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Upper Palaeozoic sediments in North Greenland were deposited in basins formed as
the result of rifting between Norway, Greenland and Svalbard. The succession
comprises Upper Carboniferous f1uviatile sediments, Upper Carboniferous mixed
shallow marine silicic1astic sediments and carbonates, Lower Permian shallow water
carbonates, and Upper Permian carbonates, cherts and shales. Major depositionaJ
sequences encompass the folIowing intervals: early Moscovian, mid Moscovian 
Gzelian, Asselian-Kungurian, and Ufimian-Kazanian.

L. S., Geological Survey ofGreenland, øster Voldgade 10, DK-1350 Copenhagen K,
Denmark.
E. H., Institute of Historical Geology and Palaeontology, University of Copenhagen,
øster Voldgade 10, DK-1350 Copenhagen K, Denmark.

Upper Palaeozoic sedimentary rocks in eastern areas
of North Greenland (Fig. 1) were discovered by J. P.
Koch and A. Wegener during the Danmarks Expedition
of 1906--08. However, the remoteness of the area has
severely restricted exploration and, until recently,
knowledge of the Upper Palaeozoic succession has been
confined largely to palaeontological and biostrati
graphic accounts of the very limited material collected
by J. P. Koch and A. Wegener in 1907, by E. Nielsen in
1938, by J. C. TroeIsen in 1948 and by W. E. Davies in
1961 (Nathorst, 1911; Gronwall, 1916; Frebold, 1950;
Dunbar, 1962; Dunbar et al., 1962; Ross & Dunbar,
1962; Ross & Ross, 1962; Peel et al., 1974; Bendix
Almgreen, 1975; Dawes, 1976; Petryk, 1977).

Upper Palaeozoic sediments throughout central and
eastern North Greenland were investigated in some de
tail during 1978 and 1980, as a part of the North Green
land Project of the Geological Survey of Greenland
(Håkansson, 1979; Håkansson et al., 1981; see Henrik
sen & Higgins, 1991). This work was followed recently
by a more detailed study of the Upper Palaeozoic de
posits on Prinsesse Ingeborg Halvø (Håkansson et al.,
1989). The outcome of this recent work was not in
c1uded in the lithostratigraphic frame-work established
by Stemmerik & Håkansson (1989).

The overall correlation of the Carboniferous and Per
mian deposits of Svalbard, the Sverdrup Basin of Arctic
Canada and the Wandel Sea Basin of North Greenland
is well established (Håkansson & Stemmerik, 1984;
Stemmerik & Worsley, 1989; Davies & Nassichuk, in
press). However, looking in more detail, the most strik-
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ing depositional similarities are found between the suc
cessions on Svalbard and in the Sverdrup Basin (Davies
& Nassichuk, in press). This may reflect the faet that the
limited exposures in Greenland inc1ude only the more
shallow water parts of the shelf sequence.

Geological setting and structural framework

Upper Palaeozoic sedimentation post-dates the Cale
donian orogenesis in eastern North Greenland and the
Ellesmerian orogenesis in central North Greenland
(Håkansson et al., 1981; Higgins et al., 1985; Hurst et
al., 1985). Sedimentation reflects structural develop
ment in two different tectonic settings somewhat artifi
ciaIly united as the Wandel Sea Basin (Håkansson &
Stemmerik, 1989). It is suggested that deposition of
Upper Palaeozoic sediments in Holm Land and Am
drup Land (Fig. 1) occurred in a basin developed as the
result of rifling between Greenland and Norway (Fig.
2). Sediments exposed in eastern Peary Land and on
Lockwood ø (Fig. 1) appear to have accumulated in a
basin formed as the result of rifting between central
North Greenland and Svalbard (Fig. 2). These two ba
sins formed part of an extensive mosaic of intercon
nected basins covering the Barents Shelf region and the
marginal areas of North Greenland during the Late
Palaeozoic (Stemmerik & Worsley, 1989).

Sedimentation was fairly uniform in the Wandel Sea
Basin during Late Carboniferous and Early Permian
times (Fig, 3). In the Holm Land area sedimentation
started in the latest Devonian or earliest Carboniferous
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Fig. 1. Distribution of Upper Palaeozoic sediments (shaded) and major structural elements in central and eastern North
Greenland. Arrow indicates a small outcrop of the Kap Kraka Formation.

and f\uviatile sediments comparable to those in central
East Greenland were deposited. The sediments were
faulted and eroded, prior to the Late Carboniferous
transgression, in a tectonic phase not recorded else
where in the area. Sedimentation continued north ofthe
Trolle Land Fault Zone into the Late Permian in what
appears to be a tectonically active basin. Similar condi
tions occur also in several of the basins in the Svalbard 
Barents Sea region (e.g. Stemmerik & Worsley, 1989).

Upper Palaeozoic sediments in Holm Land and Am
drup Land rest directly on Precambrian basernent,
whereas the sediments in eastern Peary Land overlie a
variety of strata deformed during the Ellesmerian Orog
eny (Håkansson, 1979; Håkansson et al., 1981).

Holm Land - Amdrup Land basin

Upper Palaeozoic sediments in Holm Land and Am
drup Land were deposited during the initial stages of

the rifting between Greenland and Norway. Rifting was
initiated during latest Devonian ar earliest Carbonifer
aus time and is synchronous with, and related to, rifting
events in Svalbard, the Barents Sea and central East
Greenland (Stemmerik & Warsley, 1989).

The main structural feature in Holm Land and Am
drup Land is the N-S trending East Greenland Fault
Zone, considered to be the northern extension of the
post-Devonian Main Fault Zone (Vischer, 1943) of cen
tral East Greenland (Fig. 2). Sedimentation was prob
ably restricted ta the subsiding areas east of this fault
zone (Fig. 4). A series of NW-SE trending faults con
trolled the differential sedimentary history of a number
af small fault blocks on this subsiding platform (Figs 1,
3).

A major tectonic event during mid-Carboniferous
times disturbed the Lawer Carboniferous sediments
along N-S trending faults prior to the Late Carbonifer
ous (early Moscovian) transgression (Håkansson et al.,
1981; Håkansson & Pedersen, 1982).
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Fig. 2. General pre-drift configuration of Greenland, Svalbard
and Ellesmere Island. The stippied area indicates the known
extent of the Upper Pa!aeozoic basins. BF, Billefjorden Fault;
IHF, Inner Hornsund Fault; HF, Harder Fjord Fault Zone; TL,
Trolle Land Fault Zone; EG, East Greenland Fault Zone; P-D,
post-Devonian Main Fault (based on Steel & Worsley, 1984;
Davies & Nassichuk, in press; and various GGU maps).
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Peary Land - Prinsesse Ingeborg Halvø basin

Upper Carboniferous - Upper Permian sediments in
Peary Land and Prinsesse Ingeborg Halvø are Iimited
by the roughly E-W trending Harder Fjord Fault Zone
and the NW-SE trending Trolle Land Fault Zone (Fig.
2). Favouring a pre-drift position of Svalbard north-east
of Greenland (Fig. 2), these fault zones are rougWy
parallel to the fault-system which Steel & Worsley
(1984) consider to have controlled the Late Palaeozoic
sedimentation in Svalbard. Thus, we suggest that during
the Late Palaeozoic North Greenland constituted a
fault-bound basin which was closely related to the ba
sins found in Svalbard (Fig. 2).

The onset of sedimentation in this area during the
Late Carboniferous may be structurally controlled. The
folIowing period was characterised by gentle subsidence
of the basin and not until mid-Permian times is there
evidence of renewed movements along the Harder
Fjord and Trolle Land Fault Zones (Håkansson & Pe
dersen, 1982; Nilsson et al., 1991). The Permian-Triassic
boundary is marked by a low angle unconformity
throughout the Arctic (Håkansson & Stemmerik, 1984;
Steel & Worsley, 1984).

Stratigraphy and Iithofacies

A stratigraphic scheme for the Lower Carboniferous
to Upper Permian sediments in the Wandel Sea Basin
has recently been proposed by Stemmerik & Håkansson
(1989). Correlation between the main outcrop areas,
Holm Land - Amdrup Land and eastern Peary Land, is
fairly welIestablished for the Upper Carboniferous to
lowermost Permian part of the succession (Fig. 3).
However, the Permian part of the succession is not well
dated and, accordingly, corre1ation is poor. These cor
relation problems have been substantiated further by
the discovery of a thick Permian silicic1astic succession
restricted to Prinsesse Ingeborg Halvø (Håkansson et
al., 1989).

The succession in the Holm Land - Amdrup Land
area has been investigated in greatest detail (Håkansson
et al., 1981; Håkansson & Stemmerik, 1984; Stemme
rik, 1989a, b; Stemmerik & Håkansson, 1989). Here
outcrops can be followed for considerable distances
along strike but, unfortunate!y, they only extend for a
few kilometres E-W perpendicular to strike. As aresult
only a very Iimited cross-section is actually exposed.
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Fig. 3. Lithostratigraphic correlation of the marine Upper Palaeozoic sediments in eastern North Greenland. Solid lines indicate
lithostratigraphic units; dolted lines are the proposed biostratigraphic correlation (based on Håkansson & Stemmerik, 1984;
Stemmerik & Håkansson, 1989; Nilsson et al., 1991).
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Fig. 4. Palaeogeographic maps and facies patterns during: A, early Carboniferous; B, early Moscovian; C, mid Moscovian; D, late
Moscovian; E, latest Carboniferous - Early Permian; F, Late Permian (from Stemmerik & Håkansson, 1989). HFFZ, Harder
Fjord Fault Zone; TLFZ, Trolle Land Fault Zone; EGFZ, East Greenland Fault Zone.
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8asin evolution

Early C"rbolli!erolls (Viseall ?) jllll'iOlile
setliltlellUllioll

Prior to tlle carly Moscovi.1O lransgrcssion a thick
succession of nuvialile sediments (Soflebakker Forma·
tion) attumu]aled on Ihc southcrn Holm Land block
(Fig. 4A). This morc Ihan 600 m thick succession con·
sisIs of slacked. fining-upward cydes of nood-plain ori·
gin (Håkansson & Slcmmcrik. 1984). A low angle un
conformilY dividcs the sediments into a lowcr shaly unit
wilh ffiilinly thin cydcs .•md an upper sandy unit wilh
Ihiek tyeles (Fig. 5).

Thc sandy unil includcs more lhan 40 cyeles which
may be lmccd lalcrally for scvcral kilomelres (Fig. 5).
Each tyele has an cTOl>ional lowcr surfaee ovcrlain by
3-7 III Ihiek sandslones showing a varicly of sIrcam
generalcd structures indicating caslcrly palaeocurrents.
The fine-graincd part of cach cyclc is composcd of car
bonaccous shale and occasion'll thin coal beds contain
ing a sparse macronora of carly Carbonifcrous age
(N:uhorsl. 1911).

Lore CarbOlli!erolls cyclic silet! se(Jimelltarioll

1bc carly Moscovian - Gzelian Kap Jungersen and
Foldedal Formations ronsiSI of shelf sediments dcpos.
Ilcd 1111"0 major fining-upward megacycles 17()....400 m
thlck (Fig. 3). Early MoscO\'ian sheJf sedimentation was
confillCd to the southern l-101m Land and the Amdrup
Land blocks (Figs 40. C). In rontrasl latc Moscovian
Gzdian shclf sedimcntation was far more widcspread
cO"cring Holm Land, southcrn Amdrup Land. most of

w
--

('cary Land :md possibly also Prinsesse Ingeborg Halvø
(Fig. 4D).

Early MOSCQvian transgrcssion and shclf
sedimentation

The base of the carly Moscovian transgrcssive succes
sion is exposcd along Ihe south roast of Holm Land.
Prior to thc transgrcssion. thc Lower Carbonifcrous
sediments wcre disturbed along N-S Irending faults and
subscquently erodcd (Fig. 5; Håk:msson et al., 1981).

During the initial stages of the tr'lnsgression conglom
er:ltes .md cD.lrse-grained s.lndstones :tceumulated in
high energy. coastal environmenlS towards the wesl
(Fig. 413). As the se:I-IeVel rose. the conglorncr:ltes
gradually rnigratcd funher westwilrds forming il wedge
shaped hody. Scawards. towards the east.thick dcposits
of shelf sediments accumulaled (Fig. 4(3). In southern
Holm L:lnd the carly stages of shclf sedimentation were
dominatcd by shect-like bodics of ahcrnating cross-bed
ded. immalUrc SimdslOnc :md biogenic limcstone. prc
dominantly wackestone. The limestones yield a normal
m'lrine fauna dominated by bmchiopods. bryozoans.
corals and fusulinids. Oceasionally, chaeletids form
smal! patch-rcds. but otherwisc red development is nOl
indicated (Stemmerik. 1989b). In contrasi the sand
stones anI) contain a Iimited fauna of maini) gastro
pod,

The rcgular oceurrence of normal marine fossils in
the sandstoncs indicates that also this phasc of Ihe cy
cics was marine. The largc areal cxtcnl of individual
beds (Fig. 6) :lIld the al mosl complctel:lck of siliciclaslic
material in the limestoncs suggcst lhat the cyclicity was
causcd by '"cry rapid changes in dcposilional conditions

E

Fi~. S. Lolll'cr Carbonifcrous
(LC) finmg upward C)"C1es of
Oood-plain origin unconformably
o"eriain by marine Iov.·cr Mosoo
vian sediments (EM). Oiff
hcighl approximau:ty 350 m.
soulhcrn 1·lolm Land.
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Fig 6. InlC'fbedded rnogenic limeslones and sandsumcs of IIle Kilp Jun~TSCn Form311on (Io..-er MOSCO\'Ian). EJ:~d scrtion
apprOJlImalel) 100 m. soulhem Holm Land

over wIde ineas af lhc snelf rainer lhan by facies progra
datIon. Gradually. sandSlOne inlcrvab becamc Iess fre
qucnl and the upper part af the Kap Jungcrscn Forma
lian is composcd almasi cxdusivcly of bcddcd biogenic
limestone (Fig. 4C).

In soulhcrn Arndrup Land the succession cxhibits a
more complcx f:lcics pattcrn (Figs 48, C). Thc initial
transgrcssivc dcposils arc nOl cxposcd; the olctesl sedi
ments arc cyclic:llly-interbcddcd sandslqncs. shalcs and
biogcnic limcslollcS af lagnonal origin. Abovc follows a
thick succession of shdf limestone which is highly fossi
liferous in Ine 10.....cr parI. Typically. thcsc limestones
are overlain by shales but. locally.limcslone deposition
conlinued and developcd inlo a 1-2 km wide. -$
Irending carbonate plalfonn (Fig. 7). Initially. mainly
hypcrsaline. eherl-rieh dolomile accumulaled producing
a platform with up IO 50 m of relief (Fig. 7). Aflerwards
small bryozoan-cnnoid mounds grew on top of Ihe plat
form at thc same time as shale deposilion look place in
the surrounding topographic lows ($temmcrik. 1989a).
Several episodes of sea-Ievcl drawdown are suggcsled to
aCCQunt for Ihe regular occurrenee of gypsum beds in
Ihe shaJes and Ihe carly vadose diagcnelie alteralion of

the lo~er part af thc mounds. FinaJly.lhe enlite soulh
ern Amdrup Land area bceame a slte of gypsum deposi.
tion.

The thiek succession of poorly daled. Moscovi:1O
bryozoan.dominated mounds and aSSOCialcd e:lrbonales
in northcrn Amdrup Land is bclievcd IO bc the llorlh
wards eonlinualion of Ihis mid-Moscovian pl:urorm.
There is no cvidcnce or cvaporite depositiOIl in norlhern
Arndrup LUld. but diagcnctic studies of the mounds
suggcsI that they have bcen subjeclcd IO subaerial expo
sure (Stemmcrik. in press).

LaIC Moscovian - Gzelian shelr sedimentation

Ouring lale Moscovian limes Ihc sea Iransgressed
over norlhern Holm Land and mosl oflhe eaSlern Pcary
Land blocks (Fig. 40). The lransgrcssion was appar
enlly c10scly rclalcd IO tectonie activily along the Easl
Grcenland. Tralle Land and Harder Fjord Fault Zones
(Håkansson & Stemmerik. 1984) and thick wedges of
conglomerales were dcposiled in thc ncwly Iransgressed
areas (Fig. 40). Thc inpul of siliciclaSlic matenal was
gradually redueed and eyclie sandSlone and biogenie
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lig 7, The earl) Moscm"jan - Guhan~ m soolhcm Amdrup land. NotC' lhe isolaled carbonale platform (C) surroulKkd
Il) \.hales (S) also beklngmg IO 1M Kap Jungcr'iCn Form311011 (Io..er MOSCO\:lan) l1Je IranSl!IO" II) lhe oH"I)"mg Foldedal
Form.mon (FF) (upper o\loscomm - Gzchan) IS p1accd III il thKk )O!nd:stonc abO"c llle Uppcrmosl gypsum lil)cr (arrow). Olfr
hclghl approxlmalely 350 m

hmCSlonc weJe dcpo~iled in Holm L.md and mosl af
caSlcrn I'c;try Lllnd (Figs -4D. 8). Ilo.... c\'cr, dcposilional
cnvironmcnts i.1 southcrn Amdrup Land cOlllinucd to

differ from tlle regional paltcrn also JUling .he tatc
Moscovj'ln. and dcposilion af inlcrbcddcd sandstone,
shalc <lnd biogcnic limestone in quictcr, lagoonal cnvi
ronments W,IS rc-eslablishcd. RCI>CatcJ cmcrgence af
tlle uppcr part af Ihe succession is indicalcd bOlh by
layers of chickcn-wire anhydrite and by abundanl levels
of shrinkage cracks in Ihe fine-gr;lined si1icic1astic sedi
ments.

LlUe Carbolli[erolls - Ear/y Permian
(Klmgllrian) transgression alld carboflaft! shel[
set/imell/lUion

The Moscovian-Gzelian mixed silicic1astic and car
bonale dcposits were succeeded in Ihe lalesl Carbon
[fcrous by widcspread. rather uniform deposition of
shallow walcr carbonates (Fig. 9). This change..-was"most
likely rel:ued IO a euslatic rise in sca·levcl.

Well-beddcd biogcnic limeslones are ..... idcsprcad
throughoUI Holm Land. southern Amdrup Land and
Pcary Land (Fig. 4E). Well prescrved macrofossils are
rarc in lhesc dcposits which are nwinly composed af
finc-gmincd fragments af brachiapods. bryozoans and
crinoids in a micritic malrix. Shallow. morc agitiltcd
condilions prcvailed on Ihe Prinsesse Ingeborg Halvø
blod. where high1y fossiliferous wackcSlones ilnd pack
stones accumulaled.

Sedimenls from the latest plir! of Ihe Early Permian
(Kungurian) have been rccogniscd only from Peary
Land. Prinsesse Ingeborg Hah'" and soulhem Amdrup
Land. In Amdrup Land an overall shatlowing took
place during the Early Permian. and Ihe Kungurian?
parI of the succession is dominatcd by highly diverse in
Silll accumulalions of brachiopods and bryozoans in a
micritic malrix (Madsen & Håkansson. 1989). In Peary
Land and on Prinsesse Ingcborg H3h·". on the olher
hand. Ihe deposilional environmenl apparently became
gradual1y dceper during the Early Permian.
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Late Permian siliciclastic shelf sedimentation

The widespread mid-Permian tectonic event, recog
nised from central East Greenland, Bjørnøya and Spitz
bergen (Worsley & Edwards, 1976; Steel & Worsley,
1984; Surlyk et al., 1986), is recorded in Peary Land and
on Prinsesse Ingeborg Halvø by renewed influx of silic
iclastic material.

The Early Permian deep carbonate shelf now became
dominated by shale and chert deposition (Fig. 4F).
Gradually, during the Late Permian , an overall regres
sion changed the sedimentation pattern in Peary Land
and sandstones prograded across the shelf. As aresult
the latest part of the succession in Peary Land is dom
inated by shallow marine sandstones with a few in
terbeds of biogenic limestone. On Prinsesse Ingeborg
Halvø two shaIlowing upward sequences are recorded;
each sequence, 1000-1200 m thick, comprises a lower
basinal shale overlain by shallow water carbonate de
posits (Håkansson et al., 1989; Fig. 3).

Further evidence of mid-Permian tectonic activity is
recorded along the Harder Fjord Fault Zone where
thick wedges of Upper Permian conglomerates, sand
stones and carbonaceous shales were deposited locally
in fault-bound freshwater basins (Håkansson & Peder
sen, 1982; Wagner et al., 1982).

Sequence correlation

The Upper Palaeozoic succession in North Greenland
can be divided into a number of transgressive-regressive
sequences believed to reflect second-order sea-level
fluctuations. Major boundaries (sea-level lowstands)
are recorded in the mid-Moscovian, latest Gzelian (Car
boniferous-Permian boundary), Kungurian-Ufimian
boundary and near the Kazanian-Tatarian boundary
(Stemmerik & Worsley, 1989). An additional Late Per
mian transgressive-regressive sequence is recorded on
Prinsesse Ingeborg Halvø, but the more precise age of
this sequence is yet unknown (Fig. 3).

The North Greenland depositional sequences show
good overall correlation to the sequences in Svalbard
(Stemmerik & Worsley, 1989). Correlation to the depo
sitional sequences, recorded by Beauchamp et al.,
(1989) in the Sverdrup Basin, is less well established.
Co-occurring sea-level lowstands appear to occur near
the Carboniferous-Permian boundary, at the Kungur
ian-Ufimian boundary and possibly near the Kazanian
Tatarian boundary.
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