Stratigraphy and depositional history
of the Upper Palaeozoic and Triassic
sediments in the Wandel Sea Basin,

central and eastern North Greenland

Lars Stemmerik and Eckart Hakansson

A lithostratigraphic scheme is erected for the Lower Carboniferous to Triassic sedi-
ments of the Wandel Sea Basin, from Lockwood @ in the west to Holm Land in the
east. The scheme is based on the subdivision into the Upper Carboniferous — Lower
Permian Mallemuk Mountain Group and the Upper Permian — Triassic Trolle Land
Group. In addition the Upper Carboniferous Sortebakker Formation and the Upper
Permian Kap Kraka Formation are defined.

Three formations and four members are included in the Mallemuk Mountain
Group. Lithostratigraphic units include: Kap Jungersen Formation (new) composed
of interbedded limestones, sandstones and shales with minor gypsum — early Mosco-
vian; Foldedal Formation composed of interbedded limestones and sandstones — late
Moscovian to late Gzhelian; Kim Fjelde Formation composed of well bedded lime-
stones — late Gzhelian to Kungurian.

The Trolle Land Group includes three formations: Midnatfjeld Formation com-
posed of dark shales, sandstones and limestones — Late Permian; Parish Bjerg
Formation composed of a basal conglomeratic sandstone overlain by shales and
sandstones — ?Early Triassic (Scythian); Dunken Formation composed of dark shales
and sandstones — Triassic (Scythian—Anisian).

The Sortebakker Formation (new) is composed of interbedded sandstones, shales
and minor coal of floodplain origin. The age is Early Carboniferous. The Kap Kraka
Formation (new) includes poorly known hematitic sandstones, conglomerates and
shales of Late Permian age.
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Introduction

The lithostratigraphic scheme proposed here encom-  into the Upper Carboniferous — Lower Permian Malle-

passes all sediments of Carboniferous to Triassic age in
the Wandel Sea Basin from Lockwood @ in the far west
to Holm Land in the south-east (fig. 1). The stratigra-
phic scheme is a result of the fieldwork carried out in
1978 and 1980 in the Geological Survey of Greenland’s
mapping programme in central and eastern North
Greenland (Henriksen, 1981).

A preliminary lithostratigraphic scheme was erected
by Hakansson (1979) after mapping the sequence in
eastern Peary Land. The present embracive scheme is
based on the subdivision proposed by Hakansson (1979)

Rapp. Gronlands geol. Unders. 143, 2145 (1989)

muk Mountain Group and the Upper Permian — Triassic
Trolle Land Group (fig. 2). Major additions to the
scheme of Hakansson (1979) are the introduction of one
new formation, and four new members in the Mallemuk
Mountain Group (fig. 2). Furthermore, the Sortebakker
Formation (fig. 2) is erected to cover a lower Carbon-
iferous sequence of continental sediments underlying
the Mallemuk Mountain Group in southern Holm Land
and the Kap Kraka Formation (fig. 2) is introduced to
include an Upper Permian continental sequence in the
Harder Fjord Fault Zone near Midtkap (fig. 1).
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Fig. 1. Map of eastern and central North Greenland showing distribution of the major lithostratigraphic units and position of

major fault zones.

Previous work

Upper Palaeozoic sediments were first discovered in
eastern North Greenland by J. P. Koch and A. Wegener
during the Danmarks Expedition in 1906-08 (Nathorst,
1911; Gronwall, 1916). On the basis of their material
Nathorst (1911) assigned the lower part of the sequence
to the Early Carboniferous. Later, Gronwall (1916)
divided the sequence into a lower Terrestrial Group
overlain by a Lower Marine Group and an Upper Ma-
rine Group both suggested to be of Carboniferous age.

Koch (1929) included the Terrestrial Group in his Mt.
Pictet Formation and united the Lower and Upper Ma-
rine Groups into the new Mallemuk Mountain Forma-
tion, which also included Carboniferous sediments
found in eastern Peary Land by Koch (1923, 1925,
1929).

Renewed investigations of the Upper Palaeozoic se-
quence on Holm Land and Amdrup Land (fig. 1) were
initiated when E. Nielsen measured a series of profiles
along the coast in 1938 (Nielsen, 1941). His collections

were described by Frebold (1950), and later by Dunbar
et al. (1962), Dunbar (1962), Ross & Dunbar (1962),
Ross & Ross (1962), and Bendix-Almgreen (1975).
Meanwhile, Troelsen (1950) had discovered Upper Pa-
lacozoic and Triassic sediments in eastern Peary Land in
the early phase of the Danish Peary Land Expedition.
The Triassic sediments yielded abundant ammonites de-
scribed by Kummel (1953).

Recently, information on the Carboniferous to Trias-
sic sequence in North Greenland has been greatly ex-
panded as a result of the large scale geological mapping
project carried out by the Geological Survey of Green-
land in 1978-1980 (Hakansson & Heinberg, 1977; Ha-
kansson, 1979; Soper er al., 1980; Hakansson et al.,
1981; Wagner et al., 1982; Hakansson & Stemmerik,
1984).

Biostratigraphy

The precision in the biostratigraphic dating of the
Upper Palaeozoic and Triassic sediments in eastern
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Fig. 2. Lithostratigraphic scheme for the Upper Palacozoic and Triassic sediments in the Wandel Sea Basin.
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North Greenland is quite variable due to the many
different groups of organisms involved. The present
knowledge on the biostratigraphy, summarised below,
is mainly due to work by Nathorst (1911), Dunbar et al.
(1962), Ross & Dunbar (1962), Kummel (1953), Petryk
(1977), Balme (in Hakansson, 1979) and Wagner et al.
(1982). Additional information was made available by
Dawes (1976).

Sortebakker Formation. The Sortebakker Formation
yields a macroflora that was described by Nathorst
(1911). He assigned the flora to the Dinantian by com-
parison to the Dinantian flora of Spitsbergen. However,
the flora has great similarities to the early Namurian
flora of northern East Greenland described by Halle
(1931, 1953) and Bitler (1961). Tentatively, we thus
suggest a late Dinantian — early Namurian age for the
formation, which then corresponds to the upper, wide-
spread part of the Billefjorden Group in Spitsbergen
(Steel & Worsley, 1984).

Mallemuk Mountain Group. The main part of the Mal-
lemuk Mountain Group is dated by means of fusulinids
(Dunbar et al., 1962; Ross & Dunbar, 1962; Petryk,
1977; J. E. Whittaker, personal communication). Dun-
bar et al. (1962) divided the Holm Land — Amdrup Land
sequence into three fusulinid zones spanning the Car-
boniferous—Permian boundary. Later, Petryk (1977)
documented the presence of yet another Late Carbon-
iferous fusulinid zone in eastern Peary Land.

The zonation used here (fig. 2) corresponds largely to
that used in Spitzbergen by Cutbill & Challinor (1965).
However, in accordance with common practice we treat
the Rugosofusulina arctica zone as the basal Permian
unit.

The youngest fusulinids so far found in North Green-
land belong to the Rugosofusulina arctica zone (Dunbar
et al., 1962; J. E. Whittaker, personal communication,
1985). More than 700 m of carbonates of proposed early
Permian age occur above the highest presence of fusuli-
nids (fig. 2). Dating of this sequence is somewhat spec-
ulative and mainly based on brachiopods, suggesting
that the youngest part of the Mallemuk Mountain
Group is of Kungurian age (Dunbar et al., 1962; Peel et
al., 1974).

Trolle Land Group. The Midnatfjeld and Parish Bjerg
Formations are only dated in very general terms (fig. 2).

Preliminary palynological studies suggest a late Early
Permian age for the lower part of the Midnatfjeld For-
mation (Balme in Hikansson, 1979), while a Late Per-
mian fauna referred to by Dawes (1976) most likely
originates from the uppermost part of that formation
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(Hakansson, 1979). The Parish Bjerg Formation is
poorly dated. Palynological studies suggest a Triassic
age for the formation (Balme in Hakansson, 1979).
However, the presence of gastropods with a Palaeozoic
aspect should also be mentioned.

The only well dated unit is the Dunken Formation
which in the lower part yields a fauna of crinoids, brach-
iopods, pelecypods and fish indicating an Early Triassic
(Scythian) age, while somewhat higher in the sequence
an ammonite fauna of basal Middle Triassic (Anisian)
age occurs (fig. 2) (Kummel, 1953).

Kap Kraka Formation. The Kap Kraka Formation was
dated on the basis of macroflora remains as Late Per-
mian by Wagner er al. (1982).

Lithostratigraphy

The depositional history of the Wandel Sea Basin in
Carboniferous to Triassic time was related in various
ways 10 the structural development of three major fault
zones: the East Greenland Fault Zone (EGFZ), Trolle
Land Fault Zone (TLFZ) and Harder Fjord Fault Zone
(HFFZ) (fig. 1) (Hikansson & Stemmerik, 1984).

Deposition apparently took place in two different
tectonic settings. The Lower Carboniferous — Lower
Permian sediments in Holm Land and Amdrup Land
were deposited in the northernmost part of the East
Greenland rift basin which formed during the initial
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stages of rifting between Greenland and Norway,
whereas the Upper Carboniferous — Triassic sediments
in Peary Land were deposited along the southern mar-
gin of a rift basin that also included Svalbard.

Nevertheless, during Late Carboniferous — Early Per-
mian times in particular, the sedimentary development
was very uniform throughout eastern North Greenland
and the entire arctic region. Accordingly, we have
adopted the traditional view of the presence of a Wan-
del Sea Basin (Dawes & Soper, 1973; Dawes, 1976;
Hikansson & Stemmerik, 1984) applying the same lith-
ostratigraphy both in Peary Land and in the Holm Land
— Amdrup Land area (fig. 2).

Sortebakker Formation

new formation

History. This formation corresponds to the continental
Lower Carboniferous sediments of Nathorst (1911) and
the Terrestrial Group of Gronwall (1916). Koch (1929)
included the sediments in his Mt. Pictet Formation, but
this name was later rejected by Hakansson er al. (1981).

Name. After Sortebakker situated along the south coast
of Holm Land (fig. 3).

Type section. The type section (1) is located at Sorte-
bakker (figs 3, 5, 7).

Reference section. A reference section (2) has been
measured at Sortebakker (figs 3, 5, 6).

Thickness. The thickness is inferred to exceed 600 m.

Lithology. The formation is composed of cyclically in-
terbedded medium to coarse grained sandstones, shale
and minor coal (fig. 7). The formation includes more
than 70 fining-upward cycles which may be traced lat-
erally for several kilometres (fig. 6). The formation is
divided by at least one internal low-angle unconformity
into a lower, 350 m thick unit composed of thin, shale
dominated cycles, and an upper sandy unit with thick
cycles. Coal appears to be confined to the upper part of
the formation above the unconformity.

Boundaries. The lower boundary is unknown. The for-
mation is overlain with an angular unconformity by
sediments of the Kap Jungersen Formation (fig. 6).

Distribution. The formation has a restricted occurrence
along the south coast of Holm Land (fig. 3).
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Fig. 5. Detailed sediment log of Sortebakker Formation. (A) Section 1. lower part (Type section). (B) Section 1 upper part. (C)

Section 2. For location see figs 3 and 6.

Age. Early Carboniferous, (?) late Dinantian — early
Namurian.

Mallemuk Mountain Group

History. This unit was originally defined as the Malle-
muk Mountain Formation by Koch (1929). Later, Ha-
kansson (1979) raised its status to group level. The

group comprises the Lower and Upper Marine Groups
of Gronwall (1916).

Name. After the mountain Mallemukfjeld in Holm
Land (figs 3. 8).

Type area. The cliffs along the south and east coast of
Holm Land (fig. 3).

=

Fig. 6. The coastal cliffs of Sortebakker showing location of sections (1) and (2). Note the internal disconformities (arrows) within
the Sortebakker Formation (S) and the unconformity to the overlying Kap Jungersen Formation (K). CLff height approximately

350 m,




Thickness. More than 1100 m.

Dominant lithology. The lower part of the group is
dominated by interbedded sandstones, shales and shelf
carbonates of the Kap Jungersen and Foldedal Forma-
tions. The upper part of the group consists of highly
fossiliferous thin bedded to massive limestones of the
Kim Fjelde Formation.

Boundaries. The group rests on the Sortebakker Forma-
tion in southern Holm Land with an angular unformity
(fig. 6). Elsewhere in Holm Land and Amdrup Land it
rests directly on Precambrian basement. In Peary Land
and Prinsesse Ingeborg Halve the group rests on a va-
riety of Lower Palacozoic rocks from the North Green-
land fold belt.

The upper boundary is known from eastern Peary
Land and the Lockwood @ area. Throughout most of
this area, sediments of the Midnatsfjeld Formation con-
formably overlie the Mallemuk Mountain Group. How-
ever, locally the Upper Jurassic - Lower Cretaceous
Ladegirdsden Formation (Hakansson, 1979) rests with
an angular unconformity on top of the group.

Distribution. The group occurs from Lockwood @ in the
west to Holm Land in the south-east (fig. 1).

Geological age. Late Carboniferous (early Moscovian)
to Early Permian (Kungurian) (fig. 2).

Subdivisions. Three formations, in ascending order,
constitute the group; Kap Jungersen Formation (+ 350
m), Foldedal Formation (+ 400 m), Kim Fjelde Forma-
tion (700 m).

Fig. 7. Interbedded sandstone and shale interpreted to be
fining upward cycles of flood plain origin. Sortebakker Forma-
tion, section 1,
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Kap Jungersen Formation

new formation

History. This formation corresponds to the lower part of
the Lower Marine Group of Gronwall (1916).

Name. After Kap Jungersen. south-eastern Amdrup
Land (fig. 3).

Type section. The type section 4 is from Vestelv, south-
ern Amdrup Land (figs 9. 10).

Reference sections. Reference sections occur at Depo-
telv (section 3) in southern Holm Land and Kap Junger-

sen (section 5) in southern Amdrup Land (figs 3. 9, 11).

Thickness. 350 m in southern Holm Land and more than
300 m in southern Amdrup Land.

Lithology. The formation includes highly variable lith-
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Fig. 8. Mallemukfjeld seen from
the cast. The thick cliff forming
unit is the Kim Fjelde Formation
(KF). The interbedded lime-
stones and sandstones below be-
long to the Foldedal Formation
(F). Cliff height approximately
400 m.

ologies, including conglomerates, sandstones, shales,
limestones and gypsum.

The basal part of the formation is composed of con-
glomerates and sandstones referred to as the Depotfjeld
Member.

In Holm Land the main part of the formation consists
of interbedded marine sandstones and biogenic lime-
stones (fig. 12). The sandstones are medium-grained
arkoses with a sparse, poorly preserved marine fauna.
The limestones are biogenic wackestones and pack-
stones with a fauna dominated by brachiopods and
bryozoans. Isolated chactetids occur frequently, and
from a single level Stemmerik (1989b) reported the
development of small chactetid reefs. The upper part of
the formation in Holm Land consists of well bedded
biogenic wackestones and packstones.

In Amdrup Land the lower part of the formation
consists of interbedded sandstone, shale and biogenic
limestone (fig. Ya) that grade up into a sequence of
well-bedded biogenic wackestone and packstone.
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Fig. 9. Sediment log of the

Kap Jungersen Formation.

(A) Type section (4). (B)

1L Reference section (3). (C)
o Reference section (5). For lo-
L cation see fig. 3.




Fig. 10, Vestelv seen from the
south. The type section (4) is lo-
cated cast of the river. Height of
section 80 m

Fig. 12. Interbedded limestone
and sandstone from the middle
part of the Kap Jungersen For-
mation at  Depotfjeld. Cliff
height approximately 250 m

Fig. 11. Depotfjeld seen from the southeast. Location of section (3) is shown.




The upper part of the formation is dominated by
black shales with thin layers of gypsum. However, an
approximately 2 km wide carbonate platform developed
locally in the western part of Kap Jungersen (fig. 13).
The hypersaline limestones and patch reefs creating this
platform are separated out as the Ingolf Fjord Member.

Boundaries. The lower boundary is only exposed in
southern Holm Land, where the formation rests uncon-
formably on the Sortebakker Formation (fig. 14).

The formation is conformably overlain by the Folde-
dal Formation. The top of the formation in south-east-
ern Holm Land is defined as the top of a grey limestone
unit immediately beneath a thick coarse-grained to con-
glomeratic sandstone unit. In the reference section at
Kap Jungersen (fig. 9¢) the top of a black shale beneath
a thick sandstone unit forms the top of the formation.

Distribution. The formation occurs in the coastal chiffs
from Depotfjeld to Hanseraq Fjord in Holm Land and
along the south coast of Amdrup Land (fig. 3).

E' Fig. 13. The coastal cliffs be-

tween Vestelv and Kap Junger-
sen showing the Kap Jungersen
Formation (K), Ingolf Fjord
Member (IF), Foldedal Forma-
tion (F) and Kim Fjelde Forma-
tion (KF). Location of sections 5
and 8 is shown. CIliff height ap-
proximately 350 m.

Age. Carboniferous, Early Moscovian, Profusulinella
Zone (fig. 2).

Subdivisions. The Depotfjeld and Ingolf Fjord Mem-
bers are separated out from the rest of the formation.

Depotfjeld Member

new member

Name. After Depotfjeld, southern Holm Land (fig. 3).
Type section. The type section is located at the western
end of Depotfjeld (fig. 14) and corresponds to the lower
part of the reference section (3) (fig. 9b).

Thickness. 030 m.

Lithology. The member consists of red-weathering con-
glomerates and coarse-grained sandstones. The con-

E

Fig. 14. Coastal cliffs of Depotf-
jeld showing details of the uncon-
formity separating the Kap Jun-
gersen Formation (K) from the
Sortebakker Formation (S). De-
potfjeld Member (De) thins and
disappears towards the east. Chiff
height approximately 300 m.




Fig. 15. Hypersaline platform
carbonates overlain by crinoid-
bryozoan mounds (M) and gyp-
sum (G). Western Kap Junger-
sen. The mound is 20 m high.

glomerates are composed of material derived from the
crystaline basement exposed towards the west and
north. Grain-sizes range from boulders at the base to
gravel higher up. Internal structures are rare and only
recognised in the upper, more fine-grained part, where
large scale cross-bedding occurs.

Rare brachiopods and corals indicate deposition in a
marine environment,

Boundaries. The lower boundary corresponds to the
lower boundary of the formation. The upper boundary
is placed at the first occurrence of limestone (fig. 9b).

Distribution. The member is restricted to the western
part of Depotfjeld (fig. 11).

ingolf Fjord Member

new member

Name. After Ingolf Fjord. the fjord between Holm
Land and Amdrup Land (fig. 3).

Type section. The type section is located in the western
part of the coastal cliffs at Kap Jungersen and corre-
sponds to the basal part of section 5 (figs 9c. 13).

Thickness. 0 m to more than 150 m.

Lithology. The main part of this member is composed of
bedded, unfossiliferous limestone with subordinate
amounts of shale (fig. 15). This part of the member
forms a laterally restricted, hypersaline carbonate plat-

form (fig. 13). On top of this, small 5-20 m high crinoid-
bryozoan mounds (fig. 15) formed in shallow water,

normal marine environments (Stemmerik, 1989a).
These mounds consist of dolomitized limestone with an
abundant fauna of crinoids, bryozoans, brachiopods,
bivalves and nautiloids.

Boundaries. The lower boundary is not exposed, but is
tentatively placed at the base of the non-fossiliferous
limestones. The upper boundary is irregular and placed
at the transition from limestone to gypsum or shale (figs
9¢, 13). Laterally, this member also passes into black
shales interbedded with gypsum.

Distribution. This member is restricted to the western
part of Kap Jungersen.

Foldedal Formation

History. This name was introduced by Hékansson
(1979) for a sequence of conglomerates and interbedded
sandstones and limestones which forms the base of the
Wandel Sea Basin sequence around Foldedal and Clar-
ence Wyckoff Bjerg in eastern Peary Land (fig. 16).
Subsequent work has led to the inclusion of comparable
sequences in Holm Land, Amdrup Land and the Lock-
wood @ area. The formation corresponds to the upper
part of the Lower Marine Group of Gronwall (1916) in
Holm Land and Amdrup Land.

Name. After Foldedal, eastern Peary Land (fig. 16).

Type section. The type section (6) is situated on the
north side of Foldedal (figs 16, 17).
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Reference section. Reference sections occur at Hanseraq
Fjord, Kap Jungersen, Mallemukfjeld and Lockwood @
(sections 7, 8, 9, 10, figs 1, 3, 16, 17).

Thickness. Highly variable due to variations in the un-
derlying basement relief. In the type section the mea-
sured thickness is 208 m, but Hakansson (1979) esti-
mates a maximum thickness in excess of 400 m for the
Foldedal area. In the Holm Land — Amdrup Land area
the formation is 170-180 m thick.

Lithology. The lower part of the formation consists of
red-weathering conglomerates and sandstones, here re-
ferred to as the Hanseraq Fjord and Kap Bunch Mem-
bers. Above follows a sequence of interbedded marine
sandstone and biogenic limestones which upwards be-
comes dominated by limestones (fig. 18). Locally, in
southern Amdrup Land thin layers of gypsum and more
fine-grained clastics occur.

Boundaries. In eastern Peary Land the formation rests
unconformably on a variety of rocks from the North
Greenland fold belt (Hakansson, 1979). At Hanseraq
Fjord it rests unconformably on Precambrian basement
(figs 17b, 19), whereas elsewhere in Holm Land and
Amdrup Land it overlies the Kap Jungersen Formation

conformably. Here, the base of the formation is placed
at the base of a thick conglomeratic sandstone overlying
a thick sequence of limestone or locally black shale (figs
9c, 13).

The upper boundary is placed above the uppermost
sandstone which is followed by the cliff forming lime-
stones of the Kim Fjelde Formation.

Distribution. The formation occurs in Peary Land south
of Clarence Wyckoff Bjerg from Hellefiskefjord to Fol-
dedal and along the north-western slopes of Kim Fjelde
(fig. 16). In Holm Land it occurs in the coastal cliffs
from Mallemukfjeld to Mégefjeld (fig. 3). In Amdrup
Land it is restricted to the south-eastern part of the Kap
Jungersen area (fig. 3). The formation also occurs in the
Lockwood @ area.

Age. Carboniferous, Late Moscovian — early Gzhelian,
Wedekindellina — and Tricites Zones (fig. 2).

Subdivisions. The Hanseraq Fjord and Kap Bunch
Members are separated out from the rest of the forma-
tion. They are of similar lithology and age, but the wide
geographical separation and their relation to local tec-
tonic movements argue for a division into two members.

nrreess

Kap Erik Bunch

Midnatfjeld

T"kv// > Henry Parish Bjerg
7z

1
20°00'

Fig. 16. Geological map of east-
ern Peary Land showing distribu-
tion of the various Upper Palaeo-
zoic and Triassic Formations and
position of measured sections.
For legend see fig. 3. Geology
modified from Bengaard & Hen-
riksen (1986).
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Fig. 18. The coastal cliffs on the north side of Hanseraq Fjord showing interbedded sandstone and limestone of the Foldedal
Formation (F) overlain by cliff forming limestones of the Kim Fjelde Formation (KF). Tents for scale.

Hanseraq Fjord Member

new member
Name. After Hanseraq Fjord in Holm Land (fig. 3).

Type section. The type section corresponds to the lower
part of the reference section (7) for the formation (fig.
17b).

Thickness. Highly variable, due to the relief of the
underlying basement, estimated to be in the range 0-40
m.

Lithology. Red weathering conglomerates and coarse-
grained sandstones, composed of material derived from
the Precambrian basement towards the west. Sparse
brachiopods indicate deposition in a marine environ-
ment.

Boundaries. The lower boundary corresponds to the
lower boundary of the formation. The upper boundary
is placed at the base of the first limestone bed.

Distribution. This member is exposed in the coastal
cliffs north-east of Hanseraq Fjord, towards the south
to Mallemukfjeld.

Age. Carboniferous, Late Moscovian, Wendekindellina
Zone (fig. 2).

Kap Bunch Member

new member

Name. After Kap Erik Bunch in eastern Peary Land.

Type section. The type section corresponds to that of the
Foldedal Formation (fig. 17a).

Thickness. Highly variable due to the relief of the un-
derlying basement, estimated to be 0-200 m.

Lithology. Red weathering conglomerates and cross-
bedded sandstones composed of material derived from
the underlying basement. A sparse fauna dominanted
by corals indicates marine conditions during deposition.

Boundaries. The lower boundary corresponds to that of
the formation. The upper boundary is placed at the base
of the lowermost limestone bed (fig. 17a).

Distribution. This member is confined to eastern Peary

Land and Lockwood @.

Age. Carboniferous, Late Moscovian, Wedekindellina
Zone (fig. 2).

Kim Fjelde Formation

History. This name was given by Hakansson (1979) to a
thick series of limestones of Late Carboniferous to
Early Permian age found in eastern Peary Land. The
formation corresponds to the Upper Marine Group of
Gronwall (1916) in Holm Land and Amdrup Land.

Name. After the mountainous area Kim Fjelde in east-
ern Peary Land (fig. 16).

Type section. The type section is in Foldedal (figs 16,
20). No single section can be measured through the
entire formation, so the section 11c¢ in fig. 20a spanning
the upper Kim Fjelde Formation to the lower Mid-
natfjeld Formation is designated as type section.



Fig. 19. Precambrian basement
overlain by conglomerates and
sandstone of the Hanseraq Fjord
Member. Hanseraq Fjord.
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MIONATFJELD FM

KIM FJELDE FM

KIM FJELDE FM

100 41

50 -

Fig. 20. Sediment log of the Kim
Fjelde Formation. (A) The type
section (11), 11a, 11b and 11c¢ re-
fer to sections through the Kim
Fjelde Formation at different
stratigraphic levels along Folde-
dal. (B) Reference section (13),
this also shows the Midnatfjeld
Formation. (C) Reference sec-
tion (12). For location see fig. 16.
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Reference sections. Reference sections covering the
lower part of the formation occur in eastern Peary Land
(section 6), Hanseraq Fjord (section 7). Kap Jungersen
(section 8), Mallemukfjeld (section 9) and Lockwood @
(section 10) (fig. 17). Reference sections through the
upper part of the formation are measured at Kap Jun-
gersen (section 12) and Midnatfjeld (section 13) (figs 3,
16. 20).

Thickness. In Holm Land the formation is at present not
known to be more than 150 m thick. In Amdrup Land

the thickness varies from more than 550 m at Kap
Jungersen to approximately 400 m near Antarctic Bugt.
In Prinsesse Ingeborg Halve the thickness is less than
200 m. In eastern Peary Land, the only place where the
entire formation is preserved the thickness is estimated
to be 700 m (Hakansson, 1979).

Lithology. The formation is composed almost exclu-
sively of fossiliferous or cherty limestones (fig. 21). In
most places the limestones comprise well bedded wack-
estones and packstones of fragmented skeletal grains

Fig. 21. Cherty limestone in the
upper part of the Kim Fjelde
Formation at Kim Fjelde.

Fig. 22. Bedded biogenic lime-
stones in the upper part of the
Kim Fjelde Formation at Kap
Jungersen (section 12). Chff
height approximately 50 m.




Fig. 23. Bedding plane showing abundance of chertified brach-
iopods. Kim Fjelde Formation at Kap Jungersen (section 12).

(fig. 22). Locally, in the upper part there are in situ
accumulations of often silicified brachiopods and bryo-
zoans (fig. 23). In Amdrup Land thin interbeds of red
siltstones occur in the central part of the formation (fig.
24).

Boundaries. In northern Holm Land, southern Amdrup
Land, eastern Peary Land and on Lockwood @ the
formation conformably overlies sediments belonging to
the Foldedal Formation (fig. 17). Here, the boundary is
placed above the uppermost sandstone bed. In northern
Amdrup Land, Prinsesse Ingeborg Halve and locally in
castern Peary Land, the formation rests unconformably
on, respectively, Precambrian basement and folded sed-
iments of the Franklinian basin (Hakansson, 1979; Ha-
kansson et al., 1981).

The upper boundary is recognised only in eastern
Peary Land and in the Lockwood @ area. Here, the
formation in most places is overlain conformably by

Fig. 24. Coastal cliffs of Kap Jun-
gersen showing well bedded cliff
forming limestones separated by
interval of silty limestone (ar-
row). Chif height approximately
350 m.
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clastic sediments of the Midnatfjeld Formation (fig. 20).
The boundary is sharp and placed at the transition to
dominantly siliciclastic lithologies. Locally, in eastern
Peary Land the formation is unconformably overlain by
the Upper Jurassic - Lower Cretaceous Ladegardsaen
Formation (fig. 16) (Hakansson, 1979).

Distribution. The formation is the most widespread of
the Upper Palacozoic units occurring in Holm Land,
Amdrup Land. on northern Prinsesse Ingeborg Halve,
in eastern Peary Land and as far west as Lockwood @
and Kap Kane (figs 1. 3, 16).

Age. Late Carboniferous to Early Permian (?Kungur-
ian). The lower boundary appears diachronous across
the Carboniferous-Permian boundary being oldest in
eastern Peary Land (Tricites Zone) and youngest in
northern Amdrup Land and Prinsesse Ingeborg Halve
(Rugosofusulina arctica Zone) (fig. 2).

Trolle Land Group

History. This group was erected by Hakansson (1979) to
include the thick sequence of Permo-Triassic siliciclastic
sediments overlying the limestone dominated Mallemuk
Mountain Group in eastern Peary Land. Here, it is
defined to include only the marine part of the sequence
forming three major coarsening-upward cycles sepa-
rated by angular unconformities. Thus, the continental
Upper Permian sediments of the Kap Kraka Formation
are not included in this group.

Name. After Herluf Trolle Land, eastern Peary Land
(fig. 1).

Type area. The north-castern and eastern slopes of the
mountainous area Kim Fjelde (fig. 16).




MIDNATFJELD FM

Fig. 25. Sediment log of the uppermost part of the Midnatfjeld
Formation in the type section (13)

Thickness. More than 1100 m. However, part of the
sedimentation occurred in isolated, fault controlled
areas, so the thickest section measured is 600 m.

Dominant lithology. The group is dominated by marine
sandstones and shales with subordinate amounts of ma-
rine limestones. The sediments are organized in three
coarsening upward cycles, each corresponding to a for-
mation,

Boundaries. In eastern Peary Land and on Lockwood @
the group conformably rests on limestones of the Kim
Fjelde Formation. It is locally overlain by sediments of
the Upper Jurassic — Lower Cretaceous Ladegardsaen
Formation. Elsewhere, the upper boundary is not ex-
posed due to erosion.

Distribution. The group occurs in eastern Peary Land,
around Kap Kape and on Lockwood @ (fig. 1).

Geological age. Late Permian (?latest Early Permian) to
Middle Triassic (fig. 2).

Subdivisions. The group is divided into the upper Per-
mian Midnatfjeld Formation (250 m), and the Triassic
Parish Bjerg Formation (300 m) and Dunken Formation
(600 m) (hig. 2).

Midnatfjeld Formation

History. This formation was erected by Hikansson
(1979) 10 include siliciclastic sediments of late Permian
age in eastern Peary Land.

Name. After the mountain Midnatfjeld in Kim Fjelde
(fig. 16).

Type section. The type section is located in the eastern
part of Kim Fjelde (figs 16, 20b, 25).

Reference section. A reference section occurs at the
northern slope of Midnatfjeld (fig. 20a).

Thickness. Approximately 300 m in the type area.

Fig. 26. Interbedded shales and
sandstones of the Midnatfield
Formation at Kim Fjelde.
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Fig. 27. Sediment log of the Parish Bjerg Formation in the type
section (14).

Lithology. The lower part of the formation is dominated
by dark calcareous shales containing a sparse marine
fauna. The upper part is dominated by fine-grained
sandstones, shales and thin limestone beds (fig. 26).
Highly diversified marine faunas occur throughout the
higher levels.

Boundaries. The formation conformably overlies sedi-
ments of the Kim Fjelde Formation. The boundary is

Fig. 28. The mountain Henry
Parish Bjerg showing location of
section 14
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placed at the change from limestone and chert dom-
inated lithologies to shale (fig. 20).

The upper boundary is an angular unconformity over-
lain by sediments of the Triassic Parish Bjerg Formation
or locally the Upper Jurassic — Lower Cretaceous Lade-
giardsaen Formation (fig. 16).

Distribution. This formation is confined to the north-
eastern and castern part of Kim Fjelde (fig. 16).

Age. Late Permian, possibly ranging down into the lat-
est Early Permian (fig. 2).

Parish Bjerg Formation

History. This formation was erected by Hakansson
(1979) to comprise a series of sandstones, shales and
conglomerates separated from the Midnatfjeld Forma-
tion by a slight angular unconformity.

Name. After the mountain Henry Parish Bjerg in Kim
Fjelde (fig. 19).

Type section. The type section (14) is at the north-west
slope of Henry Parish Bjerg (figs 16, 27, 28).

Thickness. The formation is 340 m thick in the type
section. In fault-blocks where the formation is uncon-
formably overlain by the Ladegardsaen Formation only
the basal part of the formation is preserved.

Lithology. The lower part of the formation consists of
reddish weathering sandstones alternating with pebbly
conglomerates (figs 27, 29). Planar cross-bedding and
ripple cross-bedding are common in this part. Above
follow poorly exposed heterolithic shales and the upper
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part of the formation is dominated by fine-grained sand-
stone. Well preserved trace fossils, e.g. Rhizocorallium,
indicate shallow marine conditions during deposition of
the upper sandy part.

Boundaries. The lower boundary is a slight angular
unconformity separating the formation from the under-
lying Midnatfjeld Formation. Also the upper boundary
is an angular unconformity to the Upper Jurassic —
Lower Cretaceous Ladegirdsaen Formation (fig. 16).

Distribution. The formation is confined to the eastern
parts of Kim Fjelde.

Age. Poorly dated. most likely Triassic throughout.

Dunken Formation

History. This name was given by Hakansson (1979) to a
thick Triassic sequence of mainly sandstones and shales
restricted to an isolated fault block in the eastern part of
Kim Fjelde. The formation corresponds in part to the
Triassic sections of Troelsen (in Kummel. 1953).

Fig. 29. Pebble conglomerates and sandstones of the basal part
of Parish Bjerg Formation at Kim Fjelde. Geologist for scale.
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Fig. 30. Sediment log of the Dunken Formation in the type
section (15).




Fig. 31. The mountain Dunken
showing position of section [5.
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Name. After the mountain Dunken in the eastern part
of Kim Fjelde (fig. 19).

Type sections. The type section (15) is from the northern
slope of Dunken (figs 30, 31).

Thickness. A 500 m thick section has been measured at
the type locality. Hakansson (1979) estimated the total
thickness at the type locality to be approximately 600 m
which is in accordance with the thickness of a section
measured by Troelsen (in Kummel, 1953).

Lithology. The lower part of the formation is dominated
by marine, greyish-black shales containing abundant

Fig. 32. The type locality of the
Kap Kraka Formation showing
the fault bound Permian sedi-
ments (P). Photo: A. K. Higgins.

fossils (Troelsen in Kummel, 1953). The upper part of
the formation is dominated by yellow weathering, fine
to medium grained sandstones. Bedding is irregular and
cross-bedding occurs only rarely. Marine fossils are re-
stricted to phosphatic nodules in a 20-30 m thick in-
terval (fig. 30), but marine trace fossils, mainly Rhizo-
corallium, occur throughout the sandy part. Therefore.
Hakansson & Heinberg (1977) concluded that the entire
formation represents a fully marine environment.

Boundaries. Neither the lower nor the upper boundary
is known.
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Distribution. The formation is confined to an isolated
fault block in eastern Kim Fjelde (fig. 16).

Age. Early — Middle Triassic, the lower shaly part is of
Scythian age and the sandy part is of Anisian age but the
top half of the formation remains undated.

Kap Kraka Formation

new formation

History and definition. This formation is erected to in-
clude the Upper Permian sediments described by Soper
et al. (1980), Hakansson er al. (1981) and Wagner et al.
(1982) from the Harder Fjord Fault Zone at a location
near Midtkap (figs 1, 32).

Name. After Kap Kraka in the central part of Frederick
E. Hyde Fjord (fig. 1).

Type section. Not available.
Thickness. Estimated to be approximately 400 m.
Lithology. The formation comprises sandstones, con-

glomerates and silty to coaly shales with abundant im-
pressions of plants (fig. 33).

Boundaries. Both the upper and the lower boundaries
are unknown (Hakansson er al., 1981; Wagner et al..

tion. Photo: A. K. Higgins

Fig. 33. Tree trunk in hematitic sandstone. Kap Kraka Forma-

Distribution. The formation is confined to small, fault-
bounded areas near Midtkap (figs 19, 32).

Age. Late Permian.

Depositional history

The depositional history of the Upper Palacozoic —
Triassic sequence in eastern North Greenland described
briefly by Hikansson & Stemmerik (1984) is summa-
rized below. During Late Palacozoic times there ap-
pears to be good correlation between North Greenland
and both Svalbard and the Sverdrup Basin (e.g. Ha-
kansson & Stemmerik, 1984; Steel & Worsley, 1984;
Davies & Nassichuk, in press). However, compared
with these two areas the North Greenland succession is
much less complete as only sediments from a narrow
part of the platform are preserved.

Early Carboniferous (? Visean). Prior to the early Mos-
covian transgression a thick sequence of fluviatile sedi-
ments was deposited on the southern Holm Land block
(fig. 34A). Thus, more than 600 m thick sequence con-
sists of stacked fining upward cycles of flood-plain ori-
gin (Hikansson & Stemmerik, 1984). A low angle in-
ternal unconformity divides the sequence into a lower
sandy unit and an upper shaly unit.

Early Moscovian. During early Moscovian (Profusuli-
nella zone) times the sea transgressed the southern
Holm Land and southern Amdrup Land blocks (fig.
34B). Prior to the transgression the Lower Carbonifer-
ous sediments were disturbed along N-S trending faults
and subsequently eroded creating considerable relief.

The margin of the basin was dominated by coarse
clastic sediments deposited in a shallow marine envi-
ronment. Further to the east in southern Holm Land
(fig. 34B) cyclically interbedded sandstone and biogenic
limestone were deposited in alternating high energy,
siliciclastic dominated and more quiet, limestone dom-
inated shelf environments.

The shelf sediments prograded gradually towards the
west, and during late Early Moscovian times coarse
siliciclastic sedimentation appears confined to the west-
ern marginal areas (fig. 34C). A wide, shallow carbon-
ate shelf then covered most of southern Holm Land (fig.
34C). At the same time carbonate sedimentation was
restricted in Amdrup Land to a narrow 1-2 km wide,
N-S trending zone (fig. 34C). The carbonate platform
developed here with as much as 50 m of relief to the
surrounding basins which gradually became filled by
black shale and thin interbeds of gypsum (fig. 13).
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Fig. 34. Palacogeographic maps and facies patterns during Carboniferous to Permian time.
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Late Moscovian — Gzhelian. During the late Moscovian
(Wedekindellina zone) a new transgression reached
northern Holm Land and Peary Land in addition to the
former transgressed areas (fig. 34D). Considerable in-
flux of coarse siliciclastic material (fig. 34D) suggests
that this event was partly related to movements along
the fault zones.

Gradually the siliciclastic supply decreased and al-
ternating biogenic limestones and marine sandstones
deposited in widespread shelf environments (fig. 34D).

Late Carboniferous — Early Permian (Kungurian). Dur-
ing Late Carboniferous time (7riticites zone) the re-
duced relief of the land areas gave rise to widespread
deposition of shelf carbonates. The ongoing transgres-
sion reached northern Amdrup Land, Kronprins Chris-
tian Land and the western part of eastern Peary Land
carly in the Permian (Rugosofusulina zone) and during
the remaining part of the Early Permian bedded bio-
genic limestones were deposited throughout the area
(fig. 34E).

Late Permian. The depositional pattern changed drasti-
cally in the latest Early Permian or earliest Late Per-
mian (fig. 34F). Renewed tectonic activity along the
Harder Fjord Fault Zone is indicated by deposition of
thick wedges of continentally derived conglomerates.
The shelf areas became the site of clastic deposition (fig.
34F). Initially, deep water shales and cherts dominated,
but towards the end of the Permian shallow marine
sandstones prograded across the shelf as the conse-
quence of the ongoing regression that finally exposed
the area in the lastest Permian.

Triassic. In Triassic times sedimentation was initiated by
deposition of reddish pebble conglomerates in a pro-
posed nearshore setting. The remaining part of the
Triassic history in North Greenland is dominated by two
episodes of basin deepening and mud deposition fol-
lowed by sandstone progradation and infill. The two
resulting coarsening upward sequences correspond to
the Parish Bjerg and Dunken Formations.

The very limited present-day outcrop of Triassic sedi-
ments leaves no clues to the original extent of the Trias-
sic basin in North Greenland.
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