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Abstract
Two fully cored boreholes, the Rødryggen-1 and the Brorson Halvø-1, were drilled in Wollaston 
Forland, North-East Greenland, in 2009 and 2010, respectively. The objective was to test the strati-
graphic development of the Upper Jurassic – Lower Cretaceous mud-dominated succession in two 
different settings within the same fault block of a developing half-graben: centrally (Rødryggen-1 
borehole) and near the uplifted crest of the rotating fault block (Brorson Halvø-1 borehole). The 
drilled deposits are equivalent to the principal petroleum source-rock sequence of the petrolifer-
ous basins of North-West Europe, Siberia, and basins off eastern Canada and provide a new record 
of an important phase of marine deoxygenation in the proto-North Atlantic region.
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1. Introduction
In 2007–2008, the Geological Survey of Denmark and Greenland (GEUS) 
initiated a major collaborative project with a consortium of companies of 
the international petroleum industry with the aim of addressing aspects 
of the geology of North-East and North Greenland, which were generally 
recognised as being insufficiently studied. One such aspect was the eluci-
dation of the imperfectly known stratigraphy, sedimentary and lithologic 
development, and petroleum generation potential of the Upper Jurassic 
– Lower Cretaceous succession, equivalent to the well-known petroleum 
source-rock succession of the North Sea graben system, that is, the Kimme-
ridge Clay sensu lato. In North-East Greenland, the equivalent succession is 
widely distributed, and a considerable number of outcrop samples as well 
as some samples from cored shallow boreholes had been analysed previ-
ously, generally showing surprisingly poor petroleum generation potential. 
This was suspected to be the result of a combination of poor representa-
tion in the sample set of the more prolific intervals and adverse effects of 
weathering of outcrop samples. Hence, a drilling program was designed to 
obtain full core representation of the entire stratigraphic succession rang-
ing from the Oxfordian to the Ryazanian. Three fully cored boreholes were 
planned, the first of which, the Blokelv-1 borehole, was drilled in Jameson 
Land in 2008. Blokelv-1 penetrated 233.8 m of Oxfordian–Volgian deposits, 
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intruded by a few basaltic sills, as reported in a series 
of papers published in a volume edited by Ineson & 
Bojesen-Koefoed (2018). Two additional boreholes, 
both situated in Wollaston Forland, the Rødryggen-1 
and Brorson Halvø-1 boreholes, were drilled in 2009 
and 2010, respectively (Fig. 1). These boreholes aimed 
at testing that part of the succession not drilled by the 
Blokelv-1 borehole whilst attaining a reasonable strati-
graphic overlap. The two boreholes were planned to be 
drilled centrally within, and near the uplifted crest of, 
a rather narrow half-graben, which evolved during the 
time of deposition, thus allowing the assessment of the 

effects of synsedimentary tectonic movements on the 
nature of the deposits. The main results of the drilling 
are reported in a series of papers dealing with stratig-
raphy (Alsen et al. 2023, this volume): sedimentology 
and basin evolution (Hovikoski et al. 2023a, this vol-
ume), mineralogy and diagenesis (Olivarius et al. 2023, 
this volume) and organic geochemistry and petroleum 
potential (Bojesen-Koefoed et al. 2023, this volume). 
The aim of this paper is to introduce the location, 
drilled successions, drilling procedure and technical 
specifications of the Rødryggen-1 and Brorson Halvø-1 
boreholes.
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Fig. 1 Location maps. Overview map (left; Modified from Surlyk et al. 2023). Positions of the Rødryggen-1 and Brorson Halvø-1 boreholes in Wollaston 
Forland are shown on a simplified geological map (right; Modified from Surlyk et al. 2021). K.F.: Kuhn fault; P.F.: Permpas Fault; H.F.: Hühnerbjerg 
Fault; D.F.: Dombjerg Fault. The Dombjerg Fault was the main fault to control the position of the coastline during the Late Jurassic. The Permpas–Hüh-
nerbjerg block(s) was bounded by the Kuppel and Hühnerbjerg Faults during the Late Jurassic. 
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2. Drilling and samples

2.1 Rødryggen-1 borehole
Drilling and technical specifications of the Rødryggen-1 
fully cored borehole are summarised in Table 1. The 
Rødryggen-1 borehole was drilled from 27 July to 16 
August 2009 at the Rødryggen locality, central Wollaston 
Forland. The drilling rig and the drill camp were mobil-
ised by helicopter (sling and cabin load) from the mil-
itary station at Daneborg approximately 30 km to the 
SSW of the drill site (Fig. 1). Rødryggen (“Red Ridge”) is 
a prominent NS-oriented, elongated hill, separating two 
broad depressions: Storsletten to the west and Sump-
dalen to the east. The drill-site was selected during the 
2008 field season by Henrik Nøhr-Hansen and Jørgen A. 
Bojesen-Koefoed. The well location was chosen with the 
aim of testing the Upper Jurassic – Lower Cretaceous 
succession centrally in the westward-tilted Permpas–
Hühnerbjerg fault block. The rig was placed on out-
crops of the bright yellow-weathering mudstones of the 
Albrechts Bugt Member of the Palnatokes Bjerg Forma-
tion (Figs 2 and 3). Debris from the overlying Rødryggen 
Member of the Palnatokes Bjerg Formation unit imparts 
a conspicuous red colour to the Rødryggen hill and thus 
forms the basis for its name. The rig and the drilling 
team spent 22 days on the location, with only 11 effec-
tive days of drilling. The marked discrepancy between 

time on location and time spent on active drilling was 
caused by prolonged periods of very bad weather with 
strong winds and large volumes of snow and rain, which 
tended to liquefy the upper decimeters of the very 
muddy ground, thus creating massive problems for 
camping and for the stability of the rig.

The drilled succession is summarised in Table 2. The 
borehole penetrated 24.4 m of the Albrechts Bugt Mem-
ber of the Palnatokes Bjerg Formation (light grey, yel-
low-weathering mudstones), followed by 72.6 m of the 
Lindemans Bugt Formation (dark grey/black laminated 
mudstones), a succession that was later defined as a 
new member, the Storsletten Member (Alsen et al. 2023, 
this volume). Beneath the Lindemans Bugt Formation, 
the borehole encountered 137.5 m of the Bernbjerg For-
mation (dark grey mudstones with occasional thin sand-
stone stringers and carbonate-filled thin fractures) before 
reaching total depth (TD) at 234.5 m below reference level 
(b.rfl.; top of casing). For details of the sedimentology, the 
mineralogy and diagenesis, and the organic geochemis-
try and petroleum potential see Hovikoski et al. (2023a, 
this volume) Olivarius et al. (2023, this volume) and 
Bojesen-Koefoed et al. (2023, this volume), respectively.

A total gamma-ray (GR) wireline log was collected in 
the borehole over the interval 0–209 m b.rfl., later sup-
plemented by spectral-GR and bulk-density scanning 
of the cores over the interval 192.56 m to 234.54 m. 

Table 1 Drilling and technical data on the Rødryggen-1 and Brorson Halvø-1 boreholes.

Specifications Rødryggen-1 Brorson Halvø-1

Borehole number GGU 517001 GGU 517003
Borehole name Rødryggen-1 Brorson Halvø-1
Area Wollaston Forland, North-East Greenland Wollaston Forland, North-East Greenland
Operator GEUS GEUS
Drilling operator GEUS GEUS
Altitude 110 m above mean sea level 101 m above mean sea level
Coordinates (WGS 84) 74°32.561’N; 19°50.924’W 74°35.227’N; 19°34.327’W 
UTM Zone 27W 27W
Easting E465752 E457646
Northing N8272914 N8278142
Drill rig Sandvik DE 130 Sandvik DE 130
Casing diameter (O/I) 64/57 mm 64/57 mm
Casing depth 15.8 m 35.0 m
Borehole diameter 56 mm 56 mm
Core diameter 42 mm 42 mm
Reference level Top of casing Top of casing
Total depth 234.5 m 225.6 m
Core recovery 99% 99%
Status Abandoned open hole, top of casing closed with a steel cap. Abandoned open hole. Hole collapsed.
Drilling crew arrival (Daneborg) 24 July 2009 n.a. 
Mobilisation to drill site 27 July – 29 July 2009 30 July – 1 August 2010
Preparation of camp 27 July – 2 August 2009 2–3 August2010
Spud 3 August 2009 3 August 2010 
Drilling completed 14 August 2009 12 August 2010 
Demobilisation 16 August 2009 14 August 2010 
Effective drilling 11 days 10 days
Total days at drill location 22 days 14 days 
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Fig. 2 The Rødryggen-1 drill-site and camp, viewed approximately towards the west with the broad plain of Storsletten as backdrop (Photo: Annette 
Ryge). The rig was placed on the brightly coloured, yellow-weathering mudstones of the Albrechts Bugt Member (Palnatokes Bjerg Formation). The 
overlying Rødryggen Member (Palnatokes Bjerg Formation) in the foreground consists of purple to brick-red mudstones. Debris from this unit imparts 
the slopes of the landscape with a reddish colour that can be seen from afar, and from which is derived the location’s name Rødryggen, meaning “the 
red ridge.” 

Table 2 Stratigraphic units encountered by the Rødryggen-1 and Brorson Halvø-1 boreholes.

Lithostratigraphy Rødryggen-1 Brorson Halvø-1

Stratumbjerg Formation n.d. 8.7 m (0–8.7 m)
Palnatokes Bjerg Formation, Rødryggen Member n.d. 21.3 m (8.7–30 m)
Palnatokes Bjerg Formation, Albrects Bugt Member 24.4 m (0–24.4 m) 7.5 m (30–37.5 m)
Lindemans Bugt Formation, Storsletten Member 72.6 m (24.4–97 m) 8.0 m (37.5–45.5 m)
Bernbjerg Formation 137.5 m (97–234.5 m) 180.1 m (45.5–225.6 m)

Thickness in m (intervals in m b.rfl.). n.d.: not drilled.

Storsletten Mb. (Lindemans 

Bugt Fm.)

Albrechts Bugt Mb. (Palnatokes 

Bjerg Fm.)

Rødryggen Mb. (Palnatokes 

Bjerg Fm.)

Stratumbjerg Fm.

Fig. 3 Section at Rødryggen viewed approximately from the north in 2008 when the drill-site was selected. Arrow indicates the approximate position 
of the borehole (Photo: Jørgen A. Bojesen-Koefoed). 
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The wireline log and the scanned GR core logs were then 
merged into one single total GR log.

The core recovery was 99%, with losses of core pri-
marily occurring in the uppermost part of the succes-
sion, which was affected by surface weathering. The 
core quality was mostly excellent, with significant frac-
turing only found in intervals scattered throughout the 
succession, whilst coherent core in general predomi-
nated (Fig. 4). A total of 70 whole core samples for gas 
analysis, each c. 10 cm in length, were collected on site 
at approximately 3 m intervals and stored in airtight 
containers immediately after the cores were extruded 
from the core barrel. A large number of samples for 
different types of analyses were subsequently collected 
from the core. Most of these analyses are reported in 
papers by Alsen et al. (2023, this volume), Hovikoski 
et al. (2023a, this volume), Olivarius et al. (2023, this vol-
ume) and Bojesen-Koefoed et al. (2023, this volume). 
Additional data are reported by Hovikoski et al. (2023b), 
whereas a minor volume of miscellaneous data that 
have not found a place in the publications listed above 
are reported in internal GEUS reports.

2.2 Brorson Halvø-1 borehole
Drilling and technical specifications of the Brorson 
Halvø-1 fully cored borehole are summarised in Table 1. 
The Brorson Halvø-1 borehole was drilled from 30 July 

to 14 August 2010 at Brorson Halvø (Brorson Peninsula), 
northeastern Wollaston Forland. The Brorson Halvø-1 
borehole was the second to be drilled during the 2010 
field season, and the drilling rig and camp were mobil-
ised from the first drill site on the island of Store Kol-
dewey, approximately 200 km north of the Brorson 
Halvø drill-site (Fig. 1). The rig frame was transported by 
helicopter in one piece as sling load directly from the 
Store Koldewey drill site to the Brorson Halvø drill site. 
The drilling team, the drill camp and other equipment 
were moved either directly by helicopter or via Dan-
markshavn by Twin Otter plane to Daneborg and from 
there by helicopter to the Brorson Halvø-1 drill-site. The 
original drill site was selected during the 2008 field sea-
son by Henrik Nøhr-Hansen and Jørgen A. Bojesen-Koe-
foed, later redefined by Morten Bjerager and Michael 
B.W. Fyhn in 2009, and eventually, for practical reasons, 
moved another few 100 m by Stefan Piasecki and Jørgen 
A. Bojesen-Koefoed in 2010 to secure a stable substra-
tum for the rig. A consequence of this last relocation 
of the drill site was the drilling of part of the Stratum-
bjerg Formation and the entire Rødryggen Member of 
the Palnatokes Bjerg Formation, which was initially not 
planned.

The well location was selected with the aim of testing 
the Upper Jurassic – Lower Cretaceous succession near 
the uplifted crest of the westward-tilted Permpas-Hüh-
nerbjerg fault block. The rig was placed on outcrops of 

Fig. 4 Example of core quality and recovery, Rødryggen-1 borehole, 59.81 – 66.16 m, Lindemans Bugt Formation (Photo: John Boserup).
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the dark-grey mudstones of the Stratumbjerg Forma-
tion (Fig. 5). The rig and the drilling team spent 14 days 
on the location, with 10 effective days of drilling.

The drilled succession is summarised in Table 2. The 
borehole penetrated 8.7 m of the Stratumbjerg Formation 
(dark-grey mudstones), followed by 21.3 m of the Rødryg-
gen Member (purple to brick-red mudstones) and 7.5 m of 
the Albrechts Bugt Member (light grey, yellow-weathering 

mudstones) of the Palnatokes Bjerg Formation. Beneath 
the Palnatokes Bjerg Formation, the borehole encoun-
tered 8.0 m of the Lindemans Bugt Formation (dark grey/
black laminated mudstones), later referred to the new 
Storsletten Member (Alsen et al. 2023, this volume), and 
eventually, 180.1 m of the Bernbjerg Formation (dark 
grey mudstones with occasional thin sandstone string-
ers and carbonate-filled, thin fractures). TD was reached 

Fig. 5 The Brorson Halvø-1 drill site viewed approximately towards the ENE. The drill-rig stands on the dark grey mudstones of the Stratumbjerg For-
mation with the well-defined contact to the bright red Rødryggen Member clearly visible below. Downhill, the contact between the Rødryggen Member 
and the underlying Albrechts Bugt Member (yellow) stands out. The contact to the Storsletten Member (grey), in turn, underlying the Albrechts Bugt 
Member appears somewhat gradational, but in a clean section, it is very well defined (see Fig. 6; Photo: Annette Ryge).

Fig. 6 Example of core quality and recovery, Brorson Halvø-1 borehole, 34.44–41.24 m, Albrechts Bugt Member of the Palnatokes Bjerg Formation 
(light grey) and the sharp boundary with the underlying Storsletten Member of the Lindemans Bugt Formation (dark grey; Photo: John Boserup).
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at 225.6m b.rfl. (top of casing). Drilling was terminated 
due to notable water production from the borehole at 
TD. For details of the sedimentology, the mineralogy and 
diagenesis, and the organic geochemistry and petroleum 
potential, see Hovikoski et al. (2023a, this volume), Olivar-
ius et al. (2023, this volume) and Bojesen-Koefoed et al. 
(2023, this volume), respectively.

A total GR wireline log was collected in the borehole 
over the interval 0–210 m b.rfl., later supplemented by 
spectral-GR and bulk-density scanning of the cores over 
the interval 193 m – 225.6 m. The wireline log and the 
scanned GR core logs were then merged into one single 
total GR log. 

The core recovery was 99%, with significant losses of 
recovery mainly in the uppermost part of the succes-
sion, which was affected by surface weathering. The core 
quality was mostly excellent, with significant fracturing 
only found in intervals scattered throughout the succes-
sion, whilst coherent core predominated (Fig. 6). A total 
of 34 whole-core samples for gas analysis, each c. 10 cm 
in length, were collected on site and stored in airtight 
containers immediately after the cores were extruded 
from the core barrel. A large number of samples for 
different types of analyses were subsequently collected 
from the core. Most of these analyses are reported in 
papers by Alsen et al. (2023, this volume), Hovikoski 
et al. (2023a, this volume), Olivarius et al. (2023, this vol-
ume) and Bojesen-Koefoed et al. (2023, this volume). 
Additional data are reported by Hovikoski et al. (2023b), 
whereas a minor volume of miscellaneous data that 
have not found a place in the publications listed above 
are reported in internal GEUS reports.

2.3 Perspectives
The primary data from the three fully cored, comple-
mentary boreholes Blokelv-1, Rødryggen-1 and Brorson 
Halvø-1 are presented in Ineson & Bojesen-Koefoed 
(2018) and this volume. Together these cored sections 
represent a unique geological archive from a high lat-
itude setting, recording a key period when super-re-
gional deoxygenation prevailed in the marine waters of 
the proto-North Atlantic region. Though the significance 
of this archive may have waned commercially, given the 
imperative to adopt carbon-free energy sources, its con-
tinued importance lies in understanding the climatic, 
tectonic and oceanographic factors involved in water-
mass stratification, deoxygenation and carbon burial, as 
examined recently by Hovikoski et al. (2023b). It is pre-
dicted that this integrated core record will be the source 
of much multidisciplinary research in future years.
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