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Abstract 

This paper presents a brief overview of research in the early Proterozoic 

Nagssugtoqidian orogenic belt of West Greenland, together with a comprehensive 

bibliography. 
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Introduction 

Study of the Nagssugtoqidian orogen was initiated by the paper of Ramberg (1949) 

'On the petrogenesis of the gneiss complexes between Sukkertoppen and Christianshaab, 

West Greenland'. Ramberg demonstrated that a swarm of basic dykes, the 'Kangamiut 

dykes', which are well preserved in the area between Sukkertoppen and S0ndre 

Strnmfjord, become strongly deformed and metamorphosed further north in the area 

south of Holsteinsborg (for localities see attached figure). This deformation and 

metamorphism was obviously due to later orogenesis, and the resulting orogenic belt 

was by Ramberg (1949) termed 'the Nagssugtoqides' after the fjord Nagssugtoq (Nordre 

Strnmfjord). In later papers this orogen is most commonly referred to as 'the 

Nagssugtoqidian mobile belt'. Ramberg's work gained international attention through 

Noe-Nygaard's (1948, 1952) presentation at the 18th International Geological Congress 

in London, 1948. 

Most later work on the Nagssugtoqidian belt was carried out by geologists from the 

Universities of Aarhus and Liverpool. Aarhus geologists, sponsored by GGU, worked in 

the Agto region in two periods: the 'Agto 1 project' from 1966-1969 under the direction 

of E. Bondesen (see papers in Bondesen, 1970a), and the Agto 2 project from 1975-

1978 under direction of N.0. Olesen and K. S0rensen. The work resulted in a detailed 

map of the Agto region, scale 1: 100 000 (Olesen, 1984), and a number of theses and 

papers in international journals. About simultaneously, the Liverpool group, with 

participants from other U.K. universities, studied the southern boundary of the belt 

under the 'Liverpool University Precambrian Boundary Programme', led by J. 

Watterson. Also this programme resulted in a number of theses and publications. In 

October 1978 a seminar on the geology of the Nagssugtoqidian belt was held at Aarhus, 

with participants of both groups, and results of the work were published in GGU' s 

Report 89 'Nagssugtoqidian Geology' edited by Korstgard (1979a). 

The only regional geological map covering the belt is GGU's 1 :500 000 sheet 3, 

S0ndre Strnmfjord-Nugssuaq (Escher, 1971). This map is only partly based on field 

mapping: reconnaissance along the fjords and coast by Noe-Nygaard and Ramberg 

(1961), by GGU in the southern part of the belt (Escher, 1966; Escher et al., 1970) and, 

in the north, by Henderson (1969). For large parts of the area, however, the geology 
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shown on the map is based on the interpretation of aerial photographs, and the map is 

therefore less reliable in most inland areas. 

Regional aeromagnetic and radiometric surveys have been carried out during the 

1970's over large parts of the Nagssugtoqidian belt by L. Thorning and K. Secher. An 

aeromagnetic map covering most of the belt is available (Thorning, 1984), and a 

detailed aeromagnetic map has recently become available over the northernmost part of 

the belt (Thorning, 1993). Radiometric maps are under preparation. 

Regional geochemical studies, based on stream sediments, have recently been carried 

out by A. Steenfelt, and geochemical maps are available for most of the belt (Steenfelt 

& Dam, 1991; Steenfelt et al., 1992, 1993). In combination with aeromagnetic data 

these maps give important information on the subdivision of the belt into distinct crustal 

domains. Furthermore, they give clues to sites of potential economic interest (Steenfelt, 

1992). 

Apart from the regional geochemical mapping programme few studies have dealt with 

the mineral potential of the Nagssugtoqidian belt. Results of these investigations are 

briefly described at the end of this paper. Documentation of this work is available in a 

few published papers and in company reports archived at GGU. 

The list of references in this report contains most publications on the area containing 

the Nagssugtoqidian orogen. Papers on quaternary geology and glaciology are not 

included, but most papers on other topics that have no direct relationship to the 

Nagssugtoqidian orogeny ( e.g. on late kimberlite dykes and associated rocks in the 

Holsteinsborg district) are listed. Papers on the belt can be subdivided according to a 

number of main topics which are briefly treated in the following. 

Main lithologies 

Lithological and petrographic descriptions of selected areas as well as detailed 

structural data are available in a number of theses, mainly from Aarhus and U .K. 

Universities. These are not always easily available, but parts of the information have 

been published, mainly in GGU' s Report series. A summary of lithology and structure 

within the Agto map sheet area was presented by Olesen et al. (1979), whereas more 
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detailed descriptions are given in Henderson ( 1969), K. S0rensen ( 1970), Skjemaa 

(1973), Winter (1974) and Mengel (1983a). The main rock types are tonalitic to 

granodioritic gneisses with biotite, hornblende and hypersthene as main mafic minerals. 

Amphibolites (Mengel, 1983a) and metasedimentary rocks ( commonly with marble 

layers) also occur in large proportions; ultramafic rocks are locally present as lenses. 

Although large parts of the area are in granulite facies, the presence of hypersthene is 

restricted to rocks with a suitable chemical composition (Korstgard, 1979b; Olsen, 

1979). 

Charnockitic augen granites occur at several localities, for example on the island 

Rifkol. Petrographic and chemical data for these rocks have been presented by Hansen 

(1979); they appear to belong to the anorthosite-charnockite suite. Kalsbeek et al. (1984) 

obtained an Archaean (c. 2650 Ma) Pb-Pb whole-rock isochron age for the granite on 

Rifkol. Granites are also present further east, in the inner part of the fjord system. Some 

are Archaean, others appear to be Proterozoic, and these have been interpreted as 'syn

collision' granites related to the formation of the Nagssugtoqidian belt (Kalsbeek et al., 

1987). 

Apart from the Kangamiut dykes in the south, basic dykes are only locally present 

( e.g. Ellitsgaard-Rasmussen, 1951; Henderson, 1969; Glassley & S0rensen, 1979). 

Granodioritic dykes have been described from the area north of Holsteinsborg (Davidson 

& Park, 1978). 

Supracrustal rocks 

Both Archaean and Proterozoic supracrustal rocks are present in the Nagssugtoqidian 

belt, and it is as yet not always possible to infer their age from field observations. 

Within the Agto map sheet area brown-weathering supracrustal sequences are very 

prominent. With the help of geochemical data, Rehkopff (1984) concluded that both 

pelitic metasediments and metavolcanic rocks of andesitic to dacitic composition are 

present. These sequences commonly contain marble layers. Calcareous amphibolites 

occur locally (Winter, 1974). Sm-Nd and Pb-Pb isotope data on metavolcanic rocks 

show they are of early Proterozoic origin, but the age is not well constrained (Kalsbeek 

et al., 1987). A Lu-Hf isotope study of detrital zircons from a metasediment sample 
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collected by J. Korstgard yielded an early Proterozoic age (Stevenson & Patchett, 1990); 

apparently this sediment was derived from an early Proterozoic source area. 

At the border between marbles and gneisses calc-silicates are common (P. B. 

S0rensen, 1970). Possible consequences of the silicification of marbles for the formation 

of granulite facies rocks have been discussed by Glassley (1983a, b ). 

Talbot (1979) described a supposed occurrence of Nagssugtoqidian supracrustal rocks 

at Sarfartup nuna, south-east of S0ndre Strnmfjord. The outcrop was described as a 

klippe comprising a number of thrust sheets, each consisting of basement gneisses 

unconformably overlain by sediments and meta-pillow lavas. Steenfelt et al. (1993), 

however, were unable to confirm this interpretation. The age of the rocks in question is 

unknown. 

Mica schists at Ikamiut, in the northern part of the Nagssugtoqidian belt have yielded 

Archaean Rb-Sr model ages (Kalsbeek, 1993). Similar mica schists in this part of the 

region are commonly associated with amphibolite (Henderson, 1969). Ellitsgaard

Rasmussen (1954) described well preserved metasediments, basic supracrustal rocks with 

pillow structures and basic intrusions from islands in the southern part of Disko Bugt. 

Appel (1988) found tourmaline-rich layers in mica schists on these islands. 

Kangamiut dykes and their deformation 

Kangamiut dykes form an intense swarm, some 60 km wide and more than 100 km 

long in the southern part and to the south of the Nagssugtoqidian belt. In the south the 

dykes have a north-northeastern trend and are 20-60 m wide. Several older generations 

of dykes can be recognised in the same area. Escher et al. (1976) regard the Kangamiut 

dykes as part of a large 'North Atlantic Proterozoic dyke swarm' with representatives in 

Greenland, Scotland and Labrador. 

The first detailed description of Kangamiut dykes is from Windley (1970): many 

dykes south of the Nagssugtoqidian border are multiple intrusions, composed of 

hornblende dolerite along the margins and foliated (garnet) amphibolite or quartz diorite 

in the centres. Strongly foliated dyke centres may occur within dykes with totally 

undeformed margins. Windley (1970) concluded that the amphibolite cores of the dykes 

formed immediately upon intrusion, and not during later metamorphism, and that they 
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crystallised from a water rich basic magma (Windley, 1970). Kangfuniut dykes are Fe

rich tholeiites (Windley, 1970; Fahrig & Bridgwater, 1976). Their age of emplacement 

is c. 1950 Ma (Kalsbeek et al., 1978). 

When entering the Nagssugtoqidian belt, the dykes are rotated clockwise into an 

easterly direction, parallel to the foliation in the surrounding gneisses. Simultaneously 

they become deformed and are transformed into amphibolites. The reorientation of the 

dyke swarm has been described in detail by Escher et al. (1975). According to these 

authors, deformation of the dykes was the result of rotational simple shear strain in a 

major thrust zone dipping c. 30° NW, with a direction of movement upward to the SE. 

Because two main dyke orientations are present south of the Nagssugtoqidian boundary 

it was possible to estimate the degree of crustal shortening from calculated shear strain 

as c. 66%. Escher & Watterson (1974) expand on these results in a general study of the 

reorientation of previous structures during crustal shortening normal to the strike of an 

orogenic belt. 

In detail the relationship between Kangfuniut dyke intrusion and deformation proved 

to be more complex, especially in the western part of the area. Locally, undeformed 

dykes have been emplaced into earlier shear zones. Furthermore, in the border zone 

there is evidence for deformation during emplacement of the dykes (Bridgwater et al., 

1973a; Watterson, 1974; Escher et al., 1975). In these cases the ENE orientation of the 

dykes may be controlled by the pre-existing structure of the country rocks rather than 

being the result of later reorientation. Within shear zones non-foliated and non

metamorphosed dykes may have lensoid outcrop patterns; this has been interpreted as an 

original intrusive feature rather than being the result of boudinage during later 

deformation (Nash, 1979a). 

The inferred relationships between shear zone formation and Kangamiut dyke 

intrusion has led to a subdivision of Nagssugtoqidian tectonic activity into two phases. 

An older event ('Nag. I') predating, or more or less simultaneous with dyke 

emplacement, and a younger phase ('Nag.2'), during which the dykes were deformed. 

Transcurrent shear zones in the southern margin of the mobile belt were regarded to be 

generated during Nag.I, and post-dyke thrusting to be a Nag.2 phenomenon (e.g. 

Bridgwater et al., 1973a). Later age determinations showed that some of the shear zones 

were formed during the late Archaean, much earlier than emplacement of the Kangfuniut 
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dykes (Hickman, 1979), and Kalsbeek (1979) suggested that the use of the terms Nag.I 

and Nag.2 should be avoided. 

Korstgard (1979c) studied changing mineral parageneses in Kangfuniut dykes when 

followed northward into the Nagssugtoqidian belt. North of the fjord lkertoq the dykes 

are in granulite facies. By comparing mineral parageneses in dykes and country rock it 

was possible to differentiate between Archaean and Proterozoic metamorphic zonation. 

Chemical changes accompanying transformation into amphibolites were studied by Zeck 

& Kalsbeek (1981) and Zeck et al. (1983). No drastic change in chemistry was found, 

but for some elements statistically significant differences were detected. 

Main structures 

On a regional scale, the Nagssugtoqidian belt comprises large lenticular areas, up to 

tens of km in size, charcterised by complex fold interference structures ( e.g. K. 

S0rensen, 1970; Skjemaa, 1973). These areas are separated by major shear zones, the 

'linear belts', in which the foliation has a strong ENE-trending preferred orientation. 

According to Bondesen (1969) the main units of supracrustal rocks occur exclusively 

within the synclinal cores of younger, ENE trending folds. Most structures in the centre 

of the belt, both folds and shear zones, appear to be of early Proterozoic origin 

(Kalsbeek et al., 1984). 

The linear belts comprise both major thrusts ( e.g. Escher et al., 1975) and transcurrent 

shear zones (e.g. Bak et al., 1975a). Because of the abundance of linear belts and the 

east-northeastern trends of late folds, the Nagssugtoqidian terrain has a very pronounced 

ENE striking tectonic grain which is also clearly reflected in the topography and on 

aeromagnetic maps (Thorning, 1984, 1993). 

Shear zones 

Investigation of the various shear zones has played a major role in the study of the 

Nagssugtoqidian belt. The most important are the lkertoq-Itivdleq zone south of 

Holsteinsborg and the Nordre Str0mfjord shear zone further north. The Itivdleq shear 
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zone is regarded as a southern branch of the Ikertoq zone. Transcurrent shear zones 

represent the ductile deep-crustal expression of major transcurrent faults, with 

displacements of at least 100-150 km, and they are evidently related to large scale plate 

tectonic processes (e.g. Bak et al., 1975a; Watterson, 1978). 

lkert6q shear zone. The Ikertoq-Itivdleq shear zone lies near the southern margin of 

the Nagssugtoqidian belt. Its origin is complex: the southern Itivdleq zone was probably 

already in existence during the late Archaean (Hickman, 1979). Grocott ( 1979a) studied 

the northern part of the Ikertoq shear zone and showed that early transcurrent shear 

movement was followed by overthrusting in a south-southeasterly direction. Nash 

(1979b) obtained similar results in the western part of the Itivdleq shear zone: pre

Kangamiut dyke transcurrent shearing was followed by a younger phase of deformation 

with N-S maximum principal stress direction. Further north, in the area north of 

Holsteinsborg, Davidson & Park (1978) determined the stress orientation for late 

Nagssugtoqidian deformation from deformed granodiorite dykes; it was the same as that 

observed in the Ikertoq shear zone. 

Grocott & Watterson (1980) determined the shear strain in a 13 km profile across part 

of the zone, based on estimates of strain values ( calculated from inter-limb angles of 

minor folds). Extrapolating to the whole shear zone an estimated dextral transcurrent 

displacement of some 175 km was calculated. 

Relationships between deformation and metamorphic grade in and around the shear 

zones have been discussed by Korstgard (1979c) and Grocott (1979b). They are complex 

because the rocks were in Archaean granulite and amphibolite facies before being 

overprinted by early Proterozoic amphibolite to granulite facies metamorphism during 

shearing. 

Van der Molen (1984; 1985) studied the mechanisms of deformation in the Ikertoq 

zone near S0ndre Str0mfjord airport. In Part I of Van der Molen's (1985) paper he 

discusses the importance of interlayer material transport during deformation, and in Part 

II the theoretical model is applied to structures (boudinage etc.) observed in the field. 
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Nordre Str@mf}ord shear zone. The Nordre Strnmfjord shear zone has been studied in 

detail by Bak et al. (1975b) and S0rensen (1981, 1983). Sinistral displacement has been 

estimated as c. 120 km from the deformation and parallellisation of earlier structures. 

The shear zone narrows from a width of 15-20 km near the coast to c. 10 km near the 

Inland Ice. The orientation of the foliation varies fan-like from south to north across the 

shear zone, and it was concluded that the shear zone is wedge shaped, narrowing 

upwards. The eastern, narrower part, of the shear zone is thought to represent a ( c. 10 

km?) higher crustal level, in accordance with a lower grade of metamorphism in the 

east, amphibolite facies vs. granulite facies in the west. This feature has been used by 

Beckman et al. ( 1977) in a palaeomagnetic experiment on crustal uplift. Results of this 

study were not conclusive. 

S0rensen (1983) considered the mechanisms of shear zone formation in terms of 

thermal and chemical weakening and subsequent hardening of the rocks. Chemical 

differences between the rocks within and outside the shear zone led to the suggestion 

that chemical 'hydrolytic' weakening may have played an important role. Based on 

chemical data for carefully collected samples, S0rensen & Winter (1989) elaborated 

further on the chemical differences associated with shear zone formation. 

A detailed crystallographic analysis of the effects of deformation of intermediate 

plagioclase from rocks in the Nordre Strnmfjord shear zone has been carried out by 

Olsen & Kohlstedt (1984, 1985). 

Metamorphic evolution 

The metamorphic evolution of the Nagssugtoqidian belt has not been investigated in 

detail. Korstgard's (1979c) study of metamorphism of Kangfuniut dykes demonstrated 

zonation of Proterozoic metamorphism from low grade amphibolite facies to granulite 

facies in the area south of Holsteinsborg. The area east and north-east of Holsteinsborg 

is in early Proterozoic granulite facies, whereas Archaean amphibolite and granulite 

facies terrains are preserved south of the fjord Kangerdluarssuk. 

P-T relations have been determined by Davidson (1979), Glassley & S0rensen (1980), 

Hansen (1981) and Mengel (1983b). Peak temperatures of the order of 900°C and 
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pressures up to 10 kbar were reported. Mineral parageneses as orthopyroxene

sillimanite-quartz (Davidson, 1979) and garnet-clinopyroxene (replacing plagioclase + 

orthopyroxene; Hansen, 1981) testify to very high-grade metamorphism (garnet 

clinopyroxene granulite facies) in the centre of the belt. Glassley & S0rensen ( 1980) 

described the transition of amphibolite to granulite facies across a single metadolerite 

dyke under constant P and T in the Agto region. The variable mineral parageneses in 

these rocks were interpreted as the result of variations in water fugacity and activity of 

silica. Mengel (1983b) determined regional variations in P-T conditions along an E-W 

section through the Agto map sheet area. Metamorphic temperatures decrease in 

eastward direction, suggesting differential uplift in the west. The temperature profile is 

complex, however, and a major break (fault?) in the middle of the profile appears 

significantly to offset the isotherms. 

Geochemistry 

Ramberg ( 1951) noticed a significant difference in average chemical composition 

between granulite and amphibolite facies rocks in the Nagssugtoqidian belt, amphibolite 

facies rocks having, for example, significantly more SiO2 and K2O and less FeO, MgO 

and TiO2 than rocks in granulite facies. Such differences have since been observed 

world wide, but their causes are still under debate. Ramberg explained them as the result 

of metasomatic basification in the lower crust simultaneously with granitisation of the 

upper crust. 

Similar changes in chemical composition during strong shearing were described by 

S0rensen & Winter (1989) from the Nordre Str0mfjord shear zone. Chemical changes 

were here believed to be related to fluid movements within the shear zone. However, the 

presence of many late granite sheets within the shear zone had a significant influence on 

average compositions within and outside the shear zone, and may invalidate their 

conclusions. 

Hickman & Glassley (1984) discussed the role of metamorphic fluid transport in the 

resetting of Rb-Sr isotope systems in the Nordre Str0mfjord shear zone. Well fitted Rb

Sr whole-rock isochrons yielding early Proterozoic ages were explained by these authors 
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as the result of pervasive resetting of originally Archaean Rb-Sr systems (see further 

under geochronology). 

Glassley (1983a) calculated the amount of CO2 released during silicification of 

carbonate rocks. He concluded that 8% carbonate rock could release enough CO
2 

to 

completely dehydrate an amphibolite terrain at deep crustal conditions. This might then 

result in the formation of granulite facies rocks. Glassley (1983b) discusses the effect of 

varying CO/H2O ratios in metamorphic fluids and concludes that CO
2-rich fluids may 

significantly modify the chemical composition of rocks at deep crustal levels. 

Geochronology 

K-Ar biotite dating by Larsen & M0ller (1968a) yielded ages of 1750-1600 Ma for 

rocks from the Nagssugtoqidian mobile belt. These were interpreted to represent uplift 

and cooling after Nagssugtoqidian metamorphism. The true age of the rocks was not 

known at that time. Chessex et al. (1973) obtained a few 'total lead' zircon ages of c. 

2900-3000 Ma. No evidence of strong alteration of the U-Pb system in the zircons by an 

early Proterozoic event was detected, and it was suggested that Nagssugtoqidian 

deformation and metamorphism had taken place (much) earlier. Based on whole rock K

Ar dates compiled by Bridgwater (1970, 1971) and circumstantial palaeomagnetic 

evidence, the Kangamiut dykes were believed to be c. 2500 Ma old (e.g. Fahrig & 

Bridgwater, 1976). The main phase of Nagssugtoqidian deformation was thought to have 

taken place at the end of the Archaean or the beginning of the Proterozoic (e.g. 

Bridgwater et al., 1973b; Escher et al., 1975). 

More reliable Rb-Sr whole-rock data for two Kangamiut dykes, however, yielded an 

age of 1950 ± 60 Ma, interpreted to represent the time of intrusion of the dykes 

(Kalsbeek et al., 1978). This suggested that the Nagssugtoqidian orogeny took place 

between 1950 and 1600 Ma, and could be correlated with the Hudsonian event in 

Canada. 

Hickman (1979) and Kalsbeek & Zeck (1978a, 1985) presented evidence that some of 

the shear zones near the southern border of the Nagssugtoqidian belt ( e.g. the Itivdleq 

zone) were of Archaean origin, much older than the Kangamiut dykes. The Nordre 
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Strnmfjord shear zone, on the other hand, was formed during the Nagssugtoqidian 

orogeny, 1840 ± 44 Ma ago (Rb-Sr whole-rock data for synkinematic granite sheets; 

Hickman & Glassley, 1984). 

Hickman & Glassley ( 1984) made a detailed Rb-Sr isotope study of gneisses and 

granites from Nordre Strnmfjord. They demonstrated that most rocks were of Archaean 

origin but isotopically strongly disturbed during the Nagssugtoqidian orogeny. A few 

well fitted c. 1840 Ma isochrons were interpreted as evidence for total resetting of the 

Archaean isotope systems during Nagssugtoqidian reworking. Kalsbeek et al. (1984, 

1987) also obtained both disturbed Archaean and Proterozoic ages (zircon U-Pb, Rb-Sr, 

Pb-Pb and Sm-Nd data). The granite on Rifkol, for example, yielded an Archaean Pb-Pb 

age, c. 2650 Ma, and the Arfersiorfik quartz diorite a zircon U-Pb age of 1920 Ma. The 

peak of Nagssugtoqidian metamorphism was dated at c. 1850 Ma, in accordance with 

Hickman & Glassley's (1984) data, and this was later confirmed by Pb-Pb dating of 

marbles from Nordre Strnmfjord (1845 ± 23 Ma, Taylor & Kalsbeek, 1990). In contrast 

to Hickman & Glassley's (1984) interpretation that Proterozoic dates were the result of 

Proterozoic resetting of Archaean isotope systems, Sm-Nd and Pb-Pb data of Kalsbeek 

et al. (1984, 1987) indicated that some metavolcanic and plutonic rocks were of juvenile 

early Proterozoic origin. 

Although the isotope systems in most Archaean rocks were strongly disturbed by 

Nagssugtoqidian metamorphism, granitic gneisses from Akugdlit north of Kangatsiaq 

gave a well defined Rb-Sr isochron (c. 2675 Ma) and gneisses from Egedesminde 

yielded a well fitted Pb-Pb isochron (c. 2760 Ma; Kalsbeek et al. 1987). This suggests 

that Nagssugtoqidian disturbance was less significant north of Kangatsiaq. 

Plate tectonic setting 

Already in early studies it was suggested that the Nagssugtoqidian mobile belt might 

represent an Alpine-type collisional orogen because of the considerable crustal 

shortening observed at its southern border (Bridgwater et al., 1973b; Escher et al., 

1975). However, because most of the terrain appeared to consist of reworked Archaean 

crust (e.g. Pulvertaft, 1968) in later papers it has been regarded to be of 'ensialic' nature 
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(e.g. Bak et al., 1975a; Myers, 1984). Watterson (1978) interpreted the ensialic 

deformation in the Nagssugtoqidian belt in terms of a plate collision within or to the 

south of the early Proterozoic Ketilidian belt in South Greenland. 

New evidence on the plate tectonic setting of the belt was presented by Kalsbeek et 

al. (1987). These authors found mantle-derived early Proterozoic calc-alkaline 

metavolcanic and plutonic rocks in the centre of the belt, which, on the basis of 

geochemical evidence, they interpreted as having been formed at a destructive plate 

margin. Isotopic evidence indicates that these rocks do not include significant 

contributions derived from Archaean crust, and they may have formed in an island arc 

setting, far away from Archaean complexes. The present location of these rocks as 

strongly deformed units surrounded by Archaean gneisses led to the suggestion that the 

Nagssugtoqidian belt contains a suture between two Archaean continents. 

Regional geochemical mapping based on stream sediment samples has resulted in the 

recognition of distinct geochemical domains, which in some cases are separated by 

major thrusts (Steenfelt & Dam, 1991; Steenfelt et al., 1992, 1993a, b). It is possible 

that these domains represent different crustal terranes brought together during 

Nagssugtoqidian collision. 

Grocott & Pulvertaft (1990) used the collision model for the Nagssugtoqidian belt in 

an attempt to interpret the evolution of the early Proterozoic Rinkian belt further north 

in West Greenland. According to these authors the Rinkian belt developed on the site of 

an epicontinental marginal basin, formed in response to northward-dipping subduction in 

the Nagssugtoqidian belt. 

Correlation with early Proterozoic orogens in Canada and northern Europe 

Comparative studies suggest that the Nagssugtoqidian belt of West Greenland may be 

part of a major orogen, running from Labrador over West and South-East Greenland and 

northern Scotland to the northernmost part of the Baltic shield (Bridgwater et al. , 1990). 

Korstgard et al. (1987) compare the structural evolution of the Nagssugtoqidian belt and 

the Torngat orogen in Labrador. Kalsbeek et al. (1993) discuss geochronological data 

from the Ammassalik/Nagssugtoqidian belt in South-East Greenland in relation to those 
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of the Nagssugtoqidian belt in West Greenland and the rocks of the Lewisian complex 

in northern Scotland. The three areas are closely comparable in chronological evolution. 

There are, however, still major uncertainties about the relative geographical positions of 

these different areas during the early Proterozoic, and such correlations need further 

study. 

Palaeomagnetism 

Palaeomagnetic investigations have played a prominent role in the study of the 

Nagssugtoqidian belt. A detailed description of results has been presented by Piper 

(1985). One of the main conclusions was that in rocks which have undergone high-grade 

metamorphism, and cool slowly afterwards, magnetic pole positions do not relate to the 

age of formation of the rocks but to the time the rocks cooled to a temperature below 

which further reorientation of the magnetic field is not recorded. Where rocks of 

different ages, for example basic dykes and their country rock, pass together through 

this 'blocking temperature' they will show the same palaeopole positions. This has 

indeed been shown to be the case (Morgan, 1976a; Beckman, 1979). 

Blocking temperatures in slowly cooled terrains are lower than the Curie point (578°C 

for magnetite), for some minerals perhaps as low as 200°C. Since it is difficult to 

determine at which time blocking temperatures were passed, it is problematic to attach a 

particular age to any pole position. K-Ar dates may be close to the time the lowest 

magnetic blocking temperatures were reached. Beckman & Mitchell (1976) used K-Ar 

isochron plots for whole rock and mineral samples (to overcome the problem of excess 

argon) in order to obtain the best estimate of the age for some of their palaeopoles. 

Different minerals, for example magnetite and haematite, have different blocking 

temperatures. As a consequence, progressive thermal demagnetisation of a sample during 

measurement will result in a range of pole positions, belonging to increasing ages of 

magnetisation. Such poles would fall at different places on the 'apparent polar wander' 

path for North America. This has indeed been confirmed (Morgan, 1976a). Morgan & 

Smith (1981) studied by transmission electron microscopy which minerals were main 

carriers of magnetism. They showed that sub-micron sized magnetite inclusions in 
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feldspar play an important role in this respect. 

The principles outlined above have been employed in several uplift studies. In case of 

slow uplift it would be expected that samples at high structural level would show older 

magnetisation than samples from lower levels. This has been tested by Beckman et al. 

(1977) and Piper (1981a). The Beckman et al. (1977) results were not very conclusive. 

Piper's (1981a) data, however, suggested to him apparent polar wandering of 1-2°/Ma 

(very fast) and a rate of crustal uplift of 10-20 m/Ma, about an order of magnitude 

lower than Phanerozoic uplift rates. 

Palaeomagnetic studies have also been performed on specific rock units: Fahrig & 

Bridgwater (1976) made a detailed study of the Kangamiut dyke swarm and their 

country rocks; Piper (1981b) investigated the kimberlite-lamprophyre suite, and Piper 

(1981 c) studied pseudotachylites from the lkertoq shear belt. The pseudotachylites and 

the kimberlites etc. have similar pole positions, and may have a close temporal 

relationship. 

Kimberlites and lamprophyric rocks 

Lamproites, kimberlites and associated rocks occur as thin dykes at many localities 

within the Nagssugtoqidian belt. They are of two main age groups: 1210-1240 Ma 

lamproites in the Holsteinsborg-Nordre Strnmfjord area, and c. 600 Ma kimberlites in 

the S0ndre Strnmfjord region around Sarfartoq and in the Holsteinsborg area. At 

Sarfartoq there is also a major c. 600 Ma carbonatite body (Secher, 1986). Elsewhere 

in western Greenland similar rocks of Archaean and early Proterozoic age are also 

present. Reviews of these rocks has been presented by Larsen et al. (1983) and, more 

recently, by Larsen & Rex (1992). 

Escher et al. (1970) and Escher & Watterson (1973) were the first to report on the 

presence of kimberlites and associated rocks in the S0ndre Strnmfjord-Holsteinsborg 

region. A counts on the mineralogy, geochemistry and petrogenesis of these rocks ( and 

xenoliths within them) have been presented by Brooks et al. (1978), Scott ( 1977, 1979, 

1981), Scott-Smith (1987), Scott-Smith & Skinner (1984), and Thy et al. (1987). Paul & 

Potts (1976) and Paul et al. (1976) report on REE abundances and F and Cl 
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concentrations, respectively, whereas Nelson (1989) studied isotopic characteristics. A 

palaeomagnetic study of kimberlites and lamprophyres has been carried out by Piper 

(1981b). 

Larsen & Rex (1992) discuss the chemistry of the dykes in relation to the plate

tectonic setting of their country rocks. For example, kimberlites in the Archaean craton 

have less Al2Q3 and higher MgO than those within the Nagssugtoqidian belt. This is 

regarded to be a consequence of thicker lithosphere underneath the Archaean craton. 

Although they are some 600 Ma younger than the Nagssugtoqidian orogeny, 

ultrapotassic lamproites in the Nagssugtoqidian belt occur near the sites of early 

Proterozoic subduction. The data suggest that both northward and southward subduction 

may have taken place. 

Pseudotachylites 

Pseudotachylites have been described both from the Agto area and from the southern 

border zone of the Nagssugtoqidian belt, i.e. from the two best known parts of it. It is 

not quite clear whether they occur preferentially within earlier shear zones or if they are 

more randomly scattered throughout the area. 

Pseudotachylites from the Agto area were first described by Jensen (1968). In a later 

paper in Nature, Jensen (1971) related some pseudotachylites (hyalomylonites) to shock 

metamorphism due to Precambrian meteorite impact. 

Grocott (1981) described the fracture geometry related to pseudotachylite formation. 

In the area studied by Grocott (the Ikertoq shear zone) pseudotachylites are associated 

with previously sheared rocks. Since brittle (seismic) deformation is characteristic of 

higher crustal levels than ductile (aseismic) deformation, this association permits the 

study of ancient fault zones at different depths within the crust in one place (Grocott, 

1977). Watterson (1975) interpreted the repetitive use of the same zones of tectonic 

activity as the result of mechanical weakening of these zones through grain size 

reduction. 
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Piper (1981c) determined palaeomagnetic pole positions for some pseudotachylites. 

They were the same as those for kimberlitic rocks from the same area, and the rocks 

may be of approximately the same age (c. 580 Ma). 

Mineral occurrences 

Few studies have dealt with the mineral potential of the Nagssugtoqidian belt. Known 

mineralisation is hosted in supracrustal rocks and comprises occurrences of graphite and 

of semi-massive pyrrhotite with minor copper and zinc sulphides. Additionally a 

potential for gold mineralisation has been indicated by rock and stream sediment 

geochemistry. 

Graphite has been mined on a small scale at Akuliaruseq in the beginning of the 

century (Ball, 1922; Nielsen, 1976; Bondam, 1992). More recently this occurrence was 

studied in detail by Kryolitselskabet 0resund A/S (Morthorst & Keto, 1984; Keto et al., 

1987). 

Semi-massive sulphide occurrences have been investigated at Lersletten and Nordre 

Strnmfjord by Kryolitselskabet 0resund A/S (Vaasjoki, 1965) and Nunaoil A/S (Grahl

Madsen, 1 992). The latter report also presents geochemical evidence for gold 

mineralisation in these areas. 
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