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A Kl Ar age of 380 ± 5 Ma has been obtained from an intrusive body in the· southern part of the North 
Greenland Fold Belt in Peary Land. This age dates the first major deformation event in the North 
Greenland Fold Belt, and it is inferred that a correlation exists between the North Greenland Fold Belt 
and the Northern Ellesmerian Fold Complex of the Arctic Canadian archipelago. The dating furthermore 
casts serious doubt on the proposed genetic link between the intrusive rocks of the southern part of the 
North Greenland Fold Belt and the Late Cretaceous Kap Washington volcanics and the N-S trending 
dyke swarms W of Peary Land. 
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Introduction 

Intrusive bodies in the southern part of the North 
Greenland Fold Belt were discovered in 1979 
during the Geological Survey of Greenlands ex­
pedition to Peary Land (Pedersen 1980, Soper et 
al. 1980). One of the most prominent intrusive 
bodies was first observed at the mountain Midt­
kap, north of Frederick E. Hyde Fjord (Fig. 1, 2 & 
3), and the intrusives are hereafter referred to as 
the Midtkap Igneous Complex. Rocks of the 
Midtkap Igneous Complex are situated south of 
the large E-W trending Harder Fjord Fault Zone 
(HFFZ) that separates the southern North 
Greenland Fold Belt from the northern part. 

The southern part of the fold belt has been 
affected by two very different orogenic events: 1) 
the V0lvedal Orogeny which is connected to the 
Caledonian mobile belt (Pedersen 1981, 1982, 
Hakansson & Pedersen in press) and 2) the El­
lesmerian Orogeny which is the major deforma­
tion event in the Innuitian belt (Christie 1979, 
Trettin & Balkwill 1979, Higgins et al. 1981, 
Pedersen 1981). 

In this paper a K/ Ar date on the Midtkap 
Igenous Complex is presented, and its signifi­
cance is discussed in relation to (1) the fold belt 
deformations, (2) the activation of the Harder 

Fjord Fault Zone and a correlation with the 
northern Ellesmerian Fold Complex (Trettin & 
Balkwill 1979). 

The North Greenland Fold Belt in 
Peary Land 

The northernmost land area in Greenland is 
occupied by the E-W trending Palaeozoic North 
Greenland Fold Belt. Historical aspects of the 
geological investigations of this remote region is 
given by Dawes (1971, 1976). 

The rocks of the fold belt consist of shales, tur­
bidites and redeposited conglomerates (Fre­
derichsen et al. 1982). South of the fold belt 
Lower Palaeozoic platform carbonates overlain 
by Silurian flysch (Christie & Peel 1977) form the 
hinterland to the fold belt (Ellitsgaard-Rasmus­
sen 1955). During Cambra-Ordovician times the 
platform margin gradually collapsed concomitant 
with the development of the North Greenland 
elastic sedimentary trough (Surlyk et al. 1980). It 
is significant that the southern margin of the fold 
belt and the northern edge of the carbonate 

platform is a coincident zone situated 5-10 km 
south of the deeply, E-W incised Frederick E. 
Hyde Fjord (Fig. 2). 
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Fig. 1. Location map of Peary Land, North Greenland. The position of the block diagram Fig. 2 is framed. 

Dawes and Soper (1973,1979) divided the fold 
belt into five E—W trending structural zones re­
flecting increasing deformation and metamor­
phosis from south to north. More detailed map­
ping in the northern part of the region (Soper et al. 
1980, Higgins et al. 1981) confirms the general 
structural trends E-W outlined by Frånkl (1955), 
Ellitsgaard-Rasmussen (1955), Dawes (1971, 
1976) Dawes and Soper (1973, 1979). Three El-
lesmerian fold phases are recognized in the main 
fold belt region (Soper et al. 1980, Higgins et al. 
1981). 

The southern part of the fold belt corresponds 
to zone 1 and 2 of Dawes and Soper (1973,1979) 
and it is bordered to the north by the transcurrent 
Harder Fjord Fault Zone (HFFZ, Fig. 2 & 3). 
Recent fieldwork in the North Greenland Fold 
Belt (Pedersen 1980) has shown that there is a 
marked structural difference between the south­
ern and the northern part of the fold belt. Two 
orogenies have affected this area. The first is a 
thin skinned decollement deformation with thrust 
faulting and folding directed towards the west 
(Pedersen 1980, 1981) and named the Vølvedal 
Orogeny by Pedersen (1982). The Vølvedal Oro­

geny is interpreted as gravity thrusting and mega-
sliding related to elevation of the Caledonides in 
eastern North Greenland (Pedersen 1981). The 
second deformation belongs to the Ellesmerian 
Orogeny and corresponds to the first (Ft) fold 
phase recognized in the main fold belt region 
(Soper et al. 1980, Higgins et al. 1981). In the 
southern part of the fold belt the structures of the 
Ellesmerian deformation are macroscopic upright 
synclines and anticlines trending E-W and the 
rocks display little or no metamorphic alteration. 
Due to the Ellesmerian deformation the structu­
res of the Vølvedal Orogeny are refolded and 
initially flatlying thrust faults are tilted into 
steeply dipping positions. 

The Midtkap Igneous Complex 

The intrusive centres of the Midtkap Igenous 
Complex are distributed over an area of c. 300 
km2 situated in the triangle bordered by Frigg 
Fjord, Frederick E. Hyde Fjord and the Harder 
Fjord Fault Zone, (Fig. 3). The intrusive rocks 
are discordantly emplaced in the Cambrian (?) 
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Fig. 2. Topographic block diagram of central Peary Land illustrating the main geological divisions in the transition from Lower 
Palaeozoic carbonate platform into folded Lower Palaeozoic trough sediments in the fold belt region. 
HFFZ is the Harder Fjord Fault Zone which separates the southern part of the fold belt from the northern fold belt region. Frederick 
E. Hyde Fjord is the long fjord in the upper part of the block diagram from which Frigg Fjord stretches to the NW. 
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Fig. 3. Geological map of the fold belt region in Peary Land, North Greenland. 
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Frigg Fjord Mudstone and the Ordovician clastic 
sediments. Six intrusive centres (A-F, Fig. 3) 
have been described from the area (Pedersen 
1980, Soper et al. 1980, Parsons 1981) and an 
additional intrusive breccia situated 8 km SW of 
Frigg Fjord (G, Fig. 3) is regarded as being re­
lated to the complex (Pedersen 1980). 

The rock types presented in the intrusive cen­
tres are serpentinite, diorite, dioritic gabbro, mi-
cro-diorite, leucocratic granite, agglomerates and 
agglomeratic breccias (Pedersen 1980, Soper et al. 
1980, Parsons 1981). In some of the centres am-
phibolitic gneisses and brecciated metamorphic 
basement rocks occur (Soper et al. 1980, Parsons 
1981), and in the agglomerates spilitic rocks simi­
lar to pillow-lavas situated in the HFFZ north of 
Midtkap have been observed (Parsons 1981). In 
many places it has been observed that the intrusi-
ves were affected by shearing in a deformation 
postdating the igneous emplacement (Pedersen 
1980, Parsons 1981), although the primary intru­
sive contacts have not been obliterated. 

The geological setting of the intrusive centres 
has been discussed by Pedersen (1980), Soper et 
al. (1980) and Parsons (1981). Pedersen (1980) 
suggests an syntectonic emplacement due to the 
shear structure observed in centres A and G 
which are orientated parallel to the general N-S 
orientated Vølvedal orogenic trend. Soper et al. 
(1980) regard the intrusions as post-tectonic, re­
lated to the tectonics of the HFFZ, and states 
(due to the occurrences of basement xenoliths) 
that the Lower Palaeozoic clastic trough de­
veloped on an ensialic basement close to a conti­
nental margin. Parsons (1981) describes the ser-
pentinites as deformed before emplacement, but 
the emplacement of the intrusive rock as post-
tectonic. A correlation with the Kap Washington 
Group volcanics (Dawes 1976, Larsen et al. 
1978, Soper et al. 1980, Brown & Parsons 1981) 
is suggested by Parsons (1981) although relations 
to spillites in the HFFZ and to a marginal ocean-
floor assemblage in the turbidites beneath Frigg 
Fjord Mudstones are additionally discussed. 

Analytical techniques 

One whole rock sample from centre A at Midt­
kap was dated by the K/Ar-method. The sample 

was crushed and sieved, the 125 um-250 um size 
fraction being used for both K and Ar determi­
nation. Potassium was determined in triplicate by 
flame photometry using a Perkin-EImer model 
460 Atomic Absorption Spectrophotometer and 
a sample solution with a lithium buffer. Ar was 
extracted by total fusion by induction heating in a 
high vacuum system and determined by isotope 
dilution at the Institute of Petrology, University 
of Copenhagen. The system was calibrated with 
atmospheric argon and international standards 
(P-207 and LP-6). A three stage purification pro­
cedure was used: stage one incorporating a Ti-
sponge furnace and a liquid nitrogen trap; stage 
two pumping away of H2 and a second Ti-sponge 
furnace; and stage three pumping of active gasses 
in the mass-spectrometer of two Zr-Al getter-
pumps. A small aliquot of the gas was tested in 
the mass-spectrometer before letting in the gas 
sample for Ar-analysis. The mass-spectrometer 
was an AEI MS10 fitted with a 1.8 kgauss per­
manent magnet, and the results recorded on a 
chart. Decay constants and branchsing ratio for 
40K after Steiger and Jager (1977) were used, the 
data were reduced by a computer program and 
the Ar ratios at time of inlet of gas into the mass-
spectrometer are calculated. The results were 
corrected for mass discrimination, isotope frac­
tionation and line blank. 

Petrography and interpretation 

The specimen, GGU 217863, is a fine-grained 
intermediate magmatic rock which exhibits mul­
tiple metamorphic alteration of the primary mine­
rals. Part of the magmatic andesitic paragenesis 
can be recognized: euhedral and subhedral phe-
nocrysts of plagioclase, hornblende and biotite 
with accessory zircon. Mica has extensively been 
altered to chlorite. Almost all hornblende is re-
crystallized to green actinolitic amphibole, and 
signs of a third generation of amphibole is seen. A 
uralitized mineral is also present which probably 
represents magmatic clinopyroxene. The plagio­
clase has two generations of which the former is 
nearly completely resorbed and replaced by mus-
covite. The late plagioclase generation rims the 
muscovite pseudomorphic phenocrysts and is a 
groundmass constituent (An55-An20 normal zo-
nation). Quartz is present in the mesostasis. 
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Table 1. Result of the K/Ar-analysis of micro diorite from centre A of the Midtkap Igneous Complex. 

Sample no. 40Ar , 
molg*1 

Arrad 

% of tot 40Ar 

125 

Calculated age 
Ma ± l o 

GGU 217863 1.35 9.87X1010 
98.1 380 ±5 

The conservation of the magmatic texture and 
the metamorphic alteration products (biotite —» 
chlorite, hornblende —» actinolite, feldspar —> 
muscovite) suggest a retrograde contact-meta-
morphism dominantly of the greenschist facies, 
which was not sufficiently intense to obliterate 
the primary magmatic mineral assemblage. 

The rock was intruded into poorly consolidated 
Cambro-Ordovician clastic sediments. The heat 
flow from the intrusive body into the surround­
ings probably provoked a very effective convec-
tive system of meteoric waters in the highly per­
meable country rock. As no regional metamor­
phic event took place in the area considered and 
no stress effects are observed on the rock speci­
men, we think that most likely the magmatic 
paragenesis was changed during the cooling of 
the pluton by the favourable conditions for fast 
chemical reactions during a hydrothermal regime. 

The K/Ar date is largely dependent on four 
potassium-bearing minerals in the rock: biotite, 
hornblende, plagioclase and muscovite-bearing 
pseudomorphs after plagioclase. The rest only 
contribute very minor amounts of 40Arrad. Horn­
blende normally retains argon at temperatures 
below c. 550°C (Harrison 1981), and thus would 
yield a result closest to the time of intrusion of the 
magma. However, only minor amounts (less than 
1%) of this phase is preserved. Both biotit and 
muscovite (together they account for more than 
90% of the potassium) are expected to give the 
approximate age of the cooling below the temp­
eratures c. 250°C-300°C (Harrison & mcDou-
gall 1980) dependent on the cooling rate, provi­
ded they were totally reset with respect to 40Arrad 

content during the latest heating. Both muscovite 
and plagioclase are thought to have been formed 
during the metamorphism and probably give an 
age near to that of their formation. There is no 
evidence of any significant alteration subsequent 
to this retrograde metamorphism. 

It is therefore concluded that the K/Ar age 
most likely reflects the latest cooling from 
greenschist facies temperatures. Only hornblende 

might give an older age, but would contribute 
very little to the total rock age. The adopted 
model for the genesis of the dated rock implies 
the age of intrusion is not very different from that 
of the metamorphism, and thus the apparent age 
is regarded as representing a real event. 

Discussion 

The first radiometric age determination obtained 
from the Midtkap Igneous Complex relates the 
intrusive event in the southern part of the North 
Greenland Fold Belt to the earliest orogenic de­
formation, the Vølvedal Orogeny. Further spe­
culations concerning a connection to the Late Cre­
taceous Kap Washington Group volcanics and the 
Late Mesozoic N-S trending dyke swarms in the 
archipelago west of Peary Land (Higgins et al. 
1981, Batten et al. 1981) should thus be rejected. 

The 380 Ma K/Ar age predates an Early Car­
boniferous Rb/Sr age determination of the struc-
tural-metamorphic event in the central part of the 
fold belt. Here Springer (1982) investigated low 
grade metamorphic slates and shales from the 
Cambrian Polkorridoren Group (Friderichsen et 
al. 1982). Rb-Sr dates on the fine fraction (<2 
Urn) gave ages of 332 Ma, 339 Ma, and 345 Ma 
(Springer 1982), which are the first radiometric 
ages of the Ellesmerian Orogeny in the North 
Greenland Fold Belt. 

The shearing that affected parts of the intrusive 
rocks reflects a post intrusive deformational event 
that is connected with the Vølvedal Orogeny. The 
thermal retrograde metamorphic alterations 
might well be contemporaneous with the thrust 
fault deformation, during which high mobility of 
volatiles is considered present in connection with 
release of high pore pressure due to the gravity 
sliding of the sediment slices. In the regional dis­
tribution of the intrusives it is characteristic that 
they occur in the eastern part of the Vølvedal 
Orogeny area. Here most of the cover down to 
the Frigg Fjord Mudstones has been peeled off, 
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and it is likely that the intrusives had broken 
through the "roof where there was a minimum 
thickness of overburden. Hence it is suggested 
that the intrusive event was syntectonic, as igne­
ous bodies were affected by the deformation, and 
late syntectonic as they intruded the easternmost 
"thin-covered" area, from where the westernly 
displaced thrust sheets first had to be removed. 

The nearest igneous and structural province 
within the Innuitian Mobile Belt that might be 
correctable with the Midtkap area is the North­
ern EUesmere Fold Complex situated in North 
Canada about 500 km west of Peary Land. The 
Northern EUesmere Fold Complex consists of 
Lower Palaeozoic and Proterozoic sediments and 
meta-sediments thrust faulted and folded towards 
the southwest and intruded by gabbros, diorites 
and serpentinites (Trettin & Balkwill 1979). The 
intrusives yield ages of 390, 376, 360 and 345 Ma 
which are regarded as syntectonic with the main 
Palaeozoic deformation event in the Innuitian 
Mobile Belt (Trettin & Balkwill 1979). Christie 
(1979) refers the 360 Ma age to the Acadian 
orogeny and correlates the radiometric dates with 
the Middle Devonian clastic sedimentation. 

Håkansson and Pedersen (in press) present a 
speculative mobilistic model of the correlation 
between the Vølvedal Orogeny and the Northern 
EUesmere Fold Complex. According to this 
model the two regions originally represented a 
coherent N-S trending thrust fault and fold belt 
that was torn apart by a sinistral transcurrent 
fault along the HFFZ in the Late Devonian to 
Early Carboniferous time. The 380 Ma K/Ar 
dating of the Midtkap Igneous Complex supports 
a correlation of the two regions. The suggested 
sinistral displacement (Håkansson & Pedersen, in 
press) is about 700 km with a direction towards 
WNW west of Peary Land (Håkansson & Peder­
sen in press). A dextral displacement of c. 200 km 
along HFFZ with WSW strike west of Peary Land 
is regarded to have brought the northern part of 
the fold belt into its present position (Håkansson 
& Pedersen in press). 

Conclusion 

A whole rock K/Ar age of 380 ± 5 Ma has been 
obtained from an intrusive micro-diorite from the 
Midtkap Igneous Complex in the southern part of 

the North Greenland Fold Belt. The intrusives 
are interpreted as syntectonic with the Vølvedal 
Orogeny which is thus regarded as Middle Devo­
nian. 

The Middle Devonian age of the Midtkap 
Igneous Complex rejects any speculation of a 
correlation with Late Mesozoic igneous activity in 
the northern part of the North Greenland Fold 
Belt. 

A correlation with intrusive rocks of the North­
ern EUesmere Fold Complex is suggested sup­
porting a hypothesis of a Late Devonian sinistral 
transcurrent strike slip displacement of about 700 
km. 
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Dansk sammendrag 

En K/Ar alder på 380 mill, år er opnået ved datering af en 
micro-diorite fra det intrusive kompleks ved Midtkap i den syd­
lige del af det Nordgrønlandske Foldebælte. To regionale oro-
gene deformationer har påvirket de nedre palæozoiske klastiske 
sedimenter i den sydlige del af foldebæltet: 1) en tidlig vestret-
tet gravitativ udglidnings- og overskydningstektonik, der er re­
lateret til hævningen af Caledoniderne i det østlige Nordgrøn­
land, 2) en N-S rettet kompressiv orogen tektonik, som skabte 
den dominerende foldning i det Innuitiske Foldebælte, der ken­
des fra Peary Land i øst til EUesmere Island (Nord Canada) 
i vest. Intrusionerne ved Midtkap tolkes som syn-tektoniske 
og tilknyttede den tidlige overskydningsdeformation. Den ra­
diometriske datering angiver således en mellem Devon alder af 
såvel den første deformationsfase som af intrusionerne i den 
sydlige del af det Nordgrønlandske Foldebælte. Intrusionerne 
og overskydningsdeformationerne foreslås korreleret med 
Northern EUesmere Fold Complex i Nord Canada, hvor lignen­
de radiometriske aldre er opnået på intrusive bjergarter. Den 
radiometriske datering underbygger en hypotese om, at dette 
område oprindelig var nærmere tilknyttet Peary Land, men er 
blevet fortsat ved en sinistral bevægelse på c. 700 km mod vest 
langs Harder Fjord Forkastnings Zonen. 
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