
Bou Daher Samer 
Dissertations in Geology at Lund University,
Master’s thesis, no 296
(45 hp/ECTS credits)  

Department of Geology 
Lund University

2012

Lithofacies analysis and 
heterogeneity study of 
the subsurface Rhaetian–
Pliensbachian sequence in SW 
Skåne and Denmark



 

 

Lithofacies analysis 
and heterogeneity study 

of the subsurface 
Rhaetian–Pliensbachian sequence in 

SW Skåne and Denmark 

Master’s thesis 
Samer Bou Daher 

Department of Geology 
Lund University 

2012 



 

 

Contents 

1  Introduction……………………………………………………………………………………………………..5 

2  Geological setting………………………………………………………………………………………………..5 

2.1  Structural framework and tectonic setting 5 

2.2  Upper Triassic – Lower Jurassic stratigraphy in NW Skåne  8 

2.3  Depositional setting in NW Skåne  8 

3  Material and methods…………………………………………………………………………………………..9 

4  Facies description and sedimentology………………………………………………………………………..10 

4.1  Sedimentary facies 12 

4.1.1  Claystone (facies 1) 12 

4.1.2  Silt and clay dominated heterolites (facies 2) 12 

4.1.3  Sand dominated heterolites (facies 3) 12 

4.1.4  Fine-grained sandstone (facies 4) 13 

4.1.5  Paleosols, coal, fine- to medium-grained sand (facies 5) 14 

5  Sedimentology and facies in Höllviken-2 core……………………………………………………………….14 

6  Relative occurence of the observed facies in the studied wells……………………………………………..14 

7  Interpretation………………………………………………………………………………………………….15 

7.1  Facies and depositional environement 15 

7.2  Facies—Distribution and relative occurence 15 

7.3  Thickness of the Rhaetian and the Lower Jurassic 18 

7.4  Sequence stratigraphical interpretation 29 

7.4.1  Correlation between the Höllviken Halfgraben and the Danish Basin 30 

7.4.2  Correlation between the Höllviken Halfgraben and NW Skåne 31 

8  Assessment of reservoir properties…………………………………………………………………………...33 

9  Conclusions…………………………………………………………………………………………………….37 

10  Acknowledgements…………………………………………………………………………………………...37 

11  References…………………………………………………………………………………………………….38 

12  Appendix……………………………………………………………………………………………………...40 

 

 



 

 

Lithofacies analysis and heterogeneity study of the subsurface Rhaetian

–Pliensbachian sequence in SW Skåne and Denmark 

BOU DAHER SAMER 

Bou Daher, S., 2012: Lithofacies analysis and heterogeneity study of the subsurface Rhaetian–Pliensbachian se-

quence in SW Skåne and Denmark. M.Sc. Thesis in Geology at Lund University, No. 296, 52 pp. 45 hp (45 ECTS 

credits) . 

Keywords:  Sorgenfrei-Tornquist Zone, Höllviken Halfgraben, Rhaetian, Hettangian, Sinemurian, Pliensbachian, 

sequence stratigraphy, lithofacies, reservoir, geothermal, CO2 storage. 

Samer Bou Daher, Department of Geology, Lund University, Sölvegatan 12, SE-223 62 Lund, Sweden. E-mail: 

samer.boudaher@hotmail.com 

Abstract: The geological setting of Skåne is the outcome of successive phases of transtensional tectonics, block-

faulting, subsidence, transpression and inversion focused around the Sorgenfrei-Tornquist Zone. The Höllviken 

Halfgraben is one of the major blocks in southwestern Skåne with a Rhaetian–Pliensbachian succession characteri-

zed by interbedding of arenaceous and argillaceous facies of local and regional extent. This study aims at analysing 

the heterogenous Rhaetian–Pliensbachian strata and is part of a major project focused on assessing the suitability of 

this succession for CO2 storage and/or geothermal energy production. Investigation of the lithofacies distribution 

has been done using Gamma Ray, Self Potential, Resistivity, Sonic, Neutron and Density data from 11 Swedish and 

Danish boreholes. Five boreholes have been selected for a northwest–southeast transect that is interpreted in a se-

quence stratigraphic approach supported with outcrop data from Kulla Gunnarstorp and Norra Albert, the Höllviken

-2 core, and sidewall cores from the FFC-1 well. The study presents an eustatically controlled Rhaetian deposition 

and a tectonically controlled Hettangian–Pliensbachian deposition. A generally transgressive sequences dominate 

the Rhaetian–Pliensbachian succession. A distinctive similarity between the Rhaetian–Pliensbachian succession in 

southwestern Skåne and northwestern Skåne, though some differences in the relative sea level fluctuation occur 

during the Hettangian–Sinemurian owing to differential subsidence. Moreover, the Rhaetian–Pliensbachian succes-

sion in the Höllviken Halfgraben shows a dominance of fine-grained facies, and thus rendered less favorable condi-

tions for geothermal water production. However, the succession is proved convenient for CO2 storage having ade-

quate porosities (>20%), enough permeability (>100 mD), occurring at a depth of more than 800 m and sealed by 

tight claystone layers. 



 

 

Analys av sedimentära facies i Skånes och Danmarks yngre trias 

och äldre jura  
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Samer Bou Daher, Geologiska institutionen, Lunds Universitet, Sölvegatan 12, SE-223 62 Lund, Sverige. E-mail: 
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Sammanfattning: Skåne har formats genom flera tektoniska och geologiska processer kopplade till en stor sprick- 

och rörelsezon – Sorgenfrei-Tornquistzonen. I sydvästra Skåne finns ett större förkastat block, Höllvikensänkan, 

med sedimentära lager från trias-juratiden. Denna lagerföljd karakteriseras av sandsten varvat med lersten som av-

satts både lokalt och över större områden. Studien har fokuserat på analys av lagerföljden och är en del i ett större 

projekt för att utvärdera om bergrunden är lämplig för lagring av CO2 och/eller användas till geotermisk energiut-

vinning. Geofysisk data från elva svenska och danska borrhål, samt från fältdata, har använts för att göra en sådan 

utvärdering. Utifrån dessa data har en NV-SÖ sektion skapats och den har påvisat att det dåvarande havet i sydväst-

ra Skåne var influerat av globala havsnivåförändringar i slutet av trias men att havsnivån i början av jura styrdes av 

lokala till regionala tektoniska rörelser. Bergrunden i det studerade tidsintervallet domineras av finkornigt material 

vilket gör att det är mindre gynnsamt för geotermisk energiproduktion. Däremot uppfyller bergrunden, på ett djup 

större än 800 m, kriterierna för att lagra CO2. 
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1.  Introduction 
 

  Skåne is situated in the transition zone between 

the Danish Basin to the southwest, and the stable Pre-

cambrian Baltic Shield to the northeast (Fig.1). This 

geological setting on the edge of the Baltic Shield has 

through time endured transtentional tectonics, block-

faulting, subsidence, transpression and inversion focu-

sed around the Sorgenfrei-Tornquist Zone (STZ), 

which cuts through Skåne from the northwest to the 

southeast (Fig. 1). The repeated tectonic movements 

along the major faults associated with the STZ have 

altogether contributed to the current mosaic distribu-

tion of the Mesozoic strata in Skåne. Much of the pre-

sent distribution is a direct result from uplift and ero-

sion during compression tectonics related to the Late 

Cretaceous Alpine orogeny. Neogene uplift and ero-

sion of preexisting strata on the margins of the Baltic 

Shield  has also played a significant role in the present 

representation of strata (cf. Japsen et al., 2002).  

 The lithological and stratigraphical characteris-

tics of Triassic and Jurassic sequence are mainly 

known from outcrops and borings in northwest Skåne 

where the strata constitute the bedrock surface in the 

Höganäs Basin and Ängelholm Trough (cf. Norling et 

al., 1993). Upper Triassic–Jurassic outcrops are elsew-

here within the STZ found as scattered erosional rem-

nants in central Skåne (Erlström & Guy-Ohlson, 1999) 

and in tilted localized rock blocks along the Romeleå-

sen Fault Zone and in the Fyledalen Fault Zone (cf. 

Fig. 1). In Skåne Rhaetian and Jurassic strata are addi-

tionally found as subcrops in the marginal parts of the 

Danish Basin, i.e. the Höllviken Halfgraben and Bar-

sebäck Platform, and in the Hanö Bay area (Grigelis & 

Norling, 1999). 

 In the Höllviken Halfgraben, the Upper Trias-

sic–Lower Jurassic is represented by a 200–300 m 

thick succession of strata (Norling et al., 1993). 

 The marginal position of Skåne, coupled with 

synsedimentary tectonic activity resulted in a Rhaeti-

an–Lower Jurassic succession characterized by a fre-

quent occurrence of sandstone units interbedded with 

argillaceous units. The subcrops in southwestern Skå-

ne reveal a number of sandstone units with good reser-

voir properties which yield a high potential for being 

utilized for CO2 storage purposes, and some beds 

might also be used for geothermal water production. 

However, the stratigraphical affinity and lateral rela-

tionships between the described successions in the 

different borings in southwestern Skåne has so far 

been uncertain. 

 Nielsen (2003) established a stratigraphic com-

parison and correlation of the Rhaetian–Jurassic going 

from the central parts of the Danish Basin into the 

marginal parts and the STZ in Skåne. However, when 

approaching the marginal zone, sea level changes and 

differences in accumulation space, along with a lateral-

ly shifting depositional setting, lead to significant local 

variation in the vertical and lateral distribution of the 

sandstone units. Thus, turning the correlation of indivi-

dual units between borings within the Höllviken Half-

graben, southwestern Skåne, into a challenging and 

complicated task as some intervals may have a greater 

distribution in the basin while others may be only lo-

cally developed.  

 Geological investigations of the Rhaetian–

Lower Jurassic in Skåne started already during the 

18th century, due to the national economic interest in 

the occurrences of coal and fire-clays. Thus, an impor-

tant amount of data has been produced since then in 

the form of well data, mining data, and geophysical 

data archived at the Geological Survey of Sweden 

(SGU). Moreover, Erdmann (1915), Troedsson (1951) 

Vossmerbäumer (1969, 1970), Rolle et al. (1979), 

Norling & Bergström (1987), Ahlberg (1990, 1994), 

Erlström et al. (1991, 1997, 1999), Pienkowski (1991a, 

b), Norling et al. (1993), Larsson et al. (1994), Arn-

dorff (1994), Nielsen (2003), Ahlberg et al. (2003), 

Lindström & Erlström (2006, 2011), Vajda & Wig-

forss-Lange (2009), and Larsson (2009) have added 

valuable descriptions and interpretations to the under-

standing of the depositional conditions and the rela-

tionship between the different areas of deposition. The 

subsurface geology of southwest Skåne is presented by 

Sivhed et al. (1999). However, much of the data, espe-

cially from southwestern Skåne, is still poorly investi-

gated. An increasing interest in utilizing the deep sali-

ne Rhaetian–Jurassic aquifers in southwestern Skåne 

for geothermal energy and the possibility for CO2 sto-

rage compel the need to get a more detailed understan-

ding of the structure and development of the subsurfa-

ce Rhaetian–Lower Jurassic succession. One important 

contribution to this has been the biostratigraphic work 

performed and presented by Lindström & Erlström 

(2011), which allows a more precise correlation, an 

interpretation of the depositional setting and basin evo-

lution as well as a possibility to perform a sequence 

stratigraphical study of the succession. 

 T hi s  s tud y  focuses  o n  the  R hae t i an –

Pliensbachian succession of the Höllviken Halfgraben 

(Fig. 1), and aims to describe the various facies, facies 

association and frequency, in order to elucidate the 

basin evolution. A sequence stratigraphic approach 

along with statistical analysis is used to explain and 

anticipate local facies distribution as well as regional 

correlation with northwestern Skåne and the Danish 

Basin. 

 

2. Geological setting 
 

2.1 Structural framework and tectonic 
setting 

 

 Skåne is situated at the margin of the Danish 

Basin, a Permian–Cenozoic basin that formed by Late 

Carboniferous–Early Permian rifting and subsidence, 

controlled by thermal cooling and local faulting. The 

basin is bordered to the northeast by the Sorgenfrei-
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Tornquist Zone (STZ) and to the southwest by the 

Ringköbing-Fyn High (Nielsen, 2003) (Fig. 1). 

 The Tornquist Zone (TZ) is a regional composi-

te tectonic zone controlling the sedimentation history 

of Skåne and the Baltic Sea region. It consists of a 

block-faulted zone with its northwestern Sorgenfrei 

branch traversing Skåne, Kattegat, N Jutland, up into 

the North Sea area. The southeast Teisseyre branch 

extends through Poland and down to the Black Sea 

(Norling et al., 1993). In Skåne, the Sorgenfrei-

Tornquist Zone (STZ) is outlined to the northeast by 

the Kullen-Ringsjön-Andrarum Fault Zone and by the 

Christiansö Fault, and to the southwest by the Romele-

åsen Fault Zone and the Rönne Graben which constitu-

tes the junction between the STZ and the TTZ 

(Erlström et al., 1997). The STZ was first considered 

as the unstable southern border of the Baltic Shield 

and was thus called the Fennoscandian Border Zone 

(Bartmann & Christiensen, 1975). However, later 

work presented by the EUGENO-S Working Group 

(1988) clarified that the boundary between the old 

Precambrian crust and the Palaeozoic European crust 

is located to the south of the Ringköbing-Fyn High and 

not at the STZ (Hansen et al., 2000). Instead the STZ 

was proven to be a weak crustal lineament acting as a 

―buffer zone‖ whenever the regional tectonic regime 

changed (Mogensen 1994, 1995; Mogensen & Jensen, 

1994). 

 Since the Late Palaeozoic several tectonic 

events along the STZ have obscured the earlier tecto-

nic history and evolution of the region. However, a 

pre-rift succession of clastic sediments and extrusive 

volcanic rocks, of presumed Late Carboniferous age, 

unconformably overlain by thick syn-rift alluvial 

conglomerates, sandstones and lacustrine mudstones in 

the STZ clearly indicate that the principal phase of 

rifting of the Danish Basin and the Fennoscadian Bor-

der Zone, i.e. the STZ, occurred in the Late Carbonife-

rous – Early Permian, in conjunction with rifting in the 

Oslo Graben (Michelsen, 1997; Nielsen, 2003). Asso-

ciated transtensional movements and block faulting 

lead to the formation of various pull-apart basins, e.g. 

the Höllviken Halfgraben (Erlström et al., 1997). 

 The Höllviken Halfgraben consists of a down-

Fig. 1. Map showing the main structural elements of Skåne and the surrounding region, and the distribution of Rhaetian-

Hettangian strata in Skåne (Modified after Lindström & Erlström, 2006) 
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faulted tilted and slightly rotated rock block 

(Lindström & Erlström, 2011) delimited by the synse-

dimentary Svedala Fault to the east, Malmö Fault to 

the north, and the Öresund Fault to the west (Norling 

& Bergström, 1987). The Lower Palaeozoic strata pre-

served in the deepest parts of the Höllviken Halfgra-

ben are southwestward dipping and unconformably 

overlain by Upper Permian deposits marking a hiatus 

and a period of peneplanization (Lindström & Erl-

ström, 2011). Subsidence resumed in the early Triassic 

and a 500–600m thick Lower and Middle Triassic suc-

cession was formed (Erlström & Sivhed, in press). 

Deposition continued in the Höllviken Halfgraben 

during most of the Triassic and Early Jurassic times 

(Lindström & Erlström, 2011). 

 To the east of the Höllviken Halfgraben is the 

Skurup Platform (Fig. 1). The platform is interpreted 

as a Jurassic high based on its incomplete or missing 

Rhaetian–Lower Jurassic strata (Erlström et al. 1997; 

Sivhed et al. 1999). The redeposited spores and pollen 

in the Höllviken Halfgraben, also imply a high sur-

rounding (Lindström & Erlström, 2011). 

 During the Late Triassic to Early Jurassic, most 

of the Danish Basin was characterized by a relatively 

calm tectonic regime (Nielsen, 2003) followed by an 

increased tectonic activity from the Hettangian into the 

Lower Cretaceous and is known as the Kimmerian 

orogeny (Norling & Bergström, 1987). This resulted in 

the replacement of the Middle Jurassic predominantly 

transgressive regime by a tectonically controlled re-

gressive phase linked to the volcanic activity in central 

Skåne (Norling et al., 1993). Tectonic uplift resulted in 

a major hiatus spanning most of the Middle and Upper 

Jurassic interval (Lindström & Erlström, 2011), and 

deposition became localized in fault bounded blocks 

within the STZ where subsidence continued (Nielsen, 

2003). 

 During the Late Cretaceous, a change in the 

regional stress orientation to a transpressional regime 

emplaced by the Laramide tectonics lead to the inver-

sion of the pre-existing basin architecture. The inver-

sion was most pronounced within the TZ, and decli-

ning significantly with distance to the northeast and 

southwest (Erlström et al., 1997). In the northeast, the 

Romelåsen Fault Zone experienced a c.1500m 

(Lindström & Erlström, 2011) vertical displacement 

contemporaneous with minor displacement in the 

southwest along the Öresund Fault during the Late 

Cretaceous inversion. Thus leading to a northeastward 

tilting of the whole area, especially the Barsebäck Plat-

form, which constitutes a relay ramp to the Höllviken 

Halfgraben, with a similar Mesozoic sequence but a 

missing Lower Triassic and a poorly developed Midd-

le Triassic sequence (Lindström & Erlström, 2011; 

Erlström & Sivhed, in Press). 

 In the Neogene, uplift of the South Swedish 

Fig. 2. Lithostratigraphic framework of the Upper Tri-

assic to Middle Jurassic succession in Denmark and 

Skåne. (Modified after Nielsen, 2003 and Lindström & 

Erlström, 2011)  



 

 

Dome has resulted in the exposure of sub-Cambrian 

and sub-Cretaceous surfaces in southern Sweden 

(Japsen et al., 2002). 

 

2.2 Upper Triassic – Lower Jurassic 
stratigraphy in NW Skåne 

  

 The lithostratigraphic subdivisions spanning the 

Rhaetian–Pliensbachian/Toarcian interval in Skåne 

involve the Höganäs and the Rya formations (Fig. 2). 

These are well known in northwest Skåne (cf. Norling 

et al., 1993), but not clearly defined in southwest Skå-

ne. 

 The Höganäs Formation, representing the Rha-

etian–Hettangian interval, has an approximate thick-

ness of 250 m and is subdivided into three members. 

The Vallåkra and Bjuv Members representing the Rha-

etian part, and the Helsingborg Member representing 

the Hettangian part (Grigelis & Norling, 1999). The 

basal Vallåkra Member is regarded as the transition 

between the continental redbeds of the Kågeröd For-

mation and the deltaic, coal bearing Bjuv Member. 

The Vallåkra Member is estimated to be 30 m thick in 

northwest Skåne (Grigelis & Norling, 1999), and inc-

ludes grey and variegated clays with sphaerosiderite 

and greenish sandstone lenses (Grigelis & Norling, 

1999). The Bjuv Member is delimited by a lower coal 

seam (B-seam) marking its lower boundary to the Val-

låkra Member, and an upper seam (A-seam) marking 

its upper boundary to the Helsingborg Member. The 

Bjuv Member includes also the Triassic Jurassic tran-

sition in Skåne (Lindström & Erlström, 2006). It has a 

thickness of approximately 25 m and is represented by 

sandstones, siltstones, claystones and characterized by 

paleosols with underclays and autochtonous coal-

seams with interfingering channel-shaped sandstone 

stringers (Ahlberg, 1994). The Helsingborg Member 

has a thickness of 215 m (Grigelis & Norling, 1999) 

and it includes floodplain strata similar to those of the 

Bjuv Member, however, subjected to several marine 

incursions (Vossmerbäaumer 1969, 1970; Ahlberg 

1990, 1994; Pienkowski 1991a, b; Ahlberg et al., 

2003). 

 The post-Hettangian Lower Jurassic sequence 

is represented in northwestern and western Skåne by 

the Rya Formation. The Rya Formation is subdivided 

into four Members (Fig. 2). The Döshult Member re-

presenting the lower Sinemurian is characterized by 

coarse-grained, cross-bedded sandstone beds in the 

lower part (Fig. 3), and clays and marls in the upper 

part (Grigelis & Norling, 1999). The upper Sinemurian 

Pankarp Member consists of around 60–75 m as a 

complete sequence known from boreholes, with varie-

gated clays and shales in the lower part, a thin middle 

part of sand and sandstone with rootlet beds, and an 

upper part of variegated clays and shale (Grigelis & 

Norling, 1999). The Katslösa Member represents the 

upper Sinemurian and lower Pliensbachian and con-

sists of a 30–40 m thick sequence of greenish, brow-

nish and dark grey claystones, siltstones, and sandsto-

nes with a varying content of iron and carbonate 

(Grigelis & Norling, 1999). The Rydebäck Member 

represents the Upper Pliensbachian–Toarcian/Aalenian 

interval, this unit is known from boreholes only and 

varies in thickness between 50 m and 100 m. It inclu-

des sandy and silty, partly oolotic sediments with a 

varying content of clay and calcium carbonate 

(Grigelis & Norling, 1999). 

 In southwestern Skåne, i.e. in the Höllviken 

Halfgraben and on the Barsebäck Platform, the Rhaeti-

an–Lower Jurassic succession of strata displays cha-

racteristics which are very similiar to the ones descri-

bed above. There are unfortunately very few lithostra-

tigraphic markers that can be used to delimit and defi-

ne the different units as in the Helsingborg area. Initial 

interpretation was that the sequence was dominated by 

Hettangian strata with great similarities to the Hettang-

ian Helsingborg Member. However, biostratigraphical 

datings (Lindström & Erlström, 2011) have revealed 

that this is not the case. Instead there are at least depo-

sits ranging into the Toarcian–Aalenian, thus corres-

ponding to the Rya Formation in the Helsingborg area.  

 In the Danish Basin, the equivalent Upper Tri-

assic–Lower Jurassic lithostratigraphic subdivisions 

include the Skagerrak, Vinding, Gassum and Fjerrits-

lev formations (Fig. 2) (Nielsen, 2003). 

 

2.3 Depositional setting in NW Skåne 
 

 The deposition of Lower, Middle, and Lower 

Upper Triassic strata was restricted to the Höllviken 

Halfgraben (Erlström & Sivhed, in press). In the latest 

Triassic (Rhaetian), a change from local graben deve-

lopment to a general lowering of the Danish Basin 

(Norling & Bergström, 1987), and a primarily eustati-

cally controlled progressive overstepping of the Höll-

viken Halfgraben took place, resulting in a wider de-

position of the Rhaetian strata, contemporaneous with 

a climate change in Skåne from seasonally arid to per-
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Fig. 3. Photograph showing an example of cross-bedded 

sandstones from the lower Sinemurian, basal part of the 

Döshult Member at Kulla Gunnarstorp.  



 

 

murian deposits of the Pankarp Member are dominated 

by dull homogeneous mudstone with marine fossils, 

however, an intermittent proximity to the shore is indi-

cated by one coal-seam recorded from boreholes 

(Norling et al., 1993). Quiet shallow marine environ-

ments persisted in the upper Sinemurian–lower Pliens-

bachian forming the predominantly muddy Katslösa 

Member, which is occasionally interrupted by sandy 

horizons and intercalations of oolitic limestone 

(Norling et al., 1993). The Upper Pliensbachian–

Toarcian Rydebäck Member is dominated by a series 

of arenites and wackestones rich in marine microfos-

sils with minor intraformational conglomerates imply-

ing a regressional tendency emplaced by increased 

tectonic activity (Norling et al., 1993). 

 

3.  Material and methods 
 

 The data used in this project has been provided 

by the Swedish Geological Survey (SGU) and the Ge-

ological Survey of Denmark and Greenland (GEUS). 

The study has involved interpretation of geophysical 

wire line logs (Gamma Ray, Self Potential, Resistivity, 

manently humid conditions (Ahlberg et al., 2002). 

 These were the main reasons for a very sharp 

change in the style of sedimentation at the onset of the 

Rhaetian. The texturally immature clastic sediments of 

the Norian Kågeröd Formation were followed by 

Rhaetian–Hettangian chemically and texturally mature 

quartz arenites deposited in turbulent lacustrine, allu-

vial, and deltaic environments (Norling et al., 1993). 

 During the deposition of predominantly conti-

nental to deltaic sediments in the Rhaetian–Hettangian, 

several marine incursions invaded Skåne. The marine 

influence did not, however, have any major impact 

until the Early Sinemurian, with the deposition of the 

Döshult Member of the Rya Formation (Norling & 

Bergström, 1987; Norling et al., 1993). The lower Si-

nemurian is dominated by nearshore mature coarse-

grained arenites with herringbone cross-bedding and 

an uppermost part composed of dark marine mudstone 

(Norling et al., 1993). The presence of several ammon-

ites, large fossil logs, and coarse-grained arenites con-

firms the marine influence and indicates a near-shore 

high energy depositional setting (Troedsson, 1951;  

Norling et al., 1993). The succeeding upper Sine-

9 

Fig. 4. Base map showing the location of the studied boreholes in SW Skåne. Red line marks the cross section illustrated in fig. 

24. (1: Höllviken Halfgraben 2: Höganäs Basin  3: Ängelholm Trough  4: Vomb Trough  5: Barsebäck Platform)  



 

 

Sonic, Neutron and Density) from the following bore-

holes in southwestern Skåne (Sweden): Barsebäck-1, 

Eskilstorp-1, Haslöv-1, Falsterborev-1, FFC-1, Höll-

viksnäs-1, Kungstorp-1, Ljunghusen-1, and in Den-

mark: Margretheholm-1, Margretheholm-1A, Karlebo-

1A (Fig. 4).  

 The lithology of the subsurface Rhaetian–

Pliensbachian sequence in southwestern Skåne has 

mainly been described from studies and investigations 

of the Höllviken-2 core and sidewall cores from the 

FFC-1 well. In addition, thin sections from the Örby 

previously exposed lower Sinemurian succession 

(Erlström et al., 1999) and cores from the Helsingborg 

area (Fig. 5) were studied. The biostratigraphic zona-

tion and chronostratigraphic framework of the study 

area were provided by Sofie Lindström (GEUS). The 

processing of the geophysical (LAS-files) data has 

been done using the LogPlot 7 software from RockWa-

re. Moreover, a reconnaissance field trip has been con-

ducted at the early stages of the project to Norra Albert 

and Kulla Gunnarstorp in order to get acquainted with 

the lithofacies and the depositional environments of 

the studied interval. Altogether, this data along with a 

comprehensive literature study enable empirical corre-

lation between boreholes, and construction of a 2D 

model anticipating the vertical and lateral distribution 

of various sand units, and clarifying the tectonic deve-

lopment and depositional history of the Rhaetian–

Pliensbachian succession in southwestern Skåne. 

 The investigation has included a step-wise ap-

proach to the presented interpretation of the Rhaetian–

Lower Jurassic succession in the Höllviken Halfgraben 

and Barsebäck Platform.  

 I have initially started with a comprehensive 

literature review followed by processing and interpre-

tation of the geophysical data to produce the logs il-

lustrated in the appendix. These logs were then used to 

perform a statistical analysis that elucidates the distri-

bution of various facies within the studied basin. These 

statistics along with the interpreted logs have been 

used to produce isopach maps as well as facies distri-

bution maps that altogether have helped in the unders-

tanding of the basin evolution summarized in a 

northwest-southeast transect illustrated in figure 24. 

 The interpretation of the lithofacies in most of 

the boreholes was mainly based on the gamma ray log 

(GR) response with the support of the resistivity and 

porosity logs (SONIC, Neutron, Density) (Dewan, 

1983). However, the GR-values for a specific lithology 

are not consistent due to different drilling muds, vary-

ing hole geometries and logging tools used in the dif-

ferent wells. Some boreholes are more than 50 years 

old and others are recent, which leads to a kind of in-

consistency of the data. Thus, to make the log interpre-

tation more objective and the lithofacies analysis more 

consistent, several well logs along with their core 

samples from the Helsingborg area (Fig. 5) penetrating 

strata of equivalent age and similar lithologies to the 

succession in the Höllviken Halfgraben have been 

used for calibration. Thus providing a way to compare 

the log responses and patterns to the lithologies pre-

sent in the succession (Fig. 6). 

 

4.  Facies description and sedi-
mentology 

 
 In contrast to the Rhaetian–Hettangian sequen-

ce in the Danish Basin, which is considered as deltaic 

to marine, with long and pronounced marine intervals, 

10 

Fig. 5. Map showing 

location of the reference 

boreholes in Helsingborg 

area.  
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the corresponding strata in northwestern and 

southwestern Skåne are considered as deltaic with few 

marine incursions, marking the transition from the 

Norian continental redbeds to the Late Liassic open 

marine strata. 

 Previous sedimentological work by Ahlberg 

(1994), Larsson et al. (1994), Erlström et al. (1999), 

Frandsen & Surlyk (2003) genetically describes facies 

and facies associations from various sections represen-

ting parts of the Rhaetian–Pliensbachian succession of 

southwestern and northwestern Skåne. However, for 

the purpose of this study, a general facies description 

has been conducted and resulted in five main sedimen-

tary facies presented below. 

 
4.1 Sedimentary facies 
 

 The definition of the different facies in the in-

vestigated boreholes is largely supported by the Höll-

viken-2 core and shallow cores in the Helsingborg area 

along with their corresponding geophysical logs (Fig. 

6), in addition to thin sections taken from sidewall 

cores in FFC-1 and the previously exposed section in 

Örby (cf. Erlström et al., 1999). 

 

4.1.1  Claystone (facies 1) 

 This facies is characterized by very fine silt and 

clay. In core samples it varies in color from dark grey 

to light grey, occasional green and red layers are pro-

bably caused by diagenetic alteration. Some levels are 

rich in organic matter, hence the dark grey color. No 

clear sedimentary structures can be observed in the 

core samples. The very fine claystones show a flint 

like texture with concoidal fractures (Fig. 7). In thin 

sections, the clay is homogeneous and does not show 

any structures or laminations (Fig. 8). In well logs, this 

facies has the highest GR values generally ranging 

between 120 to 180 API, a very high resistivity, and a 

variable porosity, related to variations in clay content 

vs. silt sized detrital clastics, mainly quartz. (see logs 

in Appendix) 

 

 

12 

Fig. 7. Very fine-grained claystone with flint like texture 

representing facies 1 from the upper-Rhaetian in the Höllvi-

ken-2 core at a depth of 1444m KB.  

Fig. 8. Microphotograph from the Upper Rhaetian of the 

Höllviken-2 core at a depth of 1445.8m KB showing the 

texture of the claystone facies 1, (PPL) .   

Fig. 9. A typical clay and silt dominated heterolite with fine 

sand lenses, facies 2, from the Pliensbachian–Lower Toarci-

an of the Höllviken-2 core at a depth of 1348m KB.  

Fig. 10. Bioturbation and water escape structures in facies 2, 

in the Pliensbachian–Lower Toarcian of Höllviken-2 core at 

a depth of 1346m KB.  



 

 

4.1.2 Silt and clay dominated heterolites 
(Facies 2)  

 This facies is characterized by isolated sand 

ripples in a clay and silt dominated matrix (i.e. lenticu-

lar bedding) and variegated mudstones. In core samp-

les, the clay and silt range in color from dark grey to 

light grey depending on the organic content. The sand 

lenses are white to yellow and with very fine grain size 

(Fig. 9). Bioturbation and water escape structures are 

common and obscuring some of the primary sedimen-

tary structures (Fig. 10). In thin sections, the fine silt is 

brown in Plane Polarized Light (PPL). There is also a 

minor mica component in the detrital material. The 

sand lenses are composed of very fine subrounded 

well sorted quartz (Fig. 11). In well logs, this facies 

shows moderately high GR values between 100 and 

120 API, a relatively high resistivity, and a variable 

porosity in neutron, density and sonic logs. (See logs 

in Appendix) 

 

4.1.3 Sand dominated heterolites (Facies 3)  

13 

Fig. 11. Microphotograph showing the texture in facies 2, 

from the Hettangian of FFC-1, sidewall core, at a depth of 

1769m KB. (PPL)  

Fig. 12. Illustration of the fine-grained yellowish sand of 

facies 3 with thin clay drapes, from the Pliensbachian–Lower 

Toarcian of the Höllviken-2 core at a depth of 1362.5m KB.  

Fig. 13. Microphotograph showing the texture of facies 3 

with sand lamina and thin clay/silt drapes from the Hettangi-

an of the Höllviken-2 core at a depth of 1410m KB, in XPL. 

 This facies is characterized by sand dominated 

lamina ranging in thicknesses from few millimeters to 

few centimeters draped with thin lamina of clay, silt, 

and/or coal, resulting in flaser bedded strata. In core 

samples, the sand has a yellowish white to light brown 

color, while the clay drapes are mostly dark grey with 

varying degree of darkness controlled by the organic 

content (Fig. 12). Cross lamination is common in addi-

tion to bioturbated zones and water escape structures. 

In thin sections, the sand fraction is dominated by very 

fine moderately sorted, subangular to subrounded qu-

artz grains and few grains of feldspars and micas (Fig. 

13). In well logs, this facies shows GR values general-

ly between 80 and 100 API and moderaterly low resis-

tivity signals, and a moderate porosity in neutron, den-

sity and sonic logs. (see logs in Appendix) 

 

4.1.4 Fine-grained sandstone (Facies 4)  

 In core samples, this facies is characterized by 

white to yellow fine quartz sand with variable degree 

of consolidation (Fig. 14 a, b) and includes some fos-

sils and allochtonous coal fragments. In thin sections, 

this facies shows sub-rounded well sorted very fine 

quartz grains, cemented by quartz overgrowth and/or 

calcite cement (Fig. 15 a, b), however the degree of 

cementation is variable within this facies. This facies 

shows the lowest GR values ranging from 30 to 80 

API, the lowest resistivity log response, and a variable 

porosity in neutron, density and sonic logs probably 

due to the variation in the degree of cementation. (see 

logs in Appendix) 

 

4.1.5 Paleosols, coal, fine- to medium-grained 
sand (Facies 5)  

 This facies is included to describe the Rhaeti-

an–Lower Hettangian and which shows an interbed-

ding of heterolites, coal, fine- to medium-grained sand 

sheets, and paleosols. 



 

 

5.  Sedimentology and facies in 
the Höllviken-2 core  

 

 Höllviken-2 constitutes a reference well since it 

is the only cored borehole with preserved cores from 

t he  H ö l l v i ke n  H a l f g r a b e n .  T he  Rha e t i a n –

Pliensbachian interval is here represented by a 190 m 

thick succession with a top depth of 1329.8 m (KB, 

Kelly Bushing) and a bottom depth of 1520 m KB 

(Lindström & Erlström, 2011). The Rhaetian (1428–

1520 m KB) in Höllviken-2 has a low core recovery. 

Based on the recovered portion it could, however, be 

described as heterolites with coal beds and some sand 

intervals. 

 The base of the Rhaetian starts with a coarse- 

and medium-grained sand that fines upwards (Fig. 

16a). The thickness of this sand is hard to estimate due 

to low core recovery, but it is at least 2 m thick. This 

sand is followed by around 1.5 m of coal overlain by 

at least 2 m of very fine-grained sand (Fig. 16b). This 

is followed by at least 10 m of intercalating fine-

grained sand, clay and heterolites (flaser, wavy, and 

lenticular) (Fig. 16c). This is overlain by 7 m of clays-

tone and siltstone (Fig. 16d) followed by 10 m of sand 

dominated heterolites with convolute lamination and 

intercalations of 20 cm to 1 m of pure fine sand beds 

(Fig. 16e). The following 5 m are composed of white 

to yellow fine sand with some thin allochtonous coal 

lamina (Fig. 16f). The Hettangian has an extremely 

low core recovery (Fig. 16g). However, it is tentatively 

assumed that the recovered cores are representative of 

the Hettangian lithology. The recovered cores are 

composed of fine-grained white to yellowish sand with 

some thin drapes of allochtonous coal (Fig. 16g). The 

Sinemurian shows a very low core recovery as well 

(Fig. 16h). The recovered part of the lower Sinemurian 

shows a well cemented fine sand (Fig. 16h). The upper 

Sinemurian starts with a 2 m thick clay dominated 

(lenticular bedded) heterolites that change gradually 

upwards into wavy and then to flaser bedded heteroli-

tes with some strongly bioturbated horizons and con-

volute beds in the Pliensbachian (Fig. 16i). The Pliens-

bachian–Lower Toarcian part of the core has a very 

good core recovery and displays a heterolitic lithology 

gradually changing from lenticular to flaser with incre-

asing sand content upwards (Fig. 16j). 

 

6.  Relative occurrence of the 
observed facies in the studied 
wells 

 
 Among the boreholes mentioned earlier, six 

have been biostratigraphically dated (Lindström & 

Erlström, 2011), and five out of these six have been 

used for a statistical study on the frequency of the 

identified lithofacies, i.e. FFC-1, Håslöv-1, Höllviks-

näs-1, Margretheholm-1 and Karlebo-1A. Statistics 

have been conducted in every borehole on the whole 

Rhaetian–Pliensbachian interval as well as on each 

stage separately (i.e. Rhaetian, Hettangian, Sinemurian 

and Pliensbachian).  

 Starting with the FFC-1 well, the whole Rhaeti-

an–Pliensbachian interval (Fig. 17a) shows a dominan-

ce of the two intermediate facies with around 38% of 

sand and silt (facies 3), 37% for clay and silt (facies 2), 

leaving 14 % for sand (facies 4), and 10 % for clay 

(facies 1). Statistics for the separate stages show simi-

lar numbers (Fig. 17b), though a very small increase in 

the amount of sandy facies is noticed upward in the 

section. 

 In Håslöv-1, the whole interval (Fig. 18a) 

shows a slight dominance of sandy facies with 23% 

sand (facies 4), 34% sand and silt (facies 3), 33% clay 

and silt (facies 2), and 10% clay (facies 1). In the sepa-

rate stages statistics (Fig. 18b), the Rhaetian shows a 

relatively equal distribution of sandy (facies 3 & 4) 

and clayey facies (facies 1 & 2), the Hettangian shows 

a dominance of sandy facies with 69% of sand and silt 

(facies 3), and the Sinemurian–Pliensbachian–

Toarcian? interval shows a dominance of sandy facies 

though a high content of clay and silt (facies 2) is also 

observed. 

 In Höllviksnäs-1, the whole interval (Fig. 19a) 

shows a clear dominance of sand with 28% sand 

(facies 4), 37% sand and silt (facies 3), 26% clay and 

silt (facies 2), and 9% clay (facies 1). The separate 

stages statistics (Fig. 19b) show similar trend to the 

whole interval with a dominance of sand, and a very 

distinctive dominance of sandy facies in the Hettangi-

an resulting 59% sand (facies 4), 38% sand and silt 

(facies 3), 4% clay and silt (facies 2), and 0% clay 

(facies 1). 
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Fig. 14 a & b. Photographs of the sandstone facies 4 in the 

Höllviken-2 core showing variable degree of consolidation, 

from the Sinemurian (1380m) and the Uppermost Rhaetian 

(1435m) respectively. 



 

 

 In Margretheholm-1, the whole interval (Fig. 

20a) shows a more or less equal distribution between 

sandy facies and clayey facies. The separate stages 

statistics (Fig. 20b) show a dominance of sandy facies 

over clayey facies in the Rhaetian, and a noticeable 

increase in the sand content in the Hettangian with 

36% sand (facies 4), 37% sand and silt (facies 3), 21% 

clay and silt (facies 2), and 6% clay (facies 1). This is 

followed by a dramatic change in the Sinemurian–

Pliensbachian interval and a huge drop in the sand 

content compared to clay resulting 12% sand (facies 

4), 17% sand and silt (facies 3), 49% clay and silt 

(facies 2), and 22% clay (facies 1). Note that the Rhae-

tian statistics do not represent the whole Rhaetian due 

to disturbed/missing gamma ray data at the base of the 

interval. 

 In Karlebo-1, the whole interval (Fig. 21a) 

shows a more or less equal distribution of sandy facies 

and clayey facies. The separate stages statistics (Fig. 

21b) show a dominance of sand in the Hettangian with 

30% sand (facies 4), 32% sand and silt (facies 3), 33% 

clay and silt (facies 2), and 5% clay (facies 1). The 

following Sinemurian–Pliensbachian interval shows a 

decrease in the sand content and a dominance of clay 

and silt with 13% sand (facies 4), 37% sand and silt 

(facies 3), 45% clay and silt (facies 2), and 5% clay 

(facies 1). The Rhaetian statistics are not very reliable 

due to disturbed/missing gamma ray data for most of 

the Rhaetian. 

 

7. Interpretation 
 
7.1 Facies and depositional environ-

ment  
 

 The gradual transition from one facies to 

another within the Rhaetian–Lower Jurassic succes-

sion implies a genetic relation between the five diffe-

rent facies described above. Owing the differences 

observed in texture and composition to relative sea 

level fluctuation coupled with tectonic activity. Thus, 

the first 4 above described facies can be assigned to a 

tide dominated deltaic setting, and the 5th facies to a 

more continental setting. These facies could be further  

divided into sub-environments based on proximity to 

the shoreline. 

 The very fine silt and clay in facies 1 indicate a 

deposition from suspension. The homogeneity and 

lack of prevalent sedimentary structures suggest a very 

calm offshore marine environment probably below 

wave base. 

 The heterolites described in the second and 

third facies imply deposition in an environment where 

fluctuating currents and/or sediment supply permit the 

deposition of both sand and mud, which could be in 

the tidal flat zone and/or distal bar deltaic deposits. 

 The high degree of textural and chemical matu-

rity of the sand in facies 4, the fine grain size, and the 

occurrence of small scale cross-lamination imply de-

position in a sand ripple zone along tidal current paths 

and/or delta front mouth bar sheet sands. These sands 

reflect times of relatively lower base-line. 

 Facies 5 includes lagoonal/lacustrine heteroli-

tes, coal beds, palaeosols, and some sand intervals 

supplied by a delta distributary channel entering the 

bay or by a lacustrine prograding delta. 

 

7.2 Facies – distribution and relative 
occurrence  

 

 The frequency of the different facies in the five 

wells is illustrated in four maps (Figs. 22 a-d). Figure 

22a shows the amount of sand (facies 4) in each bore-

hole over the whole Rhaetian–Pliensbachian interval. 

In this interval Margretheholm-1 and Håslöv-1 show 

high percentage of sand, Karlebo-1A shows a slightly 

lower percentage of sand, Höllviksnäs-1 shows the 

highest percentage of sand, and FFC-1 shows the lo-

west percentage of sand. This could imply a distal po-

sition for FFC-1 and/or a lack of accumulation space, 

which goes well with its position on the Barsebäck 
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Fig. 15 a & b. Microphotograph showing the texture of faci-

es 4 from the Lower Hettangian of the Höllviken-2 core at a 

depth of 1430.72m KB, in PPL and XPL respectively.  



 

 

 

16 



 

 

 

17 



 

 

platform, and an increasing accumulation space to-

wards the south and southwest. 

 The Rhaetian facies distribution pattern (Fig. 

22b) is similar in Höllviksnäs-1, Margretheholm-1, 

and Håslöv-1. Lower percentages of sand are seen in 

Karlebo-1A and FFC-1, implying a similar depositio-

nal setting in the first three wells, and confirming a 

different setting for FFC-1 and Karlebo-1A on the 

Barsebäck platform. 

 In the Hettangian (Fig. 22c), a dramatic change 

in the frequency of sandy facies is seen. An increase in 

the percentage of sand is spotted in all the boreholes 

and especially in Hölviksnäs-1. The only exception is 

Håslöv-1 which apparently shows a low percentage of 

sand, however this value should be interpreted with 

caution, because the low value of sand does not imply 

a high value of clay. Figure 18b shows a big dominan-

ce of sandy facies over clayey facies. This overall inc-

rease in the sand content could be the result of a relati-

ve sea level fall leading to the deposition of arenaceo-

us sediments, with the biggest sand supply in Höllviks-

näs-1. 

 The Sinemurian–Pliensbachian interval (Fig. 

22d) shows a very big difference in the sand distribu-

tion compared to the Hettangian. The highest percenta-

ges of sand in the Sinemurian–Pliensbachian interval 

are seen in the Hölviksnäs-1 and Håslöv-1, and the 

lowest in Karlebo-1A and Margretheholm-1, and an 

intermediate value for FFC-1. Thus implying a deepe-

ning of the depositional environement towards Mar-

gretheholm-1 and Karlebo-1A. 

 

7.3 Thicknesses of the Rhaetian and 
the Lower Jurassic  

 

 Two isopach maps have been constructed based 

on the available data showing the general trend and 

paleobathymetry of the Rhaetian (Fig. 23a) and the 

early Jurassic (Fig. 23b) (including Rhaetian). Note 

that the thickness used in these maps in Karlebo-1 are 

less than the thickness seen in the log (Appendix Log 

E) since Karlebo-1A is not a vertical well, and thus a 

correction has been made to get the true vertical depth.   

 The Rhaetian thickness map (Fig. 23a)  reflects 

a relatively homogenous subsidence throughout the 

Höllviken Halfgraben with a local depocenter somew-

here in the southern part of the basin around Falsterbo 

Peninsula, e.g. the Höllviken-2 and Höllviksnäs-1 

wells. And a gradual deepening to the west into the 

central part of the Danish Basin. This homogeneous 

character of the Rhaetian implies a eustatically con-
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Fig. 16. Core boxes from the Höllviken-2 core a) Lower Rhaetian. b–c) Middle Rhaetian. d–f) upper Rhaetian. g) Lower Het-

tangian. h) Lower-upper Sinemurian. i) Lower Pliensbachian. j) Upper Pliensbachian.  
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Fig. 17 a. FFC-1 well log with the percentage of each facies in the whole Rhaetian-Pliensbachian interval.  
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Fig. 17 b. FFC-1 well log with the percentage of each facies in each stage.  
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Fig. 18 a. Håslöv-1 well log with the percentage of each facies in the whole Rhaetian-Pliensbachian interval.  
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Fig. 18 b. Håslöv-1 well log with the percentage of each facies in each stage.  
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Fig. 19 a. Hölviksnäs-1 well log with the percentage of each facies in the whole Rhaetian-Pliensbachian interval. 
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Fig. 19 b. Hölviksnäs-1 well log with the percentage of each facies in each stage.  
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Fig. 20 a. Margretheholm-1 well log with the 

percentage of each facies in the whole Rhaetian

-Pliensbachian interval.  
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Fig. 20 b. Margretheholm-1 well log with the 

percentage of each facies in each stage.  
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Fig. 21 a. Karlebo-1A well log with the per-

centage of each facies in the whole Rhaetian-

Pliensbachian interval. 
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Fig. 21 b. Karlebo-1A well log with the percen-

tage of each facies in each stage.  



 

 

trolled subsidence. Fig. 23b shows a more localized 

subsidence in the western part of the basin along the 

Öresund fault and thus implying a tectonically induced 

differential subsidence during the Hettangian–

Pliensbachian. 

 

7.4  Sequence stratigraphical interpreta-
tion  

 

 The Rhaetian and Lower Jurassic along the mar-

gins of the Danish Basin were dominated by a highly 

dynamic coastline, which along with differential subsi-

dence, and possible multiple sediment sources has re-

sulted in a difficulty to correlate between boreholes. 

However, a cross section for the southern part of the 

Höllviken Halfgraben has been constructed (Fig. 24) 

by the use of distinctive log responses (Fig. 25), bio-

stratigraphic zonations, and sequence stratigraphic key 

surfaces (Fig. 26), and tied to the chronostratigraphic 
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scheme produced by Nielsen (2003) (Fig. 28). 

 The Rhaetian–Pliensbachian succession within 

the Höllviken Halfgraben includes prograding, aggra-

ding, and retrograding sequences. However, the overall 

trend in the Rhaetian–Pliensbachian is transgressive, 

indicated by the generally deepening upward depositio-

nal setting throughout the succession, emplaced by the 

early Jurassic transgression affecting large parts of 

Northwestern Europe (Hallam 1960, 1964). 

 At the onset of the Rhaetian, a sea level rise 

resulted in a high vertical to lateral alluvial accretion 

due to rise in the stratigraphic base level, preventing 

laterally shifting fluvial channels from eroding floodp-

lain deposits and thus forming channels separated by 

floodplain deposits in the Höganäs Basin (Ahlberg & 

Arndorff, 1994). In the Höllviken Halfgraben, a similar 

trend is seen at the base of the Rhaetian depositing coal 

beds, alluvial sands, and lacustrine heterolites (Fig. 

16c) interpreted here as a transgressive systems tract 

(TST 1) (Fig. 24). These transgressive deposits are 

Fig. 22. a) Map showing the relative amount of sand (in red) in the Rhaetian–Pliensbachian interval for all the investigated bore-

holes (1: Höllviken Halfgraben; 2: Barsebäck Platform). b) Same for the Rhaetian stage. c) Same for the Hettangian. d) Same for 

the Sinemurian–Pliensbachian–Toarcian?  



 

 

overlain by a coarsening upward sand forming a highs-

tand systems tract (HST 1) culminated with a fourth 

order sequence boundary (SB 1). This is followed by a 

transgressive systems tract (TST 2) and a maximum 

flooding surface (MFS 2) depositing offshore mudsto-

ne (Fig. 7). A highstand systems tract (HST 2) coarse-

ning upward succession follows, topped by SB 2 

which marks the Rhaetian–Hettangian boundary. The 

base of the Hettangian starts with a layer of sand gra-

dually fining upward into more clayey material inter-

preted here as a transgressive systems tract (TST 3) 

capped by a maximum flooding surface (MFS 3) 

(facies 1). This is overlain by a thick aggradational 

sand unit covering most of the Hettangian and up to 

the middle/upper Sinemurian forming a highstand sy-

stems tract (HST 3) which ends with a sequence boun-

dary (SB 3). 

 The Pliensbachian–Toarcian succession in the 

proximal (eastern/northeastern) part of the Höllviken 

Halfgraben is herein interpreted as tidal flat deposits 

based on the core samples from Höllviken-2 which 

show extremely bioturbated heterolites (Fig. 10), in 

addition to some diagnostic tidal flat features like the 
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ripple form sets interfingering into mud (Figs. 12 & 

27) (Van Den Berg et al., 2007), indicating that the 

sand and mud came from opposite directions. 

 In a tidal flat environment, the interpretation of 

shallowing and deepening sequences is different in 

comparison with other environments, since in a tidal 

flat there is usually a decrease in sediment grain size 

upwards across the flat, from sand in the low intertidal 

zone to silt and clay in the higher part (Tucker, 2001). 

Thus the sequence stratigraphic interpretation is diffe-

rent, with fine grains being deposited in a highstand 

systems tract and coarse grains being deposited in a 

transgressive systems tract. On that basis, the tidal 

succession seen in FFC-1, Kungstorp-1, Höllviksnäs-

1, and Håslöv-1 is subdivided into three 4th order fi-

ning upward sequences, that correlate with coarsening 

upward sequences in Margretheholm-1 in the more 

distal and rapidly subsiding part of the basin (Fig. 24). 

 

7.4.1 Correlation between the Höllviken Half-
graben and the Danish basin  

 The chronostratigraphic scheme presented by 

Fig. 23 a. Isopach map of the 

Höllviken Halfgraben showing 

thickness of Rhaetian beds.  
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Nielsen (2003) for the Danish Basin and the Fennos-

candian Border Zone displays the Rhaetian to Lower 

Aalenian sequence stratigraphic key surfaces (Fig. 28). 

A pronounced fluvial incision surface occurs in the 

lower Rhaetian of the Danish basin, referred to as SB 5 

in Nielsen‘s correlation scheme. This fluvial incision 

is not clearly seen in the eastern part of the Höllviken 

Halfgraben. However, it could be tentatively correla-

ted to the basal Rheatian succession in the distal part 

of the Höllviken Halfgraben, exemplified in the sec-

tion seen in the Margretheholm-1 well. An important 

key surface pointed out in Nielsen‘s scheme is the 

MFS7, which is a maximum flooding surface that 

could be traced throughout the whole basin, indicating 

that the entire basin including the platform was floo-

ded. This surface is herein correlated with the MFS 2 

in Fig. 24. The unconformable base of Hettangian 

sandstones, tentatively interpreted as the Boserup 

beds, is correlated to SB9 by Nielsen (2003) and is 

here correlated to SB2 in Fig. 24 which also marks the 

base of the lower Hettangian sand in the Höllviken 

Halfgraben. The Hettangian–Sinemurian in the Höllvi-

ken Halfgraben shows an aggrading succession that 

implies a clear difference in subsidence rate when 

compared to the fining upward succession in the Da-

nish Basin culminated with a sequence boundary (SB 

12) in Nielsen’s model which probably correlates with 

the upper Sinemurian SB 3 in Fig. 24. The correlation 

of the upper Pliensbachian–Toarcian succession bet-

ween both areas is not really clear with the data at 

hand. 

 

7.4.2 Correlation between the Höllviken Half-
graben and NW Skåne  

 According to Larsson et al. (1994), striking 

biostratigraphical, petrographical, and depositional 

similarities between Triassic–Jurassic strata in 

southwestern Skåne allow the extension of the formal 

stratigraphy of northwestern Skåne to the proximal 

areas of the Danish Basin, i.e. the Höllviken Halfgra-

ben. However, repeated downfaulting and uplift of 

individual blocks (Bolau, 1951) lead to differential 

subsidence and thus different sedimentation rates. 

 As mentioned above, the Rhaetian shows very 

similar successions in the Höllviken Halfgraben and 

the Höganäs Basin (northwestern Skåne), though the 

Fig. 23 b. Isopach map of the 

Höllviken Halfgraben showing 

thickness of Jurassic beds inclu-

ding the Rhaetian.  
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 The Pliensbachian–Toarcian succession in the 

Höganäs Basin is presented by the marine Katslösa 

and Rydebäck members of the Rya Formation showing 

up-section deepening of the depositional environment 

(Ahlberg et al., 2003) which goes in harmony with the 

Pliensbachian–Sinemurian succession in the Höllviken 

Halfgraben, however no clear sequence stratigraphic 

correlation could be made with the data at hand. 

 

8.  Assessment of reservoir 
properties  

 

 Several sandstone reservoirs are found within 

the Rhaetian–Pliensbachian succession in the Höllvi-

ken Halfgraben. Many of these sandstones are conside-

red as potential aquifers for geothermal energy and 

possibly also for CO2 storage. The latter is likely un-

certain for southwestern Skåne because the area is den-

sely populated. However, there is a great interest in 

pilot studies from which the results can be transferred 

to other areas of the Danish Basin. 

 Among these sandstone units, within the Rhae-

tian–Pliensbachian interval, only the Rhaetian sandsto-

ne unit (PR1) (Fig. 24) and the Lower Cretaceous 

sandstone unit could be confidently correlated throug-

hout the Höllviken Halfgraben and the Danish Basin. 

The other sandstone units are of local extent and hard 

to correlate. 

 A suitable aquifer for carbon storage should 

have a thickness of more than 10m, a porosity of more 

than 15%, and a permeability that preferably exceeds 
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Höllviken Halfgraben was probably less subject to 

subaerial exposure than the Höganäs Basin in the Rha-

etian. This is seen in the occurrence of thicker coal 

beds and paleosols in northwestern Skåne. One of the 

sequence stratigraphic surfaces in the Höllviken Half-

graben presented in Figure 24 that could confidently 

be extended to northwestern Skåne is SB 2 which 

marks the base of the Helsingborg Member of the Hö-

ganäs Formation. i.e. the Boserup beds. 

 The Hettangian of northwestern Skåne has been 

described by Ahlberg (1994) as an intermediate coastal 

unit deposited in lakes, lagoons, bays, and deltas 

within the Liassic transgressive sequence showing 

gradual deepening of the depositional environment, 

occasionally interrupted by massive influx of trough 

and herringbone cross-bedded sand supplied by delta 

distributary channels entering the bay. Ledje (1985) 

also describes a transgressive sequence at the south 

Kulla Gunnarstorp outcrop, belonging to the upper 

part of the Helsingborg Member and lower part of the 

Döshult Member. This retrogradational sequence seen 

in the Hetttangian of the Höganäs Basin in the Hel-

singborg area is not seen in the Höllviken Halfgraben. 

In fact the Hettangian in Fig. 24 shows a fining up-

ward basal part interpreted here as a transgressive sy-

stems tract (TST 3) followed by an aggradational suc-

cession going up to the Sinemurian and marked here as 

HST 3. This difference in depositional patterns betwe-

en both areas might hint that differential subsidence 

has played a more important role than eustacy in this 

transgression. 

 The Sinemurian in the Höganäs Basin is repre-

sented by the Döshult and the Pankarp members (Fig. 

2) with the Döshult Member represented by at least a 

60 m thick unit, based on description of the Örby 2 

section by Erlström et al. (1999), and the Gantofta 

section by Frandsen and Surlyk (2003), and the Pan-

karp Member represented by a 60–75 m thick succes-

sion (Grigelis & Norling, 1999). In the eastern part of 

the Höllviken Halfgraben, exemplified by the sections 

in  FFC-1, Höllviksnäs-1, Håslöv-1, and Kungstorp-1, 

the Sinemurian shows a maximum thickness of around 

25 m dominated by sand. This supports that in the Si-

nemurian, differential subsidence has also played a 

more important role than eustacy. 

 A conglomerate layer observed in the lower 

Sinemurian at Kulla Gunnarstop (Fig. 29) is interpre-

ted by Ledje (1985) as an angular unconformity with 

tidal beds and prograding deltaic deposits underlying it 

and unidirectional fluvial deposits overlying it. This 

conglomerate is a very good candidate for a sequence 

boundary that correlates well with SB 3 in the Höllvi-

ken Halfgraben (Fig. 24). Subsidence clearly continues 

in the Höganäs Basin resulting in the Sinemurian suc-

cession described in Örby 2 and Gantofta, which show 

no clear similarity to the Sinemurian in the Höllviken 

Halfgraben implying a local subsidence and resump-

tion of deposition in the Höganäs Basin but not is the 

Höllviken Halfgraben, indicating a probable hiatus in 

the upper Sinemurian in the Höllviken Halfgraben. 

Fig. 25. Example of a typical Gamma ray log response for a 

deltaic parasequence. (The sedimentary record of sea level 

change. Edited by Coe et al., 2003) 
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100mD. The aquifer should also be at a depth of more 

than 800m in order to provide a temperature and press-

sure high enough to keep the CO2 in a liquid state. 

Moreover, the aquifer should be overlain by a seal or a 

cap rock, which could be any impermeable rock unit 

(Erlström et al., 2011). 

 Evaluation of the capability of the various sand 

horizons in being suitable aquifers is based mainly on 

permeability and porosity data from FFC-1, and core 

samples from Höllviken-2/Höllviksnäs-1. 

 Starting with the deepest potential reservoir 

(PR 1) (Fig. 24) in the middle–upper Rhaetian, which 

is composed of fine to very fine-grained well sorted 

sandstone (Fig. 30). In FFC-1 this sand body is around 

9 m thick, it slightly thickens to the south and reaches 

a maximum of 15 m in Höllviksnäs-1, and it probably 

correlates with sand bodies in the upper Rhaetian in 

Margretheholm-1 and Barsebäck-1. According to data 

from sidewall coring in FFC-1, this sand shows a per-

meability of 341mD, and a porosity of 24.05% (Olsen, 

2002) and thus could be a very promising reservoir 

overlain by a 7 m to 12 m of clay that can act as a very 

good seal. Unfortunately, in Höllviken-2 core, this 

sand horizon could not be examined because the core 

boxes representing this interval were not found. 

 A second potential reservoir (PR 2) is the up-

permost Rhaetian–lowermost Hettangian very fine 

well sorted sandstone (Fig. 31).  This sand unit is 12m 

Fig. 27. Photograph of a core sample from the Pliensbachian 

in the Höllviken-2 core, showing sand ripples interfingering 

with mud.  

Fig. 29. Photograph of the Lower Sinemurian conglomerate 

at Kulla Gunnarstorp.  

Fig. 30. Microphotograph (XPL) showing the texture of the 

potential Rhaetian reservoirs sands (PR1). Sidewall core 

from the middle Rhaetian of FFC-1 at a depth of 1807m KB.  

Fig. 31. Microphotograph (XPL) showing the texture of the 

potential upper Rhaetian – lower Hettangian sand (PR 2). 

Sidewall core FFC-1 at a depth of 1782m KB.  

Fig. 32. Microphotograph showing the texture of the potenti-

al Hettangian-Sinemurian sand unit (PR 3).  Höllviken-2 

core at a depth of 1380.35m KB. (PPL).  
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to 25m thick and could be easily correlated between 

FFC-1, Höllviksnäs-1, Håslöv-1, Kungstorp-1, and 

Margretheholm-1 (Fig. 24). Data from sidewall co-

rings in FFC-1 shows a permeability of 2.08mD, a 

porosity of 17.87% (Olsen, 2002), and thus renders 

this sand unit unsuitable for carbon storage because of 

its very low permeability. 

 In the Hettangian–Sinemurian a 30 m to 40 m 

thick sand unit (PR 3) could be easily correlated bet-

ween Håslöv-1, Kungstorp-1, and Höllviksnäs-1, and 

pinches out toward FFC-1 to reach a thickness of 10m 

in the Sinemurian. In the Höllviken-2 core this sand 

unit has an extremely low core recovery, but it is still 

clear from the recovered samples that the uppermost 

part of this sand unit is a very well cemented fine sand 

(Fig. 32) (Fig. 14a) and the lower part is a poorly ce-

mented very fine sand, which is most probably the 

reason for the very low core recovery. Data from the 

uppermost part of this sand unit in FFC-1 shows a per-

meability of 30.7 mD, and a porosity of 19.53% 

(Olsen, 2002) which makes it not suitable for carbon 

storage. However, these porosity and permeability 

measures are in this case not necessarily representative 

of the whole unit since they have been taken from the 

very well cemented part of the interval and thus sho-

wing a reduced porosity and permeability. Thus, this 

sand unit could be a potential reservoir, especially that 

the core samples recovered from the lower part look 

promising in terms of providing a high permeability 

and porosity (Fig. 16g). Nevertheless, more detailed 

investigation for this sand unit is needed in order to 

prove or refute its reservoir potential. 

 Another potential reservoir (PR 4) detected 

from the well logs at a depth of 1350–1360m in Höll-

viksnäs-1 within the Pliensbachian, and is a 9m to 14m 

sand body that could be correlated between FFC-1, 

Höllviksnäs-1, Kungstorp-1, Håslöv-1. Unfortunately, 

there is no permeability and porosity data available for 

this unit, however, this unit could be seen in the Höll-

viken-2 core (Fig. 16j) and it shows a sand dominated 

heterolites which could be promising if it has the nee-

ded permeability and porosity. 

 

9. Conclusions 
 

 Based on the data presented in this study, and 

the conducted evaluation of the distribution, frequency 

and characteristic of the various facies of the Rhaeti-

an–Pliensbachian succession within the Höllviken 

Halfgraben, the following conclusions could be dedu-

ced: 

 Four main facies have been recognized in the 

well logs and cores in SW Skåne, i.e. offshore 

claystone facies, tidal heterolites facies, fine-

grained sand facies, and alluvial/lacustrine faci-

es (present only in Rhaetian–Early Hettangian) 

 The facies associations and pattern of the Rhae-

tian–Pliensbachian sequence in the Höllviken 

Halfgraben show very close similarities to the 

Rhaetian–Pliensbachian facies associations 

within the Höganäs Basin (NW Skåne) imply-

ing a generally similar depositional setting in 

both basins. And thus allowing the extension of 

the lithostratigraphic devisions of northwestern 

Skåne to southwestern Skåne. 

 The distribution of the different facies shows a 

predominance of sandy lithologies adjacent to 

the Öresund Fault and in the Höllviken area, i.e. 

Falsterbo Peninsula. 

 The Rhaetian relatively homogenous strata im-

ply an eustatically controlled deposition under a 

tranquil tectonic conditions and shows a gradu-

al sloping basin to the west. 

 The Hettangian–Pliensbachian succession 

shows a higher subsidence rate towards the 

western part of the Höllviken Halfgraben along 

the Öresund Fault, i.e. a tectonically controlled 

deposition. Thus, there was likely a submarine 

high to the west of the Öresund Fault. 

 The high amounts of redeposited spores and 

pollen in the Höllviken wells, the absence of L. 

Jurassic strata on the Skurup Platform to the 

east, and the increased amount of the arenaceo-

us facies at the onset of the Hettangian indicate 

that the Skurup Platform as well as the surroun-

dings to the south were likely a high area sub-

ject to erosion during most of the Jurassic. 

 The Hettangian–Sinemurian strata in the eas-

tern–southeastern part of the Höllviken Half-

graben show an aggradational succession com-

pared to the retrogradational Hettangian–

Sinemurian in northwestern Skåne, thus also 

supporting the previous conclusion of deferenti-

al subsidence at that time. 

 The dominating fine-grained facies in the who-

le succession imply a low relief in the hinter-

land. 

 The Rhaetian-Plienbachian sequence includes a 

high frequency of sandstone beds with varying 

reservoir properties. The beds are in majority 

fine-grained and, thus have permeablities that 

are below 200 mD rendering transmissivities 

that disqualifies most of these beds for produc-

tion of geothermal water. However, the proper-

ties qualifies them for CO2 storage since they 

have adequate porosities (>20%), enough per-

meability (>100 mD), occur at depths below 

800 meters and also sealed by tight claystone 

layers.  
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