red line. (c) Log section for the De Geerdalen, Flatsalen and Svenskaya formations at Lyngefjellet, Hopen (after

Mark et al. 2013; Lord, Solvi, Ask et al. 2014). (d) A south-west-north-east orientated cross-section of the summits in northern Hopen modified from

Mark et al. (2013).
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at Hopen as an important analogue. With the exception
of palynological dating studies (Smith 1974; Vigran et al.
2014; Patterson & Mangerud 2015; Patterson et al. 2016),
the Svenskeya Formation has received remarkably little
attention in recent publications regarding its sedimentary
facies and petrography. The bulk of previous work on the
Svenskeya Formation on Hopen was conducted by Smith
et al. (1975), who described the formation briefly. The
underlying Flatsalen Formation, the onshore equivalent
to Fruholmen Formation, is well described from Hopen in
Smith et al. (1975), Mork et al. (1999), Mork et al. (2013),
Vigran et al. (2014) and Lord, Solvi, Ask et al. (2014).

The aim of this article is to provide a detailed overview
of the Svenskeya Formation on Hopen and, in doing so,
it compares the lithostratigraphic, sedimentological and
petrographic properties observed on Hopen with locali-
ties on Wilhelmoya (290 km north-west), Kong Karls
Land (the type section, 230 km north) and the Sentr-
albanken area of the Barents Sea (200 km south-east).
Petrographic analysis has been performed to determine
potential reservoir properties of the unit and this is com-
pared with data from the Sentralbanken area. The article
focusses on sandstone-dominated successions in the latest
part of the Triassic and Early Jurassic of eastern Svalbard
and the northern Barents Sea. Therefore, the Flatsalen
Formation, a marine mudstone interval in the region, is
outside the scope of this article. Direct comparison of the
Svenskeya Formation with specific reservoirs in the Real-
grunnen Subgroup from southern areas of the Norwegian
Barents Sea is also considered outside the scope of this
article.

Geological background

During the 1960s and the 1970s, the Norwegian Polar
Institute (Flood et al. 1971; Worsley 1973), Russian
groups (PcCelina 1972) and British expeditions from
the Cambridge University Arctic Shelf Programme
(Smith 1974; Smith et al. 1975) studied the outcrops on
Hopen. Two exploration wells were drilled on the island,
operated by Norsk Fina, in 1971 and 1973. The Hopen-1
well (7625/7-1) was drilled in the south-western part of
the island, whilst at the Hopen-2 well (7625/5-1) was
drilled in the north at Lyngefjellet. The Hopen-2 well
penetrates a 1350 m succession of Triassic age (Harland &
Geddes 1997; Anell et al. 2013) and was spudded in the
Svenskeya Formation.

These early studies in the eastern Svalbard area tra-
ditionally focused on geological mapping, the chronol-
ogy of strata and the establishment of lithostratigraphic
schemes, as opposed to detailed sedimentological studies.
Smith et al. (1975) presented the first overview of the
geology on the island of Hopen, establishing a tripartite
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stratigraphy. The three formations were defined as fol-
lows: the Iversenfjellet Formation (now De Geerdalen
Formation), the Flatsalen Shale Formation (now sim-
ply Flatsalen Formation) and the Lyngefjellet Sandstone
Formation (now Svenskeya Formation). In this article,
we follow the well-established stratigraphic subdivision
of Mork et al. (1999). An overview of this stratigraphic
subdivision is shown in Fig. 2a, with key locations high-
lighted in red.

Detailed geological data from Hopen were acquired
during recent geological mapping expeditions to the island
(see Mork et al. 2013). Several works have focussed on
establishing a chronostratigraphic understanding of the
older lithological units on Hopen (Lord, Solvi, Ask et al.
2014; Vigran et al. 2014; Paterson & Mangerud 2015;
Paterson et al. 2016). Other studies have focused on the
interpretation of sandstone channel bodies, excellently
exposed in the Carnian aged De Geerdalen Formation,
as analogues to the Snadd Formation in the Barents Sea
(Solvi 2013; Klausen & Meork 2014; Lord, Solvi, Klausen
et al. 2014).

The tectonic regime in south-eastern parts of the Sval-
bard archipelago is dominated by a series of north-east to
south-west trending faults (Grogan et al. 1999; Osmund-
sen et al. 2014; Anell et al. 2016), which strike parallel
to the island of Hopen and down-step from the Edgeoya
Platform (Doré 1995; Mork et al. 2013; Lord, Solvi, Ask
et al. 2014; Lord, Solvi, Klausen et al. 2014; Dallmann
et al. 2015). Extensional faulting dissects Hopen in a
north-west to south-east manner (Fig. 1b, d), minor horst
and graben structures (Merk et al. 2013; Osmundsen et
al. 2014; Dallmann & Elvevold 2015). A similar structural
trend is observed in seismic lines offshore (Anell et al.
2013; Anell et al. 2016). Fault throws are relatively minor,
with the largest being ca. 50 m. Beds dip gently to the
north-east (Fig. 1b) and monoclines are also present in
the middle and southern areas of the island. Minor anti-
clinal and synclinal structures with shallow limb dip of
1-2° (Mork et al. 2013) are also evident. The area around
Hopen has been recognized as one of the focal points for
seismic activity in Svalbard, with a cluster of small earth-
quakes that have been monitored since 1980 (Nasuti et al.
2015). Analysis shows seismic activity to be concentrated
along north-west to south-east oriented normal faults.

The stratigraphy of Hopen is dominated entirely by
Late Triassic aged rocks of the De Geerdalen, Flatsalen
and Svenskeya formations (Figs. 1¢, 2). The Carnian to
Norian aged De Geerdalen Formation is defined within
the Storfjorden Subgroup, whilst the Norian to Rhaetian
aged Flatsalen and Svenskeya formations belong to the
Wilhelmeya Subgroup in Svalbard. The Wilhelmaya Sub-
group was originally defined as a formation by Worsley
(1973) and later promoted to a subgroup within the Kapp
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Toscana Group by Merk et al. (1999). The Realgrunnen
Subgroup is the offshore equivalent to the Wilhelmaya
Subgroup, and this terminology is used throughout the
Norwegian Barents Sea, an area where the unit has
proven to be a prolific reservoir interval (Henriksen et al.
2011; Lundschien et al. 2014).

A complete section of the Wilhelmgya Subgroup
(Worsley 1973; Mork et al. 1982; Mork et al. 1999) is
present on Wilhelmaya, with the locality at Keisarkampen
being defined as the type section (Merk et al. 1999). The
Svenskeya Formation, however, is only partially exposed,
as it consists of poorly consolidated sandstone beds with
good exposure being limited to a few sparse outcrops.
Unconsolidated or poorly consolidated sandstone is typi-
cal for the Svenskeya Formation and this is also the case
for the type section in Kong Karls Land. Hopen is unique
in this regard, as the exposures are significantly better
consolidated because of deeper maximum burial, as indi-
cated in the regional study by Henriksen et al. (2011).

Ammonoid biostratigraphy, palynology and magneto-
stratigraphy provide a Carnian to early Norian age for the
De Geerdalen Formation (Tozer & Parker 1968; Pcelina
1972; Korcinskaja 1980; Launis et al. 2014; Lord, Solvi,
Ask et al. 2014; Vigran et al. 2014; Paterson & Mangerud
2015; Paterson et al. 2016). The De Geerdalen Forma-
tion and its offshore counterpart, the Snadd Formation,
represent paralic deltaic facies, deposited in a shallow
epicontinental sea (Mork et al. 1982; Riis et al. 2008;
Glorstad-Clark et al. 2010; Hoy & Lundschien 2011;
Lundschien et al. 2014).

The Flatsalen Formation (Fig. 2) has a prominent
(ca. 2 m thick) bioclastic carbonate bed at its base: the
Slottet Bed (Mork et al. 1999; Mork et al. 2013). The bed
is composed of fine- to medium-grained carbonaceous
sandstone, containing bivalve and ammonoid fossils with
abundant phosphatic nodules. Gravel beds and lithic clasts
are also found. The Slottet Bed represents condensed
shelf deposits (Mork et al. 1999) and is often described as
a “transgressive lag” (Klausen & Mork 2014; Lord, Solvi,
Ask et al. 2014; Lord, Solvi, Klausen et al. 2014).

The overlying rocks consist of dark marine shales with
minor coarsening-upward successions grading into thin
beds of siltstone and very fine-grained sandstone. The unit
is dated as Norian in age primarily based on ammonoid bio-
stratigraphy, magnetostratigraphy (Pcelina 1972; Kor¢ins-
kaja 1980; Lord, Solvi, Ask et al. 2014) and palynology
(Vigran et al. 2014; Paterson & Mangerud 2015; Paterson
et al. 2016). The type section for this unit is defined on
Hopen (Mork et al. 1999) and its name originates from a
topographic saddle mountain in the north of the island.

The Flatsalen Formation (Fig. 1c) marks the onset of a
major marine transgression in the eastern areas of Sval-
bard and the Arctic during the early Norian age (Mork &
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Smelror 2001; Klausen & Merk 2014). The overall coars-
ening upwards trend of the Flatsalen Formation—from
open marine shale deposits to heterolithic beds composed
of siltstone and sandstone—Ilikely represents deposition
in a prodelta environment that preceded the deposition
of the Svenskegya Formation.

The boundary between the Flatsalen Formation and
the overlying Svenskoya Formation (Fig. 1c) is marked
by an erosive contact. This is a key sequence stratigraphic
surface in Svalbard and the Barents Sea (Gjelberg et al.
1987) and is comparable to the “Rhaetian Unconfor-
mity” as defined by Embry (2011) in the Sverdrup Basin
of Arctic Canada. The unconformity coincides with the
development of the Novaya Zemlya Fold and Thrust
Belt (Drachev 2016; Faleide et al. 2017). The cliff-form-
ing, white and grey sandstone beds (Fig. 3) represent
an extension of the Svenskeya Formation, as defined in
Kong Karls Land (Mork et al. 1999). The formation is cor-
relative to the upper part of the Fruholmen and Tubaen
formations of the Realgrunnen Subgroup (Worsley et al.
1988; Mork et al. 1999), although it is not necessarily the
chronostratigraphic equivalent.

Earlier work by Smith et al. (1975) described the
Svenskoya Formation on Hopen as being correlative to
the Tumlingodden member of the Wilhelmoya Formation
as defined by Worsley (1973). Here, the Svenskeya For-
mation is described briefly as a cliff-forming sandstone
that is weathering white and appears quartz rich. The
main part of the cliff was described as massive, cross-
stratified sandstones in the middle part, with plant frag-
ments and thinner bedded sandstones at the top and base
of the unit. The upper sandstone beds were observed as
being thinly bedded, within silty shales. Sandstones ini-
tially described as being the lower part of the Svenskoya
Formation by Smith et al. (1975) are now regarded as the
uppermost part of the Flatsalen Formation and represent
prodelta deposits. The Svenskoya Formation was defined
as being fluvial in origin by Smith et al. (1975).

During revision of the Mesozoic stratigraphic nomen-
clature in Svalbard, Mork et al. (1999) extended the defi-
nition of the Svenskeya Formation from the island of
Svenskoya in Kong Karls Land to Hopen and Wilhelmoya
(Figs. la, 2a). The Flatsalen Formation was maintained,
whilst the Iversenfjellet and Lyngefjellet Sandstone for-
mations of Smith et al. (1975) were included in the De
Geerdalen and Svenskeya formations, as elsewhere on
Svalbard.

On Hopen, the Svenskeoya Formation is now regarded
as Rhaetian in age, although this dating is still regarded
as somewhat tentative on account of the lack of sufficient
biostratigraphic evidence (Paterson & Mangerud 2015;
Paterson et al. 2016). Palynological studies by Smith et al.
(1975) regarded the Svenskoya Formation as Jurassic in
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age, with the upper part of the De Geerdalen Formation
and Flatsalen Formation being dated as being of Rhaetian
age. Rocks of Rhaetian age have not been conclusively
dated in Svalbard previously. Herein, however, we follow
the ages presented by Paterson & Mangerud (2015) and
Paterson et al. (2016).

During the Neogene, Hopen (and Svalbard as a whole)
experienced a severe uplift, glacial bound-rebound and
erosion (Throndsen 1982; Dimakis et al. 1998; Henriksen
et al. 2011). Estimates by Henriksen et al. (2011) suggest
a net erosion of 2.2 to 2.3 km in the Hopen area, whilst
the wells in the Sentralbanken High likely experienced
a less than 1.5-km erosion. However, the general trend
of increased westward palaeo-temperature (Senger 2017)
might influence those estimates. Previous deeper burial
has likely influenced both mechanical and chemical com-
paction of the Svenskoya Formation.

Methods

The Svenskoya Formation on Hopen was studied in detail
during mapping expeditions and petroleum license excur-
sions from 2009 to 2013, organized by SINTEF Petroleum
AS and the Norwegian Petroleum Directorate. The Lyn-
gefjellet section (Fig. 3) features the most complete expo-
sure of the Flatsalen and Svenskeya formations on the

(page number not for citation purpose)

island. The transition from the Flatsalen Formation and
the lower part of the Svenskeya Formation can be seen
and easily accessed along the eastern ridge of Lyngefjellet
(Figs. 2b, 3).

Sedimentological sections were measured at the Lyn-
gefjellet locality (Lyngefjellet 12-1), at a scale of 1:50 in
the field. In addition, sedimentological sections measured
at Wilhelmoya (Keisarkampen 15-1) and Kong Karls
Land are also included for regional, onshore comparison.
Cores from the 7533/2-U-2 and 7533/2-U-3 wells, drilled
by the Norwegian Petroleum Directorate in the Sentral-
banken area, were measured in detail at the directorate’s
core store in Stavanger and are included to create an off-
shore link.

Samples for both petrography and palynology were
collected from the field and core laboratory. Fine-
grained samples for palynological dating were pre-
sented by Paterson & Mangerud (2015) and Paterson et
al. (2016). Thin sections were produced with blue dye
to indicate porosity. Contemporary optical microscopy
studies and scanning electron microscopy analysis were
employed to study the mineral, cement and porosity
content. Point counting of each sample (300 points)
was also conducted to quantify the grain composition.
Petrographic data from the 7533/2-U-2 well were also
included in this article to aid the discussion regarding
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the petrographic development of the Svenskoya Forma-
tion southwards into the Barents Sea and to support a
regional onshore—offshore link.

The Svenskoya Formation in eastern Svalbard

Hopen

On Hopen, the Svenskeya Formation unconformably
overlies the Flatsalen Formation at the “Rhaetian Uncon-
formity”. The Flatsalen Formation at Lyngefjellet is 75 m
thick and well exposed. The Slottet Bed (Fig. 1c) is ca.
2 m thick on Hopen and is composed of bioclastic, car-
bonate cemented sandstone that is often seen to protrude
prominently from the steep cliffs. The remainder of the
Flatsalen Formation is composed of dark mudstone with
minor coarsening-upward units (FA 1), grading from
intervals of bioturbated open marine mudstone to sub-
ordinate hummocky cross-stratified, very fine-grained
sandstone beds (FA 2). These coarsening-upward units
represent open shelf to offshore transition zone deposits.
The uppermost beds of the Flatsalen Formation (Fig. 1c)
form a well-defined coarsening-and shallowing-upward
succession. The amalgamated hummocky cross-stratified,
very fine-grained sandstone beds in the uppermost part
of the Flatsalen Formation (FA 2) are lower to middle
shoreface deposits.

At Lyngefjellet (Figs. 2b, 3), six facies associations
have been defined for the Svenskeya Formation and are
presented in Table 1. These associations are also repre-
sented on the sedimentological log, Lyngefjellet 12-1
shown in Fig. 4. The Svenskeoya Formation is also subdi-
vided into five informal units on the basis of their litholog-
ical properties and facies associations (see Figs. 3, 4). Unit
1 consists of beds composed of medium- to coarse-grained
sandstone with mud-flake conglomerate (2.5-10.2 m).
Unit 2 is mostly composed of immature, fine- to medi-
um-grained sandstones (10.2—-17.7 m). Unit 3 is a fine-
to medium-grained, mature sandstone with a white to
light grey appearance (17.7-30 m). Unit 4 is a hetero-
lithic succession with mature, fine-grained sandstones
and prominent mud-flake conglomerate (30-34.5 m).
Unit 5 is a noticeably darker coloured unit composed of
mudstone and siltstone with very fine-grained sandstone
beds (34.5-37.5 m).

Description of Unit 1: fluvial channel deposits. The low-
ermost unit of the Svenskeya Formation is 8.3 m in thick-
ness (2.5-10.2 m on the log in Fig. 4). The base of the unit
and boundary between Svenskeya and Flatsalen forma-
tions is erosive and marks the “Rhaetian Unconformity” in
Hopen. The unit is dominated by FA 5 (Table 1) consisting
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of amalgamated sandstone beds (Fig. 5a). Each bed is seen
to scour into the underlying bed, giving a cut-and-fill or
channelized appearance. Each channelized structure fines
subtly upwards, with a mud-flake conglomerate as a lag
deposit, grading into more heterolithic trough and tab-
ular, cross-stratified, fine- to medium-grained sandstone
beds in the middle part (Figs. 4, 5b). Asymmetrical ripples
cap each bed and coalified plant fragments are abundant
throughout the unit.

Interpretation of Unit 1. The presence of a mud-flake
conglomerate lag at the base of these cut-and-fill struc-
tures, the distinctive lack of burrows or marine fossils,
trough cross-stratification, tabular stratification and
current ripples indicate rapid deposition of sediment in
a high-energy and unidirectional flow regime. Troughs
form as three-dimensional dunes migrate, without
separation at the dune crests, in unidirectional flow
regimes and are common to fluvial deposits (Reading
& Collinson 1996; Fielding 2006). The tabular stratified
sandstone beds within this unit are suggested to rep-
resent flow in the upper flow regime. These features
indicate the presence of small fluvial channels scour-
ing into the underlying formation. Initial high energy
resulted in the presence of locally derived mud-flake
conglomerates, with the overall fining-upward trend of
the succession in Unit 1 suggesting subsequent waning
of energy.

The stacked appearance of the amalgamated cut-and-
fill structures and limited overbank deposits suggests
that these have been deposited in low sinuosity chan-
nels, probably in a sand-dominated braid plain (Bridge
2006). The deposits found in Unit 1 (in association with
the overlying tidal bar deposits, FA 4) correspond well
to those expected in the Fluvial Zone of an estuarine
depositional model, as described by Dalrymple & Choi
(2007).

It is worth noting, given the uncertainty of dating for
the Svenskeoya Formation on Hopen, that these mud-
flakes may also be the cause of discrepancies in palyno-
logical dating. This is due to palynological analysis being
biased to fine-grained sediments and mud-flakes are
likely derived from the older Flatsalen Formation. The
fine-grained mud and siltstone deposits at the top of this
unit (FA 6) may have been deposited as a mud plug or
delta plain deposits, suggesting a brief abandonment of
the fluvial system.

Description of Unit 2: tidal bar deposits. Unit 2 is domi-
nated by FA 4 and is 7.5 m in thickness (10.2-17.7 m on
the log in Fig. 4). The basal cross-stratified, fine-grained
sandstone bed is occasionally scouring the fine-grained
mud and siltstone beds at the top of Unit 1. Above this
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Fig. 4 Log Lyngefjellet 12-1 (Lyn-12-1) recorded of the Svenskaya Formation at the Lyngefjellet locality on Hopen. The lower 8 m is a composite of
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basal bed, the remaining part of Unit 2 is coarsening
upward from mudstone to fine-grained sandstone, fol-
lowed by a thinner fining-upward part (Fig. 4). Unit 2 is
capped by a marine mudstone (FA 1).

The unit is cliff forming and dominated by a thick,
tabular, cross-stratified sandstone bed, with mud-drapes
on the foresets and scattered mud-flakes (FA 4), giving a
heterolithic appearance. The tabular cross-stratified beds
range 1-3 m in thickness and show stacking, with the
superimposition of bed-forms. Palaeo-current measure-
ments in this unit suggest migration of foresets to the
east and south-east. The basal lower sandstone beds are
capped by a ca. 30-cm-thick bed of siltstone (FA 1) with
thin rippled sandstone lenses (Fig. 5c). Current ripples
are present in the upper part, but wave ripples showing
bidirectional flow appear to be absent. No obvious biotur-
bation has been observed in this unit. Overall, Unit 2 is
green/grey in colour and is capped by a thin siltstone bed
(Figs. 4, 5d).

Interpretation of Unit 2. The large-scale, tabular,
cross-stratified sandstone beds likely represent two-di-
mensional dunes or bars deposited by unidirectional
currents of moderate- to low-energy conditions, as
suggested for this type of bedform by Cant & Walker
(1978) and Berné et al. (1994). Scattered mud-flakes
on foresets were formed by ripping up thin mud layers
during short events of higher flow energy. The mud
drapes suggest periodic slack water conditions typical
tidal dune migration (Cant & Walker 1978). Lack of
double drapes and trace fossils suggest deposition close
to fluvial discharge. The blocky grain size trend also
points to a prograding delta front with strong tidal
influence.

With the underlying Unit 1 being dominantly fluvial,
Unit 2 might be considered to represent the fluvial-tidal
transition zone in an estuary as described by Dalrym-
ple & Choi (2007). The siltstone bed in the uppermost
part of the unit (Fig. 5d) is interpreted as representing
shallow marine deposits and may indicate the eventual
flooding of the delta front. The thin silt interval in the
lower part of the unit is also interpreted to be marine
in origin.

The erosive basal bed of this unit may represent either
a shoreline ravinement unconformity as explained by
Embry (2009) or a tidal ravinement. The upper bound-
ary, beneath the overlying marine siltstone bed, is inter-
preted as representing a minor flooding surface. The
relationship of this unit with Unit 1, with the inclu-
sion of a flooding surface at the top, suggests a shift
in depositional environment at this point along the
palaeo-coastline.
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Description of Unit 3: fluvial channel and tidal bar
deposits. Unit 3 is 12.3 m in thickness (17.7-30 m on
the log in Fig. 4). The boundary between Unit 2 and
Unit 3 is erosive. The basal part of the unit consists
of a 3-m-thick fining-upward bed, with a mud-flake
conglomerate lag scouring the top of Unit 2. This lag
is followed by trough cross-stratification fine-grained
sandstone beds (FA 5).

Above this bed, a ca. 9-m-thick succession of fine- to
medium-grained sandstone beds with large-scale, tabular
cross-stratification (FA 4) are present, as in Unit 2. The
sandstone beds here are lighter in colour than those
in units 1 or 2, being light grey to beige, and appear
slightly unconsolidated (Fig. 5e, f). The sandstone beds
have weathered along foresets of the cross-stratification
into loose sheets. Plant fragments are abundant, whilst
mud-flakes are less common in this part of the unit.
Palaeo-current measurements suggest dune migration in
an east and south-east direction, comparable with mea-
surements recorded in Unit 2. Unit 3 is also capped by a
thin siltstone bed (FA 1).

Interpretation of Unit 3. The lower sandstone bed with
mud-flake conglomerate, trough cross-stratification, uni-
directional current ripples and apparent cut-and-fill struc-
tures suggest that these deposits represent fluvial channel
fill (FA 5). This may indicate a brief period of scouring,
by small distributary channels along a palaeo-coastline,
during a local regression probably forced by autogenic
factors, such as avulsion of a distributary system within a
delta, for example.

The coarsening-upward succession above these flu-
vial channel deposits features better sorted, tabular,
cross-stratified sandstone (FA 4). This succession is inter-
preted to represent tidal bars as in Unit 2, representing
estuarine channel fill. The thin siltstone bed at the top
of this unit is interpreted to be shallow marine in ori-
gin (FA 1), suggesting the abandonment of a short-lived
estuary.

Description of Unit 4: tidal delta/tidal channel deposits.
The upper part of the formation is subject to a notable
change in its lithological characteristics and facies. Unit 4
(30-37.5 m on the log in Fig. 4) consists of a 4.5-m-thick
succession of dense mud-flake conglomerate interspersed
with thin silt beds (FA 1). The unit overlies the marine
shale capping Unit 3, with a sharp and erosive boundary.
The lower beds of Unit 4 are abundant in mud-flake con-
glomerate and medium-grained sandstone, separated by
thin beds of mudstone ca. 15 cm thick (FA 1, Fig. 5g). The
sandstone (FA 3) is white to light grey in colour and has
a uniform grain size throughout. These sandstones and
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Fig. 5 (a) The lower beds of Unit 1 consisting of mud-flake conglomerate and heterolithic trough cross-stratified sandstones. (b) Tabular sandstone beds
at the top of Unit 1. (c) Bed of grey clay—siltstone with thin lenses of orange weathered clay, seen in the lower part of Unit 2. (d) Shallow marine siltstone
bed seen at the top of Unit 2. (e) Tabular cross-stratified sandstone bed capped by tabular sandstone beds seen in Unit 3. Note the general trend of
palaeo-current measurements being to the east-south-east. (f) Large-scale tabular cross-stratification in the upper part of Unit 3. (g) Lenticular beds of
dense mud-flake conglomerate seen in the lower part of Unit 4. These beds feature faint trough cross-stratification in the sandstone, interpreted as rep-
resenting lateral accretion surfaces of an estuary. (h) Photograph of the summit of Lyngefjellet with units 4 and 5 showing the transition from heterolithic
beds of silt and sandstone with mud-flake conglomerate to the interval of marine shale just below the summit. Note that the position of photographs is
also denoted to the left of the log in Fig. 4.
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mud-flake conglomerate beds appear to have a lenticular
geometry, which suggests scouring into underlying siltstone
beds. Subtle trough cross-stratification and internal scours
within the sandstone beds are observed. Laterally, the con-
glomerate beds appear to pinch out to the south-west on
Hopen and vertically the unit fines upwards to siltstone.
Lenticular bedding is also observed in the heterolithic mid-
dle part of the unit.

Interpretation of Unit 4. The limited exposure severely
restricts accurate interpretation of this unit. The scour-
ing characteristics of the sandstone beds in this unit, with
faint trough cross-stratification and mud-flake conglom-
erate, may represent the onset of a new fluvial system or
small tidal channels flowing across a subtidal flat (result-
ing in subtidal heteroliths). The sharp, potentially erosive
boundary in the sandstone bed at the base of the unit
may represent a tidal ravinement surface; however, no
obvious diagnostic tidal features are observed within the
unit. The thin interbeds of silt could be argued as rep-
resenting lateral accretion surfaces within an estuarine
channel.

We prefer the interpretation of deposition in a subtidal
setting for Unit 4. This interpretation is derived from the
overall heterolithic appearance of the unit, in comparison
to the underlying succession. The geometries and appear-
ance of apparent channel features in this unit differ sig-
nificantly from the fluvial channel facies (FA 5) defined
in units 1 and 3, and from the tidal bars (FA 4) defined in
units 2 and 3. Unit 4 appears to lack any features typically
seen in a continental setting, such as roots, paleosols or
evidence of overbank deposits.

Description of Unit 5: shallow marine deposits. This
unit is a 3-m-thick succession composed of fissile mud-
stone (FA 1) with thin siltstone and beds of very fine-
grained sandstone (FA 2). Small siderite concretions with
a lenticular geometry appear to be abundant. This unit is
found just below the summit of Lyngefjellet (Fig. 5h) and
has very limited exposure, the extent of which is shown
in Fig. 3.

Interpretation of Unit 5. These uppermost mudstone,
siltstone and sandstone beds are interpreted as repre-
senting deposition in a shallow marine environment,
likely a lagoonal setting. This suggests the presence of
a flooding surface at its base (Fig. 4). The presence of
overlying marine shales (FA 1) suggests that this part
of the Svenskeya Formation was deposited within close
proximity to the marine realm. However, as this is the
uppermost part of the section, with a considerable por-
tion likely being eroded, the extent or significance of this
marine succession is unknown.
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Wilhelmoya

On Wilhelmoya, much of the Svenskeya Formation
is poorly exposed because of its unconsolidated nature
and scree cover. At Keisarkampen (Figs. 6a, 7), a mod-
erately consolidated exposure is present (Fig. 6b), albeit
limited to a small outcrop. The Svenskgya Formation is
inferred to have a sharp or erosive contact with the Flat-
salen Formation (Figs. 6a, 7) following previous obser-
vations (e.g., Worsley 1973). The lowermost exposures
of the Svenskgya Formation on Wilhelmgya are com-
posed of fine- to medium-grained sandstones with tab-
ular bedding and tabular cross-stratification (Fig. 6c).
Foresets to cross-stratified sandstones in the lower part of
the Svenskeya Formation on Keisarkampen trend to the
north-east. Field observations suggest that these sand-
stones represent delta front sediments, with a minor flu-
vial component. No mud-flakes were noticed; however,
plant material is abundant. These deposits likely repre-
sent an equivalent to the Late Norian to Rhaetian aged
Sjegrenfjellet Member.

The remainder of the Svenskeya Formation is com-
posed of loose sand or poorly consolidated outcrops of the
Late Pliensbachian to Toarcian Mohnheggda Member. The
base is marked by nodules of the Hellwaldfjellet Bed and
excavated parts of the succession are seen to consist of
relatively massive fine- to medium-grained sandstones.
Rootlets and plant fragments are abundant, but sedimen-
tary structures are difficult to distinguish. A bed exhibit-
ing intense bioturbation is present in the upper part and
is overlain by a thin siltstone interval. The Mohnhegda
Member on Wilhelmoya most likely consists of shoreface
and lower shoreface deposits (Fig. 7).

The Svenskeya Formation is overlain on Wilhelmoya
by the Kongseya Formation, a succession of unconsoli-
dated sandstones deposited in a shoreface environment
featuring abundant plant and wood fragments, siderite
nodules and intense bioturbation. Above the Kongseya
Formation lies the Bathonian Agardhfjellet Formation, a
marine mudstone interval correlative to the Fuglen For-
mation in the Barents Sea. On Wilhelmgya only a short
succession of this formation is present at the summit of
Keisarkampen. The presence of abundant phosphatic
nodules forming the Brentskardhaugen Bed is seen at the
base of the succession, whilst a dolerite sill of the Creta-
ceous aged Diabasodden Suite forms the summit of the
mountain.

Kong Karls Land

In Kong Karls Land, the boundary between the Flatsalen
and Svenskeoya formations is covered (Fig. 7) by a ca.
10-m-thick unit of Quaternary to recent strandlines.
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(a)

Agardhfjellet Formation
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Rhaetian Unconformity
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Fig. 6 (a) Photograph of the north-eastern flank of Keisarkampen, Wilhelmgya. Note the poorly exposed Flatsalen, Svenskaya and Kongsaya formations.
The upper part of the mountain is formed of a dolerite sill of the Diabasodden Suite intruding into the marine shales of the Late Jurassic aged Agardhfjellet
Formation. (b) The primary locality of the Svenskaya Formation on Wilhelmaya where poorly consolidated sandstone beds and loose sand are exposed.

(c) Tabular cross-stratified fine- to medium-grained sandstone beds in the Svenskaya Formation on Wilhelmgya. Foresets are composed of finer grains

suggesting tidal influence. The sandstones at this locality primarily represent upper shoreface facies deposited in a delta front environment.

An exposed part of the Flatsalen Formation is dated as
being early Norian age, whilst the first exposed part of
the Svenskeya Formation is possibly late Norian to Rhae-
tian age (Mork et al. 1999; Olaussen et al. 2018; Smelror
et al. 2018).

The lowermost exposed part of the Svenskeya For-
mation (Fig. 7) consists of the Rhaetian to Early Pliens-
bachian aged Sjogrenfjellet Member and is ca. 160 m
thick. The lower part of the member is composed of a
12-m-thick trough and tabular, cross-stratified, medi-
um-grained sandstone interpreted as fluvial or estuarine

Citation: Polar Research 2019, 38, 3523, http://dx.doi.org/10.33265/polar.v38.3523

channel-fill deposits. The lower part of the Sjogrenfjellet
Member features palaeo-current directions towards the
north-east. In terms of facies, the succession shows dis-
tinctive similarity with the channelized beds seen in the
lower part of the Svenskeya Formation on Hopen.

The remaining part of the Sjogrenfjellet Member
(Fig. 7) comprises heterolithic facies, intersected by chan-
nelized beds. Wedge-shaped, tabular, cross-stratified sand-
stone beds with tidal bundles and reactivation surfaces are
common features, both in the channelized and hetero-
lithic beds. The heterolithic and more tabular units are
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composed of 30-50-cm-thick beds with organic-rich clay-
stone at the base and in ascending order passes to lenticu-
lar, wavy and, finally, flaser-bedded sandstone suggesting
tidal flat deposit, that is, mudflat, mixed-mud sandflat
and sandflat, respectively (Reineck & Singh 1980). The
channelized deposits often feature lateral accretion sur-
faces, which have cleaner sandstones at the base that fines
upwards to flaser- and lenticular bedded sandstones that
suggest tidal channel fill. Thicker, organic-rich mudstones
represent lagoonal or estuarine basin fill.

In one locality, the upper 25 m of the Sjogrenfjellet
Member has a well-defined coarsening-upward unit, sug-
gested to be a prograding bay-head delta environment. The
dominant south-westward palaeo-current trend in most
of the formation suggests that provenance of the Sjogren-
fjellet Member is in the north-east. The member is inter-
preted as having been deposited in an overall estuarine
environment, likely similar to environments described in
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facies studies by Dalrymple & Choi (2007). The Sjogren-
fjellet Member shows facies similarities with the Tubaen
and Nordmela formations in the south-western Barents
Sea petroleum province (Olaussen et al. 1984; Gjelberg
et al. 1987; Henriksen et al. 2011; Ryseth 2014 ; Olaussen
et al. 2018).

There is a sharp boundary between the Sjogrenfjellet
Member and the overlying 45-55-m-thick late Pliensba-
chian to Toarcian Mohnhegda Member in the Svenskoya
Formation (Fig. 7). The base of the Mohnhegda Mem-
ber consists of a 0.5-m-thick, poorly sorted, quartz gravel
bed and shell fragments of ostracods representing a key
sequence stratigraphic surface, which is also seen in Spits-
bergen (Olaussen et al. 2018; Rismyhr et al. 2018) and the
south-western Barents Sea. The lower part of the mem-
ber consists of hummocky cross-stratified, fine-grained
sandstone beds, interbedded with very fine-grained
sandstone beds thoroughly burrowed by Ophiomorpha.
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Fig. 7 Correlation diagram of the Svenskgya Formation from locations in Svalbard and the northern Barents Sea, showing the main depositional environ-

ments. Note how extensive the erosional “Rhaetian Unconformity” is at the base of the Svenskaya (Tubaen) Formation. Stratigraphic nomenclature for
Svalbard and the Barents Sea is combined; comparative units are given in parenthesis.
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This unit represents a shoreface depositional environ-
ment (Olaussen et al. 2018).

A heterolithic succession representing offshore or tran-
sition zone deposits is seen to overlie the shoreface depos-
its. This succession is observed to be composed of dark
grey to brownish clay and siltstones with an increase in
marine palynomorphs (Smelror et al. 2018). In the upper
part of the Mohnhegda Member, a 6-m-thick coarsen-
ing-upward unit, with four or five stacked 1-2-m-thick
coarsening-upward beds, is seen. These are overlain by
channelized cross-stratified sandstone, with a gravel
lag along the channel thalweg capping the coarsening-
upward succession. Lack of burrows in the channel beds
with a dominance of bisaccate pollen in the mudstones
(Smelror et al. 2018) suggests brackish or freshwater con-
ditions. The coarsening-upward units suggest increased
fluvial discharge and likely represent minor mouth bars.
The channelized body would then be a distributary chan-
nel, in a more fluvial deltaic environment or proximal
bay-head delta. The Mohnhegda Member can be regarded
as an analogue to the lower part of the Stg Formation.

The upper boundary of the Svenskeya Formation is
marked by the basal lag of the Late Toarcian—Aalenian
Kongseya Formation (Fig. 7). This lag is a thin siderite and
mudstone bed, with a 5-cm-thick quartz and chert-rich
gravel bed within, containing pieces of wood and siderite
pebbles. The Mohnhegda Member and Kongseoya Forma-
tion are near-time equivalent to the lower and middle parts
of the Ste Formation in the south-western Barents Sea
(Smelror et al. 2018).

Sentralbanken

The stratigraphic chart in Fig. 2a shows the relationships
between onshore stratigraphic units and those found
offshore in the Barents Sea. The formations that form
the Triassic stratigraphy of Svalbard, which may be cor-
related throughout the Barents Shelf area, are diachro-
nous (Lundschien et al. 2014). Correlation is therefore on
the basis of chronostratigraphic relationships, as opposed
to purely lithostratigraphic similarities. Figure 7 pres-
ents sections from Svalbard and the correlation of lith-
ological units to the Sentralbanken area. Stratigraphic
nomenclature from Svalbard (Merk et al. 1999) up to the
Svenskeya Formation is maintained in the Sentralban-
ken area (with the exception of the Kongseya—Sto for-
mations), due to its close proximity to and similarity with
eastern and south-eastern Svalbard.

The following explains the relationships between indi-
vidual stratigraphic units (see Figs. 2a, 7). The Flatsalen
Formation extends from the Svalbard area to Sentral-
banken and is termed the Fruholmen Formation in the
south-western Barents Sea. The Svenskoya Formation is
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also maintained to Sentralbanken; however, it is termed
the Tubden Formation in the south-western Barents Sea.
The Kongseya Formation is only defined for the Sval-
bard area at present and is termed the Stg Formation
in the Sentralbanken and south-western Barents Sea
areas. The Nordmela Formation, present throughout the
south-western Barents Sea, is not defined as a formation
in itself in Sentralbanken and Svalbard areas but does,
however, have facies that correlate well in Kong Karls
Land (Gjelberg et al. 1987; Klausen et al. 2017). The sur-
face marking the onset of marine shales in Agardhfjel-
let Formation throughout Svalbard is traceable into the
Sentralbanken area where it is defined as the base of the
Fuglen Formation.

Wells 7533/2-U-2 and 2-U-3. In 1998, the Norwegian Petro-
leum Directorate drilled well 7533/2-U-2 and cored 88 m
of Upper Triassic to Lower Jurassic aged strata in the Sen-
tralbanken area of the Barents Sea (Fig. 7). Overlying the
deltaic deposits of the De Geerdalen (Snadd) Formation,
45.6 m of the Flatsalen (Fruholmen) Formation was also
cored. Here, the Flatsalen (Fruhomen) Formation is inter-
preted as representing shallow marine deposits because of
the presence of marine palynomorphs and is interpreted
to be correlative to the Flatsalen Formation on Svalbard
(Vigran et al. 2014; Paterson & Mangerud 2015; Paterson
et al. 2016; Smelror et al. 2018). Only the uppermost part
of the Flatsalen (Fruholmen) Formation was cored in well
7533/2-U-2 (Fig. 7) and this shows striking similarity with
exposures of the Flatsalen Formation in Hopen (i.e., off-
shore burrowed mudstone passing upwards to amalgam-
ated beds with hummocky cross-stratified sandstone).

In well 7533/2-U-2, a 19-m-thick succession of trough
cross-stratified sandstone (Fig. 7) is cored and this is inter-
preted to represent the Svenskeya (Tubaen) Formation in
the Sentralbanken area. The boundary between Flatsalen
(Fruholmen) and Svenskeya (Tubaen) formations in Sen-
tralbanken shows the same erosional surface as in Hopen.

The basal lag of the Svenskeya (Tubaen) Formation is
formed of a calcite cemented bed, containing mud-flakes
and siderite fragments. This is followed by ca. 8-10 m
of low-angle cross-stratified, very fine-grained and light
grey sandstone. The middle part of the cored succes-
sion consists of 5-6 m of fining-upward sandstone beds
with intra-formational conglomerates of siltstone and
siderite clasts at the base as well as coal fragments and
plant debris. The upper part of the core consists of fine-
to medium-grained sandstone beds that fine upwards to
beds of very fine-grained, grey sandstone, which appear
massive and without any distinctive lamination. Mud-
flakes and siltstone clasts are present, but sparse. There
are neither macrofossils nor trace fossils observed in the
sandstone. The Svenskeya (Tubaen) Formation lacks clear
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marine indicators or trace fossils and here the succession
is interpreted as fluvial deposits. The boundary between
Flatsalen (Fruholmen) and Svenskeya (Tubaen) forma-
tions in Sentralbanken is therefore defined as a subaerial
unconformity, like that on Hopen.

Palynological studies of the well indicate the age is the
same as the underlying Flatsalen (Fruholmen) Formation
(Vigran et al. 2014). The top of the core is close to the
seabed and so the total thickness of the formation is not
known exactly.

The upper part of the Svenskoya (Tubden) Formation
is seen in core 7533/2-U-3 (Fig. 7). Here it is dated as
Jurassic in age and likely correlates to the upper part of
the Svenskeya Formation (probably Mohnhegda Mem-
ber) in Kong Karls Land (Vigran et al. 2014; Smelror
et al. 2018). This core is not discussed in detail further.
However, approximately 60-80 m of the middle part of
Svenskoya (Tubden) Formation is not drilled between the
two wells, suggesting the unit is ca. 100 m thick in the
Sentralbanken area.

Petrography and reservoir properties

Petrographic analysis of samples from the Svenskoya
Formation on Hopen (sample positions marked on the
Lyngefjellet-12-1 log in Fig. 4) has been included in this
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study (Fig. 8). Additionally, data from well 7533/2-U-2 in
Sentralbanken (Fig. 8) are included, allowing for a com-
parison of reservoir properties from a structural high in
the northern Barents Sea. Samples from the 7533/2-U-2
well are derived from the following core depths in the
Svenskoya (Tubaen) Formation: 4.80, 9.28, 14.77 and
19.47 m (Fig. 7).

Permeability

A sample from Unit 3 on Hopen (25.7 m on log
Lyngefjellet-12-1) was selected for permeability analy-
sis using standard core plug analysis (3.8 cm in diameter
and 1 cm long). The sample is representative of fine- to
medium-grained sandstone with mud-flakes and plant
material, common to units 2 and 3. The analysis yielded
a relatively low permeability value of 0.6 mD. This con-
trasts with the permeability measured in the upper part of
the Svenskeya (Tubaen) Formation on the Sentralbanken
High, where it is measured to be 145mD (sandstone from
7533/2-U-2, 5.65 m depth below the seafloor). Petro-
graphic thin section observations indicate that chemical
compaction is the main porosity reducing factor. Another
potential permeability reducing factor is the presence of
mud-flakes, which are common in the sandstones in the
Svenskeya Formation on Hopen.

SB 4.80m | | |

SB9.28 m | 1 |

SB 14.77m | 11

7533/2-U-2
Sentralbanken

SB 19.47m | |l

LYN-12-1.6 | | |

LYN-12-1.5 | |

LYN-12-1.4 | |

[ Feldspar Lithics

# Hopen (Svenskaya Fm.)

Lyngefjellet
Hopen

LYN-12-1.3 | |

| 07533/2-U-2 (Svenskaya Fm.)

LYN-12-1.2 | [l

O Quartz [ Mica M Rock fragments

Detrital grains

" Cements Porosity

[ Feldspar [ Chert [ Cement [ Porosity

Fig. 8 (a) Sandstone compositions, by percentage, for samples recovered from the Svenskeaya Formation at Lyngefjellet and in well 7533/2-U-2 in Sen-

tralbanken. Diagenetic cements are typically quartz, clay minerals + carbonate and pyrite (see text). Note the higher inter-granular volume (cements +

porosity) in samples from Sentralbanken compared to Hopen, which suggests less compaction has occurred in the Sentralbanken area. (b) Sandstone

classification by petrographic modal analysis for samples from Hopen (Lyngefjellet 12-1, Fig. 4) and Sentralbanken.
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Sandstone compositions and impacts of
diagenesis: Hopen

The sandstones from the Lyngefjellet profile (Fig. 4)
are fine- to medium-grained with sub-angular to sub-
rounded grains (Fig. 9a, c¢). Petrographic modal analysis
verifies a distinct increase in quartz content, from a rela-
tively immature arkosic mineral composition in the three
lower units (units 1, 2 and 3) to the quartz-rich sandstone
unit (Unit 4) in the uppermost part of the Svenskeya For-
mation (Figs. 4, 8a, 9a, b). The detrital grains consist of
quartz, feldspar (microcline and plagioclase), minor mica
and rock fragments of chert, and locally also chloritized
(e.g., volcanic) rock fragments. Accessory heavy min-
erals observed are zircon, tourmaline, Cr-spinel, rutile,
monazite and garnet.

Diagenesis resulted in variable degrees of compac-
tion, quartz cementation, precipitation of clay minerals
(including abundant pore-filling kaolinite) and disso-
lution of labile grains. Petrographic data also show evi-
dence of diagenetic replacement of kaolinite by chlorite,
and that chlorite is more abundant in the mineralogically
immature sandstones. The content of diagenetic quartz
cement has been estimated to be ca. 5-14% by petro-
graphic modal analysis, with the highest content in the
upper sandstone (Unit 4, Lyngefjellet 12-1-1.6).

Secondary dissolution porosity occurs as micro-pores
within chert and feldspar grains and as occasional over-
sized dissolution pores (Fig. 9a, d). The point-counted
porosity value is ca. 12% in all samples. These relatively
low values are explained by the combination of dia-
genetic compaction and formation of abundant pore-
filling clay minerals (Fig. 9b). Networks with dissolution
pores appear pale blue as shown in Figs. 9a, c. Pore-
filling kaolinite and secondary dissolution porosity in
chert grains and feldspar are shown by scanning electron
microscopy backscattered electron images of sandstones
from Hopen (Fig. 9b, d). However, when considering the
micro-porosity associated with clay mineral aggregates
and altered labile grains, the total porosity values would
be considerably higher, probably approaching 20%.

Sandstone compositions and impacts of
diagenesis: Sentralbanken

Sandstones of the Svenskeya (Tubden) Formation from
Sentralbanken are slightly finer-grained and moderately
sorted compared to those from Lyngefjellet on Hopen
(Fig. 9e, f). The detrital grain composition consists of
quartz, feldspar, mica and rock fragments of chert and
volcanic fragments. The sandstones classify as arkosic,
overlapping the compositions from Hopen (Fig. 8). Green-
ish grains interpreted as partly chloritized glauconite
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may represent intra-basin grains, supporting the marine
depositional environment inferred from palynomorphs
(Vigran et al. 2014; Paterson & Mangerud 2015; Paterson
et al. 2016). Accessory heavy minerals present include
tourmaline, zircon, rutile, Cr-spinel, monazite and garnet,
which were also detected in the sediments from Hopen.

Diagenesis involved compaction and alteration of duc-
tile grains (e.g., mica) and precipitation of quartz cement
and clay minerals. The amount of quartz cement is sim-
ilar to the arkosic sandstones at Hopen (5-7% quartz
cement). The authigenic clay minerals appear as pore-fill-
ing and grain-replacing kaolinite, illite and chlorite. Car-
bonate cements include micritic siderite in mud clasts and
biotite, and dispersed aggregates of sparitic calcite. The
modal porosity values are 17-22%, suggesting a better
reservoir quality in the Svenskeoya (Tubden) Formation
on Sentralbanken than on Hopen (Fig. 8a). Figure 8 also
shows intergranular volumes, supporting that sandstones
from Hopen are somewhat more mechanically compacted
than at Sentralbanken. This compares to the differences
in net erosion values referred to in the Introduction, con-
sistent with the proposed deeper burial history of the
Svenskeoya Formation on Hopen.

Recently available data from Wilhelmoya (Haile et al.
2018) show limited impacts of chemical compaction
(burial diagenesis), explaining the friable sandstone in
the Wilhelmoya area (Worsley 1973).

Development of the Svenskgya
Formation on Hopen

Overall, the Svenskoya Formation on Hopen represents
a mixture of fluvial channel and tidal bar to estuarine
deposits capped by marine shales (Fig. 4). The onset
(Unit 1) is marked by an erosive base (i.e., the “Rhae-
tian unconformity”) dominated by small fluvial distrib-
utary channels deposited in a coastal environment that
are subsequently overlain by two units (units 2 and 3),
dominated by a mixture of tidal bar and fluvial depos-
its. The upper part (Unit 5) suggests a clear change in
depositional style from fine-grained sandstone with
mud-flake conglomerate to clay and silt. The uppermost
beds most likely represent a change to shallow marine
conditions.

The lower part of the Svenskeya Formation on Hopen
(Unit 1) represents a regressive system of small stacked
fluvial channels deposited during rapid deltaic advance.
This accounts for the amalgamated channel architec-
ture seen in Unit 1. The style of deposition in Unit 1
contrasts with the underlying offshore marine to distal
shoreline deposits of the Flatsalen Formation, and partic-
ularly with the heterolithic, low-angle paralic delta plain
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Fig. 9 (a) Optical plain light micrographs from Lyngefjellet 12-1-1.6 recovered from Hopen, showing relatively mature, arkosic sandstone composition

(porosity in blue). (b) Backscattered electron micrograph of Lyngefjellet 12-1-1.6, showing pore-filling kaolinite and secondary dissolution porosity in chert

grains (porosity in black). (c) Optical plain light micrograph of sample Lyngefjellet 12-1-1.5 recovered from Hopen, showing immature, arkosic sandstone

composition (porosity in blue). (d) Backscattered electron micrograph of Lyngefjellet 12-1-1.5, showing pore-filling kaolinite and secondary dissolution

porosity in chert grains (porosity in black). (e) Optical plain light micrograph of sample SB 9.28 m from Sentralbanken (porosity in blue). (f) Optical plain

light micrograph of sample SB 9.28 m from Sentralbanken (porosity in blue). The following terms are abbreviated: porosity (Por); quartz (Qtz); feldspar

(Fsp); chert (Cht); kaolinite (Ka).

deposits of the underlying Carnian De Geerdalen Forma-
tion. The aggressive advance of the system that forms the
Svenskeoya Formation may be the effect of increased sed-
iment output from a source area coupled with increased
denudation rates in the hinterland. Such mechanisms
have been observed later in the Jurassic period (Hendriks
& Andriessen 2002; Klausen et al. 2017) and are pro-
posed as being one of the driving agents for the presence
of sandstone-rich units in the southern part of the Bar-
ents Sea (Klausen et al. 2017).

The development of tidal bar or tidal channel facies
in units 2 and 3 suggests a stabilization of the shoreline
following the initial regression in Unit 1. This trend may
have been forced by autogenic processes occurring higher
on the delta plain, resulting in abandonment of that part
of the coastline and a local transgression. Alternatively,
this may have been caused by allogenic processes, such
as relative sea-level rise, or climatic forcing with reduced
denudation in the hinterland, for example. However, the
exposures on Hopen are not extensive enough to con-
clude the forcing mechanisms for basin-wide sequences.
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South-eastward trending palaeo-current measure-
ments are seen on Wilhelmoya, whilst in Kong Karls
Land, palaeo-current measurements for the lower part of
the Svenskeoya Formation trend to the south-east. This
suggests that on Hopen the seawards dipping foresets
in the shoreface sandstones indicate a migration of the
palaeo-coastline/deltaic advance to the south-east.

The uppermost exposure of the Svenskoya Formation
on Hopen (units 4 and 5) is still somewhat enigmatic in
terms of its origin, largely because of the limit of exposure.
We have used the common mud-flake conglomerates and
overall fining upwards of the unit as evidence of subtidal
heteroliths, likely representing some form of channel fill,
which may have formed in an estuarine environment.
The very uppermost exposures forming Unit 5 on Hopen
consist of mud and siltstone beds, with thin sandstone
beds and siderite concretions. This part of the succession is
interpreted to represent shallow marine deposits, suggest-
ing drowning of the subtidal/estuarine system observed
in Unit 4. It is unclear whether this flooding surface has
any regional significance, as the exposure is limited.
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Regional comparison of sedimentary and
stratigraphic properties

A simplified correlation of stratigraphic and depositional
environments from Wilhelmoya and Kong Karls Land in
northern Svalbard to Hopen and Sentralbanken is pre-
sented in Fig. 7. The Svenskoya Formation can be cor-
related widely within the eastern and south-eastern area
of Svalbard and to the Sentralbanken area of the Barents
Sea, where it is equivalent to the Tubaen Formation. This
is primarily achieved by identitying the lower regional
subaerial unconformity (i.e., the “Rhaetian Unconfor-
mity”). At Hopen, Wilhelmgya and Sentralbanken, flu-
vial, tidal and estuarine deposits dominate the succession.
It is impossible to determine the thickness of the forma-
tion on Hopen as this is eroded. In Sentralbanken, ca.
100 m of the unit is present, with only the base (7533/2-
U-2) and upper part (7533/2-U-3) being cored. On Wil-
helmoya, the full thickness of the formation is present
(25 m) and is also interpreted as being composed pre-
dominantly of fluvial to shoreface deposits. Shoreface
deposits are also observed in the overlying Kongseya For-
mation on Wilhelmoya.

A thicker succession is seen in Kong Karls Land (Fig. 7)
and deposits of the formation here are determined to rep-
resent tidal flat, tidal channel and coastal plain deposits
(Mork et al. 1999; Olaussen et al. 2018). The thinning of
the unit is also within regional trends for the Upper Tri-
assic succession in Svalbard, where underlying units are
seen to reduce in thickness considerably from east to west
(Mork et al. 1982; Lord et al. 2017).

The palaeo-current measurements from the Svenskoya
Formation on Hopen provide evidence for an east and
south-eastward migration of a coastline, with foresets
dipping seawards as is commonly seen in shoreface
deposits. The Rhaetian aged Fruholmen Formation has
been regarded to have been sourced from the Novaya
Zemlya region (Fleming et al. 2016; Klausen et al. 2017).
In wells from the southern Barents Sea, Klausen et al.
(2017) relate the influx of mature sandstones in the
Fruholmen and Tubden formations to increased denuda-
tion in the southerly source area of Fennoscandia, during
the Late Triassic and Early Jurassic epochs (Hendriks &
Andriessen 2002).

Whilst eastern and south-eastern source areas may
dominate in the greater Barents Sea area, considerations
must be made in Svalbard, given the thickening of the
latest Triassic and Early Jurassic aged units from west to
east. The Knorringfjellet Formation in western Spitsber-
gen is a condensed unit of mudstones and sandstones
(Mork et al. 1999; Nagy & Berge 2008). The formation
is notably thinner than its time-equivalent and better
developed formations in eastern areas of Spitsbergen
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and Svalbard. Therefore, it should be considered that in
the northern areas of the Barents Shelf and Svalbard, an
alternative source area or basin configuration may be
controlling sediment dispersal patterns at the end of the
Triassic period.

Sequence stratigraphy of the Svenskoya
Formation

The lower boundary surface of the Slottet Bed, at the
base of the Flatsalen Formation, represents a subaerial
unconformity and this key sequence stratigraphic sur-
face is followed by a mid-Norian aged regional pan-Arctic
extensive transgression (Mork et al. 1999; Worsley 2008;
Embry 2011; Klausen & Mork 2014; Klausen et al. 2017;
Rismyhr et al. 2018). It is a prominent seismic reflector
in the Barents Sea and is often defined as the “near base
Fruholmen” or the “Norian flooding” in the oil industry.
In the platform areas in the Barents Sea and Svalbard, it
also marks the slowing down of basin subsidence and cli-
mate change (Ryseth 2014; Olaussen et al. 2015).

One of the major sequence stratigraphic boundaries
in the Barents Sea and Svalbard is the base of Tubaen
and Svenskeoya Formation (Gjelberg et al. 1987; Worsley
2008; Olaussen et al. 2018), which has been informally
called here the “Rhaetian Unconformity” after Embry
(2011). The “Rhaetian Unconformity” has a widespread
erosive lower boundary, although not necessarily chro-
nostratigraphic, and occurs throughout the Barents Sea
(Gjelberg et al. 1987) and suggests the presence of a
high hierarchy sequence boundary (Merk et al. 1989;
Mork & Smelror 2001). In the transition from the
Norian to Rhaetian ages, the Novaya Zemlya Fold and
Thrust Belt underwent significant development (Buiter
& Torsvik 2007; Petrov et al. 2008; Scott et al. 2010;
Klausen et al. 2015). The fold and thrust belt proba-
bly resulted in the uplift of platform and internal basin
highs, west of the main Barents Sea basins (Olaussen &
Rismyhr 2018).

On Hopen, this boundary is marked by channel depos-
its at the base of the Svenskeya Formation, where a
fluvial system eroded the lower shoreface and offshore
transition zone deposits of the Norian aged Flatsalen
Formation. This subsequently defines the boundary as a
subaerial unconformity. On Hopen, this surface may also
represent a significant time gap (Paterson & Mangerud
2015; Paterson et al. 2016) and marks the onset of a
regressive system during the Rhaetian age. It is likely that
a period of subaerial exposure occurred prior to the depo-
sition of fluvial channels that form the lower part (Unit
1) of the Svenskeya Formation. An unknown amount of
the Flatsalen Formation may well have been eroded by
this fluvial system and it is likely that mud-flakes in the
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conglomeratic beds are derived from the Flatsalen Forma-
tion. This in turn may also obscure dating by palynology
(Niall W. Paterson, pers. comm. 2016), giving older ages
as accurate palynological dating is biased to finer-grained
material with younger spores having poor preservation
potential in sandstone.

The Svenskoya Formation might be regarded as an
incised valley fill that could subsequently represent
a low-stand system tract in Hopen. The succession
represents the rapid deposition of paralic sediments
in an overall regressive system. The base of the suc-
cession is composed of fluvial braided stream deposits
(Unit 1; Fig. 4), sitting atop a regional subaerial uncon-
formity that indicates a rapidly prograding deltaic sys-
tem. Units 2 and 3 with increasing shoreface deposits
represent a change in depositional environment along
the coastline, with the formation of a destructive flu-
vial and wave-dominated delta (Fig. 4). The system is
subsequently capped by a clear change in depositional
style in its upper part represented by Unit 4 which is
composed of tidal deposits probably originating from
an estuarine system, above a tidal ravinement surface
(Fig. 4). The tidal deposits are subsequently capped
by shallow marine mudstone and sandstone deposits
(Unit 5). These deposits are only seen as a few metres
at the very top of Lyngefjellet and their extent, or sig-
nificance, cannot be fully determined from such a lim-
ited exposure. These mudstone beds may correlate to
a similar interval observed on Wilhelmoya; however,
this should be regarded as tentative. This trend high-
lights the paralic nature of the Svenskeya Formation
and may represent the close relationship between the
ratio of available accommodation space and the rate of
sedimentation along a regressive coastline. The increase
in marine-influenced facies upwards in the formation
may indicate that the available accommodation space
increased as the unit was deposited, resulting in the
observed facies trend from fluvial to more marine-
influenced environments.

The provenance area and regional palaeogeogra-
phy for the sandstone beds in the Svenskoya Forma-
tion are not addressed here. However, the contrasting
palaeo-current measurements and petrography of the
Svenskeya Formation on Hopen must be considered,
as these are very different from the sandstone units
observed in the Carnian De Geerdalen Formation. The
east and south-eastward palaeo-current directions mea-
sured in the Svenskeya Formation on Hopen are also in
contrast to the well-documented north-west-prograding
system earlier in the Triassic period (Bergan & Knarud
1993; Riis et al. 2008; Glorstad-Clark et al. 2010; Anell,
Braathen et al. 2014; Anell, Midtkandal et al. 2014;
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Klausen et al. 2014; Lundschien et al. 2014). Therefore,
the understanding of the regional palaeogeographical
development of the Svenskeya Formation is problem-
atic and is an interesting topic for future investigative
research.

Implications for northern hydrocarbon resources

The Norian to Bajocian aged Realgrunnen Subgroup is
hitherto the most prolific reservoir unit in the south-
western Barents Sea and potentially in the northern
areas as well. Occurrence of bitumen-stained sandstones
of the Svenskeya Formation on the east coast of Spits-
bergen is consistent with a previously efficient petroleum
system (Abay et al. 2017). As in the Barents Sea, the
same potential Mesozoic source rocks occur in Svalbard
(Mork & Bjoroy 1984; Henriksen et al. 2011; Lundschien
et al. 2014).

The underlying Ladinian to Norian aged succession
features highly organic marine shales at various strati-
graphic intervals. The Anisian and Ladinian aged Bot-
neheia Formation has 1-10% total organic carbon in
Svalbard and 3.2-10.3% total organic carbon offshore
Kong Karls Land (Mork & Bjorey 1984; Leith et al. 1993;
Mork et al. 1999; Lundschien et al. 2014). The marine
shales of the Flatsalen Formation (Merk et al. 1999; Mark
et al. 2013; Klausen & Mork 2014; Lord, Solvi, Ask et
al. 2014; Lord, Solvi, Klausen et al. 2014) also contain a
moderate organic content. Furthermore, the organic rich
shale succession of the Agardhfjellet Formation (Leith et
al. 1993; Koevoets et al. 2018), the onshore equivalent
to the Hekkingen Formation, is also present in northern
areas. Thus, three viable source rocks are found in the
northern Barents Sea area, in close stratigraphic proxim-
ity to the sandstones of the De Geerdalen, Svenskoya and
Kongseya formations.

Lundschien et al. (2014) stated that the Realgrunnen
Subgroup is absent throughout large parts of the north-
ern Barents Sea, mostly because of erosion, and where it
is present, it is either thin or has an incomplete stratigra-
phy. Onshore in Spitsbergen, the Wilhelmeya Subgroup
is condensed, forming the Knorringfjellet Formation with
a vastly different geological development in comparison
to its eastern counterpart. In Svalbard, the Svenskoya
Formation is 25 m thick on Wilhelmeoya, is minimum 35
m thick on Hopen, is 190 m thick in Kong Karls Land
and ca. 100 m in the Sentralbanken area of the Barents
Sea. The average thickness for the Svenskeya Formation
is somewhat comparable to the thickness measurements
of equivalent units in the southern areas of the Barents
Sea, where the Tubden Formation is typically 40-50 m
(Klausen et al. 2017).
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Conclusions

The Svenskoya Formation on Hopen can be regarded as
a viable analogue to sandstone reservoirs in the northern
Barents Sea area. A compelling stratigraphic correlation,
sequence stratigraphic similarity and comparable reser-
voir properties provide a good basis for a unit worthy of
further and more detailed observations.

Sedimentological interpretation of the Svenskoya
Formation on Hopen classifies the succession as being
dominated by fluvial and tidal sediments deposited in a
deltaic environment. Palaeo-current data suggest this del-
taic system to have been prograding in a south-easterly
direction. On Wilhelmeaya, fluvial and shoreface depos-
its are also prevalent in the Svenskoya Formation, with
palaeo-currents measured from outcrop, suggesting pro-
gradation of the coastline was to the north-east.

In Kong Karls Land, the lower part of the Svenskoya
Formation represents a fluvial and estuarine environ-
ment, with extensive tidal deposits. The lower part of the
formation in Kong Karls Land is similar in facies to those
seen on Hopen and the two localities are considered to
correlate well.

In the Sentralbanken area, the Svenskeya Formation
has facies similar to those observed on Hopen, with flu-
vial and delta front facies dominating the succession. The
Ste Formation is seen to be formed of similar facies as
those seen in the Kongseya Formation on Wilhelmoya,
where shoreface facies are also evident (Olaussen et al.
2018). The unit here is expected to be ca. 100 m in thick-
ness, thinner than the unit in Kong Karls Land.

Facies within the Svenskeya Formation in eastern Sval-
bard and the northern part of the Barents Sea correlate
well with the gross depositional environment for the for-
mation being interpreted as a fluvial and wave-dominated
delta. The Svenskeya Formation on Hopen is determined
to represent an initial regressive system, with the lower
three units of the formation, as defined herein, represent-
ing an initial regression at a regional subaerial unconfor-
mity (the “Rhaetian Unconformity”). The uppermost part
of the formation suggests the onset of a transgressive sys-
tem with a tidal ravinement surface at its base, culminating
in a flooding seen at the uppermost part of the exposure.
This regressive-transgressive trend is concluded to be
driven by allogenic factors occurring within the deltaic sys-
tem, resulting in a local transgression of the palaeo-shore-
line at Hopen, but is unlikely to be correlated elsewhere.

Sandstones from Hopen and Sentralbanken show
an overlapping arkosic composition and include similar
types of lithic grains and accessory heavy minerals and
mica. The upper sandstone unit on Hopen (Unit 4) dif-
fers by a significant increase in mineralogical maturity,
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which could reflect changes in depositional environ-
ments, reworking of older sediments or rejuvenation of
a western source area. The mineral proportions have also
been somewhat influenced by diagenetic dissolution of
feldspar and labile grains.

Lower reservoir quality in Hopen than in Sentralban-
ken is largely due to differences in diagenesis which caused
lower effective porosity at Hopen, which is evidence of
more compaction and mineral dissolution, combined with
extensive precipitation of pore-filling clay minerals.
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