
29

The multidisciplinary research project ‘Resources of the
sedimentary basins of North and East Greenland’ was
initiated in 1995 with financial support from the Danish
Research Councils (Stemmerik et al., 1996). In 1996, the
hydrocarbon-related studies focused on the sedimen-
tary basins in East Greenland between latitudes 71°N
and 74°N  (Fig. 1) where nine field teams worked for
six weeks in July and August supported by a Hughes
500 helicopter. Within the framework of the project,
additional hydrocarbon-related field studies were under-
taken in 1996 in western North Greenland, and ore-geo-
logical studies were carried out in much of North
Greenland (Kragh et al., 1997; Stemmerik et al., 1997).

The 1996 field work in East Greenland concentrated
on integrated structural, sedimentological and bio-
stratigraphical studies of the Upper Permian and
Mesozoic successions. Two Ph.D. projects focused on
the sedimentology of the Lower Triassic Wordie Creek
Formation and the diagenesis of the Middle and Upper
Jurassic succession. Post-doctorate studies were car-
ried out on the Mesozoic–Tertiary structural develop-
ment of the basin and the mineralisation of the Upper
Permian Ravnefjeld Formation. Three student projects
on Lower Triassic and Middle Jurassic ammonite stratig-
raphy, Upper Permian sedimentology, and fault-asso-
ciated mineralisation were also included in the work.
The most important new results arising from the 1996
field work are:

1) Re-interpretation of the Upper Permian Schuchert Dal
Formation as a lowstand turbidite unit within the
Ravnefjeld Formation;

2) Recognition of Middle Jurassic deposits and thick low-
ermost Cretaceous sandstones on Hold with Hope;

3) Interpretation of a full spectrum of scarp-derived
coarse-clastic mass movement deposits interbedded
with Cretaceous shales on eastern Traill Ø;

4) The presence of a thick sand-rich Cretaceous turbidite
succession on eastern Traill Ø;

5) Re-interpretation of the Mesozoic–Cenozoic fault
systems on Traill Ø and Geographical Society Ø.

Permian – Jurassic
The Permian to Jurassic succession is thinner and strati-
graphically less complete in the Hold with Hope to
Traill Ø area than in Jameson Land further to the south
(Figs 1, 2; Stemmerik et al., 1993a). It consists of  a wide-
spread, siliciclastic-dominated Upper Permian to Lower
Triassic marine unit that passes upwards into non-
marine Triassic sediments. A major hiatus separates
these deposits from overlying Middle Jurassic fluvial to
shallow marine sandstones and shales. Block faulting
in latest Jurassic time and subsequent erosion of cre-
stal areas led to deposition of Cretaceous sediments
unconformably on Jurassic and older rocks. The old-
est sediments occurring above this unconformity are of
Barremian age in most areas (Nøhr-Hansen, 1993).

Permian

The Upper Permian Foldvik Creek Group is dominated
by siliciclastics in northern Scoresby Land and on Traill
Ø (Fig. 3). In these areas, the only evidence of carbonate
platforms such as those described from Jameson Land
(e.g. Stemmerik et al., 1993b) are clasts of carbonate
in Lower Triassic conglomerates. The basal Huledal
Formation conglomerates show great lateral thickness
variations and apparently fill small grabens formed by
rejuvenation of older, Carboniferous structures  (Surlyk
et al., 1984; Stemmerik et al., 1993a). The overlying,
restricted marine carbonates and evaporites of the
Karstryggen Formation show less pronounced, although
still recognisable, thickness variations.

The main focus of 1996 field work was to improve
the sedimentological and sequence stratigraphic under-
standing of the succession corresponding to the Wegener
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Halvø, Ravnefjeld and Schuchert Dal Formations (Fig. 2).
Field observations indicate that the earlier concepts of
the stratigraphic relationships between the Ravnefjeld
and Schuchert Dal Formations require revision. Rather
than being a stratigraphically discrete younger unit, the
basal part of the Schuchert Dal Formation appears to
be a coarse-grained correlative of the Ravnefjeld
Formation. In northern Scoresby Land, sandstones
assigned to the Schuchert Dal Formation form between
two and four laterally extensive, 2–50 m thick units
composed of massive to graded sandstone beds sepa-
rated by laminated and bioturbated shales. The lower
three sandstone units are interpreted as lowstand fans,
that formed locally in more proximal basinal positions
at times when the bioturbated shale units of the
Ravnefjeld Formation were deposited in more distal
settings (cf. Piasecki & Stemmerik, 1991). This inter-
pretation adds to the hydrocarbon potential of the suc-

cession, as it predicts sand-prone facies to occur in
basinal positions adjacent to organic-rich source-prone
shales.  

Triassic

The Permian–Triassic boundary is very complex in
northern Scoresby Land and on Traill Ø. In most areas,
there is a marked hiatus at the boundary and variable
amounts of Upper Permian sediments were eroded
away prior to the onset of sedimentation in the Early
Triassic. However, in the area around Oksedal, there
seems to have been continuous or nearly continuous
deposition across the boundary, and Triassic marine
shales rest conformably on Permian marine shales with-
out any signs of a hiatus. Further to the south, in the
Lille Cirkusbjerg area on Wegener Halvø, the bound-
ary is erosional with fluvial channels, up to c. 250 m
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wide, incised into the Upper Permian carbonates of
the Wegener Halvø Formation. The channels are filled
with fluvial sandstones and conglomerates overlain by
shales representing a marine transgression in early
Scythian times (Surlyk et al., 1986). The remainder of
the Wordie Creek Formation invariably consists of
marine shales interbedded with thin sandstones
deposited mainly by low density turbidity currents. In
nearby outcrops at Paradigma Bjerg, the succession is
dominated by fine- to medium-grained micaceous sand-
stones and channel sandstones with structures indica-
tive of tidal influence. The palaeocurrents are bimodal
with the main transport direction towards the north. The
preliminary interpretation of the Wordie Creek Formation
in the Wegener Halvø area is that it reflects a shallow
marine, probably estuarine, environment influenced by
tidal processes and some wave activity.

In the Oksedal area of northern Scoresby Land, two
localities, c. 4 km apart, were investigated. On the west-
ern slope of ‘Triaskæden’, the Wordie Creek Formation
consists of c. 200 m of mostly marine, greenish silty
shales with relatively thin (<1 m) arkosic turbiditic sand-
stones that record palaeocurrents towards the north-west.
Four kilometres to the west, a c. 60 m thick complex
of conglomerates, interpreted as the deposits of debris
flows and high density turbidity currents, forms the
lower part of the formation (Fig. 4). Palaeocurrents
were towards the north-east. The conglomerates are
mainly clast-supported, and clast types include very
angular Upper Permian carbonate boulders, granitic

pebbles and boulders, and intraformational mud and
sandstone clasts. This complex is abruptly overlain by
black laminated shales, which gradually become more
silty upwards where they are interbedded with tur-
biditic sandstones. The conglomerates are broadly inter-
preted to represent a submarine fan system; more work
is needed to substantiate this interpretation.

On southern Traill Ø, the Wordie Creek Formation
is up to 700 m thick. The marine sandstones and shales
in the lower part are overlain with erosional disconti-
nuity by laterally widespread, arkosic fluvial channel
sandstones of the Svinhufvud Bjerge Member, which
record easterly palaeocurrents (Clemmensen, 1980).
The fluvial sandstones are overlain by alternating mica-
ceous marine sandstones and cliff-forming stromatolitic
limestones, preliminarily interpreted as having been de-
posited in a shallow, tidally influenced marine environment.

Jurassic

Outcrops of Middle Jurassic deposits are scarce on Traill
Ø and Geographical Society Ø, and prior to the 1996
field work, sediments of this age were unknown from
Hold with Hope. However, along the north coast of Hold
with Hope, a coarse-grained sandstone succession
c. 300 m thick is exposed, which was originally described
by Koch (1931) and Maync (1949) as being wholly of
Early Cretaceous age. During the present study, Middle
Jurassic (Callovian) ammonites (J. H. Callomon, personal
communication, 1997) were found in the lower part of
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the section. The Jurassic part of the succession is up to
130 m thick, unconformably overlies shallow marine
sandstones of the Triassic Wordie Creek Formation and,
in turn, is unconformably overlain by strata of assumed
? Late Jurassic – earliest Cretaceous age (Figs 5, 6).

The Middle Jurassic sandstones are coarse-grained,
white to yellowish in colour and quartz-dominated.
They commonly form stacked coarsening upwards
units, 4 to 20 m thick, topped by fossiliferous con-
glomerates with an open marine fauna of bivalves,
belemnites and rare ammonites. These units are inter-
preted as having been formed by shoreface prograda-
tion in a shallow marine environment. The top part of
the coarsening upward units contains common
Diplocraterion habichi. A sparse but diagnostic Middle

Jurassic dinoflagellate cyst assemblage has been recov-
ered from silty shales interbedded with the sandstones.
In general, the sedimentary facies of the Hold with
Hope sandstone succession closely resemble those of
the Middle Jurassic Pelion Formation further to the
south on Traill Ø, Scoresby Land and Jameson Land
(Donovan, 1953, 1955, 1957; Surlyk et al., 1973; Engkilde
& Surlyk, in press) as well as to the north in Wollaston
Forland (Maync, 1949; Surlyk, 1977; Surlyk &
Clemmensen, 1983). The presence of coarse-grained
Middle Jurassic shallow marine sandstones on north-
ern Hold with Hope shows that the area did not form
a high in the Middle Jurassic as previously thought.
Further studies are needed to fully clarify these rela-
tionships.

33

��������

1.5 km5.5 km

Steensby BjergGulelvStensiö Plateau

West East

150 

200 

m m m 

100 

50 

0 

150 

200 

100 

50 

0 

150 

100 

50 

0 

Lower
Cretaceous

mud m cf

mud m cf

mud m cf

? Upper Jurassic -
lowermost
Cretaceous

Middle
Jurassic

Triassic

Fig. 5. Simplified cross-section of the Middle Jurassic to mid-Cretaceous succession on the north coast of Hold with Hope. Legend
as in Fig. 4. 



Elsewhere in the study area, the Middle Jurassic
deposits are dominated by medium to coarse-grained,
white and yellowish sandstones with subordinate con-
glomerates, mudstones and thin coal seams. At
Svinhufvud Bjerge on southern Traill Ø, the c. 450 m
thick Jurassic succession (Fig. 7) starts with a lower
fluvial unit (110 m thick) of trough cross-bedded, coarse-
grained, pebbly sandstones and interbedded mudstones,
formed in a braided river. It is followed by a fine-
grained paralic unit (90 m thick) with thin coal seams
and root horizons, and an upper shallow marine unit
(240 m thick). The upper marine unit includes cross-
bedded, strongly bioturbated and structureless medium-
to coarse-grained sandstones with several transgres-
sive lag surfaces in the lower part. The ichnofauna is

dominated by Diplocraterion habichi and Ophiomorpha,
the former concentrated on omission surfaces in the
lower part of the unit. The sandstones contain a sparse
marine fauna of bivalves, belemnites and ammonites
with four well-defined horizons containing more abun-
dant Cranocephalites. 

At Mols Bjerge on eastern Traill Ø, the Middle Jurassic
deposits consist entirely of coarse-grained fluvial sedi-
ments. Comparable deposits occur further to the north
at Laplace Bjerg, where a c. 200 m succession of
medium- to coarse-grained sandstones and conglom-
erates unconformably overlies fine-grained Triassic
sandstones. The succession shows an overall fining
upward motif with basal conglomerates overlain by
trough cross-bedded and channel-filling coarse-grained
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pebbly sandstones. The upper part often lacks sedimen-
tary structures, presumably due to diagenetic processes,
and is generally finer grained.

? Upper Jurassic – Cretaceous
On Steensby Bjerg, northern Hold with Hope, shallow
marine Middle Jurassic sandstones are unconformably
overlain by an up to 170 m thick sandstone-dominated
succession of post-Middle Jurassic but pre-Aptian age
(Figs 5, 6). This succession is much reduced in thickness
in the western outcrops at Stensiö Plateau where it has
been largely removed by Aptian valley incision. The de-
posits consist of large scale cross-bedded, coarse-grained
sandstones showing a general south to south-western
palaeocurrent direction. Giant scale cross-bedding has
been recognised in up to 60 m thick units in well-
exposed parts of the succession, whereas tidally influ-
enced cross-bedding is limited to the uppermost 30–40
m (Fig. 5). It is most likely that the entire succession
was deposited in a tidally influenced delta. The sand-
stones are overlain by dark grey silty shales, which
probably form the base of a several hundred metres
thick shale succession known as the ‘Home Forland
beds’ (Frebold, 1934; Maync, 1949). Dinoflagellate cysts
indicate an early Aptian age for these shales (H. Nøhr-
Hansen, personal communication 1997), in contrast to
the middle to latest Albian age obtained in down-faulted
sections east of the sandstone outcrops (Nøhr-Hansen,
1993).

Towards the west, at Stensiö Plateau, Aptian sedi-
ments fill an incised valley cut into the undated post-
Middle Jurassic – pre-Aptian sandstones described
above. The valley fill comprises pebble conglomerates,
contorted shales and coarse-grained pebbly sandstones;
the succession generally fines upwards, and grades into
tidally influenced sandstones and silty shales.

In the Traill Ø area, the occurrence of Cretaceous
resedimented breccias and conglomerates adjacent to
the fault systems of the Svinhufvud Bjerge relay zone,
the Månedal relay zone, and the major fault segment
just north of the Månedal relay zone (Fig. 1) indicate
a close relationship between the structural develop-
ment and depositional patterns during the Cretaceous.
Fault displacements created palaeoslopes that dipped
away from the major faults, as indicated by clast imbri-
cation in the conglomerates and soft sediment defor-
mation of Cretaceous sediments.

Cretaceous basinal sediments are dominated by dark
mudstones, although coarse-grained resedimented brec-
cias, conglomerates, and sandstones occur interbed-
ded with mudstones on the downthrow side of major
faults at several stratigraphic levels. These coarse clas-
tic deep-water deposits are normally rather chaotic,
without any pronounced organisation in the form of
vertical facies trends. Clasts vary in size from pebbles
to blocks more than 10 m across, and in composition
from carbonate and sandstone to metamorphic quartzite,
granite and gneiss. Several of the clast lithologies are
sufficiently characteristic to determine provenance;
clasts derived from Upper Permian carbonates,

35

Fig. 8. Cretaceous turbidites, northern
Traill Ø. Person (centre right) for scale.



Carboniferous and Middle Jurassic pebble conglomer-
ates and pebbly sandstones have all been identified
with varying degrees of certainty. The clast ages allow
determination of the stratigraphic levels that were
exposed in the fault scarps at the time of deposition of
the resedimented coarse-grained clastics, and thus of
the minimum height of the scarps. 

A number of sections exposing coarse clastic syn-
rift deposits were studied. The most proximal locality
is situated in the hanging wall of the Månedal fault,
6 km north of Månedal. This section is at least 25 m
thick and consists of very poorly bedded chaotic brec-
cias with a great variety of block sizes and lithologies.
The coarse clastic sediments are overlain by black mud-
stones with abundant inoceramid bivalves suggesting
an Albian age (preliminary identification by K. A. Tröger,
personal communication, 1996). Distally the breccia
unit gives way to large isolated blocks embedded in
mudstone or to small groups of blocks.

A succession of resedimented conglomerates is
exposed in Månedal, 8–10 km from the Månedal fault.
These are the only resedimented deposits well known
from the literature (Donovan 1953), for which a Turonian
age was suggested on the basis of a single inoceramid
bivalve. This age has now been confirmed by collec-
tions of ammonites and belemnites from the upper-
most conglomerate unit (preliminary identifications by
W. J. Kennedy and W. K. Christensen, respectively; per-
sonal communications, 1996). The succession consists
of sandstones and conglomerates deposited from sandy
debris flows and high-density turbidity currents. Bedding
is highly lenticular, and several sedimentary detach-
ment planes have been identified. 

A mudstone-dominated succession occurs immedi-
ately adjacent to the Månedal fault in an E–W trending
valley on the eastern side of Svinhufvud Bjerge. It con-
tains abundant deformed sandstone beds which have
undergone repeated phases of downslope sliding, fold-
ing and thrusting. The age of this succession is not
known at present.

The deposits at these three localities were all derived
from linear fault scarps, and transport directions are at
high angles to the scarps. The depositional environments
can be characterised as fault scarp slope aprons dom-
inated by deposition from a wide variety of sediment
gravity flows.

A further sandstone-dominated turbidite succession
was identified in the Månedal gorge just west of the river
delta (Fig. 8). It occupies the most distal position with
respect to the fault scarps compared to the other coarse
clastic systems. The turbidites are of medium thick-

ness, parallel-sided,  graded, and consist of medium-
to fine-grained sandstone. The exposed part of the suc-
cession is several tens of metres thick, but the top and
base are not exposed. The high degree of organisation
and the uniform, monotonous nature of the succession
suggest a deep-water outer fan lobe  environment. This
is one of the very few classical turbidite successions
known from the Cretaceous of the rifted seaway between
Greenland and Norway, which finds its only onshore
equivalent in the Kangerlussuaq basin far to the south
(Larsen et al., 1996). 

Structural development
The main Mesozoic rift event in East Greenland was
initiated in Middle Jurassic times and  reached a climax
in the latest Jurassic with the formation of strongly tilted
fault blocks (Surlyk, 1978); tectonic activity ceased in
early Cretaceous, Valanginian times. Deposits and struc-
tures associated with this event are well exposed and
form the basis for an extensive literature (e.g. Surlyk,
1978). This Jurassic rift event has, however, to some
extent overshadowed the importance of subsequent
Cretaceous rift phases. Field work in 1995 and 1996 has
provided new data on a number of Cretaceous rift
events, and the associated coarse clastic deep water
deposits.

A number of fault lines, including the Traill Ø seg-
ment of the post-Devonian main fault and the most
prominent faults in the Mesozoic basin, were mapped
during field work; follow-up photogrammetric studies
have also been made (Fig. 1). A common characteris-
tic of many of the faults is the occurrence of fault brec-
cias. These are often associated with dramatic,
upstanding knolls with well-developed striated slip sur-
faces, often weathered to a characteristic buff or red-
brown colour. The rock types range from fault breccias
to quartz mylonites. Many fault rocks have been through
several phases of brecciation so that some breccias
contain fragments of older fault breccias. These fault
rocks are considered to be excellent hydrocarbon seals.

The fault system bounding the Cretaceous sediments
to the west consists of  a number of overlapping fault
segments, with a lateral E–W offset of approximately
2–4 km (Fig. 1). The segments generate a number of
relay zones: the Svinhufvud Bjerge relay zone, the
Månedal relay zone and the Tværdal relay zone (Fig. 1).
Each of the fault segments is composed of a number
of overlapping minor faults that generate minor relay
zones; the distance between the fault segments is
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approximately 300–500 m. The internal geometry of
the minor relay zones is not well exposed, but the ori-
entation of joints suggests the presence of relay faults
striking at approximately 60° to the general strike of
the major fault segments, as is often observed in such
relay zones (e.g. Trudgill & Cartwright, 1994). 

Where the major relay zones involve Jurassic sedi-
ments, these typically dip parallel to the fault trend that
defines the relay ramps, whereas Cretaceous silty shales
onlap onto the relay ramps. There are, however, marked
differences in the internal structure of the major relay
zones. The Svinhufvud Bjerge relay zone and the
Månedal relay zone both have a normal fault transect-
ing the relay ramp (relay faults), while the ramps dip
to the south and to the north respectively. This con-
trast in dip directions arises from the alternating right-
stepping and left-stepping character of the major fault
segments across Traill Ø. The Tværdal relay zone is char-
acterised by left-stepping major fault segments, but
here the relay fault is associated with intense folding
of the Jurassic sediments located in the footwall.
Structural analysis suggests that the difference in defor-
mational style of the relay zones may be related to vari-
ations in strain rates during the Cretaceous.

The major fault segments were first active as indi-
vidual faults in post mid-Jurassic time since the bed-
ding of the Middle Jurassic deposits is rotated passively
in the major relay zones. Erosion of the Middle Jurassic
sandstones, progressive onlap of Cretaceous shales
onto the relay ramps and the presence of various types
of resedimented conglomerates, all indicate that the
ramps were topographic features and that the major fault
segments were tectonically active during the Cretaceous.
Accumulated displacement in the major fault segments
introduced strain within the relay zones, which was
accommodated by ductile deformation (Walsh et al.,
1996) until a critical amount of strain was reached and
a relay fault was generated. Fault intensity appears to
have increased during the Cretaceous, with the col-
lapse of the ramps during Late Cretaceous time. This
resulted in linkage of the fault segments, and the result-
ing major fault acted as a single coherent structure dur-
ing later movements in Late Cretaceous – Early Tertiary
time. The presence of fine-grained offshore, relatively
deep water Lower Cretaceous sediments immediately
east of the fault indicates that the Cretaceous shoreline
was located west of the fault line, and that most of the
footwall was originally covered by Cretaceous sedi-
ments. However, the presence of Permian and Triassic
clasts in the debris flows indicates that these older suc-
cessions were exposed to erosion along at least the fault

scarps, perhaps due to footwall uplift, or local uplift due
to accommodation strain at the relay structures. The pre-
sent distribution of sedimentary rocks is thus a result
of Cenozoic down-faulting along the linked fault trend
and erosion of the uplifted footwall sediments down
to the level of Triassic rocks. The presence of Triassic
sediments in the footwall immediately adjacent to Lower
Cretaceous deposits in the hanging-wall indicates that
Cenozoic down-faulting was substantial, and that the
Cretaceous rocks in the hanging-wall east of the fault
line may overlie Jurassic deposits, which are otherwise
only poorly exposed within the relay structures and have
been eroded in the footwall.
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