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Previous work has demonstrated the presence of a number of exhumed hydrocarbon traps in central East Greenland.  Re-evaluation of the stratigraphy alongside detailed investigation of the occurrence of bitumen within the Mols Bjerge and Laplace Bjerg exhumed hydrocarbon traps provides new perspectives on these structures, as well as the petroleum geology of East Greenland and the wider North Atlantic.

Sedimentological and stratigraphic studies, augmented with palynological and provenance investigations, have constrained the dating and correlation of the strata exposed in the Mols Bjerge and Laplace Bjerg.  Petrographic analysis, alongside analysis of the bitumen identified, has highlighted a much wider distribution of hydrocarbon than previously recognised.  
It was previously considered that Jurassic strata formed the main reservoir interval within the Mols Bjerge and Laplace Bjerg exhumed hydrocarbon traps.   It is shown here that the reservoir intervals in the Laplace Bjerg trap lie within the Late Triassic Ørsted Dal and Vega Sund members, which contain up to 18% pyrobitumen and were previously misidentified as Jurassic.  The Jurassic Bristol Elv Formation is the most extensively bitumen stained unit in the Mols Bjerge trap.  However, occurrences of pyrobitumen (up to 3%) are recorded throughout the Triassic stratigraphy, including the Early Triassic Wordie Creek Formation.  Faults, thick calcrete development and regionally continuous mudstone units play an important role in compartmentalising the palaeohydrocarbon accumulations. 
Introduction 

Exhumed hydrocarbon traps are globally rare but can offer important insight to subsurface systems, not available through the collection of standard industry data sets.  Core, wireline and seismic data leave significant scale gaps which only high quality mega-scale outcrops can fill.  East Greenland contains world class examples of exhumed hydrocarbon traps, in both scale and the quality of exposure.  Difficulty in accessing this remote region has left these features relatively understudied.

This study first examines the age of the strata involved within the exhumed traps.  Biostratigraphic and provenance analysis were carried out so as both the local and regional context of the hydrocarbon staining could be understood.  This is of particular importance for future exploration strategies in the North Atlantic region.  The second aim of this study, having resolved the context, is to examine the bitumen distribution and therefore cast light on the controlling factors.  This has been done on a scale of kilometres to micrometers and has been carried out through large scale mapping, logging and petrography.  Future work will aim to focus on the finer detail of the diagenetic history and therefore the timing of charge and degradation of these traps. 

Geological Background

The exhumed hydrocarbon traps of Traill Ø and Geographical Society Ø (Fig. 1) have been the subject of relatively little study 
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(Marcussen et al., 1987; Price and Whitham, 
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1997)
.  This work has tended to focus on the Jurassic palaeo-reservoirs.  However, recent work on the comparatively little studied Laplace Bjerg trap Andrews and Decou, 2019()
 highlighted the need to re-evaluate the role of the Triassic succession in the hydrocarbon system of East Greenland.  Figure 1 illustrates the positions of the exhumed hydrocarbon traps that are the focus of this study.

Laplace Bjerg was the first place in East Greenland where thermally degraded bitumen was recognised, within strata thought to be Jurassic in age, and it was suggested that ‘palaeo oil fields’ had existed Marcussen et al., 1987()
.  Subsequently Laplace Bjerg was not re-visited and study of these features moved south to the exhumed hydrocarbon traps of Traill Ø (the Mols Bjerge, Svinhufvud Bjerge and Bjørnedal). However, these studies focused on the Jurassic component of these structures 
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(Price and Whitham, 
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1997, Strogen 1999)
, with little attention being paid to the Triassic of these regions or the overall distribution of the bitumen. 

Perch-Nielsen et al. (1974)
 regarded all the Triassic north of Kong Oscar Fjord as belonging to the Wordie Creek Formation.  However, Clemmensen (1980a)
 included a section from the Mols Bjerge in his revision of the Triassic lithostratigraphy of East Greenland in which he identified the Paradigmabjerg, Vega Sund, Kap Seaforth and Edderfugledal members.

On Geographical Society Ø, Donovan (1955)
 recorded a number of exposures in the Laplace Bjerg area that were suggested to be Jurassic in age.  However, Perch-Nielsen et al. (1974)
 attributed them to the Wordie Creek Formation.    

Andrews and Decou (2019)
 provided the first correlation between the Triassic succession of the Mols Bjerge and Laplace Bjerg outcrops and refined the stratigraphy of both regions (Fig. 2).  Their study also suggested that the palaeo-reservoir intervals in the Laplace Bjerg horst lay within the Late Triassic and not the Jurassic as previously thought Marcussen et al., 1987(; Price and Whitham, 1997)
.  Furthermore, from outcrop evidence, the Triassic succession was suggested to contain multiple palaeo-hydrocarbon accumulations stratigraphically compartmentalised by thick calcrete developments.   

The Mols Bjerge region comprises one of a number of westward tilted fault blocks (Fig. 3) that have been recognised on Traill Ø Price and Whitham, 1997()
.  The fault blocks range from 5-30 km in width and are bound by normal faults with displacements of several km Price and Whitham, 1997()
.  A similar interpretation had been applied to the Laplace Bjerg region until more recent mapping work compiled by Parsons et al. (2017)
 and mapping by Andrews and Decou (2019)
 showed this structure to be a horst (Fig. 4).  Activation of these N-S aligned faults appears to have occurred during the Mid Jurassic Price and Whitham, 1997).  Prior to this, those faults that can be demonstrated to have been active during the Triassic in Jameson Land were aligned NE-SW (Guarnieri et al. 2017; Brethes et al. 2018).  Splitting and narrowing of the tilted fault blocks occurred during the Late Jurassic to Early Cretaceous Surlyk, 1977a(, 1978)
 accompanied by significant erosion of the uplifted footwall crests prior to the blanketing of the region with Cretaceous shales.  Fault movements continued through the Early Cretaceous 
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(Price et al., 1997; Surlyk, 1990; Whitham et al., 1999)
.  However, it was faulting that occurred during the Paleocene-earliest Eocene and Eocene-Oligocene that resulted in the largest displacements.      

Methods

Field data and samples were collected in 2010, 2013 and 2014 with addition samples selected for analysis from the CASP archive.  Detailed and stratigraphic logging were carried out alongside geological mapping on a 1:25000 scale.  Samples were collected for petrographic, provenence, palynological and bitumen analysis.  Where macrofauna was encountered samples were also collected for identification.  Palynological samples were prepared using standard laboratory techniques before being counted and identified.  Provenance samples were disaggregated, cleaned, sieved and separated to provide the 63-125 m fraction for mounting and identification.  200 non-opaque detrital grains were counted for each sample.  Thin section analysis was carried out using a standard petrographic microscope.  300 points were counted for each sample and this data was used to derive the quartz:feldspar:rock fragments ratios as well as the proportions of alkali and plagioclase feldspar and the presence of bitumen.  Where bitumen had been identified samples were were prepared, using the standard techniques outlined by Hillier and Marshall 1988, and analysed under reflected light to provide reflectance data.  The C% of the isolated bitumen was also measured to ensure this material was organic in composition.   
Lithostratigraphy
The sedimentology and stratigraphy of both the northern Mols Bjerge and the Laplace Bjerg successions has been described and illustrated in detail by Andrews and Decou (2019)
.  The present study has extended correlations to the southern Mols Bjerge.  The lithostratigraphy is first briefly described to provide a framework for the data that follows, and giving consideration to the newly mapped parts of the Mols Bjerge (Fig. 3).  Biostratigraphic and heavy mineral data are then described in turn and their significance in constraining the correlations made and confirming dating is discussed.  

Provided below are descriptions of the mapped units encountered in the Mols Bjerge and Laplace Bjerg.  The focus of this mapping was the pre-Cretaceous strata and therefore the Cretaceous is only briefly mentioned.  For a full description and discussion of the Cretaceous stratigraphy of the region the reader is directed to Parsons et al. (2017)
 and references therein. 

Correlation between the south and north Mols Bjerge sections, which lie 8 km apart, is clear with the same succession recognisable in both regions and little variation in unit thicknesses (Fig. 4).  However, significant differences are recognised in the Laplace Bjerg succession, 40 km to the north, where the lacustrine units of the Gipsdalen and Fleming Fjord formations are absent.  

Triassic

Wordie Creek Formation.  The base of the Wordie Creek Formation is not observed in the mapped region.  This unit comprises intercalated thin bedded turbidite sandstones and green-grey silty mudstones with more intermittently developed, often coarser channel sandstones 
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(Andrews and Decou, 2019; Seidler, 2000; Seidler et al., 2004)
.  It forms the oldest unit in the regions covered by this study.  Andrews and Decou (2019)
 recorded 355 m of Wordie Creek strata on Laplace Bjerg.  Mapping of the Triassic strata in the Mols Bjerge has led to the recognition of a similar thickness of typical Wordie Creek Formation facies in this region.  The thicknesses recorded are comparable to those of southern Traill Ø where 400 to 500 m have been reported Bjerager et al., 2006()
.  

Paradigmabjerg Member.  A gradational contact exists between the Wordie Creek Formation and the overlying Paradigmabjerg Member reflecting a paralic setting. The base of the Paradigmabjerg Member is defined as above the last evidence for marine influence Andrews and Decou, 2019()
.  This contact is not well exposed in the Mols Bjerge and its recognition is particularly problematic to the south of this region where intercalations of turbidite and fluvial facies, likely reflecting a deltaic succession, appear to form a transitional zone of significant thickness.
Although largely poorly exposed in the Mols Bjerge, the Paradigmabjerg Member is characterised by buff weathering fluvial sandstones, containing calcrete developments and a characteristic red mudstone interval that marks the top of the unit.  Its thickness, calculated from its mapped extent, is 550 m.  On Laplace Bjerg, a thickness of only 180 m is recorded, reflecting a dramatic thinning. This is consistent with the variable thickness of this unit in Jameson Land and Scoresby Land, as would be expected for what is interpreted as a syn-rift deposit.  The facies recognised in the Laplace Bjerg succession are also of a different character and although containing fluvial sandstones, also contain playa and thin bedded aeolian deposits Andrews and Decou, 2019()
.

Vega Sund Member.  The basal contact of the Vega Sund Member is easily recognised in the Mols Bjerge where blocky buff sandstones overlie red mudstones of the Paradigmabjerg Member.  This contact is less distinct on Laplace Bjerg but a coarsening from very fine to fine grained sandstones is recognised (Fig. 4) alongside a change to a more blocky weathering pattern Andrews and Decou, 2019()
.

The Vega Sund Member is characterised by well sorted buff sandstones, which on Laplace Bjerg contain intense small scale cross bedding.  The lack of diagnostic features has hindered the interpretation of this unit but Andrews and Decou (2019)
 favoured a shallow marine, tidally dominated interpretation on the basis of its textural character, presence of strongly bimodal palaeocurrents and association with the Gråklint Beds, from which palaeontological evidence for a marine influence has been recorded where exposed in Jameson Land Andrews et al., 2014()
.  The Gråklint Beds, which comprise dark grey to black mudstones and limestones, form the uppermost part of the Vega Sund Member in the Mols Bjerge but are not recorded on Laplace Bjerg.  A significant increase in thickness of the Vega Sund Member is recorded between the Mols Bjerge succession (110-140 m) and the Laplace Bjerg succession (308 m).  A northward thickening and therefore a more prolonged period of marine influence would be consistent with greater proximity to the Boreal Ocean to the north.

The Vega Sund Member is overlain in the Mols Bjerge by the fine grained Kap Seaforth Member, but this, and the Edderfugledal and Malmros Klint members, are not present on Laplace Bjerg where the Vega Sund Member is sharply overlain by the coarse grained deposits of the Ørsted Dal Member.  The total thickness of the Vega Sund Member and the Kap Seaforth, Edderfugledal and Malmros Klint members in the Mols Bjerge equates to the total thickness of the Vega Sund Member on Laplace Bjerg where the latter units are missing (Fig. 4).  Therefore it can be suggested that accommodation remained similar through this time but the marine influence was excluded from the Mols Bjerge region.  

Kap Seaforth Member.  The Kap Seaforth Member has a gradational contact with the underlying Gråklint Beds, which form the top of the Vega Sund Member in the Mols Bjerge.

The Kap Seaforth Member comprises intercalated, grey mudstones, siltstones and thin bedded sandstones and minor gypsum of lacustrine origin Andrews and Decou, 2019()
.  Some thicker, poorly cemented very fine grained sandstones have been recognised in southern Mols Bjerge (Fig. 4).  Thicknesses of 120 and 130 m have been measured in the Mols Bjerge and this unit is absent on Laplace Bjerg. 

Edderfugledal Member.  Due to the cliff forming nature of the dolomitic mudstones and sandstones that characterise the Edderfugledal Member, the basal contact with the recessive Kap Seaforth Member is often clearly recognisable in the field.

The Edderfugledal Member forms a distinctive buff weathering unit composed of dolomitic, lacustrine mudstones and sandstones Andrews and Decou, 2019(; Clemmensen, 1980b)
.  Thicknesses of 50 to 55 m are recorded in the Mols Bjerge, which is remarkable for its consistency with thicknesses recorded in Scoresby Land and Jameson Land.  This unit is not present on Laplace Bjerg.

Malmros Klint Member.  The top of the Edderfugledal Member is marked by a number of blocky weathering, intensely wave rippled, sandstone beds that are overlain by the distinctive red mudstones of the Malmros Klint Member.  Some variegation does exist in the upper portion of the Edderfugledal Member.

The Malmros Klint Member comprises intercalations of red mudstones and sandstones that were deposited in shallow ephemeral lakes and fluvial systems.  Thicknesses of 20 to 30 m are recorded in the Mols Bjerge.  This unit is not present on Laplace Bjerg.

Ørsted Dal Member.  Where the Ørsted Dal Member overlies the Malmros Klint Member, the contact is gradational with initial coarsening-up lacustrine deltaic deposits, some with impressive gilbert-type foresets, giving way to thicker fluvial sandstones.  The contact is placed at the base of the first significant sandstone package.

Where the basal contact is with the Vega Sund Member (Laplace Bjerg) a sharp contact is recognised defined by a marked coarsening (Fig. 4).

The Ørsted Dal Member is predominantly composed of buff coarse grained fluvial sandstones.  In the Mols Bjerge, intercalations with of heterolithic lacustrine facies are recorded.  These seem to be concentrated towards the base of the unit in the southern Mols Bjerge, but continue in the upper portion of the unit in the northern Mols Bjerge.  Both of these sections display a broad coarsening upwards character (Fig. 4).  The Laplace Bjerg succession differs, firstly in directly overlying the Vega Sund Member where a sharp contact marked by a significant coarsening is recognised.  This is followed by a broad fining upward trend with some mudstone intercalations towards its top.  Despite this variability in facies, there is little variability in thicknesses between the Mols Bjerge and Laplace Bjerg (220 to 240 m).
Jurassic

Bristol Elv Formation.  A significant hiatus exists above the Ørsted Dal Member, which is variably overlain by the Toarcian-Bajocian Bristol Elv Formation and the Bajocian-Bathonian Pelion Formation.  Angularity in this contact is not visible in the field.

The Bristol Elv Formation comprises coarse grained fluvial sandstones that reach a thickness of 310 m in the northern Mols Bjerge Price and Whitham, 1997()
.  Therkelsen and Surlyk (2004)
 questioned this thickness but only offered a minimum thickness of 155 m.  Differentiation from the underlying Ørsted Dal Member is problematic due to the similarity in facies but the presence of sizeable coalified wood fragments in the Bristol Elv Formation provides a useful criterion for their differentiation in the field.  A significant change in feldspar content, which can be recognised in the field, also provides a tool for differentiation. 

Price and Whitham (1997)
 suggested the Bristol Elv Formation (their PM1 unit) was present throughout Traill Ø and also on Geographical Society Ø (Laplace Bjerg).  Therkelsen and Surlyk (2004)
 refined its distribution to just Traill Ø.  The work of Andrews and Decou (2019)
, and palaeontological and petrographic work presented here favours the latter more limited distribution.

Pelion Formation.  The basal contact of the Pelion Formation is poorly exposed and so its nature is not known.

The Pelion Formation is characterised by well sorted, medium to coarse grained shallow marine sandstones 
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(Price and Whitham, 1997; Surlyk, 1977b, 2003; Engkilde and Surlyk, 2003)
.  The Pelion Formation is widely distributed throughout Traill Ø and has been described from Geographical Society Ø, in Tvӕrdal Price and Whitham, 1997()
, and on Laplace Bjerg Donovan, 1957(; Surlyk, 1977b)
.  Andrews and Decou (2019)
 recorded 120 m of ammonite bearing, well sorted buff sandstones belonging to the Pelion Formation in the southernmost outcrops of the Laplace Bjerg horst.  Up to 1020 m of Pelion Formation has been described from Traill Ø Price and Whitham, 1997()
.

Bernbjerg Formation.  Although the Bernbjerg Formation, which forms an important Kimmeridgian source rock interval, has been widely recorded on Traill Ø and further north on Clavering Ø 
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(Parsons et al., 2017; Strogen et al. 2005; Price and Whitham, 1997; Surlyk, 1977b)
, it has previously not been recognised on Geographical Society Ø.  Ammonites collected from a fault bounded sliver (identifications provided below) in the south of the Laplace Bjerg horst (Fig. 3) provides the first evidence for the Bernbjerg Formation in this region.  A thickness of ~50 m is estimated which comprises fissile black mudstones within which silty/concretionary bands are developed every 1 to 5 m.  Many of these bands contain ammonites.  The basal contact with the Pelion Formation is poorly exposed.  This important discovery provides evidence for the previously suggested continuity of the Bernbjerg Formation source rock northward from Traill Ø to Clavering Ø 
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(Surlyk, 1977b, 2003)
. 
Cretaceous 

Home Forland and Palnatokes Bjerg Formations (formerly the ‘mid Cretaceous sandy shale’).  This unit is described in detail for this region by Parsons et al. (2017)
.  A significant angular unconformity is found at the base of the Cretaceous succession, in some instances exhibiting several hundred metres of relief.  Erosion, largely concentrated towards the crests of tilted fault blocks, incised as far as the Early Triassic Wordie Creek Formation.  The Cretaceous strata progressively onlap the unconformity surface.  The Ryazanian-Valanginian (possibly earliest Hauterivian) Buchia Beds (Palnalokes Bjerg Formation) display a west to east onlap of the Mols Bjerge structure, which is finally overtopped by the early to late Albian Inoceramus anglicus Beds.  The Laplace Bjerg structure was overtopped later (early to late Cenomanian) by the Inoceramus crippsi Beds.  

Biostratigraphy: Palynology

To better constrain the proposed stratigraphic scheme and correlations made by Andrews and Decou (2019)
, palynological analysis of systematically collected mudstone samples was undertaken.  

Palynological recovery from the suites of samples collected was very variable and occasionally extremely impoverished with respect to palynomorphs. Most of the samples do, however, yield consistent quantities of kerogen (phytoclasts of acid insoluble organic origin) even where palynomorphs were absent or present in trace levels.

The stratigraphic position of the samples is provided in Figure 4 and is referred to in the sample height.  Table 1 provides the palynological content alongside any age determination and palaeoenvironmental interpretations.  Age determination has been made with reference to the specific content of a particular sample and by reference to the data presented by Hochuli et al. (1989)
, Kürschner and Herngreen (2010)
 and Vigran et al. (2014)
.  Palaeoenvironmental comments are based on an appreciation of the overall palynological content of the samples analysed.

Summary/stratigraphic implications.  Correlations between the Triassic successions of Jameson Land, the Mols Bjerge and Laplace Bjerg have previously been made on a largely lithostratigraphic basis Andrews and Decou, 2019()
.  However, lateral facies variations, and the similarity of the uppermost Triassic unit, the fluvial dominated Ørsted Dal Member, and the overlying Jurassic fluvial Bristol Elv Formation, led to some uncertainty in the correlations made.
A Mid to Late Triassic age (Ladinian or younger) for the Gråklint Beds in the Mols Bjerge is consistent in its correlation with outcrops in the Jameson Land region Andrews et al., 2014()
.  Late Triassic ages for the upper portion of the Kap Seaforth Member (Norian to Rhaetian) and the Malmros Klint Member (Norian or younger) are consistent with previous age determinations from the Jameson Land succession Andrews et al., 2014()
.  Samples collected from what was interpreted to be the uppermost Triassic Ørsted Dal Member by Andrews and Decou (2019)
 in both the Mols Bjerge and Laplace Bjerg have yielded Mid to Late (Ladinian or younger) and Late Triassic (not older than Norian) ages, respectively, confirming these interpretations.

Environmental indications are consistent with sedimentological interpretations with largely terrestrial, and in some instances paludal (algal cysts), assemblages recognised.  No evidence for marine conditions is recorded, although recovery from the Vega Sund Member was very poor.  Sporadic occurrences of pteridophyte spores suggest the development of some riparian vegetation within the local area. However, the occurrence of these forms in assemblages with ?algal cysts may reinforce the possibility of a paludal association.  Some evidence for arid-warm palaeoclimatic conditions is indicated by the presence of abundant gymnosperm pollen.

Biostratigraphy: Macropalaeontology

Macropalaeontological specimens are rare in the examined successions.  Specimens collected from Laplace Bjerg, including those that provide constraints on the strata that cap the exhumed hydrocarbon traps, are provided in table 2.  

No evidence is recognised for the Early Jurassic in the Laplace Bjerg region and it therefore seems it is likely it is not present and an unconformity exists between the base of the Pelion Formation and the Triassic succession.  The presence of Kimmeridgian fauna confirms the presence of the Bernbjerg Formation which had previously not been recognised on Geographical Society Ø.  
Provenance analysis

Significant stratigraphic and geographic variations are observed in the petrographic and heavy mineral datasets. These variations can be a result of various factors such as burial diagenesis, change in climatic conditions, change in provenances and the effects of dyke/sill intruding sandstone bodies. Potential effects from each of the five main factors on heavy mineral composition are discussed below. The heavy mineral and feldspar data are first described and discussed for each region before being considered in relation to their stratigraphic significance.

Mols Bjerge 
The Early Triassic to Mid Jurassic succession exposed in the Mols Bjerge shows significant variation in sandstone petrography (Fig. 5) and heavy mineral characteristics (Fig. 6), which allow its division into four parts.  The lowermost part is composed of the Paradigmabjerg Member.  The next part consists of the Vega Sund, Solfaldsdal and Kap Seaforth members, which display a consistent provenance signature.  No samples were analysed from the Edderfugledal Member and therefore its place in the divisions outlined is uncertain.  The Malmros Klint Member and the lowermost Ørsted Dal Member form the third part. The lowermost sample analysed from the Ørsted Dal Member lies only 10 m from the base of the unit and, given the transitional nature of this stratigraphic contact, may in fact be part of the underlying Malmros Klint Member, in which case the change in provenance defining the upper boundary of this division would be coincident with the lithostratigraphic boundary.  The top part consists of the Ørsted Dal Member and Bristol Elv Formation.

The lower part (Paradigmabjerg Member) is characterised by heavy mineral populations dominated by apatite and rutile. Apatite:tourmaline index (ATi) values are consistently above 80 and garnet:zircon index (GZi) values <2. Rutile;zircon (RuZi) and monazite:zircon (MZi) index values decrease up section, and are between 60 and 80 and 8 and 18, respectively.  

The heavy mineral population of the second part (Vega Sund, Solfaldsdal and Kap Seaforth members), is dominated by rutile, tourmaline and zircon, and marked by relatively low apatite contents. ATi values are significantly lower (0-20) whilst GZi values remain <2. RuZi and MZi also decrease significantly (20-55 and 0-3, respectively). 

The third part (Malmros Klint Member) is characterised by a heavy mineral population dominated by garnet. ATi values rise up (40-70), as do GZi values (40-100). RuZi values are between 40 and 90 and MZi values between 2 and 12.

The top part (Ørsted Dal Member and Bristol Elv Formation) is characterised by a heavy mineral population dominated by rutile, tourmaline and zircon, similar to the Gipsdalen Formation (Vega Sund – Seaforth members). ATi values vary between 40 and 70 for the Ørsted Dal Member and lowermost Bristol Elv Formation, but are <3 for the rest of the Bristol Elv Formation. GZi is consistently low (<20), RuZi values are between 50 and 85, and MZi values are between 3 and 10.

The petrographic data show an up section increase in compositional maturity with a relative increase in quartz content and decrease in feldspar content (Fig. 5). In addition, the feldspar population shows more complex variations in the relative proportion of plagioclase and alkali varieties. The Vega Sund, Solfaldsdal and Kap Seaforth members are dominated by alkali feldspar.  The other parts of the succession are largely plagioclase dominated, and alkali feldspar is entirely absent in the Bristol Elv Formation, which forms the upper portion of the analysed interval. 

Interpretation: On the basis of established stability patterns of apatite and garnet (Morton and Hallsworth, 1999; Morton and Sylvester, 2012), the coexistence of high ATi values and very low GZi values in the Paradigmabjerg Member indicates that this part of the succession has not been significantly affected by weathering, but has been strongly influenced by burial diagenesis. The continued low GZi in the Vega Sund, Solfaldsdal and Kap Seaforth members is also likely to be a burial diagenetic effect. However, the upward decrease in ATi values from the Paradigmabjerg Member to the Kap Seaforth Member and the associated loss of plagioclase records an increase in chemical weathering, which appears to correlate with the increasingly humid conditions widely recorded during the Mid Carnian pluvial episode (Andrews et al. 2014).   This may also be partially responsible for the lack of garnet.  By contrast, the decrease in MZi and RuZi values from the Paradigmabjerg to the Kap Seaforth members are likely to reflect a true change in provenance, since all three minerals (rutile, monazite and zircon) are all stable during both weathering and diagenesis (Morton and Hallsworth, 1999; Morton, 2012). This change in provenance could have been triggered by catchment adjustment related to the increasingly humid conditions recorded during the mid Carnian pluvial event.

The two samples from the Malmros Klint Member and the lowermost sample from the Ørsted Dal Member have elevated RuZi and MZi relative to the underlying interval, indicating a change in provenance. This may also account for the increase in GZi, although this is also likely to be an effect of a reduction in burial diagenetic modification. Variable weathering may have influenced the ATi values. 

The low GZi and moderate ATi values in the Ørsted Dal Member suggest effects of moderate weathering. Burial diagenesis is unlikely to have had any effect as the underlying Malmros Klint Member does not show any evidence for burial diagenesis, although the low GZi may have resulted from garnet dissolution by hot fluids associated with large intrusive bodies proximal to the studied area. 

The very low GZi values in the Bristol Elv Formation suggest burial diagenesis effect and/or the effect of local intrusions. However, the very low ATi values and absence of feldspars suggest that the heavy mineral and framework composition of the Bristol Elv Formation has been heavily modified by weathering. This increased weathering can be linked with a change towards more humid condition during the Mid Jurassic Decou et al., 2016()
.

Laplace Bjerg 
The Early Triassic to Mid Jurassic succession exposed on Laplace Bjerg shows significant variation in sandstone petrography (Fig. 5) and heavy mineral characteristics (Fig. 6), allowing its division into two parts.  The lower part is composed of the Wordie Creek Formation, the Paradigmabjerg Member and the Vega Sund Member.  The change in heavy mineral composition is tightly constrained to ≈ 20 m below the top of the Vega Sund Member.  The upper part comprises the Ørsted Dal Member and the Pelion Formation.

The lower part is characterised by a heavy mineral population dominated by apatite and garnet. ATi and GZi values are consistently above 80, RuZi values vary between 40 and 90, and MZi values vary from 0 to 26, decreasing up-section. 

The upper part has a heavy mineral population dominated by zircon, apatite and rutile. Garnet is rare or totally absent. ATi values are between 15 and 80, decreasing up-section, and GZi values are consistently below 4. The RuZi values are between 15 and 60 and the MZi values vary between 0 and 17, increasing up-section. 

The sandstone samples from the entire succession, from the Wordie Creek Formation to the Pelion Formation, show an up-section increase in compositional maturity with a relative increase in quartz content and decrease in feldspar content. The feldspar population is marked by a continuous decrease in plagioclase content relatively to the alkali feldspar content. 
Interpretation: The high ATi and GZi values for the lower part indicate that it has not been affected by strong weathering processes or burial diagenesis. The consistent RuZi values show that there is no significant change in provenance in the lower part of the succession. The relatively high RuZi and MZi values, along with the low proportion of alkali feldspar compared with plagioclase, suggest a likely provenance from a metamorphic terrain for the lower part of the succession.

The distinct decrease in ATi values in the upper part of the succession suggests an increase in weathering processes with increasing humid conditions. This could also potentially explain the loss of garnet. Burial diagenesis can be discarded as the GZi values are high and the succession below the Ørsted Dal Member does not show evidence for deep burial, although it is possible that hot fluid circulation associated with large intrusive bodies could have contributed to the dissolution of garnet in some samples. The lower RuZi and MZi values in the upper part of the succession, together with the large relative proportion of alkali feldspar, indicate there was also a change in provenance, with increased supply from granitic sources. In summary, the change in composition between the lower and upper parts of the succession is interpreted as mainly a provenance effect but weathering due to increasingly humid conditions also contributed. 

Summary and regional context 
Variations in provenance are recorded from both the Mols Bjerge and Lapace Bjerg. Four recognisable intervals are identified in Mols Bjerge, and two in Laplace Bjerg. The most prominent change in provenance is recognised at the base of the Ørsted Dal Member (topmost Vega Sund Member on Laplace Bjerg) where a change to a heavy mineral assemblage dominated by apatite, rutile, tourmaline, and zircon is recognised in both the Mols Bjerge and Laplace Bjerg (Fig. 6), supporting the correlations made by Andrews and Decou (2019).  The limited data available from Jameson Land appear to mirror this switch in provenance occurring towards the base of the Ørsted Dal Member (Decou et al. 2016), suggesting a wider significance to this change, perhaps reflecting a change in regional stress fields.  Interestingly this also appears to coincide with a significant shift in palaeocurrents (and associated facies trends) from largely northward directed in the Early Triassic to a predominantly southward trend in the Late Triassic (Clemmensen 1980b, Seidler et al. 2004, Surlyk 2003).  Local variations in feldspar population, shown by the Ørsted Dal Member being dominated by plagioclase in the Mols Bjerge and by alkali feldspars in Laplace Bjerg, along with variations in ATi, RuZi and MZi, suggest that despite a widespread regional switch in provenance, local sediment inputs also remained important. 

In the Laplace Bjerg succession, the provenance change at the base of the Ørsted Dal Member appears to be coincident with an increase in compositional maturity of the sandstones. No similar correlation can be drawn in the Mols Bjerge, where the changes in heavy mineral composition appear to occur independent of the more gradual increase in compositional maturity. However, the up-section increase in sandstone compositional maturity observed in both successions can be correlated with a general decrease in ATi.  This relationship is consistent with a transition towards increased weathering as would be expected in increasingly humid conditions as previously suggested by Decou et al. (2016).

Hydrocarbon Presence & Distribution

Having re-evaluated the stratigraphy of the exhumed hydrocarbon traps of the Mols Bjerge and Laplace Bjerg extensive petrographic analysis and analysis of the bitumens identified was undertaken.  Bitumen, in the form of pyrobitumen, was prepared from 6 samples using standard techniques (Hillier and Marshall 1988) and analysed under reflected light.  This analysis provided increased confidence in the identification of bitumen made in standard petrographic analysis.  Petrographic analysis was performed on a total of 26 samples from the Mols Bjerge and 41 samples from Laplace Bjerg to assess the regional distribution of bitumen.  Data tables are provided in supporting information.
Origin of Pyrobitumen 

There has been much debate concerning the existence and origins of the pyrobitumen in East Greenland and the evidence this provides for the existence of exhumed hydrocarbon traps and their original extent.   Therefore a brief discussion of the origin of pyrobitumen and the evidence for its derivation from degraded hydrocarbons in the East Greenland examples is provided.

Bitumen originates from the alteration, through thermal degredation, deasphalting, water washing or biodegradation, of thermally immature to thermally post mature crude oil Curiale, 1986(; Tissot and Welte, 1984)
.  Pyrobitumen is a form of bitumen which is CS2 insoluble and is most commonly reported to form through the heating of hydrocarbons Caby, 1972()
.  Huc et al. (2000)
, showed that to generate significant quantities of pyrobitumen (20-40%), it was important that the original hydrocarbon was a heavy crude oil.    

The classification scheme of Curiale (1986)
 splits bitumens firstly into those derived from oil source rocks and those not derived from oil source rocks (humic and inorganic origins) before considering, for the former, if they are pre-oil (intimately related to the source rock) or post oil (related to migrated hydrocarbon).  The pyrobitumen identified here has TOC values up to 95% and therefore is confirmed as organic in origin.  It is then important to consider the distribution of the pyrobitumen to rule out the possibility of an origin from altered humic material.  On a micro-scale, pyrobitumen from the exhumed hydrocarbon traps of East Greenland occurs at grain boundaries, enclosed within quartz overgrowths, as pore-filling masses that post-date quartz cementation, and as clay-coating residues (Fig. 7).  Such an intimate relationship between authigenic phases and the pyrobitumen favours an origin from degraded hydrocarbon rather than altered humic material.  Further evidence for a degraded hydrocarbon origin is indicated by the large scale distribution of the pyrobitumen.  Pyrobitumen is concentrated within sandstones in the upper portions of structural highs, which are capped by sealing mudstones, thereby forming exhumed hydrocarbon traps Price and Whitham, 1997()
.  Within these structures it has also been recognised that a basal termination of the pyrobitumen distribution, interpreted as a palaeo-oil water contact, is inclined with respect to bedding and therefore the distribution of pyrobitumen is unlikely to be related to a stratigraphic interval particularly rich in plant material.  This is further emphasised by the concentration of pyrobitumen at multiple levels, below what would form sealing lithologies on Laplace Bjerg (Andrews and Decou, 2019)

, and furthermore, the occurrence of pyrobitumen in units that have little evidence for extensive plant material where observed elsewhere in the basin.  

Bitumen characterisation

C% Content:  The primary reason for measuring the C% of the isolated pyrobitumen was to prove that the material was organic in composition rather than some HF insoluble opaque pore-filling mineral. C% contents are very high (up to 95%) demonstrating that the material is organic in composition. Some of these values are particularly high given that the pyrobitumen is also expected to contain O, H and S in addition to C. However, these very high values are from samples with high thermal maturity and therefore much of the H and O would have been expelled during heating.

Pyrobitumen Morphology and Reflectivity (Rbit): Pyrobitumen is found in all the samples that were analysed.  Large masses of bitumen as well as intricate networks linked by narrow pore throat casts are recognised (Fig. 7).  In some instances the bitumen can also be observed to be pore-filling. Elongate bitumen sheets preserving crystal shapes at their margins are characteristic of fracture fill.  Minor inertite and semi-fusainite, originating from detrital plant matter, is recognised in one sample.
Five of the samples display a prominent moderate reflectance peak between 2.19% and 2.82%.  The remaining sample contains a less well defined peak of 1.57%.

Bitumen Distribution
The samples in which pyrobitumen has been identified, through bitumen analysis and petrography, often display a dark colouration when observed in the field.  This is particularly true in lighter-coloured sandstone lithologies, as are common on Laplace Bjerg.  Identification in outcrop is more problematic in the Mols Bjerge due to the often fine grained and darker-coloured lithologies.  However, extensive petrographic analysis alongside outcrop observations allow the distribution of pyrobitumen to be gauged.  Samples where bitumen has been identified petrographically are highlighted in figure 4 and the percentage of bitumen identified is also indicated.  
The Mols Bjerge exhumed hydrocarbon trap is the easternmost tilted fault block recorded on Traill Ø.  Triassic and Jurassic strata dip towards the west and are unconformably overlain by Cretaceous mudstones (Fig 3).  The eastern margin of the trap is defined by the Mols Bjerge Fault.  Price and Whitham (1997) reported bitumen staining in the crestal regions of the Mols Bjerge tilted fault block and noted a lower limit of bitumen staining at approximately 400 m in the Bristol Elv Formation.  This was interpreted as the palaeo oil-water contact (OWC).  No bitumen, or staining, was recognised in the underlying Triassic strata and these were therefore considered to act as a bottom seal.

Mapping of the Triassic strata in the eastern Mols Bjerge region has identified staining in the Kap Seaforth Member and within fractures which cut through the Gråklint Beds (Solfaldsdal Member).  These occurrences were confirmed through both bitumen and petrographic analysis.  Further occurrences were identified through petrographic analysis, which highlighted the presence of bitumen throughout the Triassic succession (Fig. 4).  Bitumen was recognised in the Wordie Creek Formation, Pingo Dal Formation, Gråklint Beds (Solfaldsdal Member), Kap Seaforth Member, Malmros Klint Member, Ørsted Dal Member and the Jurassic Bristol Elv Formation.  

Despite the great stratigraphic spread of bitumen-bearing sandstones, most of the samples in which bitumen has been identified in the southern Mols Bjerge lie above the 400 m altitude (Fig. 8) at which Price and Whitham (1997) suggested the palaeo OWC to lie within the Jurassic Bristol Elv Formation.  Indeed, if this contact is projected eastward through the Triassic succession (Fig. 9) it is clear that if of sufficient reservoir quality, the Triassic would be likely to have formed a hydrocarbon reservoir.  Bitumen recognised at lower altitudes, such as within the Wordie Creek Formation, may represent accumulations in small scale stratigraphic traps, such as possible channels (Fig. 8), or through proximity to trap-bounding faults that may have acted as conduits for hydrocarbon migration.  Due to the rather heterolithic nature of the Triassic succession, it seems likely that accumulations were often within more thinly developed sandstone intervals, compartmentalised by encasing mudstone facies.  This is particularly likely to be the case with the Kap Seaforth and Malmros Klint members.  However, thicker and higher net-to-gross intervals are more common within the Wordie Creek Formation and the Ørsted Dal Member.

It is therefore thought that in the Mols Bjerge, hydrocarbon accumulations were ponded at various stratigraphic levels within the inclined Triassic strata, as well as the Jurassic Bristol Elv Formation (Fig. 8).  These accumulations were bound by intraformational mudstone units, which in some instances formed top and bottom seals, and the capping Cretaceous mudstones that unconformably overlie the tilted Triassic strata. 

Although the bitumen staining was first recorded from Laplace Bjerg by Marcussen et al. (1987), the distribution of the bitumen has received little attention.  Andrews and Decou (2019) provided the first detailed stratigraphic account of the Laplace Bjerg exhumed hydrocarbon trap and outlined the distribution of staining within the succession.  Analysis of the bitumens alongside petrographic analysis has allowed a more detailed evaluation of bitumen distribution.

The Laplace Bjerg trap is a north-south oriented horst structure within which the strata form a subtle anticline that plunges gently to the south west (Fig. 3).  The horst is capped by Cretaceous mudstones that unconformably overlie the predominantly Triassic succession.  Further division of the southern margin of the horst structure by a north east-south west oriented fault is also recognised.   

Petrographic analysis has shown that bitumen in the Laplace Bjerg trap is concentrated in the uppermost Vega Sund Member and the Ørsted Dal Member (Fig. 4). Up to 18% bitumen has been recorded from thin section analysis.  The concentration of bitumen in the topmost Triassic strata is likely to be the consequence of the more gentle dips and different trap style when compared to the Mols Bjerge trap (Fig. 8).  

In the northern part of the horst a relatively simple ~35 m thick stained interval is recorded within the Ørsted Dal Member where it forms the crest of the trap and is unconformably overlain by Cretaceous mudstones (Fig. 10). The staining is often pervasive, although the outcrops tend to weather to a white colour. The lower contact of the stained sandstone interval is gradational over several metres.  

A more complex distribution is recognised in the southern part of the Laplace Bjerg horst.  Within this region, four pyrobitumen-stained sandstone intervals (25 m, 50 m, 20 m and 10 m thick, respectively, from the bottom to the top of the section) are recognised in the Ørsted Dal Member and the uppermost portions of the Vega Sund Member over a ≈200 m thick interval (Fig. 10). Each interval has a sharp top, overlain by a 2-4 m thick mature calcrete. The lower contact of each black-stained interval is gradational over several metres. Staining in these units can apparently be traced laterally across broken outcrops for approximately 1 km. Cretaceous shales are not observed to seal this portion of the trap but it seems likely that the thick dolerite sill that caps the outcrop was intruded at, or close to, the unconformity between the Triassic sandstones and the Cretaceous mudstones as is the case in the northern portions of the horst. Since the staining does not continue across the southwest-northeast trending normal fault, which forms the northern bounding fault of this accumulation (Fig. 10), it suggests that this fault was sealing.  Detailed modelling would be required to assess the former volume of each accumulation.

Discussion and Conclusions 

Exhumed hydrocarbon traps offering the scale and quality of exposure available in the examples described here are globally rare.  Where exhumed traps have been recognised the scale of the exposure often limits their quality (Brown et al. 2018) and as a result investigation is carried out using standard subsurface techniques (Schamel et al. 2016) and the limitations they bring.  The scarcity of exhumed hydrocarbon traps is likely an artefact of their destruction during uplift and the subsequent release of trapped hydrocarbons, often leaving only a subtle diagenetic signature (eg. Beitler et al. 2003).  In the examples described here, the degradation of hydrocarbons, and the formation of pyrobitumen occurred through the introduction of intrusive bodies while at maximum burial (Price and Whitham 1997) and therefore the distribution of hydrocarbons as existed at depth is preserved.  Therefore, the exposures described here have allowed the distribution of hydrocarbons to be ascertained and the influence of variable trap style, lithologies and fault boundaries to be gauged.  Furthermore, this study provides a framework for future work on these world class structures.
Palaeontological and heavy mineral data confirm the lithostratigraphic correlations made by Andrews and Decou (2019), and prove that Triassic strata formed important reservoir intervals in the exhumed hydrocarbon traps of East Greenland.  Heavy mineral data in part behave independently of compositional maturity and therefore reflect changes in sediment provenance as well as the extent of weathering.  A significant perturbation in provenance is recorded in both the Mols Bjerge and Laplace Bjerg at the base of the Late Triassic Ørsted Dal Member.  This change is also recognised to the south, in Scoresby Land/Jameson Land, suggesting a significant regional event at this time.  Although the provenance shift is of probable regional extent, each region exhibits its own local change in provenance signature, due to the various local source terrains available for erosion.  The change in provenance appears to coincide with a major switch in drainage, from a predominantly northerly dispersal system to one directed to the south.  It seems likely that this was an early expression of the Mid Jurassic tectonism and uplift which resulted in the widespread omission of the Early Jurassic across East Greenland (Surlyk and Ineson 2003).  The changing stress fields related to this event appears to also be recorded in the realignment of active faulting from predominantly NE-SW during the Triassic (Guarnieri et al. 2017, Andrews and Decou 2019) to largely N-S during the Jurassic (Price and Whitham 1997).Bitumen has been identified at numerous stratigraphic levels within the Triassic succession of the Mols Bjerge.  This distribution results from the nature of the tilted fault block within which hydrocarbons accumulated.  Hydrocarbons ponded at various stratigraphic levels within the inclined Triassic strata, as well as the Jurassic Bristol Elv Formation, and were bound by intraformational mudstone units, which in some instances formed top and bottom seals, and capped by Cretaceous mudstones that unconformably overlie the tilted Triassic strata.  In the Laplace Bjerg structure, bitumen is largely confined to the upper portions of the Triassic succession (Ørsted Dal and Vega Sund members).  Again this is controlled by the geometry of the trap, which, in this instance, is a simple horst, capped by Cretaceous mudstones.  However, the southern portion of the Laplace Bjerg trap displays a more complex bitumen distribution with thick calcrete developments causing stratigraphic compartmentalisation.

The complex distribution of the documented pyrobitumen can only reasonably be accounted for as the product of degraded hydrocarbon.  Where a basal contact of pyrobitumen-bearing intervals is well exposed (paleo oil water contact), it can be seen to cross stratigraphic divisions, which would be unlikely if the bitumen had a depositional origin.  Pyrobitumen has also been identified in strata within which plant and coaly material is very rare, casting further doubt that the pyrobitumen could have originated from the alteration of depositional components.  
This work demonstrates for the first time the presence of the Triassic hydrocarbon play in East Greenland and therefore its likely presence in adjacent basins and the wider North Atlantic.  Reservoir units are found in both continental and marine Triassic strata which likely had a widespread distribution (Andrews and Decou 2019).  This has great importance for future exploration strategies throughout the region.  The origin of the hydrocarbons has been discussed by Price and Whitham (1997) who favoured the Late Jurassic Bernbjerg Formation.  This was on the basis of the widespread nature of the Late Jurassic source rock, a feature re-enforced by this work with its identification on Geographical Society Ø.  Both the late Carboniferous and the Late Permian (Ravnefjeld Formation) source rocks were considered to be of restricted extent.  There is little evidence for their presence in the immediate area and therefore migration distances were thought to be unreasonable.  However, it should be not discounted that these source rocks may exist in the subsurface.  Biomarker analysis on hydrocarbon bearing fluid inclusions is one technique that could help further constrain the hydrocarbon source.  Detailed work on the diagenesis of the reservoir rocks is also required to fully understand the timing of hydrocarbon charge and other diagenetic phases which may have impacted the reservoir potential of these rocks. 
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Figure Captions

Figure 1.  Geological map of the NE Traill Ø and E Geographical Society Ø with inset map indicating its location on the East Greenland coast.  Boxes illustrate the position of the more detailed maps of the Mols Bjerge and Laplace Bjerg (Fig. 3).  Triassic strata mapped in the Mols Bjerge and Laplace Bjerg are from this study and Andrews & Decou (2019).  The surrounding map is after Parsons et al. (2017).

Figure 2. Stratigraphy of the Mols Bjerge and Laplace Bjerg alongside adjacent regions compiled from Andrews and Decou (2019), Clemmensen (1980), Seidler et al. (2004), Jacobsen & van Veen (1984) and Müller et al. (2005) with additions and modifications from this study.  Intervals in which bitumen ( ‘ ) has been recognised are also indicated. 

Figure 3.  Geological maps of the Mols Bjerge (A) and Laplace Bjerg (B).  See Figure 1 for map locations.  The dashed white line (A-A’) is the line of cross section illustrated in figure 9. Triassic strata of Laplace Bjerg from Andrews and Decou (2019).  The mapped post-Triassic strata are after Parsons et al. (2017).

Figure 4.  Composite logs from the Mols Bjerge and Laplace Bjerg regions illustrating the correlations made and distribution of samples analysed.  The Mols Bjerge S log is constructed from a number of sections through the southern side of Inderdal.  The position of these is provided in Figure 9.  The thickness of the Paradigmabjerg Mbr and Wordie Creek Fm. are calculated from map data.  The Mols Bjerge N and Laplace Bjerg sections are also constructed from a number of correlatable sections, as detailed in Andrews and Decou (2019).  The position of the logged sections from Laplace Bjerg are provided in Figure 10.  The position of samples, where from the depicted section, are indicated directly, and where from adjacent sections are projected using correlatable features.

Figure 5.  Stratigraphic variations in the relative proportions of quartz, feldspar and rock fragments, and the relative proportion of alkali feldspar and plagioclase, from both the Mols Bjerge and Laplace Bjerg.  Data from all 67 samples plotted is provided in the supporting information.  

Figure 6. Heavy mineral data from Laplace Bjerg and the Mols Bjerge. Top: bar charts showing the proportion of each heavy mineral phase in each of the studied samples, positioned in stratigraphic order.  The divisions recognised in the heavy mineral data are indicated by the dashed lines.  The large amount of epidote found in one sample from Laplace Bjerg is likely to be secondary.  Bottom: provenance-sensitive heavy mineral ratios (Morton and Hallsworth, 1994) for each analysed sample, in stratigraphic order. ATi: apatite:tourmaline index (% apatite in total apatite plus tourmaline), GZi: garnet:zircon index (% garnet in total garnet plus zircon), RuZi: rutile:zircon index (% rutile in total rutile plus zircon), MZi: monazite:zircon index (% monazite in total monazite plus zircon).  Samples are arranged in stratigraphic order.  Original data for all the plots are provided in the supporting information.
 Figure 7. Photomicrograph of a sample (S_AD0122) containing bitumen from Laplace Bjerg (A).  Multiple separate phases of bitumen (green, yellow and blue arrows) can be seen to be separated by multiple generations of quartz overgrowths (red and pink arrows) as well as within clay-choked secondary porosity (pale blue arrow).  Representative transmitted light images of bitumen isolates from the Mols Bjerge (B) and Laplace Bjerg (C):  B) Extensive pyrobitumen network encompassing at least four clastic grains (g) with obvious bitumen-filled pore throats (arrowed).  C)  Pore-filling and pore-connecting pyrobitumens that clearly postdate a phase of probable quartz overgrowth development as recognised by the crystalline shape of the dissolved grain cavity (arrowed).  

Figure 8.  Maps of the Mols Bjerge and Laplace Bjerg exhumed hydrocarbon traps (above) illustrating the distribution of samples from which bitumen has been recognised petrographically.  Full geological maps are provided in figure 3.  The oil water contact (OWC), illustrated in the Mols Bjerge, is placed at the altitude suggested by Price and Whitham (1997).  Below, are schematic cross sections through the Mols Bjerge and Laplace Bjerg hydrocarbon traps with the reconstructed distribution of hydrocarbons, including stratigraphic traps found within the Wordie Creek Formation, as suggested from the maps above.  

Figure 9.  Cross section through the southern portion of the Mols Bjerge exhumed hydrocarbon trap (bottom).  The line of section is illustrated in figure 3 (A-A’).  Above is photo interpretation of the southern side of Inderdal, which is approximately coincident with the line of the cross section.  The lines of logged sections used to construct the Mols Bjerge S composite section (fig. 4) are indicated in yellow.    

Figure 10. The Laplace Bjerg exhumed hydrocarbon trap viewed from the east.  This fault bounded horst structure is aligned north-south and the southern limb of a broad anticlinal structure, aligned orthogonally to the faulting, can be made out.  The southern portion of the structure is segmented by a cross fault.  In this region the hydrocarbon staining provides evidence for stratigraphic compartmentalisation of the trap, controlled by thick mature calcretes (see summary log from the southern portion of the structure: grey shading indicates the stained intervals).  The absence of staining in the strata immediately north of the cross fault that separates this southern portion of the trap suggests that this fault was sealing at the time of hydrocarbon charge.  Staining in the northern portion of the trap defines a more simple crestal accumulation.  Tertiary dolerite sills are intruded along the base of the Cretaceous, which forms the seal to the traps.  The Cretaceous shales can be seen to overlie an erosion surface that erodes down to the Vega Sund Member in the north. Due to the southward dip of the strata, higher stratigraphic levels are preserved towards the south, including the Jurassic Pelion Formation.  The field of view is approximately 11 km and the camp (circled in white) is at just under 200 m altitude.
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