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Dedication 17 

 We dedicate this paper to Halfdan 'Bud' Baadsgaard, Brian Chadwick (both of whom 18 

died in 2015) and Feiko Kalsbeek.  Bud was a pioneer of zircon U-Pb geochronology in the 19 

Nuuk region, including producing the first Eoarchaean U-Pb zircon age determination. Brian 20 

made a major contribution to understanding the regional geology via his mapping and 21 

structural interpretations in two major projects from Exeter University under the auspices of 22 

the Geological Survey of Denmark and Greenland. Feiko was the base leader of the Survey’s 23 

Midgaard base camp from 1970-1975 and it was essentially through his organisation of 24 

geological teams and his own geological research that the remarkable geology of the southern 25 

part of the region covered in this paper was first investigated. Left to right, the photographs 26 

below show Feiko Kalsbeek (in 2017), Halfdan ‘Bud’ Baadsgaard (in the 1990s) and Brian 27 

Chadwick (in the late 1990s) (Fig A). 28 

 29 

30 
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Abstract  31 

Prior to 1970 grey gneiss complexes were interpreted as partially-melted sedimentary 32 

sequences. Once it was recognised from the Nuuk region that they comprised calc-alkaline 33 

igneous complexes, it was understood that such complexes world-wide were dominated by 34 

TTG (trondhjemite-tonalite-granodiorite) initially found to have juvenile Sr, Nd and, 35 

subsequently, Hf isotopic signatures.  Between 1970 - 1985 the Nuuk region gneiss complex 36 

was interpreted by the non-uniformitarian ‘super-event’ model of crust formation which 37 

proposed occasional but extensive crust formation, with craton-wide correlation of granulite 38 

facies metamorphism and deformational phases.  The igneous rocks formed in a late- Meso- 39 

to early Neoarchaean super-event engulfed crust formed in an Eoarchaean super-event. 40 

Mapping and reinterpretation at Færingehavn showed there are three TTG gneiss domains, 41 

each with different early accretionary, metamorphic and tectonic histories, separated by 42 

folded meta-mylonites.  This established the key feature of the tectono-stratigraphic terrane 43 

model; that each terrane has an early intra-terrane history of crust formation, deformation and 44 

metamorphism, upon which is superimposed a later deformation and metamorphic history 45 

common to several terranes after they were juxtaposed.  Remapping and >250 U-Pb zircon 46 

age determinations have refined the geological evolution of the entire Nuuk region, and has 47 

confirmed at least four main crust formation events and two collisional orogenies with 48 

associated transient high pressure metamorphism within clockwise P-T-t loops.  Via 49 

independent corroborative studies the tectono-stratigraphic terrane model has been accepted 50 

for the Nuuk region and, through the discovery of similar relations across other gneiss 51 

complexes, its mode of evolution is found to be applicable to Archaean high-grade gneiss 52 

complexes worldwide.  The TTG and mafic components that dominate each terrane have 53 

geochemistry interpreted to indicate subduction-related magmatism at convergent plate 54 

boundaries.  Each terrane is thus dominated by juvenile additions to the crust.  Intra-terrane 55 

sedimentary rocks show near unimodal age distributions in contrast to those near the 56 

boundaries which are more diverse and complex.  The combined geochronological, 57 

metamorphic and structural evidence of convergence of these terranes leading to collisional 58 

orogeny, this indicates that plate tectonic processes operated throughout the Archaean. 59 

 60 
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1. Introduction 64 

Uniformitarianism is an established concept in geology, meaning that the rock record can 65 

be interpreted using our understanding of modern geological processes.  However, there is 66 

still debate over the exact nature of its applicability to the Archaean in the far distant past.  67 

Modern plate tectonics and the oceanic lithosphere/mantle dynamics that drive it, are the key 68 

to unlocking the geological record, but how far back into the past can this modern paradigm 69 

be applied?  To resolve this, there must be an understanding of the processes forming 70 

Precambrian, particularly Archaean, gneiss complexes.  However, understanding these has 71 

proved to be one of the most challenging problems in basement geology.  This is because 72 

large parts of the Precambrian crust comprise monotonous grey gneisses derived from 73 

plutonic igneous rocks (McGregor, 1973, 1979), which have remarkable similarity regardless 74 

of their age and they have usually undergone polyphase high-grade metamorphism and 75 

tectonic evolution.  Nonetheless, it is essential that these complexes are properly interpreted 76 

to provide robust data on Earth’s early evolution, for example, early tectonics and the 77 

evolution of global geochemical reservoirs. From the Nuuk region of southern West 78 

Greenland (Fig. 1), this paper presents integrated geological mapping, tectonic, metamorphic 79 

and geochronological evidence, accumulated over five decades, which indicates that a form 80 

of plate tectonics operated here throughout the Archaean.   81 

 82 

2. Geodynamics back in time 83 

The link back through time from the present to the start of the Alpine orogeny is relatively 84 

simple as much of the evidence is extant.  For example, comparing the nature of the many 85 

different small basins and arcs in the southwest Pacific (e.g. Buys et al., 2014) and, via 86 

Uniformitarianism, understand that the processes are similar to those that produce the very 87 

large volcanic arcs and basins preserved around much of the rest of the Pacific.  Similarly, 88 

the change of process from oceanic subduction and the elimination of Tethyan oceanic crust 89 

to continental crust subduction, as in the case of the Indian sub-continent, can be understood 90 

through a study of the processes happening in different parts of the Mediterranean.  Here, 91 

Tethyan oceanic crust has not quite been eliminated and different parts of the end stages are 92 

represented. 93 

Whilst it is recognised that the evidence becomes progressively reduced back in time, 94 

these modern processes can be tracked back through the Phanerozoic, for example, via the 95 

Hercynian and Caledonian orogenies into the Neoproterozoic Pan-African/Brasiliano systems 96 
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(Teixeira and da Silva., 2007; Frimmel, 2009).  From here the evidence begins to be far 97 

more fragmentary and linking it together is more difficult.          98 

 99 

2.1. Palaeoproterozoic 100 

Despite being hotly debated (e.g. Hamilton, 2007; Stern, 2007), many researchers now 101 

accept that processes akin to modern plate tectonics were already operating in the 102 

Palaeoproterozoic, albeit somewhat modified by Earth’s different thermal state (hotter) at 103 

those times.  However, sufficient Palaeoproterozoic geological record is well-preserved 104 

enough in many places to document key components of the plate tectonic cycle: 105 

Palaeoproterozoic apparent polar wander paths of different continental fragments (e.g., Brito 106 

Neves et al., 1999; Meert and Torsvik, 2003); collisional orogenies with transient high 107 

pressure metamorphism (e.g., the Nagssugtoqidian orogeny in East Greenland; Willigers et 108 

al., 2002; Nutman et al., 2008); arc complexes with geochemical traits very similar to modern 109 

ones, such as those in the Nagssugtoqidian and Ketilidian orogens of Greenland (Kalsbeek et 110 

al., 1987; Chadwick and Garde, 1996; Garde et al., 2002); well-preserved ‘Atlantic-margin’ 111 

style passive margin sequences (e.g., Groetzinger, 1986; Ketchum et al., 2001); slices of crust 112 

that have no relation to each other (like Phanerozoic suspect terranes† of Coney et al., 1980); 113 

potential relicts of ophiolites, including sheeted dyke complexes (e.g., Kusky, 1990; Moores, 114 

2002). 115 

 116 

2.2. Archaean 117 

Further back in time, into the Archaean, the extent of the geological record diminishes and 118 

evidence for unravelling the geological evolution becomes sketchier with reliance on the  119 

___________________________________________________________________________120 

† The term terrane in this paper is used in the sense of Coney et al. (1980) who described slices of crust with 121 

completely separate origins and evolution had become tectonically juxtaposed along the Cordilleran margin.  122 

Each crustal segment preserves its own stratigraphic, structural and metamorphic characteristics and is in 123 

tectonic contact with adjacent terranes.  This concept was used within the gneiss terrain of southern West 124 

Greenland to explain the juxtaposition of blocks of crust along what are now meta-mylonitic contacts of crustal 125 

slices that demonstrated completely different evolutionary histories.  With the progressive accretion of slices 126 

that then share a common history, once assembled they become composite terranes (see Friend et al., 1988; 127 

Coney, 1989).    128 
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largest low-grade terrains such as the Superior Province of Canada and the Yilgarn and 129 

Pilbara Cratons of Western Australia.  In early investigations there was less focus on the 130 

basement gneiss complexes due to the extremes of deformation and metamorphism, which 131 

had largely obliterated evidence for the origin of the rocks.  Consequently, although for 132 

decades there have been strong arguments for plate tectonics in the Archaean (e.g., Talbot, 133 

1973; de Wit, 1998), there have been equally vociferous cases against it (e.g., Hamilton, 1998, 134 

2003; Stern, 2007; Bédard, 2006).  135 

From the low-grade, Neoarchaean Superior Province granite-greenstone belts, a wide 136 

breadth of evidence (igneous geochemistry, structural geology, sedimentology, U-Pb zircon 137 

geochronology and deep seismic profiling) point to it being constructed from fragments of a 138 

convergent plate boundary with arc-like assemblages that developed and were assembled 139 

together over about 100 million years (e.g., Card, 1990; Percival et al., 2012; Bédard and 140 

Harris 2014). Similarly, the Pilbara and the Yilgarn cratons contain Neoarchaean sub-aerial 141 

arcs (e.g., De Joux et al., 2014).  The life spans of these arcs has been suggested to be 142 

relatively short (Moyen and van Hunen, 2012) and can be taken to corroborate some of the 143 

earlier views regarding a plate tectonic framework for early crustal evolution (e.g., de Wit, 144 

1998).  None-the-less, whilst their origins may have conventional explanations, as 145 

exemplified by the Pilbara, their later development may be unconventional involving vertical 146 

tectonics (e.g. Collins et al. 1998).     147 

 148 

2.3. North Atlantic Craton in southern West Greenland  149 

A large part of the Archaean geological record, including all of the Eoarchaean, comprises 150 

strongly deformed, migmatitic gneiss complexes of high metamorphic grade (amphibolite − 151 

granulite facies).  Since the plate tectonics revolution at the end of the 1960s, debate has 152 

continued whether these gneiss complexes reflect some type of early non-uniformitarian crust 153 

formation, such as dominated by vertical tectonics and plume systems, or whether they are 154 

simply deeply eroded portions of orogens formed from the lateral convergence of sialic 155 

crustal blocks (see Talbot, 1973).  It has long been recognised that in these complexes there 156 

has been the general obliteration of most primary features due to poly-metamorphism and 157 

deformation associated with complicated tectonic structures (e.g., Sutton and Watson, 1951; 158 
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Berthelsen, 1960; Lauerma, 1964), and only rarely are any original structures of the rocks 159 

preserved (e.g., McGregor, 1968, 1973; Nutman et al., 2016).  This means that it is 160 

extraordinarily difficult (if not impossible) to correlate rocks over any distance by appearance 161 

alone, and even from one outcrop to another; particularly given the likelihood that strain is 162 

heterogeneous and the character of the same rock unit can vary markedly over short distances 163 

(e.g., Nutman et al., 2000).  Even more importantly, gneisses pervasively penetrated by melt 164 

can become homogenised by high strain such that it becomes very difficult to recognise the 165 

two different components. In order to address the fundamental issues it is imperative that 166 

samples are taken from as low-stain areas as possible and that the samples represent single 167 

phases and have been as little disturbed as possible by superimposed tectono-thermal events 168 

(e.g., McGregor, 1973, 1979; Nutman et al., 1999, 2007). 169 

From the perspective of the gneisses of the North Atlantic Craton in the Nuuk region of 170 

southern West Greenland (Fig. 1, Table 1), this paper explores the route to understanding this 171 

Archaean gneiss complex within a plate tectonic framework constrained by a 172 

tectono-stratigraphic terrane model (sensu Coney et al., 1980).  Here, we demonstrate how 173 

detailed structural and metamorphic field evidence integrated with geological mapping and 174 

copious U-Pb zircon geochronology shows that the Nuuk region gneiss complex contains 175 

cryptic tectonic boundaries which separate unrelated blocks of crust brought together laterally 176 

in collisional orogenic episodes (Friend et al., 1988; Nutman et al., 1989, 2013 McGregor et 177 

al., 1991; Dilek and Polat, 2008).  Such structural and geochronological evidence, combined 178 

with the petrology, geochemistry and isotope geochemistry of these rocks, consistent with a 179 

plate tectonic cycle stretching back to the start of the Archaean, has also been found 180 

elsewhere, for example in Australia (e.g. Kinny and Nutman, 1996), India (Jayananda et al. 181 

2015; Santosh et al., 2015) as well as different parts of the North Atlantic craton Labrador 182 

(e.g. Komiya et al., 2015; Salacińska et. al., 2018) and Scotland (e.g. Kinny et al., 2005).  183 

Systematic mapping of West Greenland by the Geological Survey of Greenland (GGU) 184 

commenced in 1955, in the southernmost Proterozoic regions and, by the early 1960s, had 185 

progressed north onto the Archaean craton.  The mapping was guided by the then widely 186 

accepted concept that the gneisses in this part of Greenland were broadly contemporaneous, 187 

until discovery and dating of the Eoarchaean Amîtsoq gneisses (an abandoned term, now part 188 
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of the Itsaq Gneiss Complex) by McGregor (1968) and Black et al. (1971).  It was also 189 

considered that there was a structural continuity across the region (e.g., Windley, 1968) tied 190 

to the proposition that complex fold interference patterns could be traced uninterrupted 191 

throughout the region, for example, as depicted across the 500 km north-south extent of the 192 

1:500 000 geological map Sheet No 2, Frederikshåbs Isblink – Søndre Strømfjord (Allaart, 193 

1982; Kalsbeek and Garde, 1989). 194 

Mapping and interpretation of such gneiss complexes have proved to be one of the most 195 

challenging problems in basement geology.  The Nuuk region of the Greenland Archaean 196 

craton exemplifies this, where the production of the 1:100 000 scale geological map sheets 197 

was not in a systematic south to north order (see Supplementary Data) , and when there were 198 

rapid developments taking place in field geology and geochronology that were not always 199 

transferred to the maps.  This resulted in maps not matching across their common 200 

boundaries.  For example, the map sheets Buksefjorden 63V.1 Nord (Chadwick and Coe, 201 

1983) and Qôrqut 64V.1 Syd (McGregor, 1993) do not match across their common boundary 202 

because of philosophical arguments over the definition of mapping gneiss units.  Similarly, 203 

the Qôrqut sheet and adjoining sheet to the north, Fiskefjord 64V.1 Nord, did not match 204 

because a more sophisticated sub-division of the same units of gneisses was used in the latter 205 

sheet (see details in Supplementary Data).  Because of the false permanency of the printed 206 

sheet, these mismatches are still extant and so can colour any geological interpretations made, 207 

long after the maps have been superseded but not replaced.  This is important to note 208 

because it applies to geological surveys worldwide, which grapple now with producing 209 

seamless digital maps from previous published printed sheets produced at different times.  210 

These frequently had different concepts of what constitutes a mapping or stratigraphic unit, 211 

lithological divisions and usually had different geochronological coverage. 212 

The more than thirty years of work described here involved in developing the tectono- 213 

stratigraphic terrane model for the Nuuk region is embodied in the two digital maps which 214 

accompany this paper.  These maps have been produced to cartographic standard colours 215 

that will reproduce from a plot file, but the colour reproduction on a screen or in a printed pdf 216 

will not always truly reproduce the colour separation.  The 1:40 000 scale map of the 217 

Færingehavn area (Digital Map 1) shows the 1985 mapping by Friend and Nutman from 218 
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which the tectono-stratigraphic terrane model (Friend et al., 1987, 1988) arose.  The 1:100 219 

000 scale Nuuk regional map (Digital Map 2) present our current interpretation of the region 220 

(~200 km south to north).  The historical perspectives are included in this account to 221 

demonstrate the lengthy, non-linear process leading to the current interpretation of this classic 222 

gneiss complex. 223 

 224 

3. The road to the tectono-stratigraphic terrane model 225 

3.1. The problem of Archaean gneiss complexes 226 

A key problem in interpreting gneiss complexes is they are dominated by very 227 

unremarkable rocks, the so-called ‘grey gneisses,’ which consist mostly of tonalitic 228 

palaeosome with various amounts of granitic neosome as distinct bands or nebulous patches 229 

(Fig. 2A).  This makes the structural dissection of these gneiss complexes difficult.  Hence, 230 

in order to understand the tectonic development, there was an early focus on establishing 231 

sequences of fold (F) and fabric development (sometimes to F7 and beyond) with attempts to 232 

correlate them over vast areas of gneisses (e.g. Hopgood, 1980). 233 

Before the 1980s advent of SHRIMP 1 ion microprobe zircon U-Pb dating (e.g. Compston 234 

et al., 1986), the understanding of these gneiss complexes was also hampered by the lack of a 235 

sufficient quantity of accurate and precise geochronology.  The world's first maps of 236 

basement geology were all produced using only lithotype as the basis for distinction of units, 237 

and the only chronology was a relative one, based on intrusive or unconformable relations 238 

(e.g., Peach et al., 1907). This was the modus operandi for the first geological mapping of the 239 

Nuuk region up to the early 1970s (Windley et al., 1968 and see Supplementary Data). 240 

Subsequently, in the 1970s and early 1980s, after the deployment of isotopic dating, the 241 

available whole rock Rb-Sr, Pb-Pb, and subsequently Sm-Nd isochrons on such gneisses had 242 

large errors and associated high MSWDs (mean weighted square deviates), and had the 243 

inbuilt assumptions that all the samples were cogenetic and that all had the same initial Sr, Pb 244 

and Nd isotopic ratios.  This meant that often age differences of only about 250 million 245 

years (equivalent to half of the Phanerozoic) could be discriminated by these methods.  The 246 

few U-Pb zircon age determinations were mostly based on upper concordia intercepts of 247 

discordant data sets acquired on multigrain fractions (but not all; see concordant data for 248 
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sample 155820 in Baadsgaard, 1973).  The SHRIMP 1 instrument allowed events in 249 

individual, complex zircon-bearing gneiss samples to be dated accurately and precisely (Figs. 250 

3A, B; e.g., Compston et al., 1986; Black et al., 1984; Kinny, 1986).  This meant that the 251 

collection of a suite of rocks of assorted gneissic lithologies on the basis they were assumed 252 

to be the same age was rendered redundant. 253 

 254 

3.2. The first breakthroughs 255 

The first important breakthrough in the Nuuk region came from the combined field 256 

geological observations of McGregor (1968, 1973), whole rock radiogenic isotope 257 

measurements at the Oxford Isotope Laboratory (Black et al., 1971; Moorbath et al., 1972) 258 

and zircon U-Pb dating (Baadsgaard, 1973, 1976).  These isotopic partnerships with 259 

McGregor demonstrated unambiguously that two major groups of rocks were present in the 260 

Nuuk (then Godthåb or Godthaab) region.  The first units formed in the Eoarchaean (>3.6 261 

Ga) and the second in the late Mesoarchaean (~3.0 Ga).  These were then known as the 262 

Amîtsoq and the Nûk gneisses respectively.  This interpretation was opposed by a body of 263 

opinion that considered all rocks in excess of ca. 3.40 Ga had been obliterated by Earth’s 264 

violent early history (e.g., Wetherill, 1971).  McGregor (1968) had discriminated the 265 

Amîtsoq and Nûk gneisses in the field by the presence of the metamorphosed and deformed 266 

Ameralik (mafic) dykes in the former and their absence in the latter.  Using the work of 267 

Ramberg (1948) from the northern boundary of the Archaean craton with the 268 

Palaeoproterozoic Nagssugtoqidian orogen as an example, McGregor argued that the Amîtsoq 269 

gneisses were older than the Nûk gneisses.  These concepts were quickly applied to other 270 

parts of the North Atlantic craton and rocks of similar relations and antiquity were found in 271 

Labrador (e.g. Bridgwater and Schiøtte, 1991).   272 

In the mid-1960s, when McGregor started geological mapping of the Qôrqut Granite 273 

Complex (Fig. 1), it was regarded as the region’s only significant igneous body, and all the 274 

surrounding gneisses were regarded as ‘granitised’ metasedimentary rocks (e.g. Berthelsen, 275 

1960; Lauerma, 1964; Windley et al., 1966).  This was the way that all grey gneiss 276 

complexes were then interpreted, following Peach et al (1908) and Sutton and Watson (1951).  277 

It was much to the ire of his supervisors that McGregor neglected the Qôrqut Granite 278 
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Complex, and focused on the gneisses instead.  The case was made even worse by his 279 

audacity to go against the then current orthodoxy when he suggested, on the basis of 280 

unequivocal field relations of cross-cutting plutonic phases (Fig. 2B), that the gneisses were 281 

derived from plutonic rather than sedimentary rocks (McGregor, 1968).  Thus, McGregor 282 

(1973, 1979) showed that the banded grey gneisses that dominate the Archaean gneiss 283 

complexes in the Nuuk region were strongly deformed plutonic igneous rocks of calc-alkaline 284 

affinity, rather than representing anatectic, ‘granitised’ sedimentary rocks, and used this as a 285 

template for other similar complexes (McGregor, 1979).  This has subsequently been 286 

elaborated by other workers on a global basis (e.g. Martin, 1994; Martin et al., 2005; 287 

Salacińska et al., 2018).  288 

The enduring importance of the findings of McGregor and his partnership with 289 

geochronologists was a growing understanding of the ‘normality’ of the earliest geological 290 

record, and that some rocks from Earth’s first billion years have survived through subsequent 291 

tectonic upheavals, crustal melting events and erosion cycles.  Besides geochronological 292 

evidence that both late and early Archaean crust is present in the region, equally important 293 

was the low initial 87Sr/86Sr ratios of these rocks that demonstrates they represent repeated 294 

cycles of juvenile crust formation. Thus, the Amîtsoq and Nûk gneisses were extracted from a 295 

depleted upper mantle only a short time before they formed (Moorbath et al., 1972; Moorbath, 296 

1975), and do not represent recycling of older ‘primordial’ (>4.0 Ga) crust. 297 

McGregor (1968, 1973) had shown that the Amîtsoq gneisses were tectonically 298 

intercalated with Mesoarchaean volcanic and sedimentary rocks, the Malene supracrustal 299 

rocks (again an abandoned term) of McGregor (1973), that also occurred as strip-like 300 

enclaves within the Nûk gneisses.  This structural evidence of horizontal shortening and 301 

crustal thickening led to the proposition that Archaean gneiss complexes contained structural 302 

evidence of compressional tectonics, as seen in modern collisional orogens (e.g., Bridgwater 303 

et al., 1974).  Finally, at the end of the Archaean, the essentially post-tectonic 2560 Ma 304 

Qôrqut Granite Complex (McGregor, 1973; Baadsgaard, 1976; Friend et al., 1985) was 305 

intruded. 306 

The mid-1970s interpretation of the Nuuk region gneiss complex is summarised in Fig. 4A 307 

(adapted from Nutman, 1980).  An old nucleus of Eoarchaean crust consisting of the 308 
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Amîtsoq gneisses with enclaves of somewhat older supracrustal rocks such as the Isua 309 

supracrustal belt (Bridgwater and McGregor, 1974; Allaart, 1976) occurred as a 310 

mega-inclusion engulfed by the late Mesoarchaean Nûk gneisses.   Following emplacement 311 

of the Nûk gneisses there was regional isoclinal folding and then upright folding with 312 

essentially a single metamorphic peak, reaching granulite facies (≥800°C) that occurred at 313 

2850 ± 100 Ma, in areas away from the Eoarchaean nucleus (Black et al., 1973), and upper 314 

amphibolite facies (~650°C) in the Eoarchaean nucleus with tectonic intercalations of Malene 315 

supracrustal rocks (see Wells, 1976).  The peak of metamorphism was proposed to outlast 316 

regional folding and the contrast in metamorphic grade was interpreted to show different 317 

crustal levels within the same metamorphic event.  Thermal modelling was presented to 318 

indicate that the tectono-thermal expression of the late Meso- to early Neoarchaean 319 

super-event was a result of magmatic 'overplating' where the plutonic protoliths of the Nûk 320 

gneisses were emplaced on top of each other at approximately the same crustal level, along 321 

an anticlockwise P-T-t path (Wells, 1979).  322 

 323 

3.3. Misfits to the 1970s model; Kangimut Sammissoq and elsewhere 324 

By the end of the 1970s, data were starting to emerge that did not fit the model 325 

summarized in Fig. 4A.  Of most focus was the locality of Kangimut Sammissoq (Kangimut 326 

sangmissoq in the old Greenlandic orthography) on the south coast of Ameralik fjord (Figs. 1, 327 

4B).  The orthogneisses at Kangimut Sammissoq are partially retrogressed granulite facies 328 

rocks and contain remnants of mafic dykes. Therefore, on the basis of the then accepted 329 

relative field chronology, McGregor and some other field geologists regarded these rocks as 330 

Amîtsoq gneisses with Ameralik dykes, but affected by the late Archaean regional granulite 331 

facies metamorphism.  A similar relative field chronology interpretation had been made for 332 

rocks further south at Tinissaq (Fig. 1; Chadwick et al., 1974).  Focusing on the Kangimut 333 

Sammissoq locality, Moorbath et al. (1986) demonstrated that in terms of their Sr and Nd 334 

isotopic systematics, these rocks were extracted from the mantle in the Mesoarchaean, and 335 

could not be Eoarchaean Amîtsoq gneisses.  Similar evidence had been produced to the 336 

south at Tinissaq where granulite facies gneisses with remnants of mafic dykes were shown 337 

by U-Pb zircon geochronology to have formed at ~2.9 Ga (Schiøtte et al., 1989).  Prior to 338 
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the tectono-stratigraphic terrane model, field geologists sought to reconcile the field 339 

interpretations and isotopic data by suggesting that granulite facies metamorphism could 340 

flush-out the radiogenic Sr and Nd accumulated in rocks since the early Archaean to ‘reset’ 341 

the whole rock ages (Collerson et al., 1986).  However, this could not explain the lack of 342 

any Eoarchaean zircon in these rocks (Kinny, 1987; Schiøtte et al., 1989).  This showed that 343 

some gneisses with amphibolitised dyke remnants are more than 700 million years younger 344 

than the Eoarchaean Amîtsoq gneisses, contravening the simplicity of the McGregor (1973) 345 

chronology. 346 

Another problem was that the age of formation of Nûk-like gneisses and superimposed 347 

granulite facies metamorphism in the Fiskenæsset region south of Nuuk (2900-2800 Ma Fig. 348 

4B; Pidgeon and Kalsbeek, 1978) was significantly younger than the age of the type Nûk 349 

gneisses and superimposed granulite facies metamorphism north of Nuuk (3100-3000 Ma; 350 

e.g., Taylor et al., 1980; Baadsgaard and McGregor, 1981).  351 

Complexities were also arising in interpreting the metamorphic history of the gneisses.  352 

Dymek (1984) documented evidence for poly-metamorphism in the Nuuk region, which was 353 

incompatible with the concept of a single prograde metamorphism during the late 354 

Mesoarchaean super-event. Evidence of initial isobaric cooling of the granulite facies rocks 355 

south of Nuuk such as late garnet between plagioclase and orthopyroxene requiring an 356 

anticlockwise P-T-t path (Wells, 1976), was at odds with the evidence for isothermal 357 

decompression (early kyanite, then sillimanite followed by cordierite requiring a clockwise 358 

P-T-t path) in rocks showing supposedly coeval amphibolite facies metamorphism (Fig. 5; 359 

Nutman et al., 1989).  This latter interpretation has recently been corroborated by Dziggel et 360 

al. (2012, 2014). 361 

Thus in the early 1980s a scientific impasse had arisen between the predominantly 362 

field-based geologists and laboratory isotope geochemists about how to interpret and 363 

reconcile all the geological information from the Nuuk region.  Given this impasse, Friend, 364 

Nutman and McGregor decided to go back to the drawing board, and to look at the rocks 365 

afresh.  The area chosen to start was around Færingehavn (Fig. 1; Digital Map 1), because (a) 366 

it contained the boundary between granulite facies rocks to the east (which included the 367 

contentious Kangimut Sammissoq and Tinissaaq localities) and amphibolite facies rocks to 368 
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the west, and (b) it was logistically easy, with a highly indented coastline but with low relief 369 

and excellent exposure, making boat-based geological studies most effective (Fig. 6).  370 

During the August field season in 1984 (curtailed to work only around Nuuk - Færingehavn 371 

because of atrocious weather and sea ice conditions) it was concluded that the boundary 372 

between the amphibolite facies and granulite facies areas was an early (amphibolite facies, 373 

sillimanite grade) shear zone, meaning that, contrary to the 1970-80s model (Fig. 4A), 374 

metamorphic and structural continuity across it could not be assumed (McGregor et al., 1986).  375 

However, a linear extrapolation of this boundary north-eastwards along the peninsula from 376 

the mouth of Buksefjorden towards Kangimut Sammissoq was problematic because it did not 377 

properly fit the known distribution of granulite and amphibolite facies rocks to the north (blue 378 

arrow at Præstefjord, P, Fig. 4B).  It was then decided to address this problem by traversing 379 

from granulite facies rocks at Kangimut Sammissoq towards an area thought never to have 380 

been to granulite facies, (blue arrow at KS, Fig. 4B).  During this walk it was suggested 381 

‘What if the granulite facies boundary is folded?’  This idea would imply major tectonic 382 

activity after the peak of Neoarchaean metamorphism, in conflict with the 1970s model 383 

where peak metamorphism outlasted major deformation (c.f. Fig. 4A).  This idea could be 384 

tested by sailing into Buksefjorden and climbing the 1000m cliffs to the northern plateau to 385 

examine metamorphic relationships in a large fold nose (green arrow at Buksefjorden Fig. 386 

4B).  This was duly accomplished and once on the plateau it was evident that the boundary 387 

of rocks affected by granulite facies is indeed folded.  By this observation the first steps had 388 

been taken to produce a new tectonothermal evolution model for the region, by dispensing 389 

with the 1970s mantra that peak Neoarchaean metamorphism outlasted all significant ductile 390 

deformation producing regional fold structures. 391 

 392 

3.4. Færingehavn 1985 and Nuuk region 1987, 1988 393 

The 1985 field season was in the Færingehavn area undertaking detailed field observations 394 

and mapping at 1:10,000 scale (compiled at 1:40,000 scale; Digital Map 1; Friend et al., 395 

1987).  It was discovered that there are three packages of Archaean gneisses in the area; (a) 396 

the Amîtsoq gneisses, (b) homogeneous, grey orthogneisses with distinct pegmatite bands that 397 

had not undergone granulite facies metamorphism and (c) heterogeneous nebulitic 398 
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orthogneisses that had suffered granulite facies metamorphism that had been partially 399 

retrogressed under amphibolite facies conditions.  Subsequently, the homogeneous grey 400 

gneisses were dated by H. Baadsgaard and turned out to be a previously unrecognised ca. 401 

2820 Ma group of rocks (Friend et al. 1988, 2009).  Respectively, these three groups of 402 

rocks became known as the Itsaq Gneiss Complex (Nutman et al., 1996) within the 403 

Færingehavn terrane (Friend et al., 1988), the 2825 Ma Ikkattoq gneisses of the Tre Brødre 404 

terrane (Friend et al., 2009) and (unnamed) 2920-2800 Ma gneisses of the Tasiusarsuaq 405 

terrane (Friend et al., 1987; 1988) (see Fig. 1, Digital Map 2).  406 

The boundaries between the three terranes were confirmed to be folded, deformed, 407 

amphibolite facies meta-mylonites, commonly only a couple of metres wide, but with distinct 408 

strain gradients towards them (Friend et al., 1987, 1988).  Despite their profound nature, 409 

they were interpreted to be so narrow because in later tectonic events they were 410 

ductilely-attenuated or excised (Nutman and Friend, 2007).  Lithologically, the mylonites 411 

are mostly strongly banded, siliceous rocks with rootless folds of pegmatitic material (Fig. 412 

7A), but elsewhere there can be homogeneous foliated rocks (meta-ultramylonites), or 413 

marked by massive, coarse-grained, fuchsite-bearing, quartz seams. Such seams can have 414 

associated ultramafic and gabbroic pods that are restricted to the mylonites.  As an 415 

indication of post-mylonite metamorphism, garnets can be found growing across the 416 

mylonitic fabrics (Fig. 7B)  The detailed mapping in the Færingehavn area demonstrated 417 

that the 2825 Ma Ikkattoq gneisses of the Tre Brødre terrane affected by only amphibolite 418 

facies metamorphism were structurally below those affected by 2795 Ma (Pidgeon et al., 419 

1976; Crowley, 2002) granulite facies metamorphism (Digital Map 1). Thus, structurally 420 

lowest are the Færingehavn and then Tre Brødre terranes, followed on top by the granulite 421 

facies rocks of the Tasiusarsuaq terrane. Furthermore, in the edge of the Tasiusarsuaq terrane, 422 

the strain gradient structurally downwards towards the mylonite bounding the underlying Tre 423 

Brødre terrane shows progressive syn-kinematic obliteration of the granulite facies 424 

assemblages (Figs. 7 C, D).  Thus the rocks with 2795 Ma granulite facies assemblages had 425 

been retrogressed when tectonically emplaced over rocks that only experienced amphibolite 426 

facies metamorphism (Nutman et al., 1989).  The meta-mylonites were mapped around fold 427 

interference patterns, demonstrating that after the granulite facies metamorphism in the 428 
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Tasiusarsuaq terrane, the three terranes had been juxtaposed and thereafter shared a complex 429 

tectonic and metamorphic history (Friend et al., 1987). 430 

The Færingehavn area geology was used in 1987 and 1988 fieldwork as a template to 431 

reinterpret the geology of the entire Nuuk region (Friend et al., 1988; Nutman et al., 1989; 432 

McGregor et al., 1991).  This was an audacious undertaking, considering the limited 433 

logistical resources of the three people involved, the vast size of the region (~10,000 km2) 434 

and at that time there were very few accurate and precise isotopic absolute age determinations.  435 

The work was guided by the lithological maps published by the Geological Survey of 436 

Greenland (GGU; now part of GEUS – the Geological Survey of Denmark and Greenland), 437 

which were of great assistance in delineating major structural trends, and generally showed 438 

where there were Eoarchaean versus (undifferentiated) younger gneisses. 439 

Based on two helicopter reconnaissance flights and some long foot traverses inland 440 

southwards from the coast of Ameralik, the tectonic boundary of the southern Tasiusarsuaq 441 

terrane was extrapolated eastwards through Qarliit Nunaat to the inland ice (Fig. 1).  This 442 

demonstrated that the contentious Kangimut Sammissoq locality was in the Tasiusarsuaq 443 

terrane, and thus there was no reason that its orthogneisses with dykes need correlate with the 444 

Amîtsoq gneisses (now the major components of the Itsaq Gneiss Complex).  Instead, 445 

Nutman and Friend (1989) suggested they simply represent an old component within the 446 

Tasiusarsuaq terrane.  This was already demonstrated by ~2920 Ma SHRIMP U-Pb ages 447 

obtained for igneous zircons in the Kangimut Sammissoq rocks (Kinny, 1987) as opposed to 448 

~2860-2820 Ma ages for most of the orthogneisses in that terrane (Friend and Nutman, 2001; 449 

Crowley, 2002). The tectonic boundary of the Tasiusarsuaq terrane has been named the 450 

Qarliit Nunaat Thrust (QNT, 7, on Fig 1) (Friend et al., 1988). 451 

The Eoarchaean Færingehavn terrane was followed northwards into the Godthåbsfjord 452 

region.  Here, it was discovered that along its western edge was a thin tectonic slice of the 453 

Tre Brødre terrane, and then the extensive Akia terrane, which contains the Nûk gneisses 454 

sensu stricto (see Friend et al., 1988; Digital Map 2).  The eastern edge of the Akia terrane is 455 

marked by the Ivinnguit Fault (IF, 8, on Fig 1) (McGregor et al., 1991), an almost straight, 456 

mostly steeply westerly dipping structure trending NNE.  This was followed for 150 km 457 

from the coastal region southwest of Nuuk to the head of Godthåbsfjord at Ilulialik (Fig. 1; 458 
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Digital Map 2).  The metamorphic grade of the fault is epidote amphibolite facies, and it 459 

was shown to be late Archaean in age, because some granite sheets associated with the 2560 460 

Ma Qôrqut Granite Complex were deformed within it and truncated, whereas others cut it.  461 

It was discovered that the Ivinnguit Fault ran along the top of the mountain Store Malene, 462 

east of Nuuk (Digital Map 2), and cut through the middle of the type locality unit of Malene 463 

supracrustal rocks (McGregor, 1973).  This means that >3.0 Ga amphibolites lie on the west 464 

side of the unit, in the Akia terrane (Nutman et al., 1989) whereas ~2840 Ma 465 

metasedimentary rocks in the Tre Brødre terrane, lie to the east (Nutman and Friend., 2007).  466 

Consequently, the term Malene supracrustal rocks was abandoned (Nutman et al., 1989). 467 

The region between the Ivinnguit Fault (IF, 8) and the Qarliit Nunaat Thrust (QNT, 7, on 468 

Fig.1) was named the Akulleq terrane (Fig. 4C; McGregor et al., 1991), a composite body of 469 

the Færingehavn and Tre Brødre terranes, sandwiched between the more extensive Akia and 470 

Tasiusarsuaq terranes.  The Akulleq terrane (now an abandoned term) was regarded to mark 471 

a collisional orogeny between the Akia and Tasiusarsuaq terranes.  All four terranes were 472 

interpreted as arc-like, calc-alkaline juvenile crustal constructs formed at unrelated 473 

convergent plate boundaries, but subsequently sequentially brought together by collisional 474 

orogeny later in the Archaean (McGregor et al., 1991; Table 1).  This paper presented a set 475 

of cartoons (see Fig. 3 of McGregor et al. (1991), reproduced here as Fig. 4C), showing the 476 

later Archaean (post-Itsaq gneiss complex) development of the terranes; for the first time 477 

explicitly within a specific plate tectonic scenario.  The subsequent work has shown that the 478 

sequence of events shown by McGregor et al. (1991) was incomplete and was wrong in some 479 

details.  However, the basic interpretation was correct: blocks of crust representing unrelated 480 

magmatic arcs of different age have been brought together by collisional orogeny later in the 481 

Archaean.  For example, the ~3800 Ma TTG component of the Itsaq gneiss complex is 482 

shown to comprise high-Al tonalites with calc-alkaline affinities and derivation from melting 483 

leaving a residue of a garnet + amphibole + clinopyroxene (Nutman et al., 1999).  Jenner et 484 

al. (2009) presented data on the Isua ~3800 Ma mafic volcanic rocks and their relationships 485 

with subduction, which was amplified by Nutman et. al. (2013).  In this way, each terrane 486 

has unrelated early generation and tectono-thermal histories, but then a common history after 487 

the terranes were amalgamated (Fig. 4C; Table 1).  The presently recognised terranes and a 488 
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summary of the events leading to their formation are summarised in Table 1 and their 489 

geochronology in Figure 8. 490 

 491 

4. Igneous rocks and isotopic signatures 492 

4.1. Mafic rocks 493 

Mafic rocks form <10% of all the terranes in the Nuuk region and generally, in any one 494 

given terrane, they are amongst the oldest rocks present.  Due to high strain and 495 

metamorphism they are usually found as hornblende + plagioclase + quartz ± pyroxene ± 496 

garnet tectonites, usually devoid of any of their original protolith features. In rare low strain 497 

zones, for example the Isua supracrustal and Ivisartoq supracrustal belts, where protolith 498 

features are occasionally preserved, they are found to be derived largely from pillow lavas 499 

and layered gabbros (Fig. 9A, B; e.g., Bridgwater et al., 1976; Hall and Friend 1979; Komiya 500 

et al., 1999).  Despite early claims of komatiites (e.g., McGregor and Mason, 1977), 501 

komatiites are either entirely absent or exceedingly rare in the Nuuk region (c.f. Hollings et 502 

al., 1999).  We regard the early claims of komatiites as part of the 1970s global 'komatiite 503 

fever', when it seemed that, lacking the modern discriminatory geochemistry, any high-Mg 504 

meta-igneous Archaean rock became a komatiite.  Instead, the chemistry of the mafic rocks 505 

is overall more arc-tholeiitic, picritic or more rarely boninitic (Polat et al., 2002; Polat and 506 

Hofmann, 2003; Garde, 2007; Dilek and Polat, 2008; Jenner et al., 2009). 507 

Being able to distinguish with certainty between komatiite and arc-tholeiite signatures in 508 

the Archaean record is particularly important, because komatiites are dry, decompressional, 509 

high-percentage partial melts of diapirically-rising mantle (e.g., Arndt, 2003), whereas the 510 

arc-tholeiite and boninitic signatures indicate essentially isobaric fluid-fluxing melting of 511 

upper mantle by addition of fluids driven off a subducted slab (e.g., Pearce et al., 1995; 512 

Pearce, 2008).  The former decompressional melting setting could operate independently of 513 

a plate tectonic regime, such as variants of the static lid scenario, where melting products of 514 

plumes repeatedly resurface the planet, and buried older crust founders vertically and is 515 

recycled (e.g., Griffin et al., 2014). The latter setting of fluid-fluxing would be a strong 516 

indicator of some form of subduction and hence a plate tectonic regime (Dilek and Polat, 517 

2008).  Trace element chemistry of the mafic rocks is particularly powerful to distinguish 518 
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the two possibilities. Nearly all of the Nuuk region analysed amphibolites display primitive 519 

mantle normalised trace element patterns marked by modest enrichment of the large ion 520 

lithophile (LIL) elements and the light REE (rare earth elements), depletion of niobium, 521 

tantalum and titanium, enrichment in Pb and relatively flat heavy REE (e.g., Polat et al., 2002; 522 

Polat and Hoffman, 2003; Jenner et al., 2009; Polat et al., 2011). The modest enrichment in 523 

the LIL, light REE and Pb is due to their preferential incorporation into fluids driven off the 524 

subducted slab and their migration upwards into a mantle wedge, whereas the depletion of Nb, 525 

Ta and Ti is caused by their retention in HFSE-rich phases such as rutile and humite group 526 

minerals in the subducted slab (e.g., Izuka and Nakamura, 1995; Katyama et al., 2003).  527 

Hence the almost universal appearance of these signatures in 3.85 to 2.8 Ga pillow lavas and 528 

gabbros of the Nuuk region is very powerful evidence for episodic subduction over a billion 529 

years of Archaean history (Dilek and Polat, 2008). 530 

 531 

4.2. Igneous rocks with 55-70 wt.% SiO2 532 

The most voluminous rocks of the Nuuk region gneiss complex are broadly tonalitic 533 

orthogneisses with typically 65-70 wt.% SiO2, low K2O and high Na2O. These form 70-80% 534 

of the individual terranes, and hence understanding their petrogenesis is paramount in 535 

understanding Archaean crustal evolution in the Nuuk region. McGregor (1979), following 536 

his recognition that most of these rocks have plutonic igneous protoliths (dominantly 537 

tonalites), used the chemistry of ~3.0 Ga Nûk and >3.6 Ga Amîtsoq gneisses to demonstrate 538 

their calc-alkaline affinity, and thereby liken them to magmatic suites formed in Phanerozoic 539 

arc complexes at convergent plate boundaries. This was broadly true, but mounting 540 

geochemical data has indicated that there are some geochemical differences between modern 541 

calc-alkaline arc assemblages and the Archaean tonalitic gneisses like those found in the 542 

Nuuk region (e.g., Martin, 1986; Martin et al., 2005). Most important are features such as the 543 

strong depletion of the heavy REE versus strong enrichment of the light REE, and the overall 544 

higher SiO2 and lower MgO of the Archaean rocks compared to most modern arc suites. 545 

Trace element modelling suggested that this Archaean signature most likely indicates melting 546 

of eclogitised mafic rocks in a subduction zone (Arth and Hanson, 1972; Martin, 1986; 547 

Martin et al., 2005; Steenfelt et al., 2005; Hoffmann et al., 2011; Nagel et al., 2012), although 548 
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recently, an alternative explanation has been proposed (Moyen and Laurent, 2018).  Studies 549 

of the Archaean grey gneisses of the Nuuk region have confirmed this as the most likely 550 

petrogenetic model, for example from comparison of 3800 Ma tonalites from south of the 551 

Isua supracrustal belt (Nutman et al., 1999) to similar-aged gneisses on the outer coast 552 

(Nutman et al., 2007) and into the Mesoarchaean gneisses in Akia (Garde et al., 2000; Garde, 553 

2007).  Thus the TTG which are the bulk of the rocks forming the Nuuk region gneiss 554 

complex, seem to be derived from high pressure melting of mafic rocks as either 555 

garnet-bearing granulites or eclogite, with the inference that over a billion years there were 556 

repeated convergent plate boundary settings. 557 

A minority of the grey gneisses consist of higher MgO, lower SiO2 rocks, with overall 558 

quartz-dioritic chemistry (see Drummond and Defant, 1990 and references therein). 559 

Compared with the tonalites, they show a lesser degree of fractionation of the REE, and they 560 

resemble much more the composition of andesites and quartz-diorites in modern arc systems 561 

produced by the fluxing of a mantle wedge over a subduction zone (Steenfelt et al., 2005; 562 

Nutman et al., 2007; 2013).  Where sufficient U-Pb zircon geochronological data are 563 

available, they seem to be marginally older than the bulk of the high SiO2 tonalites in the 564 

same terrane (Nutman et al., 2013). 565 

 566 

4.3. Granites sensu stricto 567 

All terranes contain granites sensu-stricto, with SiO2 >70 wt.% and high K2O. The 568 

granites fall into two categories, ones that are restricted to individual terranes (e.g., Fig. 9C) 569 

and those that stitch terranes, i.e. they transgress the tectonic boundaries. The clearest 570 

example of the latter is the 2560 Ma Qôrqut Granite Complex (Fig. 9D) that is 571 

unambiguously intruded across the folded tectonic boundaries between the Tasiusarsuaq, Tre 572 

Brødre and Færingehavn terranes (Friend et al., 1988, 1996; McGregor et al., 1991).  Minor 573 

granite sheets formed at 2720-2710 Ma following crustal thickening by stacking of the 574 

Tasiusarsuaq, Tre Brødre and Færingehavn terranes are also examples of stitching bodies 575 

(Friend et al., 1996; Crowley, 2002).  Much of this granite was generated at deeper crustal 576 

levels in the Færingehavn terrane, where it can form diffuse migmatite domains and locally 577 

coalesce into small bodies of granite, with variable amount of restitic palaeosome. At higher 578 
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structural levels at ~2710 Ma, such as in the Tasiusarsuaq terrane, 2720-2710 Ma granites 579 

tend to occur as sharp-margined, late kinematic sheets (Friend et al., 1996). 580 

Additionally, there are granitic bodies that are restricted to each particular terrane. These 581 

are interpreted as an expression of intra-crustal melting following, or late in, the crust 582 

formation reflected in that terrane.  In the northern part of the Isukasia terrane, juvenile 3700 583 

Ma tonalites are cut by extensive swarms of gently inclined 3650-3630 Ma granite sheets 584 

(Baadsgaard et al., 1986; Nutman and Bridgwater, 1986; Nutman et al., 1996; Crowley et al., 585 

2002).  Likewise, in the Akia and Kapisilik terranes, 3070-3000 Ma juvenile crustal 586 

components are intruded by 2970-2960 Ma crustally-derived granites (Garde et al., 2000; 587 

Friend and Nutman, 2005). The widespread occurrence of these late granites is probably 588 

related to thickening of the crust late in terrane creation, which, particularly in the Archaean, 589 

led to rapid radiogenic heating, partial fusion with granite production and ductile collapse 590 

(e.g., Rey and Coltice, 2011). 591 

 592 

4.4. Peri- and intra-terrane detrital zircon signatures 593 

Rocks with sedimentary protoliths form only a tiny amount (<2%) of the Nuuk region 594 

Archaean exposures. They are particularly sparse within the terranes, and somewhat more 595 

prevalent along the margins of the terranes, particularly associated with Tre Brødre terrane 596 

margins. Two of the first three publications of the Nuuk region rocks to be investigated by 597 

SHRIMP U-Pb zircon geochronology were on samples interpreted as having sedimentary 598 

origins.  Compston et al. (1986) reported zircon ages from what was interpreted as a 599 

volcanic debris unit with large clasts in the Isua supracrustal belt, and found a unimodal age 600 

population of 3806 ± 2 Ma (2σ), indicating a simple volcanic provenance.  This unit has 601 

been re-interpreted as a tectonised and altered package of dacitic-rhyolitic flows (e.g., 602 

Nutman et al., 2015b), rather than of clastic sedimentary origin.  Schiøtte et al. (1988) 603 

reported zircon ages from two meta-sandstones from islands south of Nuuk and ascribed 604 

them to the then Malene supracrustal rocks.  These revealed a spread in detrital zircon ages 605 

of mostly 2800-2900 Ma, but with some older components.  This study also revealed (the 606 

then) surprisingly young ages of ~2650 Ma for low Th/U metamorphic overgrowths. 607 

Since these pioneering studies, several workers have presented detrital zircon ages 608 
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from Nuuk region metasedimentary rocks.  These results have been collated in Fig. 10 (see 609 

caption for data sources).  These data have been filtered so that only the analyses most likely 610 

to reflect undisturbed detrital ages remain. Culled are analyses of definite metamorphic 611 

overgrowths and recrystallisation areas, those whose 206Pb/238U versus 207Pb/206Pb ages 612 

are >10% different, and ones with >2% 206Pb modelled as common Pb on the basis of 613 

measured 204Pb.  Additionally, it was found that some rare remaining analyses displayed 614 

U-Pb ages that are impossibly young to represent an authentic age for a detrital component. 615 

In some rocks with very low zircon yields (notably BIF of the Isua supracrustal belt), such 616 

rare grains with Neoproterozoic or even younger ages are clearly laboratory contaminants. In 617 

other cases, grains with impossibly young ages (e.g. late Palaeoproterozoic ages in a 618 

Mesoarchaean rocks) were found to display high U+Th contents, and therefore are likely to 619 

be older grains that suffered ancient loss of radiogenic Pb. This appraisal and culling of the 620 

aggregated data from many sources left 471 robust ages on detrital zircons in 621 

metasedimentary rocks (Fig. 10). 622 

The compiled age spectra indicate an important contrast from samples that are 623 

intra-terrane, and those that lie at terrane boundaries. Ones that are entirely within a terrane 624 

show closest to unimodal age distributions (panels A and B of Fig. 10 for the Tasiusarsuaq 625 

and the Akia/Kapisilik terranes). This feature is still found within the ~3700 Ma terrane of the 626 

intensely-studied Isua supracrustal belt. Thus, sedimentary rocks in the ~3700 Ma part of the 627 

belt are dominated by detrital grains derived from ~3700 Ma igneous sources, with only 628 

sparse grains back to ~3740 Ma (Fig. 10C; e.g., Nutman et al., 2009b). In contrast, detrital 629 

sedimentary rocks in the ~3800 Ma part of the belt are dominated by ~3800 Ma grains 630 

derived from igneous sources of that age, but there is also a significant sub-population of 631 

~3850 Ma grains, and a single ~3890 Ma grain (Fig. 10D). The older grains are all found 632 

within a rare quartz-fuchsite quartzite, along with ~3800 Ma grains (Nutman et al., 1997). On 633 

the other hand, a sample of graded quartz-dolomite sandstone closely associated with ~3800 634 

Ma metavolcanic rocks contains only ~3800 Ma grains. This shows mixture of slightly older 635 

crustal components into this terrane at ~3800 Ma, in contrast to the ~3700 Ma part of the 636 

terrane, that is largely devoid of older components (Fig. 10C and D). 637 

Peri-terrane sedimentary rocks present more diverse and complex detrital zircon 638 
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spectra. A sedimentary rock sandwiched between a klippe of mafic rocks ascribed to the 639 

Kapisilik terrane and Eoarchaean Isukasia orthogneisses south of Isua (Nutman et al., 2004a) 640 

shows detrital zircons derived from both the Eoarchaean Itsaq Gneiss Complex and 641 

3000-3100 Ma sources ascribed to the Kapisilik terrane (Fig. 10E). The Isua supracrustal belt 642 

Dividing Sedimentary Unit (Nutman et al., 2009b) occurring at the tectonic boundary 643 

between the ~3700 and ~3800 Ma parts of the belt is dominated by BIF and quartz- and 644 

carbonate-rich sedimentary protoliths with low zircon yields. Dominant are ~3750 Ma 645 

euhedral grains of likely volcanogenic origin (not matching the age of any igneous 646 

components in the adjacent parts of the belt), with a minor ~3800-3850 Ma component (like 647 

found associated with rare fuchsite quartzite in the ~3800 Ma part of the belt), but also 648 

with >3900 Ma grains present (Fig. 10F). These rare >3900 Ma grains are the oldest crustal 649 

component recognised in the Itsaq Gneiss Complex; whereas its oldest extant zircon-bearing 650 

rocks are meta-tonalites with an age of ~3890 Ma (e.g. Nutman et al., 2007a). 651 

The metasedimentary rocks with the most fecund detrital zircon yields occur at the 652 

tectonic boundary between the Færingehavn and Tre Brødre terranes in the outer 653 

Godthaabsfjord and the coastal regions to the south (Fig. 10G), and at margins of the 654 

Færingehavn ± Kapisilik terrane and likely correlatives of the Tre Brødre terrane in the inner 655 

fjord eastern regions (Fig. 10H). All samples from these peri-terrane locations show complex 656 

detrital zircon age spectra, but always with a dominant population at ~2830-2840 Ma (e.g., 657 

Schiøtte et al., 1988; Nutman et al., 2004a; Nutman and Friend, 2007) with a lesser number 658 

from older sources. 659 

Sedimentary rocks entirely within terranes versus those at terrane boundaries show 660 

contrasting detrital zircon patterns. Detrital sedimentary rocks that are entirely within a 661 

terrane and intruded by local TTG show closest to unimodal age distributions, suggesting 662 

derivation from single igneous sources during terrane development as series of arc-like 663 

constructs – as first shown graphically in figure 3 of McGregor (1991); reproduced here as 664 

Figure 4B. On the other hand, metasedimentary rocks at terrane boundaries always produce 665 

more complex detrital zircon age spectra, but with all grains (apart from two 3300-3450 Ma 666 

grains in one sample; Fig. 10E) matching known igneous ages in the Nuuk region (Fig. 8). At 667 

the Isukasia-Kapisilik boundary the signature is derived from both the Mesoarchaean 668 
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Kapisilik and the Eoarchaean Isuksia terranes (Fig. 10E). For sedimentary rocks associated 669 

with the Færingehavn + Tre Brødre terrane boundary on the outer coast and the Færingehavn 670 

± Kapisilik terrane and likely correlatives of the Tre Brødre terrane in the inner fjord eastern 671 

regions (Fig. 10G, H), there is always with a dominant population at ~2830-2840 Ma (e.g., 672 

Schiøtte et al., 1988; Nutman et al., 2004a; Nutman and Friend, 2007).  This is marginally 673 

older than the ~2825 Ma Ikkattoq gneisses (Friend et al., 2009) of the Tre Brødre terrane, but 674 

matches the age of a dominant TTG component within the Tasiusarsuaq terrane to the south 675 

(Fig. 8; e.g., Friend and Nutman, 2001). Some older grains in these sedimentary rocks also 676 

match the age of older components within the Tasiusarsuaq terrane (notably ~2860 and ~2940 677 

Ma), whereas others match the ~3000-3250 Ma components normally ascribed to the Akia 678 

terrane (Fig. 8; e.g., Garde et al., 2001). Only one Eoarchaean grain (from >200 analysed in 679 

this category of sample) has been detected. One interpretation is that these grains were 680 

derived from the three separate Tasiusarsuaq, Akia/Kapisilik and Færingehavn terranes. 681 

Alternatively, the Tasiusarsuaq terrane could be the sole source, because it is now known to 682 

contain small >3600 Ma and 3000-3250 Ma gneiss components (e.g., Næraa et al., 2012; Yi 683 

et al., 2014). Here in this paper, we interpret these older components within the Tasiusarsuaq 684 

terrane to indicate that it contains one or more ribbons of these older terranes, engulfed in the 685 

voluminous TTG of the Tasiusarsuaq terrane (Fig. 11e, f). We interpret the complex zircon 686 

age spectra in the peri-terrane sedimentary rocks to indicate their deposition in closing ocean 687 

basins, with more complex detrital sources compared with most intra-terrane sedimentary 688 

rocks, derived from simple juvenile arc sources. This is the same scenario as found in the 689 

Phanerozoic, where in ocean basin closure older sedimentary rocks associated with 690 

intra-oceanic arcs have simple, generally unimodal, detrital zircon age signatures, whereas 691 

later sedimentary rocks deposited during ocean closure show more complex detrital zircon 692 

age patterns. A modern example of this is the Himalaya system, with the ongoing collision of 693 

India and Eurasia. In this setting, the early intra-Tethys juvenile Jurassic-Cretaceous arcs 694 

have simple zircon populations, whereas with passing of time and the extinction of these arcs, 695 

the sourcing of sediments first from proximal different continental masses and then from the 696 

mountains raised upon continental collision, leads to the detrital zircon signatures become 697 

more complex (see overview by Blum et al., 2018). 698 
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 699 

4.5. Radiogenic isotopic signatures 700 

The tonalites that dominate all the terranes are marked by low initial 87Sr/86Sr ratios 701 

(Moorbath et al., 1972; Moorbath, 1975; Baadsgaard et al., 1986), positive initial εNd values 702 

(Baadsgaard et al., 1986; Moorbath et al., 1986; Bennett et al., 1993, 2007) and zircon initial 703 

εHf values that are essentially chondritic in the Eoarchaean and positive in the Meso and 704 

Neoarchaean (e.g., Hiess et al., 2009, 2011; Kemp et al., 2009, Næraa et al., 2012; Fig. 11).  705 

These different isotopic system signatures corroborate each other and show that each terrane 706 

represents new crust formed out of a depleted mantle reservoir only a short time before.  707 

These isotopic data are strong evidence that these terranes evolved separately, created in 708 

intra-oceanic settings, to be coalesced later in their history.  If the rocks were formed by 709 

repeated magmatism within a single coherent body of crust, then from the Eo- to 710 

Neoarchaean tonalite initial 87Sr/86Sr ratios would become progressively elevated and initial 711 

εNd and εHf values would have become negative (Fig. 11). 712 

 713 

5. The present tectono-stratigraphic terrane interpretation 714 

5.1. Zircon U-Pb geochronological database 715 

Since 1991, we have dated more than 250 rocks from the Nuuk and adjoining regions by 716 

the SHRIMP U-Pb technique.  The majority of data were acquired in the Research School of 717 

Earth Sciences of the Australian National University (ANU), with the rest at Hiroshima 718 

University (HU), the Japanese National Institute of Polar Research, the Korean Basic Science 719 

Institute, The Chinese Academy of Geological Sciences (Beijing) and at Geoscience Australia. 720 

Additionally, other workers have published >50 U-Pb zircon dates on Nuuk region rocks 721 

using SHRIMP and Cameca ion probes, laser ablation ICPMS and modern single grain 722 

isotope dilution thermal ionisation techniques. Of particular importance is the study of 723 

Crowley (2002) who presented zircon geochronology from the different terranes of the 724 

Færingehavn region and confirmed the tectono- stratigraphic terrane model put forward by 725 

Friend et al. (1988), Nutman et al. (1989) and McGregor et al. (1991).  The dates are shown 726 

on Digital Maps 1 and 2, and are summarised in Figure 8.  This figure presents >300 age 727 

determinations on igneous protoliths and superimposed metamorphic events. In total, this is 728 
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based on >5,000 individual zircon analyses.  The caption of Figure 8 gives the sources of 729 

the data embodied in it.  An additional ~60 samples with reconnaissance analyses (<6 730 

analyses per sample) that were mainly undertaken at HU are not shown on this figure, but are 731 

given in italics without analytical errors on Digital Map 2. 732 

 733 

5.2. How many terranes? 734 

When the first plate tectonic synthesis of the entire Nuuk region was presented by 735 

McGregor et al. (1991), the only U-Pb age determinations for the ~3500 km2 area between 736 

inner Ameralik fjord in the south, Godthåbsfjord in the west and definite Eoarchaean Itsaq 737 

Gneiss Complex to the north on Ujarsagssuit Nunaat (Fig. 1), were three SHRIMP U-Pb 738 

zircon age determinations of ~2820 Ma (H. Baadsgaard and L. Schiøtte, unpublished data).  739 

These rocks showed no evidence of granulite facies and had the same ages within error as the 740 

Ikkattoq gneisses of the Tre Brødre terrane. Taking into account that the ~3.0 Ga Nûk 741 

gneisses were thought to be confined to the Akia terrane west of the Ivinnguit Fault, in the 742 

late 1980s – early 1990s it was assumed that the grey gneisses throughout this area formed a 743 

large extent of Tre Brødre terrane (McGregor et al., 1991) i.e. they were designated as 744 

Ikkattoq gneisses.  However, subsequent SHRIMP U-Pb zircon geochronology (Friend and 745 

Nutman, 2005a; Hollis et al., 2005) indicated that ~3.0 Ga orthogneisses are also important in 746 

this area.  These Mesoarchaean orthogneisses and the rocks of the supracrustal belt on 747 

Ivisaartoq (Digital Map 2) have the same ages as those in the Akia terrane (e.g., Baadsgaard 748 

and McGregor, 1981; Garde et al., 2000; Garde, 2007), but they were discriminated as the 749 

Kapisilik terrane because they are separated by the Ivinnguit Fault (Fig. 1, Tables 1, 2). 750 

SHRIMP U-Pb dating reported in Friend and Nutman (2005) also highlighted important 751 

differences in the Meso- to Neoarchaean history of the Itsaq Gneiss Complex rocks in the 752 

Godthåbsfjord − Færingehavn area and those in the north on Ujaragssuit Nunaat and the 753 

Isukasia area (Figs. 1 and 8). Those of the Godthåbsfjord − Færingehavn area show important 754 

metamorphic events at ~2720-2700 and 2690-2680 Ma, but none in the Mesoarchaean, 755 

whereas the Itsaq gneiss complex rocks on Ujaragssuit Nunaat showed 2960-2905 Ma and 756 

2690-2680 Ma metamorphic events but not the 2720-2700 Ma event (e.g. Digital Map 2; 757 

Friend and Nutman, 2005a, Nutman et al., 2015b).  Because the Itsaq Gneiss Complex rocks 758 
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of the Ujaragssuit Nunaat and Isukasia area were regarded as tectonically separate from the 759 

Færingehavn terrane in the Mesoarchaean, they were named the Isukasia terrane (Friend and 760 

Nutman, 2005b).  761 

Six terranes (Færingehavn, Isukasia, Akia, Kapisilik, Tasiusarsuaq and Tre Brødre; Figs. 1 762 

and 8) are used to portray regional geology in the 1:100 000 scale map (Digital Map 2), and 763 

their attributes are summarised in Table 1.  It is important to note that crust in the 764 

Færingehavn and Isukasia terranes formed in the same Eoarchaean interval (Nutman et al. 765 

2015a), likewise for the Akia and Kapisilik terranes in the Mesoarchaean. Relationships 766 

between these terranes are explored in the Discussion section of this paper. 767 

 768 

5.3. Terranes within terranes 769 

The large zircon U-Pb geochronology database (Fig. 8) also provides details of 770 

intra-terrane history.  Such histories are known best from the Isukasia terrane, because of the 771 

interest as the world’s best-preserved old rocks (e.g., Nutman and Friend, 2009; Nutman et al., 772 

2013), the chemical indications for life through light C isotope signatures (Schidlowski et al., 773 

1979; Rosing, 1999) and signs of early life in the form of stromatolites (Nutman et al., 2016). 774 

Nutman et al. (1996, 1997, 2002) presented evidence that the Isukasia area contains a cryptic 775 

suture dividing it into crust formed at ~3.7 Ga in the north, from crust in the south formed 776 

and ~3.8 Ga. U-Pb zircon geochronology by Crowley et al. (2002) and Crowley (2003) 777 

confirmed the interpretation of Nutman et al. (1997, 2002).  Hence the vast amount of zircon 778 

geochronology accrued over the past two decades has demonstrated that there can be several 779 

pulses of juvenile crust formation and suturing within each terrane.  780 

Further work has provided a detailed chronology of the evolution of the sub-terranes, 781 

particularly the ~3.7 Ga portion of the Isukasia terrane (Nutman et al., 2000, 2009, 2013, 782 

2015a; Friend and Nutman, 2011).  The ~3.7 Ga terrane shows evolution of an arc-like 783 

package from early ~3.72 Ga arc-tholeiites and boninites, to 3.72-3.71 Ga andesitic/quartz 784 

dioritic and magnesian tonalite components, followed by packages of 3710-3700 Ma felsic 785 

volcano-sedimentary rocks, uplift, erosion and weathering, followed by regression and the 786 

deposition of dolostones, marls, cherts and banded iron formations at 3690 Ma, coeval with 787 

intrusion of less magnesian more siliceous tonalites at 3690-3680 Ma (Nutman and Friend, 788 
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2009; Nutman et al., 2013).  This sequence of events is remarkably similar to those seen in 789 

the life cycle of evolving intra-oceanic arcs in the Phanerozoic (e.g., Shervais, 2001; Dilek 790 

and Polat, 2008).  791 

 792 

5.4. Anomalous ages within the Tasiusarsuaq terrane 793 

The initial impetus leading to the tectonostratigraphic terrane interpretation for the Nuuk 794 

region Archaean geology, was interpretation of the granulite facies orthogneisses cut by mafic 795 

dykes at Kangimut Sammissoq (Fig. 1).  Radiogenic dating showed these were not 796 

Eoarchaean Amîtsoq gneisses, but instead simply an older (~2.92 Ga) component in 2.86-2.82 797 

Ga Mesoarchaean gneisses (Moorbath et al., 1986; Kinny, 1987), now recognised as part of 798 

the Tasiusarsuaq terrane (Friend et al., 1988).  However, in the subsequent three decades of 799 

field work and zircon geochronology, rare migmatite components in the Tasiusarsuaq terrane 800 

with ages of 3.8-3.6 Ga and 3.25-3.1 Ga have been recognised (Digital Map 2).  801 

These ages appear anomalous because they match those diagnostic of the 802 

Færingehavn-Isukasia terranes and the older component of the Akia-Kapisilik terranes.  Our 803 

explanation for this is that the Tasiusarsuaq terrane contains one or more ribbons of 804 

Færingehavn – Isukasia – Akia - Kapisilik terrane that in the Mesoarchaean was rifted-off 805 

into the oceanic realm, wherein subduction subsequently produced the Mesoarchaean 806 

arc-related rocks of the Tasiusarsuaq terrane (Fig. 12E). In the Phanerozoic, numerous 807 

examples of such a process can be found. For example, in the Middle East, the life cycle of 808 

the Palaeo- and Neotethys Oceans involved rifted fragments of Gondwana being transported 809 

and isolated in the Tethyian oceans (Şengör, 1984; Ricou, 1994; Robertson et al., 1996).  810 

This produced Gondwanan continental blocks such as the Sanandaj-Sirjan Zone (Fergusson 811 

et al., 2016) now in Iran. Consumption of Tethyian oceanic crust by several subduction zones 812 

formed Mesozoic-Cenozoic arc complexes.  These arc complexes now occur as 813 

tectonically-disrupted assemblages interspersed with Gondwana continental fragments, which 814 

are again in close proximity to the margins of the Arabian microcontinent, a larger fragment 815 

of Gondwana (see review by Ali et al., in press).  As another analogy, with future subduction 816 

and closure of the Tasman Sea oceanic crust, Gondwanan crust as an isolated fragment in 817 

New Zealand will be reunited with coeval Australian rocks the eastern edge of Gondwana – 818 
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albeit interspersed and inundated by young arc rocks and separated by sutures (analogous to 819 

Fig. 12F). 820 

 821 

5.5. 2.96 Ga collisional orogeny 822 

Itsaq Gneiss Complex rocks along the southern fringe of the Isukasia terrane show 823 

widespread development of 2.96-2.95 Ga low Th/U metamorphic zircon overgrowths (Friend 824 

and Nutman, 2005a; Nutman et al. 2013; Figs. 1 and 8; Digital Map 2). This zone continues 825 

as a thin very strongly deformed panel north-westwards, where Eoarchaean rocks also 826 

contain 2.96-2.95 Ga metamorphic zircon (data in Hanmer et al., 2002).  Near the edge of 827 

the inland ice, east of Ujaragssuit Nunaat, there is widespread development of 2.96-2.95 Ga 828 

metamorphic zircon in Itsaq gneiss complex rocks, the Ameralik dykes widely carry 829 

metamorphic garnet and there are rare relicts of high pressure granulite (Nutman et al., 830 

2015b).  On Ujaragssuit Nunaat, Itsaq Gneiss Complex rocks are overlain by a folded klippe 831 

of amphibolite facies, massive, altered ultramafic rocks and metasedimentary rocks with 832 

detrital zircons derived from ~3.1-3.0 Ga and Eoarchaean sources with crystallisation of 833 

2960-2950 Ma metamorphic zircon (Friend and Nutman, 2005b).  On southern Ujaragssuit 834 

Nunaat and Ivisaartoq 3.07 Ga volcanic rocks and tonalites with juvenile εHf(t-zircon) values of 835 

+4.6 to +1.7 are intruded by the 2960 Ma granites of the Ivisaartoq dome with εHf(t-zircon) 836 

values of -13.9 to -2.2 indicate the latter incorporated melt from Eoarchaean crust, even 837 

though it was intruded into juvenile Mesoarchaean crust (Fig. 11; Nutman et al., 2015b).  838 

This is in accord with the observation by Hall and Friend (1983) that the Ivisaartoq granitoid 839 

rocks contain enclaves of partially melted Eoarchaean gneisses. 840 

These diverse data can be interpreted to indicate collision between a juvenile (island?) arc 841 

in the Kapisilik terrane represented by 3.07 Ga Ivisaartoq and southern Ujaragssuit rocks and 842 

Eoarchaean crust of the Isukasia terrane (Fig. 12A; Nutman et al., 2015b).  The klippe of 843 

metasedimentary rocks with both 3.1, 3.0 Ga and Eoarchaean detrital zircons might represent 844 

a sequence formed immediately prior to the collision. We propose that the arc overrode the 845 

southern edge of the Isukasia terrane, causing transitory high pressure metamorphism up to 846 

high pressure granulite facies conditions and melting at ~2.95 Ga to produce the 847 

crustally-derived granites of the Ivisaartoq dome with their magmatic zircons showing 848 
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strongly negative εHf(t-zircon) values. 849 

 850 

5.6. 2.71-2.70 Ga collisional orogeny 851 

Integrated field, metamorphic and zircon U-Pb zircon dating studies by Friend et al. (1996) 852 

concluded that assembly of the Færingehavn, Tre Brødre and Tasiusarsuaq terranes as a series 853 

of thrust sheets occurred between 2720-2710 Ma (Figs. 1, 12B).  This finding was 854 

confirmed by the independent geochronological studies of Crowley (2002) and metamorphic 855 

studies by Dziggel et al. (2014).  In the overlying Tasiusarsuaq terrane, metamorphism at 856 

~2.71 Ga seems to be marked by retrogression of the terrane’s 2.79 Ga (Crowley, 2002) low – 857 

medium pressure granulite facies assemblages under low pressure amphibolite facies 858 

conditions (Fig. 5; Nutman et al., 1989), corroborated by Dziggel et al. (2012).  The 859 

structurally underlying Færingehavn and Tre Brødre terranes showed evidence of transitory 860 

high pressure metamorphism during this event.  Metapelitic rocks of the Tre Brødre terrane 861 

show early kyanite development followed by regional garnet + sillimanite assemblages which 862 

were subsequently widely replaced by cordierite and, where mafic rocks locally preserve 863 

relicts of high pressure granulite facies assemblages (Fig. 5; Nutman et al., 1989).  More 864 

detailed zircon U-Pb geochronology and REE chemistry integrated with metamorphic 865 

petrology including the characterisation of zircon inclusions, confirmed a clockwise P-T-t 866 

loop at 2.71-2.70 Ga, and identified possible relict eclogite assemblages preserved as 867 

inclusions within garnet (Nutman and Friend, 2007; Dziggel, et al., 2014).  The P-T-t loop 868 

involved decompression at ≥650°C with the consequence that in higher water fugacity 869 

domains such as shear zones, the Itsaq gneiss complex underwent in situ anatexis (Figs. 5, 870 

12B; Nutman et al., 1989; Friend et al., 1996).  The transitory 2.71-2.70 Ga high pressure 871 

event is not recorded in the Isukasia terrane in the north. However, both the Færingehavn and 872 

Isukasia terrane record some growth of low Th/U metamorphic zircon at 2.69-2.68 Ga, coeval 873 

with the emplacement of granitic sheets (Fig. 8; Nutman and Friend, 2007). 874 

 875 

5.7. The 2.66-2.63 Ga event 876 

Evidence has been found for an additional metamorphic event at 2.66-2.63 Ga (Hollis et 877 

al., 2006; Nutman and Friend, 2007; Nutman et al., 2007).  This event seems to be restricted 878 
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to a panel of ~2.84-2.80 Ga rocks (Digital Map 2) which in our present interpretation might 879 

lie along a décollement (initially a thrust) between a footwall of predominantly orthogneisses 880 

devoid of the 2720-2710 Ma metamorphic event, and a hanging wall that experienced it.  881 

Figure 12C shows a schematic cross section demonstrating this configuration.  Within this 882 

panel there are relicts of ~2.66 Ga high pressure granulite facies assemblages within mafic 883 

rocks.  This is shown by 2.66 Ga metamorphic zircons that equilibrated with garnet and 884 

plagioclase with quartz and clinopyroxene (Nutman and Friend, 2007).  Metapelites carry 885 

relict kyanite and later sillimanite, whilst metamorphic monazite and zircon from the rocks 886 

yield ages of 2.66-2.63 Ga (Nutman and Friend, 2007).  The setting to this metamorphic 887 

event is as yet enigmatic, but it certainly appears to indicate crustal thickening (Nutman and 888 

Friend, 2007).  However, it might be distal to the collisional event that caused it, such that a 889 

suture of this age is not present in the Nuuk region (Fig. 12F).  The 2.66-2.63 Ga 890 

assemblages are developed proximal to a folded amphibolite facies shear zone (labelled X on 891 

Fig. 1 and Digital Map 2), that cuts across the ~2.7 Ga shear zones/terrane boundaries but is 892 

truncated by the Qôrqut Granite Complex. In the southeast of the region, a satellite shear to 893 

the main structure contains pegmatite lithons with a magmatic U-Pb zircon age of 2661±3 Ma 894 

(Nutman and Friend, 2007). This is interpreted as linking this regional shear zone to the 895 

2-66-2.63 Ga metamorphic event. 896 

 897 

5.8. Late Neoarchaean crustal reworking and granites sensu stricto 898 

The deepest post-2.63 Ga structural level in the Nuuk region is exposed around the head of 899 

Kapisillit Kangerluat fjord (Fig. 1).  This occurs below the panel of rocks which display the 900 

2.66-2.63 Ga metamorphism, and is marked by anatectic granites formed between 2.63-2.59 901 

Ga (Friend and Nutman, 2005a).  These are regarded to reflect heating in 902 

tectonically-thickened crust, leading to partial melting and rising in a diapiric fashion. Lenses 903 

of granite of similar age occur sporadically throughout the Nuuk region, such as on Ivisaartoq 904 

(Nutman and Friend, 2007).  These bodies are invariably late kinematic, but generally are 905 

partially sheared or truncated in late ductile shear zones. 906 

The largest and most prominent body of granite sensu stricto is the ~2.56 Ga Qôrqut 907 

Granite Complex (Digital Map 2).  It consists of myriads of gently inclined, cross-cutting 908 
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granite sheets emplaced at approximately the same crustal level in a gentle arch, but fed from 909 

a steeper feeder zone to the west (Friend et al., 1985). Whole rock isotopic studies 910 

demonstrated that the granite formed by partial melting of a mixture of ‘Amîtsoq’ and ‘Nûk’ 911 

gneiss country rocks (Moorbath et al., 1981).  As partially melting ‘Amîtsoq’ gneisses could 912 

be found in the lower zone, this mixture of country rocks was utilized for the geochemical 913 

modelling presented in (Brown et al., 1981; Friend et al., 1985).  A more accurate and 914 

precise age on the granite is 2.56 Ga from U-Pb zircon dating by SHRIMP (Nutman et al., 915 

2010), and the mixed origin of the granite is supported by the presence of both Eoarchaean 916 

and Mesoarchaean inherited zircons within it.  In early studies the Qôrqut Granite Complex 917 

was regarded as essentially post-tectonic (e.g., McGregor et al., 1973).  Although the main 918 

body of the Qôrqut Granite Complex is essentially non-deformed, continuations of it to the 919 

north and south are not. This is best indicated by field observations and zircon dating from 920 

the Færingehavn region.  A large 2.57-2.55 Ga sheeted granite complex on hills northwest 921 

of Færingehavn (Skinderhvalen, Fig. 1) becomes progressively deformed eastwards into the 922 

‘Færingehavn straight belt’ (Chadwick and Coe, 1983; Digital Maps 1, 2), in which a strongly 923 

foliated concordant granite body has a U-Pb zircon age of 2565 ±12 Ma, whereas a less 924 

deformed discordant granite sheet has an age of 2555 ±8 Ma (Nutman et al., 2010).  925 

Likewise, in the northeast west of Itinnera, a granite lithon within an amphibolite facies 926 

mylonite (Fig. 7A ) has a U-Pb zircon age of 2559 ±3 Ma (Nutman et al., 2010).  This shows 927 

that emplacement of the granite was coeval with movement on steeply dipping shear zones 928 

that were partitioning the previously assembled terranes of the Nuuk region. The Ivinnguit 929 

Fault marking the eastern margin of the Akia terrane might be a related shear zone formed at 930 

approximately the same time. It has the same strike as the syn-Qôrqut Granite Complex 931 

Færingehavn straight belt (Digital Maps 1 and 2) and a weakly deformed granite sheet that 932 

cuts the mylonite fabric of the Ivinnguit Fault has yielded U-Pb zircon and monazite ages of 933 

2536 and 2531 Ma, respectively (Nutman et al., 2010).  There are no mafic intrusions within 934 

the Qôrqut Granite Complex that might be interpreted to represent the thermal trigger for 935 

melt production.  Therefore, the trigger for forming the Qôrqut Granite Complex is 936 

enigmatic, beyond that any thick ‘continental’ crust in the Archaean had a propensity to melt 937 

partially and collapse due to greater internal radiogenic heat production in it than today (Rey 938 
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and Coltice, 2011).  An alternative mechanism of granite production explored by Nutman et 939 

al. (2010) was that granites of this age are focused in ‘jogs’ in craton-wide wrench fault 940 

systems, where an extensional regime creates space and permits meteoric water to enter the 941 

middle-deep crust (e.g., De Lemos et al., 1992).  Heating of these water-enriched areas 942 

could then trigger melting.  Aspects of this model are disputed by Næraa et al. (2014) who, 943 

despite there being copious field evidence that the country gneisses were undergoing partial 944 

melting (the Lower zone of Brown et al., 1981) and that the granite is rich in inherited zircons 945 

derived from the Itsaq Gneiss Complex, model the granite as having a lower crustal mafic 946 

origin. 947 

Granites of the same age occur throughout the North Atlantic Craton. Examples dated by 948 

U-Pb zircon occur further north in Greenland at Itilleq (66°32’N) and 600 km to the south in 949 

the Taartoq area (61°37’N; Nutman, unpublished data) and in the western edge of the Craton 950 

on the Labrador coast (Baadsgaard et al., 1979). 951 

 952 

6. Discussion 953 

6.1. Terranes 954 

 The field geology, metamorphic history and associated geochemical and isotopic data 955 

from the gneisses of the Nuuk region currently suggest that there are six established terranes.  956 

Given the current data it might now be argued that the Isukasia terrane (Digital Map 2, Table 957 

1) can be divided into two parts along the major 3.69-3.66 Ga tectonic contact within the Isua 958 

supracrustal belt (Nutman and Friend, 2009).  This tectonic contact is contained entirely 959 

within the Isua supracrustal belt but clearly separates two groups of rocks with quite different 960 

protolith ages and metamorphic histories.  From a broader perspective, given the complexity 961 

of the geology of the whole West Greenland Archaean Craton, it is too early to suggest that 962 

all of the terranes have been identified or properly correlated through the craton (e.g., 963 

compare Friend and Nutman, 2001 and this paper, with Windley and Garde, 2009).  New 964 

fieldwork and geochronology from the Maniitsoq area to the north of the Akia terrane is now 965 

extending the identification of crustal blocks with quite different metamorphic histories (e.g. 966 

Kirkland et al. 2018).  967 

 968 
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6.2. Deep exposure level and comparison with Phanerozoic collisional orogens 969 

The field geology and associated geochemical and isotopic data from the gneiss complex 970 

of the Nuuk region may be interpreted to preserve a series of amphibolite-granulite facies 971 

terranes of unrelated orthogneisses and associated supracrustal and gabbroic rocks. These 972 

terranes are bounded or separated by mylonite belts, which were later folded and 973 

metamorphosed.  As pointed out by Nutman and Friend (2007), these terrane boundaries 974 

should not be regarded as pristine, unmodified sutures (see Fig. 7B). In some cases, such as 975 

the Kapisilik and Isukasia terrane boundary, it seems that a ~2.69 Ga shear zone has excised 976 

the original suture (see also Nutman et al., 2015b).  Between the Færingehavn and Kapisilik 977 

terrane around the eastern end of Ameralik fjord, the terrane boundary mylonite contains 978 

isolated lenses of altered ultramafic rocks, metagabbros with development of fuchsite 979 

(chrome-muscovite) in the adjacent mylonites. These might represent extremely disrupted 980 

mafic assemblages restricted to the terrane boundary. In other instances, such as the boundary 981 

between the Færingehavn and Tre Brødre terranes, there is a discrete panel of mylonitised 982 

largely supracrustal rocks consisting of altered felsic volcanogenic rocks (now cordierite, 983 

sillimanite and garnet bearing gneisses), amphibolites of island-arc tholeiite affinity and 984 

lenses of peridotite.  985 

When examining Archaean gneiss complexes for evidence for ancient plate tectonics, an 986 

important caveat that must always be remembered is the relative exposure levels.  Thus we 987 

propose that mylonitised supracrustal rocks restricted to terrane boundaries are deeper crustal 988 

equivalents of parautochthonous cover sequences and allochthonous “ophiolitic”/accretionary 989 

assemblage nappes in younger orogens, such as the European Alps.  Because of the deep 990 

crustal exposure level in the Nuuk region, these supracrustal assemblages are expressed as 991 

thin, often discontinuous packages, in which intense strain has obliterated the relationships 992 

between different lithologies (ultramafic, mafic and metasedimentary rocks).  The 993 

orthogneiss-dominant tectono-stratigraphic terranes in the Nuuk region can be likened to 994 

higher crustal level crystalline basement nappes and massifs in younger orogens (Nutman and 995 

Friend, 2007).  The Nuuk region terranes show earlier cycles of crustal evolution specific to 996 

each terrane (Friend et al., 1988; Nutman et al., 1989), in the same way other European 997 

crystalline basement massifs preserve earlier histories, for example pre-Caledonian, 998 
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Proterozoic events in the Moine of Northwest Scotland, or of Hercynian evolution in Alpine 999 

complexes.  1000 

In the Nuuk region, other supracrustal rocks occur within terranes which are intruded by 1001 

the tonalites that dominate each terrane (Friend et al., 1988; Nutman et al., 1989; Friend and 1002 

Nutman, 2005). These intra-terrane supracrustal rocks are commonly truncated at terrane 1003 

boundaries, where they may be in tectonic contact with other supracrustal units that are 1004 

restricted to the terrane boundary area. For example, major units of >2.97 Ga mafic rocks in 1005 

the Akia terrane are truncated at the Archaean Ivinnguit Fault, along parts of which they are 1006 

in tectonic contact with ~2.84 Ga supracrustal rocks (Nutman et al., 1989; Digital Map 2). 1007 

 1008 

6.3. Roots of arc complexes 1009 

The mafic volcanic, gabbro, diorite and tonalite rocks that volumetrically dominate the 1010 

Nuuk region terranes have geochemical signatures that strongly suggest they are linked to 1011 

plate tectonic processes at convergent plate boundary processes (overviewed by Dilek and 1012 

Polat, 2008) with the partial melting of mafic eclogites ± high pressure granulites being the 1013 

dominant melting components (e.g., Nutman et al., 1999; Nagel et al., 2012), but 1014 

fluid-fluxing of peridotite is also recognised (e.g., Polat and Hofmann, 2003).  This concept 1015 

has been supported with data from supracrustal rocks and a large layered gabbro-anorthosite 1016 

body within the Tasiusarsuaq terrane (Hoffmann et al., 2012).  However, the realisation that 1017 

Nuuk region gneisses are dominated by arc-like magmatism products extends back to 1018 

McGregor (1973, 1979), with his accounts of the igneous protoliths of the gneisses and 1019 

likening their origin to that of Phanerozoic arcs.  Shortly after the recognition of the 1020 

tectonostratigraphic terranes, this arc connection was extended to a specific tectonic scenario 1021 

of sequential arc development (see Fig. 4C; after McGregor et al., 1991).  1022 

 Evidence for (anhydrous) decompression melting of peridotite is restricted to 1023 

volumetrically small units of rocks, such as ~3.5 Ga Ameralik (basaltic) dykes that cut the 1024 

Itsaq Gneiss Complex. These dykes probably are the local manifestation of a Palaeoarchaean 1025 

mantle plume/overturn event that fragmented a proposed Eoarchaean continent ‘Itsaqia’ that 1026 

had formed by ~3.6 Ga (Nutman et al., 2014). 1027 

 1028 
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6.4. High pressure metamorphism 1029 

One argument against some form of plate tectonics operating in the Archaean was the lack 1030 

of evidence for eclogites and high pressure granulite metamorphic rocks that form in a high 1031 

dP/dT apparent thermal gradient (e.g., Brown, 2006).  This is important because in plate 1032 

tectonic regimes this type of metamorphism is restricted to subduction zones and collisional 1033 

crustal thickening; both a reflection of lateral crustal movements in plate tectonics. However, 1034 

even in the Phanerozoic such rocks are extremely rare, which is indicative of a low 1035 

preservation potential in the geological record. The reason for their low preservation is that 1036 

once formed, they have to be brought up to the surface via the high temperature 1037 

decompression segment of a clockwise P-T-t loop. As this path is commonly accompanied by 1038 

ductile deformation, the high pressure assemblages are commonly replaced by lower pressure 1039 

ones.  Thus rapid exhumation and the entrapment of these rocks with the dense 1040 

high-pressure assemblages in buoyant lower density rocks are important factors in their 1041 

(partial) survival (e.g., England and Holland, 1979; Rubatto and Hermann, 2001). 1042 

It transpires that as research on Archaean complexes continues, high dP/dT metamorphic 1043 

assemblages are being found. Of particular importance is that Mints at al. (2010) report 1044 

Mesoarchean (2.87 Ga) eclogites from the Kola Peninsula (Russia). Also, within the Nuuk 1045 

region, small remnants of high pressure metamorphic rocks are being found.  On southern 1046 

Qilangaarssuit (Digital Map 2) ~2.84 Ga supracrustal rocks in tectonic contact with the 1047 

Færingehavn terrane preserve relict high pressure granulite facies assemblages in mafic rocks, 1048 

metasedimentary rocks show early kyanite and high-XCa garnet centres rarely contain 1049 

inclusions of rutile + kyanite + quartz + plag, suggesting pressures of ~1.2 GPa (Nutman and 1050 

Friend, 2007). At ~650°C, this indicates marginal eclogite facies conditions. This ‘high 1051 

pressure’ locality was independently studied by Dziggel et al. (2014), who corroborated the 1052 

structural sequence, the transient high-pressure and the clockwise P-T-t loop, and presented a 1053 

refinement of our earlier model. 1054 

East of Ujaragssuit Nunaat, near the edge of the Inland Ice where the Itsaq Gneiss 1055 

Complex shows a strong 2.96-2.95 Ga metamorphic overprint (Nutman and Friend, 2005; 1056 

Nutman et al., 2015b), mafic rocks locally preserve strongly retrogressed high pressure 1057 

granulite facies assemblages.  Finally, Nutman et al. (2013) reported very tiny remnants of 1058 
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3.66 Ga high pressure granulite facies rocks from shear zones in the Isukasia area (Digital 1059 

Map 2).  Thus evidence for transitory high pressure metamorphic events over almost 1 1060 

billion years is emerging from the Nuuk region gneiss complex.  This strengthens the case 1061 

that crustal development involved episodic collisional orogeny with crustal thickening and 1062 

associated clockwise P-T-t loops in the deeper parts of the crust. 1063 

 1064 

6.5. Thermal evolution of the Earth and interpreting the tectonic record 1065 

The Nuuk region Archaean geology shows the following tectonothermal hallmarks; (a) 1066 

repeated high-pressure metamorphism with clockwise P-T-t loops, (b) tectonically stacked 1067 

supracrustal packages and crystalline basement orthogneiss terranes and (c) orthogneiss 1068 

terranes have different ages but all are products of juvenile crust formation, with geochemical 1069 

and radiogenic isotopic signature of arc-like processes at convergent plate boundaries. This 1070 

suggests similarities between the plate tectonic driving forces behind both Archaean and 1071 

Phanerozoic collisional orogeny.  1072 

It is important to stress though that Phanerozoic and Archaean geodynamics and crust 1073 

formation were not identical.  The main reason for this appears to be the hotter state of the 1074 

early Earth. This has three important consequences that will bring about apparent differences 1075 

between Phanerozoic and Archaean crust formation and orogeny:  1076 

(1) The first is that on average, subducted Archaean oceanic crust was hotter than now. 1077 

This hotter crust was consequently more buoyant and, arguably thicker. Generally, it 1078 

would not undergo steep-angled subduction as is commonplace at modern convergent 1079 

plate boundaries. Instead, it may have mostly formed imbricate packages in the lower 1080 

crust or upper mantle which, as they heated-up under high pressure, melted to form 1081 

the higher SiO2 lower MgO tonalites that dominate Archaean crust (e.g., de Wit, 1082 

1998; Nutman et al., 2007, 2013; Nagel et al., 2012). This will lead to a different 1083 

geometry and chemistry of Archaean juvenile crust, compared to that forming today. 1084 

In our opinion, when all other evidence is taken into account, this does not 1085 

necessitate a completely non-uniformitarian crust formation mechanism for the 1086 

Archaean, but instead can be accommodated within an evolving plate tectonic regime 1087 

that reflects the changing thermal state of the Earth through time. 1088 
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(2) In Archaean times, once ‘continental’ crust of appreciable thickness had formed by 1089 

collisional orogeny by amalgamation of terranes, the greater radiogenic heat 1090 

production from K, U and Th meant that at depth it would have had a great 1091 

propensity to melt partially and collapse laterally (Rey and Coltice, 2011).  Even in 1092 

the Himalayas, which is the largest modern collisional orogeny, this factor permits 1093 

only a maximum topography of ~8 km, and shortening is now being accommodated 1094 

by lateral escape of ductile lower crust under the Tibetan plateau, rather than the 1095 

Himalayas increasing in altitude (Duclaux et al., 2007).  Earlier in Earth history, the 1096 

greater heating of the crust restricted topography, to perhaps only 1 km in the 1097 

Eoarchaean (Rey and Coltice, 2011).  Thus recycling of orogenic crust would be 1098 

strongly biased to lateral crust flow with migmatisation and granite production, with 1099 

less occurring via erosion and formation of massive turbidite sedimentary systems 1100 

such as the modern Bengal fan sourced from the Himalayas. 1101 

(3) The increased temperature of orogenic crust would further mitigate the preservation 1102 

of high pressure metamorphic assemblages that even on the modern Earth have a 1103 

very low preservation potential. 1104 

Therefore, as far back as the Eoarchaean, using evidence from the Nuuk region, we contend 1105 

that there is no necessity for entirely non-uniformitarian processes to form crust and cause 1106 

orogeny.  Clearly, at some stage earlier in the Hadean prior to Earth having a retained 1107 

hydrosphere, then recollecting the adage ‘No water, no granite – no oceans, no continents’ of 1108 

Campbell and Taylor (1983), non-uniformitarian processes must have operated.  However, 1109 

as this part of Earth’s history is older than that preserved in the Nuuk region rock record, we 1110 

do not speculate on it here.   1111 

 We contend that back to at least ~3.9 Ga, as observed in the Nuuk region, that crust 1112 

formation processes were quasi-uniformitarian.  Quasi-uniformitarian is apt, because given 1113 

the hotter state of the early Earth compared with now, mantle dynamics and consequently 1114 

magmas and tectonic structure of convergent plate boundaries were somewhat different than 1115 

on the modern Earth.  Figure 12D-F is a set of schematic palaeogeographic cartoons 1116 

explaining our present crustal evolution model for the Nuuk region gneiss complex from ~3.0 1117 

Ga onwards. 1118 
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 1119 

7. Conclusion 1120 

There is now widespread evidence that, whilst there may be exceptions, e.g. the 1121 

Minnesota area (see Mueller and Nutman, 2017), many Archaean gneiss complexes, as 1122 

exemplified by the Nuuk region, comprise disparate tectono-stratigraphic terranes that 1123 

initially evolved individually and were subsequently assembled to form broader regions of 1124 

Archaean continental crust. The Nuuk region gneiss complex shows repeated cycles of a 1125 

billion years of periodic juvenile crust production with geochemical signatures indicating 1126 

magma formation at convergent plate boundaries and repeated amalgamation of unrelated 1127 

crustal blocks causing collisional orogeny with transient high pressure metamorphism. 1128 

 1129 
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 1694 

 1695 

Figure Captions 1696 

Figure 1.  (A) Inset showing the location of the Nuuk region in West Greenland Archaean 1697 

craton.   1698 

(B) Summary sketch map showing the distribution of Archaean tectono-stratigraphic terranes 1699 

in the Nuuk region.  Abbreviations: B, Buksefjorden; Ik, Ikkattoq; It, Itinnera; Iu, Ilulialik; 1700 

KS, Kangimut Sammissoq; M, Store Malene; Q, Qooqqut (Qôrqut); QN, Qarliit Nunaat; T, 1701 

Tinissaq.  For the numbering of the terrane boundaries, 1-9, see Table 2.  Note, this is not a 1702 

lithological map and, therefore, most individual geological units (other than the Isua 1703 
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supracrustal belt, some important marker horizons and the Qôrqut Granite Complex) are not 1704 

shown. 1705 

 1706 

Figure 2.  (A) A complex outcrop of Eoarchaean banded orthogneiss (bgn) from the Nuuk 1707 

region (64°28.75’N 50°39.83’W, GPS datum WGS-84).  Up to the early 1970s such rocks 1708 

were interpreted as strongly metamorphosed sedimentary rocks.  Tight to isoclinal folding is 1709 

superimposed on several generations of palaeosome and neosome.  Fold generations such as 1710 

these were used in the 1970s to try and correlate tectonothermal events across the entire 1711 

Archaean craton of West Greenland (>500 km north-south).  The dark strip-like amphibolite 1712 

(Ad) is an attenuated, dismembered (~3.5 Ga) Ameralik dyke.   1713 

(B) Polyphase injection relationships between different phases of the metaplutonic Nûk 1714 

gneisses (~3.0 Ga components of the Akia terrane; 64°21.41’N 51°19.35’W).  With 1715 

increasing strain such rocks are transformed laterally into the typical regional banded grey 1716 

gneisses.  Outcrops such as these were used by McGregor (1968, 1973) to demonstrate that 1717 

the Nuuk region gneisses have mostly plutonic protoliths. 1718 

 1719 

Figure 3.  (A) Example of cathodo-luminescence imaging guiding modern in situ U-Pb 1720 

zircon analysis using micro analytical techniques such as large high resolution ion 1721 

microprobes or by Laser Ablation ICP-MS.  Itsaq Gneiss Complex sample from 63°47.12’N 1722 

51°45.08’W.  By this integrated technique, accurate and precise ages can be acquired on 1723 

individual zircon grains.   1724 

(B) The complete data set acquired from zircons of the sample represented by the grains in 1725 

(A), portrayed on a 238U/206Pb – 207Pb/206Pb concordia diagram.  The protolith age is ~3800 1726 

Ma, and the rock underwent renewed zircon growth and recrystallisation at ~3650 and 2700 1727 

Ma (figure adapted from Nutman et al., 2002). 1728 

 1729 

Figure 4.  Evolving interpretations of the Nuuk region Archaean gneiss complex represented 1730 

by schematic maps.  (A) Crustal evolution model at the beginning of the 1980s, adapted 1731 

from Figure 4.11 of Nutman (1980).  A fragment of an Eoarchaean crust-forming 1732 

super-event occurs as a mega-enclave within largely plutonic rocks formed in a craton-wide 1733 
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late Meso- early-Neoarchaean crust-forming super-event. Note how granulite facies 1734 

metamorphism was regarded largely to outlast ductile deformation, the latter being portrayed 1735 

by two major generations of folds giving rise to regional interference patterns.  The 1736 

locations of the ‘problem’ Kangimut Sammissoq localities are shown, as are the ages of 1737 

orthogneiss protoliths and granulite facies metamorphism to the northwest and southeast of 1738 

Nuuk. 1739 

(B)  The model produced by McGregor et al. (1986), with the proposed boundaries of the 1740 

granulite facies metamorphism.  The blue and green arrows indicate the directions of 1741 

traverses that began to show the tectonic and metamorphic problems.  Abbreviations: KS, 1742 

Kangimut Sammissoq; M, Store Malene; Q, Qôrqut; Qi, Qillangaarsuit; T, Tinissaq.  1743 

Proterozoic fault; KF, Kobbefjord Fault.   1744 

(C)  First detailed crustal evolution scenario for the Nuuk region, presented as Fig. 3 in 1745 

McGregor et al. (1991), involving the development of several arc complexes followed by 1746 

their tectonic juxtaposition.  The Akulleq terrane (now an abandoned term) running through 1747 

Godthåbsfjord was regarded as a composite entity containing the Færingehavn and Tre 1748 

Brødre terranes. The Akulleq terrane was regarded to contain exotic crust trapped in a 1749 

continent-continent collision zone between the more extensive Tasiusarsuaq and Akia 1750 

terranes.  Collision first occurred between the Akulleq and Tasiusarsuaq terranes (hence its 1751 

boundary is folded), followed by juxtaposition of these terranes and the Akia terrane (hence 1752 

its boundary is straighter). 1753 

 1754 

Figure 5.  Pressure-temperature diagrams demonstrating the conflicting temporal histories of 1755 

peak metamorphism from adjacent granulites facies rocks of the Tasiusarsuaq terrane and 1756 

amphibolite facies rocks of the Færingehavn and Tre Brødre terranes.  Adapted from Figure 1757 

3 of Nutman et al. (1989).  Dates are from Crowley (2002) and Nutman and Friend (2007). 1758 

 1759 

Figure 6.  100% exposure of the outer-coast archipelago in the Færingehavn area, chosen to 1760 

resolve controversies over interpretation of the Nuuk region gneiss complex. The photograph 1761 

was taken during the reconnaissance work in 1984.  The large amounts of sea ice hampered 1762 

boat access to the excellent exposures. In the ice-free conditions of 1985 this was an ideal 1763 
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area to gather the information leading to the tectonostratigraphic terrane model.  Tent for 1764 

scale in the foreground indicated by arrow. 1765 

 1766 

Figure 7. (A) Example of an Archaean terrane boundary mylonite (deformed and 1767 

metamorphosed in superimposed tectonothermal events).  Note the strips of pegmatite and 1768 

quartz-rich material forming discontinuous layers and rootless folds in the matrix.  Tectonic 1769 

boundary between the Færingehavn and Kapisilik terranes, south side of Kapisillit Kangerllua, 1770 

west of Itinnera (Boundary 5 (Fig. 1) at 64° 24.50’N 50° 25.86’W.  1771 

(B) Garnet overgrowing mylonitic fabric between the Færingehavn and Tre Brødre terranes, 1772 

north of the mouth of Ikkattoq, 63° 40.20’N 51° 32.26’W).  1773 

(C) Partially retrogressed but little-deformed (2.79 Ga) granulite facies assemblages ~1 km 1774 

from the Qarliit Nunaat thrust in Ikkattoq fjord; Fig. 1; 63°36.36’N 51°23.08’W).  The rock 1775 

has a nebulitic structure, and a blebby texture due to the growth of pyroxene porphyroblasts 1776 

in neosomes during granulite facies metamorphism. These have been largely replaced by 1777 

ortho-amphibole + quartz symplectites with hornblende haloes, with only small remnant 1778 

cores of orthopyroxene.  (D) Totally retrogressed Tasiusarsuaq terrane granulite facies 1779 

gneisses within the ductile strain gradient <100 m from the Qarliit Nunaat thrust in Ikkattoq 1780 

(63°37.10’N 51°23.33’W).  All pyroxene has been broken down and is replaced by 1781 

hornblende aggregates.  These and the earlier syn-granulite structures are aligned into a new 1782 

amphibolite facies foliation parallel to the terrane boundary. 1783 

 1784 

Figure 8.  Summary of zircon U-Pb geochronology for igneous and metamorphic events for the 1785 

Nuuk region tectonostratigraphic terranes, integrated with key tectonic and metamorphic signatures 1786 

demonstrating a billion years of Archaean geodynamics resembling plate tectonics. This data set of 1787 

~250 age determinations is based on >5,000 individual zircon analyses. The data sources are as 1788 

follows: Bennett et al. (1993, 2002, 2007), Compston et al. (1986), Crowley (2002, 2003), Crowley et 1789 

al. (2002), Friend and Nutman (2005a,b, 2010), Friend et al. (1986, 2002), Garde (2007), Garde et al. 1790 

(2001), Hanmer et al. (2002), Hiess (2008), Hiess et al., (2009), Hollis et al. (2005), Honda et al. 1791 

(2003, 2004), Horie et al. (2010), Kinny (1986, 1987), Lee (2007), Nilsson (2009), Nutman (2001), 1792 

Nutman and Collerson (1991), Nutman and Friend (2007, 2009), Nutman et al. (1993, 1996, 1997a,b, 1793 
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1999, 2000, 2002a,b, 2004a, 2007a,b,c,d, 2009, 2010, 2013, 2015a,b, unpublished data), Næraa et al. 1794 

(2012), Rodgers et al. (1996), Schiøtte et al. (1988, 1989).  The colours used for each terrane follow 1795 

those on the main map. 1796 

 1797 

Figure 9.  (A) Rare example of reserved pillow structures in 3.8 Ga amphibolites of the 1798 

southern side of the Isua supracrustal belt (65°08.01’N 50°11.64’W).   1799 

(B) Neoarchaean layered gabbro-anorthosite from the Tre Brødre terrane (63°40.41’N 1800 

51°30.44’W).   1801 

(C) Preserved Eoarchaean plutonic relationships in a low strain zone north of the Isua 1802 

supracrustal belt (65°10.36’N 49°59.40’W). ~3.70 Ga tonalites (t) are cut first by a 3.66 Ga 1803 

dioritic dyke (di) and then by ~3.65 Ga granite sheets (g). There has been no deformation at 1804 

this locality since 3.65 Ga.   1805 

(D) Qôrqut Granite Complex – a large mass of ~2.56 Ga granite that cuts major Neoarchaean 1806 

tectonic boundaries such as the Qarliit Nunaat Thrust, thereby giving the minimum age of 1807 

terrane amalgamation.  The granite consists of myriads of sheets emplaced at the same 1808 

crustal level over a short period (Friend et al., 1985).  Image is of a >200 m cliff section at 1809 

the western edge of the body, where the country rocks predominate over the granite sheets. 1810 

 1811 

Figure 10.  Detrital zircon ages from Archaean metasedimentary rocks of the Nuuk region. 1812 

Data from Nutman et al. (1997, 2004, 2009b), Garde et al. (2001), Kamber et al., (2005), Garde 1813 

(2007), Nutman and Friend (2007, unpublished data). 1814 

 1815 

Figure 11.  Zircon initial εHf versus age diagram for orthogneisses and granitoids from the 1816 

Nuuk region gneiss complex.  Data are from Hiess et al. (2009, 2010), Kemp et al. (2010), 1817 

Næraa et al. (2012), Yi et al., (2014), Nutman et al., 2015. 1818 

 1819 

Figure 12.  Schematic cross sections A-C and palaeogeographic cartoon maps D-F (with no 1820 

specific orientation) portraying our current interpretation for the evolution of the Nuuk region 1821 

from ~2.97 to 2.6 Ga.  These diagrams indicate relative relationships only.  (A and D) By 1822 

~2.97 Ga, consumption of oceanic crust to produce arc-like rocks in the Akia and Kapisilik 1823 
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terranes led to their collision with the Itsaq Gneiss Complex (Færingehavn and Isukasia 1824 

terranes).  The Isukasia terrane was proximal to the suture and its edge was overridden by a 1825 

Mesoarchaean arc (as represented in the Ivisaartoq area).  This caused transient high 1826 

pressure metamorphism in the edge of the Isuakasia terrane and melting at greater depths to 1827 

give granitic bodies such as forming the Ivisaartoq dome (Nutman et al., 2915b). Subsequent 1828 

rifting left a composite assemblage of the Itsaq Gneiss Complex (Færingehavn and Isukasia 1829 

terranes) together with the Akia and Kapisilik terranes as a ‘continental’ block. Ribbons rifted 1830 

off this ‘continental’ block contained both the Eoarchaean and Mesoarchaean components (B 1831 

and E).  These volumetrically minor ribbons were engulfed by the production of largely 1832 

juvenile late Mesoarchaean to early Neoarchaean arc complexes.  The arc rocks of the Tre 1833 

Brødre terrane might have formed proximal to the Itsaq Gneiss Complex – Akia – Kapisilik 1834 

‘continent’ and assimilated large amounts of older crust (E), as evidenced by their whole rock 1835 

Nd isotopic signatures (Friend et al., 2009).  (B and F) There was collision between the 1836 

composite Færingehavn-Isukasia-Akia-Kapisilik block shown in (A and D) and ~2.92 to 1837 

~2.73 Ga complex arc assemblages, embodied by the Tasiusarsuaq and Tre Brødre terranes.  1838 

The youngest (~2.73 Ga) juvenile arc rocks are not found in the Nuuk region, but are 1839 

extensively developed in a continuation of the Tasiusarsuaq terrane ~300 km north of Nuuk 1840 

(Nutman, Friend and Bennett, unpublished data) within an entity named the Tuno terrane (E) 1841 

by Friend and Nutman (1992).  Collision was completed by ~2.71 Ga, with the granulite 1842 

facies Tasiusarsuaq terrane emplaced on top of lower grade Tre Brødre and Færingehavn 1843 

terranes (B and F).  This caused transient high pressure metamorphism along a clockwise 1844 

P-T-t path in the deep crust, with high temperature isothermal decompression between 1845 

2.71-2.70 Ga (Nutman et al., 1989; Nutman and Friend, 2007; Dziggel et al., 2014).  The 1846 

high temperatures caused development of 2.71-2.70 Ga extensive granite neosome deep in 1847 

the Færingehavn terrane, some which was intruded in the overlying terranes as sharp-edged, 1848 

syn- to post-kinematic intrusive sheets (Friend et al., 1996; Crowley, 2002).  Subsequently 1849 

2.69-2.68 Ga intracrustal shearing was associated with further emplacement of granite sheets 1850 

and also dismemberment of the previous tectonic boundaries.  Thus the original suture 1851 

between the Kapisilik and Isukasia terranes have been replaced by a (folded) ~2.69 Ga shear 1852 

zone (Nutman et al., 2015b).  This scenario explains the entire known distribution of 1853 
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metamorphic events in the Nuuk region. 1854 

 1855 

Tables 1856 

Table 1. Summary of the sequence of the main terrane assembly events identified in the Nuuk 1857 

region. 1858 

Table 2. List of terrane boundaries presently identified in the Nuuk region, with a brief description.  1859 

These are numbered on Figure 1 and on Digital Maps 1 and 2. 1860 

 1861 

Supplementary Data  1862 

 1863 

Digital maps as Supplementary Material 1864 

Digital Map 1. 1:40 000 scale map of the Færingehavn − Tre Brødre area. 1865 

Digital Map 2. 1:100 000 scale map of the Nuuk region between Sermilik − Akia and Nuuk − 1866 

Isukasia. 1867 

 1868 

Summary of the published GGU/GEUS 1:100,000 scale maps of the Nuuk 1869 

region 1870 

 1871 

The systematic geological mapping of Greenland was commenced in the early 1950s by 1872 

the Geological Survey of Greenland (GGU), later to become part of GEUS (Geological 1873 

Survey of Denmark and Greenland).  Mapping took place at a number of different scales but 1874 

mostly at 1:20 000, for compilation into the 1:100 000 scale published maps.  The mapping 1875 

initially started in the south of the country at Kap Farvel, in the Palaeoproterozoic Ketilidian 1876 

complex and worked progressively northwards until the Nuuk region was reached. The first 1877 

100 000 maps were created using only lithological divisions and cross-cutting relations, as 1878 

there was only rudimentary or no geochronology available.  In the 1950s – early 1960s, 1879 

simply being able to differentiate between Archaean and Proterozoic rocks and events was 1880 

considered significant.  The philosophy behind the 1:100 000 scale maps was that they 1881 

could be combined to produce a series of 1:500 000 maps that would eventually cover all of 1882 

Greenland and could show regional relationships.  Sheet No 2, Frederikshåbs Isblink – 1883 

Søndre Strømfjord (Allaart, 1982; Kalsbeek and Garde 1989) was the second of this scale to 1884 
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be produced, and the geology of the Nuuk region was integral to its production.  The 1885 

mapping commenced in the mid- to late 1960s and it was produced to the then accepted 1886 

concept that the gneisses in this part of Greenland were broadly contemporaneous and that 1887 

there was a structural continuity across the region on a scale of hundreds of kilometres, as 1888 

witnessed by the way in which the complex fold interference patterns appeared to be traced 1889 

throughout the region covered.  This changed once it was demonstrated that the Amîtsoq 1890 

gneisses were older (McGregor 1968, 1973).   1891 

A major problem with the compiled maps, also a common problem world-wide, was that 1892 

they tended to be mapped and produced over several years and then finally printed a few 1893 

years later.  Combined with the vast size of Greenland, including the vast areas yet to be 1894 

mapped, this gave the published maps a permanency that some may not have deserved, 1895 

simply because of the desire to map more of the essentially unknown geology.  1896 

Consequently, at that time, repetitive and/or revision mapping of an area was not a priority.  1897 

The production of the geological map sheets covering the Nuuk region was for logistic and 1898 

administrative reasons not carried out in a systematic north to south order.  Additionally, 1899 

there were rapid research developments taking place in both the field and laboratory, which 1900 

were not always transferred to and between the published maps and was also difficult to 1901 

represent retrospectively without great expense.  The first map sheets to show a 1902 

non-matching boundary were Buksefjorden 63V.1 Nord (Chadwick and Coe, 1983) and 1903 

Qôrqut 64V.1 Syd (McGregor, 1993), referred to in the main text.  The sheets did not match 1904 

across their common boundary because of philosophical arguments over the use of 1905 

metamorphosed dykes to distinguish different gneisses.  This related to the problems of 1906 

distinguishing tabular rafts of amphibolite from originally cross-cutting dykes that had been 1907 

rotated into parallelism leading to problems in the definition of mapping units.  Later, the 1908 

Qôrqut sheet and adjoining sheet to the north, Fiskefjord 64V.1 Nord, did not match because 1909 

with more extensive fieldwork it was recognised that there were ways of distinguishing 1910 

different components of the granulite facies rocks which had not been employed on the 1911 

already published Qôrqut sheet.  Because of the permanency of the printed sheet, these 1912 

mismatches are still extant. 1913 

Further, the ability to reassess localities continually as data is accumulated has proved an 1914 

important tool in the work presented here.  From the 1990s, the advent of PC-based digital 1915 

cartography has now allowed publication-quality maps to be produced by individual 1916 

researchers rather than only by big organisations, and these maps can be easily updated as 1917 

new information is obtained, as is the case in the map presented here.. 1918 
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The following section is a short summary of the published, printed geological map sheets 1919 

that cover the same area as the digital mapping presented here (Digital Map 2). The Nuuk 1920 

region is taken to extend from Akia in the north to the mouth of Sermilik in the south and 1921 

between Nuuk and Isukasia. The descriptions are presented in the order in which they were 1922 

published.  1923 

 1924 

1.1 Buksefjorden 63V.1 Nord (1983) 1925 

The first of the 1:100 000 scale maps in the Nuuk region was mapped by staff and PhD 1926 

students from Exeter University between 1972 and 1977.  When produced, it broke new 1927 

ground as it was the first detailed map to include the ancient Amîtsoq gneisses (Chadwick and 1928 

Coe, 1983). Thus, whilst most of the mapping followed the criteria established in 1960s in the 1929 

south of the Archaean craton, this production first allowed different aged gneiss complexes to 1930 

be distinguished. This was the first step towards producing maps with resolution of Archaean 1931 

absolute chronology for the regional gneisses. 1932 

Whilst some scientific controversy existed over the geological configuration of the 1933 

geological boundaries with the map sheet to the north, Qôrqut 64V.1 Syd, and the 1934 

interpretations by V.R. McGregor of some of the lithological units within the Buksefjorden 1935 

map area (e.g., Chadwick et al., 1974), the main divisions of the rocks was broadly accepted 1936 

to fall within the tripartite sequence of Amîtsoq gneisses, Malene supracrustal rocks and Nûk 1937 

gneisses established by McGregor (1973). In the absence of any regionally distributed 1938 

geochronological data that proved the age of a unit, all of the TTG gneissic units between 1939 

Ameralik and Sermilik not belonging to the Amîtsoq gneisses (McGregor, 1973), were termed 1940 

Nûk gneisses. However, some of the observations made during the mapping programme have 1941 

turned out to hold true. For example, the Nûk gneisses were divided into 5 zones (Coe 1980) 1942 

and parts of the boundaries of some of these zones have been found to coincide with major 1943 

dislocations now identified as the terrane boundaries. 1944 

 1945 

1.2 Isua 64V.2 Nord (1987) 1946 

The Isua area map was published in 1987 and is to the immediate north of the Ivisaartoq 1947 

map area. It was mapped synchronously with it and the geological boundaries matched across 1948 
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it.  The map was divided into two parts by the Proterozoic Ataneq Fault. The more complex 1949 

eastern section comprises the old Amîtsoq gneisses that contained the internationally 1950 

important Isua supracrustal belt. A major effort was directed towards producing the first 1951 

detailed study and geological map of the belt (Nutman, 1986) which served as a prelude to 1952 

modern research. The Amîtsoq gneisses then passed southwards into Nûk gneisses with 1953 

Malene supracrustal rocks that had suffered various partial melting events producing several 1954 

granitoids and related migmatites. The western section comprises two parts, a complex of 1955 

Nûk gneisses and Malene supracrustal rocks into which a large, relatively simple intrusive 1956 

body, the Taserssuaq tonalite was emplaced.  1957 

 The re-evaluation of the Isua supracrustal belt formed the basis for the first digital map, 1958 

a 1:20 000 scale revision of the component parts of the belt demonstrating its tectonic 1959 

division into two separately evolved parts (Nutman and Friend, 2009). 1960 

 1961 

1.3 Ivisaartoq 64V.2 Syd (1988) 1962 

The Ivisaartoq area is located across the head of Godthåbsfjord and its junction with 1963 

Kangersuneq and contains the eponymous semi-nunatak immediately south of Isua. It was 1964 

also mapped by an Exeter University team between 1982 and 1984 (Chadwick and Coe 1988). 1965 

This area was essentially mapped in just two field seasons, following reconnaissance 1966 

mapping for the 1:500 000 scale map in 1976.  The area was found to contain some the most 1967 

difficult geology to be examined in the Nuuk region.  There are several large areas of 1968 

complex migmatitic rocks, the origins and ages of which were uncertain, particularly as the 1969 

true nature of the protoliths had yet to be established.  Subsequently these migmatites have 1970 

been shown to be of several different ages (e.g., Nutman and Friend, 2005a). 1971 

However, following the earlier reconnaissance mapping in 1976-77, the main gneisses 1972 

were again divided into the older Amîtsoq gneisses and the younger Nûk gneisses and all the 1973 

supracrustal rocks, other than those trains of rafts and enclaves associated with the Isukasia 1974 

area, were attributed to the Malene supracrustal sequence.  1975 

 1976 

1.4 Fiskefjord 64V.1 Nord (1989) 1977 

The Fiskefjord sheet (Garde, 1989) was compiled from both new mapping and detailed 1978 
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earlier studies of particular smaller areas, e.g. Lauerma (1964).  Parts of the mapping 1979 

overlapped with the mapping of the Ivisaartoq area.  Its big contribution was to advance 1980 

knowledge of the constituent units of the ortho-gneisses and their response to polyphase 1981 

granulite and amphibolite facies metamorphism.  A large part of the area was the focus of a 1982 

detailed study of the gneisses by Garde (1990, 1997) and the work led to a concept that this 1983 

section of the crust had grown and matured rapidly (Garde et al. 2000). 1984 

The map was important as it was the first to utilize cartography to represent those areas 1985 

which had been subjected to granulite facies metamorphism, those areas retrogressed from 1986 

granulite facies, and those areas which had only ever been to amphibolites facies.  The 1987 

publication of this map before the Qôrqut sheet, the mapping of which had finished much 1988 

earlier, produced a common boundary mismatch as there was no funding available to go back 1989 

into the field to follow the newly identified lithological and metamorphic boundaries 1990 

southwards.  1991 

 1992 

1.5 Qôrqut 64V.1 Syd (1993) 1993 

The area immediately around the mouths of the fjords at Nuuk and Ameralik comprises 1994 

an archipelago with major peninsulas allowing access to many clean outcrops along the 1995 

extensive coastline.  This permitted a high degree of certainty with the mapping and 1996 

correlation of most of the units. The mapping of this sheet (McGregor 1993) commenced in 1997 

1965 and was finished in 1979, but the map and memoir took much longer to produce.  The 1998 

map sheet was in production at the start of the introduction of the terrane model and was too 1999 

far down the process route to be revised.  However, based on McGregor et al. (1991) the 2000 

accompanying text was revised to include a summary of the terranes present in the area and 2001 

how they were thought to fit regionally (see McGregor 1993, Fig. 3).  The map thus reflects 2002 

the position immediately prior to the development of the terrane model and originally 2003 

correlated all of the TTG gneisses that were not part of the Itsaq Gneiss Complex as Nûk 2004 

gneisses.  This was backed up by a fortuitous set of isotopic samples which came essentially 2005 

from along strike which produced a whole-rock isochron age of 2980 ±50 Ma (Taylor et al. 2006 

1980).  This was corroborated by several bulk zircon ages on individual Nûk gneiss samples 2007 

(Baadsgaard and McGregor 1981).   2008 
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 2009 

1.6 Kapisillit 63V.2 Syd (2011) 2010 

This sheet covers the ground around the fjords Itilleq and Ameralla at the head of 2011 

Ameralik, and Kapisillit Kangerllua and Kangersuneq at the head of Godthåbsfjord (Nuup 2012 

Kangerllua).  It was the last sheet to be produced, with mapping commencing in 2005, 2013 

following coastal reconnaissance work in 2004.  Mapping was finished in 2007 and the map 2014 

was published in 2011 (Rhenstrom, 2011).  Whilst using many of the basic criteria 2015 

established at the outset of the regional basement mapping, the sheet does not geologically 2016 

match any of the surrounding sheets, e.g. the Qôrqut map to the west, because of 2017 

cartographic/compilation decisions. 2018 

At the start of the project GEUS had commenced a zircon U-Pb LA-ICP-MS dating 2019 

project to aid the regional mapping and so this was the first map sheet to have the possibility 2020 

of including geochronological data that was obtained simultaneously with the mapping.  2021 

However, the old philosophy of lithological units having the same base colour irrespective of 2022 

age was followed, which resulted in all the Meso- and Neoarchaean gneisses having the same 2023 

colour.  This was despite that at the time of mapping they were already known to be of 2024 

different ages and to form unrelated, tectonically-partitioned units.  Equally, all of the three 2025 

generations of anorthosite on the map, irrespective of their age, have the same colour and 2026 

consequently appear to be coeval.  2027 

The sheet includes two inset maps which indicate a distribution of different ages and 2028 

some tectonic boundaries but these are difficult to reconcile with the main body of the map.  2029 

 2030 

2.  The new digital 1:100 000 scale geological map of the Nuuk region  2031 

The GGU/GEUS 1:100 000 scale maps of the Nuuk region were the carefully 2032 

constructed product of fieldwork by many geologists between 1965 and 2007.  This massive 2033 

work was an essential component used to produce the seamless Digital Map 2.  The degree 2034 

of detail in this seamless map across the entire region is only possible with this prior 2035 

geological survey work, because of the sheer size of the region (approximately half of 2036 

Switzerland) with the expensive logistics required to map systematically remote mountain 2037 

areas.  The Digital Maps 1 and 2 incorporate all zircon U-Pb data and our remapping from 2038 

numerous field seasons from 1984 onwards.  As our new data has been acquired, continued 2039 
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revision was required – it is an iterative process of mapping, interpretation, age dating and 2040 

re-interpretation. 2041 

The production of our own regional geological map started in 1990 and grew out of a 2042 

need to represent our accumulating SHRIMP U-Pb zircon geochronological data. The first 2043 

iteration was hand drawn and produced at 1:250 000 scale and was simplified to show only 2044 

the main TTG gneisses, units of supracrustal rocks and mafic intrusions, mainly the 2045 

anorthosite complexes.  This was the first manifestation for the Nuuk region of a 2046 

geochronologically-constrained tectonic map and was an important tool in assisting us to 2047 

interpret the regional geology.  The rate and scale of geochronological data acquisition and 2048 

mapping revisions rendered it impossible to revise continually a hand drawn map.  2049 

Therefore, in order to have flexibility, information was transferred to the PC-based digital 2050 

cartographic package Freehand™. Even though the map could now be easily revised, its scale 2051 

limited how much data and detail could be represented.  The next development was to 2052 

produce detailed inserts for this map at a larger scale, portraying key sub-areas with the 2053 

largest amounts of data.  In 2000, Ole Christiansen, then CEO of the exploration company 2054 

NunaMinerals A/S, gave us seed funding to produce new digital versions of the published 2055 

GGU/GEUS 1:100 000 scale maps covering the Nuuk region.  This was done to assist the 2056 

company’s exploration work, by showing the terrane geology more effectively and to 2057 

incorporate all the new accurate and precise zircon U-Pb geochronology.  Digital Map 2 was 2058 

made by fusing all these separate sheets together, to produce a seamless map.  This seamless 2059 

map in the PDF rendition presented with this paper can be explored in the modern way, 2060 

onscreen (even on a smartphone in the field) and at different magnifications.  2061 

Note however, that the present product – whose topographic base is the same as the 2062 

printed GGU/GEUS maps, is not georeferenced.  In this respect extra complexities are that 2063 

the adjoining 1:100 000 scale Buksefjorden and Qôrqut map sheets were each based on a 2064 

different geographic datum, with the bizarre consequence that, although the topography of the 2065 

maps meet on their western side, there is eastwards a swathe of terrain broadening to >100 m 2066 

that does not exist on either of the maps.  This has been reconciled (fudged) for Digital Map 2067 

2 by extrapolating the geology across the terra nullis. 2068 

More recently, the concept of a more useable map has been developed by GEUS and 2069 

there is now the start of a series of interactive digital maps available, see 2070 

http://maps.greenmin.gl/geusmap/?mapname=greenland_portal&lang=en#baslay=baseMapGl2071 

&optlay=&extent=-4251735.740740741,4947572.199074074,5079745.740740741,111005172072 
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.800925925&layers=northpole_graticule 2073 

 2074 
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01/08/2019 Fig. 10 - Detritals geochron summary

2830-2840 H Boundary of Færingehavn/Kapisilik and
likely Tre Brødre terranes; n = 57

G Boundary of Færingehavn and Tre Brødre terranes
n = 79

2830-2840

E between Kapisilik and Isukasia terranes n = 23

F Dividing Sedimentary Unit in
   Isua supracrustal belt n = 29

D ~3800 Ma part of Isua supracrustal belt n = 59

B intra-Akia and Kapisilik terranes n = 50

C ~3700 Ma part of Isua supracrustal belt n = 159

Pb-L?

A intra-Tasiusarsuaq terrane n = 15

detrital zircon age (Ma)
2700 2900 39003700350033003100

Pb-L

Pb-L

Pb-L

Pb-L; ancient loss
of radiogenic Pb

3890

~3810
~3850

~3920
~3750

~3040





metamorphism: a = amphibolite, lpg = low pressure granulite,  hpg = high pressure granulite
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Table 1
Akia Kapisilik Isukasia (old) Isukasia (young) Færingehavn  Tre Brødre  Tasiusarsuaq

Age (Ma)

2555 granite emplacement
2600 metamorphism 

2650
2690

2710-2730 Qarussuk dykes metamorphism 

2790-2805 granulite facies
2810 Ilivertalik granite

<2825

2825 TTG protoliths

>2825 anorthosite
supracrustal rocks

2840 TTG protoliths

>2840
Fiskenæsset 
anorthosite 

2860 TTG protoliths
>2860 supracrustal rocks

2915
2922 TTG protoliths

2940
2950 TTG protoliths

TTG protoliths
2990 Tasersuaq tonalite

2980-3000 granulite facies
3026-3050 TTG protoliths

>3050 supracrustal rocks anorthosite
supracrustal rocks

3200 TTG protoliths
3260 anorthosite Ameralik Dykes

supracrustal rocks
3453 Ugpik metadolerite
3550 Ameralik Dykes

3600-3610 metamorphism

3640 Augen geneisses
3650 granulite facies
3660

BIF
3690 TTG protoliths TTG protoliths

intercalation of mantle 
and supracrustal rocks

<3750 Dividing Sediment

3750 TTG protoliths TTG protoliths

3790 TTG protoliths TTG protoliths
3800 TTG protoliths

>3800
intercalation of mantle 
and supracrustal rocks

>3800 supracrustal rocks

3880 TTG protoliths
gabbro-anorthosite
Components of the Akilia 
supracrustal rocks 

Straight-belt deformation across region

Juxtaposition with Kapisilik terrane 5

emplacement of Qôrqut granite complex

Emplacement of Tasiusarsuaq terrane on top of the Færingehavn 
and  Tre Brødre  terranes - Qarliit Nunaat Thrust 7

Final terrane assembly with HPG on lower side 8
Common deformation across region

metamorphism and anatexis 

Juxtaposition with Akia terrane - Ivinnguit Fault 9

Ameralik Dykes

Inaluk Dykes
metamorphism - White gneisses

Intercalation between 3690-3660

metamorphism - amphibolite facies - anatexis

metamorphism and anatexis with stitching granite sheets

Juxtaposition of the Færingehavn and  Tre 
Brødre  terranes 6

metamorphism 

Ameralik Dykes
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