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A B S T R A C T   

Plumasite-type corundum occurrences in the Nattivit area in South-East Greenland offer a unique opportunity to 
study corundum formation in-situ where pegmatites intruded into metamorphosed lherzolite and dunite of the 
Archean-Paleoproterozoic continental crust. The Nattivit area, located in the Isertoq Terrane of North Atlantic 
Craton, forms part of the overriding plate during convergence of the Nagssugtoqidian orogen (1910-1840 Ma). 
New field observations and elemental and isotopic geochemical analysis provide further insights in the history of 
crustal convergence, its exhumation and how corundum was formed. The continental crust in the area consists of 
metamorphosed mafic to ultramafic rocks and tonalite-trondhjemite-granodiorite (TTG) gneisses, where the 
mafic rocks in the Isertoq Terrane yield a εNd TDM model age of 3000–2800 Ma. Dunite and lherzolite sills/dikes 
intruded the mafic rocks before the intrusion of the TTG sheets. The intrusion ages for the TTG obtained from 
zircon U-Pb geochronology are 2818 ± 8 Ma, 2760 ± 13 Ma to 2667 ± 7 Ma. U-Pb zircon data, zircon textures 
and Th/U ratios indicate metamorphism occurred at 2698 ± 7 Ma to 2629 ± 11 Ma, 2500–2400  Ma and 
1900–1600 Ma. Whole rock geochemical data of mafic to ultramafic rocks show a continental arc affinity, with 
negative Ta, Nb and positive Pb anomalies. A metasomatic event at 2390 ± 70 Ma partly reset the isotopic 
signature in the mafic to ultramafic rocks. A marked absence of ages between 2350 and 2100 Ma in the TTG 
zircon age populations exists, indicating a period with minimal magmatic and/or metamorphic activity. The 
metamorphic mineral assemblages of the schist, amphibolite, ultramafic rocks and metasomatic reaction zones in 
ultramafic rocks indicate upper to medium–high amphibolite facies conditions. Kyanite in the metasomatic re
action zones in ultramafic rocks indicate the higher end of the temperature and pressure range above 4.2–10 kbar 
and 530–800 ◦C, similar to estimates from dolerite dikes in the Kitak area. The syn-tectonic pegmatites with an 
intrusion age of 1843 ± 4 Ma formed corundum. The new data indicate that the pegmatite melt/fluid and the 
geotectonic setting are defining factors for generating plumasite-type corundum.   

1. Introduction 

Corundum (Al2O3) is a common accessory mineral in high-grade 
metamorphic terranes, and is interesting from a metamorphic, petro
logical and gemmological point of view. Corundum is colourless in its 
purest form, but traces of chromophores such as Fe, Cr, Ti, V, can colour 
corundum and form valuable gemstones of ruby and sapphire (Dubinsky 
et al. 2020). Most corundum deposits occur in orogenic belts or 

continental rift zones and formed in a metasomatic environment char
acterised by Al enrichment and Si depletion, and at temperatures above 
the gibbsite and diaspore stability field at > 400 to 450 ◦C (Feenstra 
1985; Garnier et al. 2008; Giuliani et al. 2020; see Table 1). Aluminous 
protoliths include meta-sedimentary rocks, orthogneiss, syenite, anor
thosite and pegmatite, whereas the low Si counterparts contain ultra
mafic rocks, basalt, amphibolite or marble (Simonet et al. 2008; Giuliani 
et al., 2014; 2020). Corundum in orogenic belts is formed at amphibolite 
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to granulite-facies conditions during metamorphism and metasomatism 
(Simonet et al. 2008). Recent studies show that corundum formation is a 
predictable and often an integral part of the general geological history 
(e.g., Keulen et al. 2014; 2020, Yakymchuk & Szilas 2018, Giuliani et al. 
2020; Hinsberg et al. 2021; Yakymchuk et al. 2021) resulting from the 
regional metamorphic, tectonic, and magmatic evolution. The meta
somatic corundum formation requires contact and exchange of elements 
between two strongly contrasting rock types such as pegmatite and ul
tramafic rocks (plumasite-type, type IIB1 after Giuliani et al. 2020), or 
external fluids interacting with a lithologitical suite e.g. the Fiskenæsset 
Anorthosite Complex (Aappaluttoq deposit, Keulen et al. 2014; 2020; 
Smith et al. 2016) or removal of volatile elements in closed system 
metamorphic sensu stricto reactions at amphibolite-granulite facies 
metamorphic conditions (Guiliani et al. 2020). 

Corundum occurrences in Greenland outcrop in almost unweathered 
and well-exposed rocks (Garde & Marker 1988; Hinsberg et al. 2021; 
Keulen et al. 2014; 2020; Krebs et al. 2019; van Gool 2006; Yakymchuk 
& Szilas 2018), in contrast to most of the well-known localities world
wide that are heavily vegetated and deeply weathered or where 
corundum occurs in secondary deposits, e.g. as eluvial and colluvial 
placer deposits (Simonet et al. 2008). The Nattivit area is a unique site 
for a case study exploring plumasite-type corundum, which is exposed as 
primary deposit at only a few localities in the world including Plumas 
(California), Kenya, the Urals in Russia and Naxos in Greece (Lawson, 
1903; Simonet 2000, Ishimaru et al. 2015; Voudouris et al. 2019; Gui
liani et al. 2020), and nowhere with such excellent exposure. Corundum- 
bearing plumasite represent rocks that are the result of desilification of 
alkali-feldspar-bearing pegmatite bodies that intruded ultramafic rocks 
(Lawson 1903; Giuliani et al., 2014; 2020). Together with corundum, 
typically a thick layer of phlogopite and amphiboles are formed in a so- 
called black-wall (Simonet et al. 2008). Rather than only focussing on 
corundum formation, we use elemental and isotopic data, and U-Pb 
geochronology, to study the linkage between the plumasite-type 
corundum and the general geological history of the Nattivit area dur
ing the Paleoproterozoic Nagssugtoqidian Orogeny. 

Here, we show the correlation between corundum formation and the 
overall crustal development in the Nattivit area during convergence, 
which are important driving forces for the corundum formation in the 
area. The composition and age of the basement that hosts the corundum 
was studied. Likewise, the geological processes in the region are of in
terest for understanding the Archean and Paleoproterozoic development 
of the region and other parts of the North Atlantic Craton, together with 

the timing between the crustal development and corundum formation. 
The new data from Nattivit area allow us to propose a genetic model for 
plumasite-type corundum. 

Ruby and sapphire are gem variants of corundum, but most of the 
investigated material from the Nattivit area consists of raw material 
rather than cut and polished stones, of which it is harder to evaluate the 
quality. Most of the material appear as non-gem quality opaque stones 
and therefore the term ‘corundum’ is used throughout the text. The ul
tramafic rocks in the area are metamorphosed and their primary mineral 
phases have been partly altered, but the prefix ‘meta’ before the pro
tolith names for the ultramafic rocks is omitted in the text. 

2. Geological history of the Tasiilaq region 

The Nattivit area is situated approximately 45 km SW of Tasiilaq in 
South-East Greenland (Fig. 1). The geology in the Tasiilaq region is 
defined by a 250 km wide SE-trending belt with Archean and Paleo
proterozoic rocks (Bridgwater 1976; Kalsbeek, 1989; 1993) exposing the 
Nagssugtoqidian Orogen (Chadwick et al. 1989; Chadwick & Vasudev 
1989, Kalsbeek 1989; Nielsen 1986; Nutman et al 2008; Kolb 2014). The 
rocks consist of TTG gneiss, metamorphosed mafic to ultramafic rocks 
(we will refer to the two rock types as (ultra)mafic rocks from here on in 
the text), metasedimentary units and syn-tectonic to post-tectonic 
intrusions. 

Continent collision and formation of the Nagsugtoqidian Orogen has 
been proposed to stretch across the Kangerlussuaq-Aasiaat area in West 
Greenland to the Tasiilaq area in South-East Greenland. Correlation to 
other areas with collision at the same time period include the trans- 
Hudson Orogen in Canada, the Lewisian Complex in Scotland, the Sve
cofennian Orogen and Lapland Kola Orogen in Scandinavia (Wager and 
Hamilton, 1964; Palmer 1971; Tarney et al. 1972; Andrews et al. 1973; 
Wright et al. 1973; Myers, 1984; Myers 1987; Kalsbeek 1989; Bridg
water et al. 1990; Kalsbeek et al. 1993; Connelly et al. 2000; van Gool 
et al. 2002; Lahtinen et al. 2008; Nutman et al. 2008; St-Onge et al. 
2009; Garde & Hollis 2010; Friend and Kinny, 2001; Kolb, 2014; Nicoli 
et al. 2017; Lebrun et al. 2018). 

The Nagssugtoqidian Orogen is divided into three terranes, from 
south to north: the Isertoq, Kuummiut and Schweizerland Terranes 
(Kolb, 2014) (Fig. 1). The northern part of the Isertoq Terrane is 
intruded by three calc-alkaline, syn-tectonic intrusions, jointly called the 
Ammassalik Intrusive Complex (AIC) (Bridgwater, 1976; Chadwick et al. 
1989; Kalsbeek et al. 1993; Nutman et al. 2008; Kolb, 2014; Kokfelt et al. 

Table 1 
Ruby deposit types and classification.  

Geological 
setting 

Magmatic Metamorphic sensu stricto Metamorphic - metasomatic Sedimentary (placer) 

Metamorphic 
conditions 

Amphibolite - granulite or 
eclogite facies 

Greenschist - amphibolite -granulite facies Greenschist - amphibolite - granulite 
facies 

No metamorphism 

Type I  II    III  

Subtype A B A1 A2 B1 B2 A B 

Host rock 
/precursor 

Alkali-basalt Kimberlite (ultra)mafic rocks Marble and calc- 
silicate 

Plumasite or 
metasomatite in 
(ultra)mafic rock 
or marble 

structurally 
controled in 
gneiss, schist, 
(ultra)mafic 

Alkali-basalt, 
kimberlite, 
lamprophyre 

Metamorphic 
rocks 

Depositsa Antanifotsy, 
Soamiakatra, 
Madagascar 

Mbuji- 
Mayi 

Zimbabwe, South 
Africa, Tanzania, 
Madagascar, 
Ethiopia, Kenya, 
Malawi, 
Mozambique, 
France, Italy, 
Norway, Greece, 
Partkistan, India, 
New Zealand, Spain 

Afghanistan, 
Nepal, Parkistan, 
Tajikistan, 
Myanmar, China, 
Vietnam, 
Tanzania, Kenya, 
Canada, 
Macedonia, 
Switzerland, 
France, Russia, 
Greece 

South-Africa, 
Zimbabwe, Kenya, 
Tanzania, 
Madagascar, 
Russia, Australia, 
United States, 
France, Greenland, 
India, Russia 

Madagascar, 
India, Kenya, 
Tanzania 

Australia, China, 
Thailand, 
Cambodia, 
Madagascar, 
Kenya, 
Democratic 
Republic of 
Congo, Brazil 

Sri Lanka, 
Myanmar, 
Vietnam, 
Tanzania, 
Mozambique, 
Malawi, United 
States  

a see Giuliani et al. 2020 for details on the different deposits. 
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2016b; Lebrun et al. 2018). The Kuummiut and Schweizerland Terranes 
are part of the Rae Craton (Nutman et al. 2008; Kolb, 2014; Nicoli et al. 
2017; Müller et al. 2018a, b), whereas the Isertoq Terrane is part of the 
North Atlantic Craton (NAC; Kolb, 2014). The NAC acted as the upper 
plate during convergence and continent collision in the Nagssugtoqidian 
Orogeny (1910–1840 Ma) (Kolb 2014; Müller et al. 2018a), with the 
Schweizerland Terrane thrust on top of the Kuummiut Terrane. The 
maximum extent of deformation related to the Nagssugtoqidian Orogen 
in South-East Greenland streches from Umivik in the south to Kap 
Japetus in the north (Fig. 1B) (Dawes et al., 1989; Escher et al. 1989; 
Bridgwater et al. 1990). 

The terranes all expose meso- to Neoarchean basement of predomi
nantly TTG gneiss and lesser amphibolite (Wright et al. 1973; Myers 
1984; 1987; Kalsbeek 1989; Kalsbeek et al. 1993; Nutman et al. 2008; 
Kolb 2014; Kokfelt et al. 2016a, b, c; Müller et al. 2018a). Meta- 
sedimentary sequences are also common, including meta-semi-pelite, 
paragneiss, quartzite and calc-silicate rocks, as are ultramafic rocks 

and diorite to monzogranite intrusions (Wright et al. 1973; Hall et al., 
1989b; Bridgwater et al. 1990; Kalsbeek et al. 1993; Nutman et al. 2008; 
Kolb et al. 2016; Thrane et al. 2016; Nicoli et al. 2017; Müller et al. 
2018a; Lebrun et al. 2018). Four deformation stages related to the 
Nagssugtoqidian Orogeny are identified from WSW-vergent subduction 
and ENE-trending shear zones (D1) to continent collision (D2) and strike- 
slip movement, block juxtaposition (D3) with a SW-vergent thrust and 
ramp system, and finally (D4) post-orogenic extension in a NE-SW di
rection with monzogranite to diorite intrusions (Kolb, 2014). 

Post-tectonic intrusions include monzogranite, diorite and gabbro 
intruded from 1.67 to 1.52 Ga (Thrane et al. 2016). The intrusions 
include the Ammassalik Batholith north of Tasiilaq, the Sermilik East 
and West Diorites, the Johan Petersen Fjord Granite and the Isertoq 
granites and diorites (Kokfelt et al. 2016b; Thrane et al. 2016) (Fig. 1). 

Fig. 1. A) Geological map of the Tasiilaq area in South-East Greenland modified after Escher (1990), Pedersen et al. (2013), Kolb (2014). Abbreviations are: JPIC =
Johan Petersen Intrusive Centre, TIC = Tasiilaq Intrusive Centre, KIC = Kulusuk Intrusive Centre, AB = Ammassalik Batholith, JPFG = Johan Petersen Fjord Granite, 
IGD = Isertoq granites and diorites, AIC = Ammassalik Intrusive Complex. B) Inset map of Greenland indicating the location of the Tasiilaq area in South-East 
Greenland (red square). The main localities with corundum occurrences in West Greenland are also marked (Maniitsoq, Nuuk and Fiskenæsset). NAC = North 
Atlantic Craton, RC = Rae Craton, KO = Ketilidian Orogen. The boundary between the cratons are marked with dashed line and the extend of the Nagssugtoqidian 
Orogen is highlighted. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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2.1. The Isertoq Terrane 

The study area is centred on the Nattivit Kangertivat fjord which is 
part of the Isertoq Terrane (Fig. 1, 2). The Isertoq Terrane is composed of 
TTG gneiss, amphibolite, ultramafic rocks, mica schist, quartzite, mon
zogranite, diorite, pegmatite and lesser amounts of calc-silicate rocks 
(Wright et al. 1973; Chadwick et al. 1989; Hall et al. 1989a; Kolb 2014). 
TTG gneiss dominates and varies from well-foliated to massive, fine- to 
coarse-grained, with local migmatisation (Wright et al. 1973). Archean 
TTG gneiss close to Isertoq has U-Pb zircon intrusion ages of 2822 ± 8 
Ma and 2724 ± 4 Ma (Kokfelt et al. 2016a). On Kitak island and west of 

the Isertoq diorite, boudins of anorthosite/leucogabbro are present in 
2758 Ma ± 4 Ma TTG gneiss (Nunes et al. 1974; Kokfelt et al. 2016a). 

Meta-sedimentary rocks characterise the Paleoproterozoic stage in 
the Isertoq Terrane. They tectonically overlie the Archean TTG gneiss 
and an (ultra)mafic sequence that Bridgwater & Gormsen (1968) 
interpreted to be Paleoproterozoic. The tectonostratigraphy of the 
(ultra)mafic and metasedimentary sequence was first described by 
Wright et al. (1973), Hall et al. (1989a), Chadwick et al. (1989) and 
defined by Chadwick & Vasudev (1989) as the Síportôq Supracrustal 
Association. This was subsequently modified by Kolb (2014) into the 
Kap Tycho Brahe Unit (KTBU). The KTBU ranges between 200 m and 1 

Fig. 2. A) Geological overview map of the 
study area in the Isertoq Terrane, modified 
after Stensgaard et al. (2016), and structures 
are from Kolb (2014). B) Detailed geology of 
the Immikkeerteq island with a tectonos
tratigraphic section. Abundant corundum 
occurrences are present in the study area 
associated with metasomatic interaction of 
pegmatites with ultramafic rocks. Abbrevi
ations are NU= Nattivit Unit, KTBU= Kap 
Tycho Brahe Unit, AIC= Ammasalik Intru
sive Complex. (For interpretation of the 
references to colour in this figure legend, the 
reader is referred to the web version of this 
article.)   
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km in thickness and consists of four amphibolite units separated by two 
bands of ultramafic rocks and thin calc-silicate rock bands overlain by 
micaceous quartzite, metapelite and semipelite next to amphibolite 
(Fig. 2b) (Hall et al. 1989a). According to Wright et al. (1973), the ul
tramafic rocks range in composition from dunite to lherzolite and 
include pyroxenite with large enstatite grains up to 3 cm in size, where 
their formation is suggested to be metasomatic (Wright et al. 1973). A 
quartzite from Immikkeerteq island was described by Wright et al 
(1973) showing trough-bedding with way-up criteria younging towards 
NW. Thrust sheets of the KTBU and TTG gneiss are tectonically inter
leaved in a layer cake structure in the Isertoq Terrane (Chadwick et al. 
1989) and imbricated from a SE-vergent thrust and ramp system (Kolb, 
2014). A biotite-garnet paragneiss adjacent to the AIC gives U-Pb zircon 
age peaks at 2067 ± 13 Ma, 1985 ± 10 Ma and 1902 ± 10 Ma (Lebrun 
et al. 2018). A paragneiss close to the Isertoq settlement gives U-Pb 
zircon age peak at 1937 ± 7 Ma (Thrane et al. 2016), and a mica schist 
from the Nattivit area includes dates from 2050 to 1900 Ma with a 
smaller peak around at 2150 Ma (Thrane et al. 2016). 

The northern part of the Isertoq Terrane hosts the AIC (Fig. 1). The 
AIC is composed of mafic to intermediate rocks (norite, gabbro, diorite, 
granodiorite, monzogranite) and has been emplaced in three magmatic 
pulses between 1910 and 1870 Ma (Lebrun et al. 2018). The AIC in
trusions are interpreted to be either derived from magma originating 
from the upper mantle or subcontinental lithosphere that intruded 
during subduction of the Kuummiut Terrane below Isertow Terrane or 
formed from anatectic melts from garnet-bearing host rocks (Lebrun 
et al. 2018). 

Peak metamorphic conditions for the Isertoq Terrane are upper 
amphibolite to granulite facies (e.g. Kolb 2014). Nutman & Friend 
(1989) report peak conditions of 650–660 ◦C and 7 to 8.5 kbar for a 
garnetiferous dike from Kitak. Rocks adjacent to the AIC show contact 
metamorphism at 710–780 ◦C at 7.5 kbar as constrained from 
orthopyroxene-garnet thermometry (Nutman & Friend 1989). 

Pegmatites are abundant, and multiple, cross-cutting generations are 
commonly observed. They range between granitic to anorthositic in 
composition, are often distinct in mineralogy, grain size and orientation, 
suggesting that they represent multiple generations. Locally, interaction 
between pegmatite and ultramafic rocks formed metasomatic corundum 
(Hall et al. 1989a, Poulsen et al. 2015). 

3. Materials and methods 

Fieldwork was conducted in the area between Putukkat Kangertivat 
and Kap Tycho Brahe (Fig. 2) in 2014 and 2015 from four land-based 
camps, using boat and helicopter support. The purpose of the field
work was to map the geology in selected areas, with emphasis on the 
lithologies hosting corundum and their enclosing units, of the broader 
perspective of the regional geology, and for collecting key samples of 
TTG gneiss, paragneiss, quartzite, mica schists, pegmatite, amphibolite, 
meta-gabbro and ultramafic rocks for bulk rock elemental and isotopic 
analyses (including zircon dating) to determine protoliths (see Table 2, 
S1 and a more detailed description on the methods in the supplementary 
file 1). 

A detailed transect of the KTBU rocks was studied on Immikkeerteq 
island and the small islets surrounding it, which expose an approxi
mately 1 km thick tectonostratigraphic sequence of the KTBU, that hosts 
abundant plumasite-type corundum occurrences, in order to obtain a 
better documentation of these rocks (Table 2). A total of 32 samples 
were analysed for whole-rock major elements and a subset of 21 samples 
also for trace elements. These samples include amphibolite, meta- 
gabbro, ultramafic rock, and felsic schists. Ten samples were analysed 
for Sm-Nd, Rb-Sr and Pb-Pb isotopic compositions using a VG Sector 54 
IT Thermal Ionisation Mass Spectrometer (TIMS) at the University of 
Copenhagen at the Department of Geosciences and Natural Resource 
Management in Denmark (IGN). The purpose of the radiogenic isotope 
analyses was to constrain the age of the (ultra)mafic rocks and to test 

continental crust influence on the (ultra)mafic rocks. 
Scanning Electron Microscopy (SEM) analyses were performed with 

the ZEISS Sigma 300 VP field emission SEM at the Geological Survey of 
Denmark and Greenland (GEUS), which is equipped with a back scat
tered electron (BSE) detector, two energy dispersive spectrometers 
(EDS) and a cathodoluminensce detector. Mineral compositions were 
determined using a JEOL JXA-8200 Superprobe at IGN at the University 
of Copenhagen. Ten samples, including pegmatite, paragneiss, quartzite 
and TTG gneiss, were dated by zircon U-Pb geochronology using laser 
ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) 
(Table S1). The purposes for dating these different lithologies were to 
constrain the timing of protolith formation, of orogeny, and the timing 
of plumasite formation. 

4. Results 

4.1. Field observations in the Isertoq Terrane and samples 

The study area is dominated by felsic to intermediate TTG gneiss and 
(ultra)mafic rock, where the meta-sedimentary lithologies (quartzite, 
meta-pelite, mica schists, quartzite) structurally overlie the TTG gneisses 
and the (ultra)mafic rocks (Figs. 2, 3). The TTG gneiss and (ultra)mafic 
rock sequence from the KTBU are intruded by syntectonic and post- 
orogenic mafic to felsic intrusions of noritic, monzodioritic and 
granitic compositions, and pegmatite dikes. On Immikkeerteq island 
(Fig. 3A), a fault is observed at the northern end of the island where 
Paleoproterozoic meta-sedimentary rocks are in direct contact with the 
Archean rocks. The KTBU is tectonically repeated multiple times in the 
Isertoq Terrane. 

4.1.1. Amphibolite 
Amphibolites occur as lenses and boudinaged layers in the Archean 

TTG gneiss and large units thicker than 10 m. Relative age relations 
between TTG gneiss and amphibolite is not always straightforward 
because the primary contacts are modified. The large units of amphib
olite found in the Kap Tycho Brahe Unit have a sharp contact with the 
TTG gneiss on the southern end of the Immikkeerteq island. These 
amphibolite units are thick and more continuous compared to the lenses 
in the TTG and reach up to 600 m thickness on Immikkeerteq island 
(Fig. 3A). However, in multiple locations around the Isertoq diorite 
complex, field observations indicate that amphibolite was intruded by 
TTG and folded together in later deformation, and hence the mafic rocks 
pre-date the Archean TTG intrusion. The amphibolites at Tasiilaalik are 
well-foliated and isoclinally folded and are cut by TTG dikes at a shallow 
angle to the overall foliation. It appears that these TTG gneisses were 
parallelised in a later deformation event. Field observations at Tasii
laalik likewise show one type of amphibolite has an additional foliation 
compared with other amphibolite in the area, which indicates they may 
be Archean. On Immiikkeerteq the amphibolite belonging to the 
Archean group were studied in more detail; here four slightly different 
amphibolite types are distinguished: Starting from the N of the island at 
the thrust fault working towards S, the first type of amphibolite is fine- 
grained, often strongly foliated, with large coherent leucosomes parallel 
to the foliation and smaller melanosomes. The second type is a medium- 
to coarse-grained garnet amphibolite (Fig. 4A, sample 564193) with 
1–3 cm sized garnet porphyroblasts. The third is medium-grained with 
folded plagioclase-quartz veinlets (sample 564192). These commonly 
show malachite staining on joints. The fourth type is a garnet-bearing, 
dark grey amphibolite/meta-gabbro with folded migmatitic veins con
taining both felsic and mafic parts. The main foliation trends NW-SE and 
dips ~ 35-60◦NE. The essential minerals in the amphibolite from the 
garnet amphibolite measured with SEM-EDS are hornblende, plagio
clase and quartz, with smaller amounts of garnet, diopside, biotite, 
carbonate, epidote, microcline and minor titanite. 

The younger amphibolite generation could represent meta
morphosed dikes/sills as observed on the Immikkeerteq island, where a 
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Table 2 
Sample list and indications for the applied analytical techniques for the samples from Isertoq Terrane (this study).        

SEM- 
EDSa 

XRFb ICP- 
MSc 

EMPAd LA-ICP- 
MSe 

TIMSf 

Sample 
No 

Locality Latitude Longitude Rock type Minerals Method Method Method Method Method Method 

562732 Immikkeerteq 65.6208 − 38.4844 Lherzolite Opx, Chr, Ilm, Ath, Act, 
Srp, Phl, Chl  

x x x  x 

562741 Immikkeerteq 65.6195 − 38.4815 Lherzolite Opx, Ath, Act, Chl, Chr, 
Dol, Ap, Pn, Phl, Ilm  

x     

569204 Kuummiut 65.8823 − 36.9876 Lherzolite Opx, Ol, Ath  x x    
564111 Aqqaajaq 65.5990 − 38.6285 Orthogneiss Bt, Fsp, Qz, Tsr     x  
564115 Aqqaajaq 65.5985 − 38.6311 Dunite Ol, Opx, Ath, Srp, Pn  x x    
564116 Aqqaajaq 65.5984 − 38.6311 Dunite + crn Tsr, Crn, Pl, Ru, Ap x   x   
564119 Aqqaajaq 65.5984 − 38.6330 Dunite Ol, Opx, Ath, Srp, Pn   x    
564125 Aqqaajaq 65.5998 − 38.6265 Mica schist Qz, Pl, Bt, Zrn, Ilm x x  x   
564128 Aqqaajaq 65.6025 − 38.6349 Dunite + Crn Bt, Amp, Crn x   x   
564129 Aqqaajaq 65.6025 − 38.6349 Dunite Ol, Opx, Ath, Srp, Chl, 

Tlc, Pn 
x x x x   

564130 Aqqaajaq 65.6023 − 38.6345 Dunite + Crn Crn, Pl, Tsr x  x    
564133 Aqqaajaq 65.6023 − 38.6345 Dunite Ol, Opx, Ath, Srp, Pn  x x    
564135 Aqqaajaq 65.6013 − 38.6379 Dunite + Crn Crn, Pl, Tsr       
564139 Aqqaajaq 65.6010 − 38.6346 Dunite Ky, Tsr, Pl, Ap, Ba-Fsp, 

Or, Phl, Ath 
x      

564140 Aqqaajaq 65.6010 − 38.6203 Schist/aplite Pl, Or, Ms, Qz, Bt, Gt, 
Ap 

x x  x   

564143 Aqqaajaq 65.6005 − 38.6234 G1 pegmatite Qz, Fsp, Bt, Pl     x  
564147 Immikkeerteq 65.6222 − 38.4820 Quartzite Amp, Qz, Fsp, Mcl, Ms, 

Bt     
x  

564148 Immikkeerteq 65.6225 − 38.4815 G1 pegmatite Bt, Ms, Qz,     x  
564152 Immikkeerteq 65.6222 − 38.4655 Paragneiss- 

metasemi-pelite 
Qz, Bt, Amp, Fsp     x  

564156 Immikkeerteq 65.6185 − 38.4726 Lherzolite Tc, Chr, Phl, Pn, Py, 
Dol, Ath 

x x x    

564165 Immikkeerteq 65.6181 − 38.4712 G2M Pegmatite Pl, Fsp, Amp     x  
564167 Immikkeerteq 65.6181 − 38.4712 Lherzolite Opx, Chr, Hbl, Act, Ath, 

Phl, Chl, Dol 
x x x x   

564168 Immikkeerteq 65.6181 − 38.4712 Calc-silicate Phl, Chr, Ath, Act, Tlc, 
Chl 

x      

564169 Immikkeerteq 65.6181 − 38.4712 Meta-aplite Phl, Qz, Ap, Ba-Fsp, Or, 
Zrn 

x      

564178 Tasiilaalik 65.6726 − 38.5345 Dunite Opx, Ath, Ol, Srp  x x    
564179 Tasiilaalik 65.6726 − 38.5345 G2 Pegmatite Pl, Qz, Bt, Pl  x     
564180 Tasiilaalik 65.6731 − 38.5347 Lherzolite + Crn Ky, Crn, Hbl, Bt-Phl, 

Ba-Fsp, Or, Pl, Zrn, Tsr 
x      

564182 Tasiilaalik 65.6731 − 38.5347 Lherzolite Ath, Srp, Opx  x x   x 
564185 Vittus island 65.6211 − 38.4855 Lherzolite + Crn Crn, Tsr, Bt, Or, Dol, Pl, 

Zrn, Py, Fc, Act 
x   x   

564188 Vittus island 65.6211 − 38.4855 Calc-silicate rock Ba-Fsp, Act, Bt, Or, Pl, 
Zrn, Qz 

x      

564189 Vittus island 65.6211 − 38.4855 G2 Pegmatite Pl, Qz, Bt x x   x  
564190 Vittus island 65.6211 − 38.4855 Lherzolite Opx, Ath, Act, Chl, Chr, 

Dol, Ap, Pn, Phl, Ilm 
x x x x   

564192 Vittus island 65.6210 − 38.4862 Amphibolite Hbl, Qz, Fsp, Pl, Bt  x x   x 
564193 Vittus island 65.6137 − 38.5900 Gt amphibolite Bt, Qz, Gt, Hbl, Or, Pl x x  x   
564196 Immikkeerteq 65.6190 − 38.4799 Lherzolite Opx, Ath  x x   x 
564198 Vittus island 65.6200 − 38.4891 Gt mica schist Gt, Bt, Or, Zrn, Cal, Qz, 

Ttn, Ep, Ab, Fsp, Py, 
Ccp 

x x  x   

564199 Vittus island 65.6726 − 38.5345 Orthogneiss Qz, Bt, Fsp, Amp, Mcl     x  
569601 Akilertivit 65.6049 − 38.5742 Lherzolite + Crn Tsr, Crn, Pl, Ap  x x   x 
569602 Akilertivit 65.6049 − 38.5742 Dunite Pl, Ol, Ath, Ap, Opx  x x   x 
569603 Akilertivit 65.6131 − 38.5895 Dunite Ath, Opx  x x   x 
569607 kitak 65.5805 − 38.7568 Lherzolite Ath, Opx  x x    
569611 Kitak 65.5795 − 38.7579 Lherzolite Ath, Opx  x x   x 
569618 Sipportooq 65.5950 − 38.4112 Lherzolite Opx, Amp  x x   x 
569621 Ajangitap k.g 65.6952 − 38.1867 Lherzolite Fsp, Qz, Mc, Bt  x x    
569624 Qingatak 65.6558 − 38.2772 Meta-gabbro Ol, Pl, Amp, Pl  x x   x 
569625 Immikkeerteq 65.6254 − 38.4660 Orthogneiss Amp, Bt, Fsp, Qz     x  
569628 Tasiilaalik 65.6753 − 38.5656 G3 Pegmatite Fsp, Bt, Qz, Bt     x  
569632 Kitak 65.5667 − 38.7252 Ilmenite vein Ilm  x x    
569633 Kitak 65.5667 − 38.7252 Lherzolite Ath, Opx, Dol, Srp,  x x   x  

a Mineral composition. 
b Major element. 
c Trace elements. 
d Mineral composition. 
e U/Pb zircon dating. 
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5 m wide lense in TTG gneiss is observed (Fig. 2). However, this 
deformed dike appears to have been folded with the TTG and is thus 
older than the Nagssugtoqidan deformation. A greenish, olivine-rich 
meta-gabbro from Qingatak (sample 569624) is enclosed by TTG 
gneiss. From field observation it is unclear where the meta-gabbro fits in 
the overall stratigraphy. Late dolerite dikes trending NE/SW are 
observed in the area around Kitak and Aqqaajaq, cross-cutting the TTG 
gneiss, amphibolite and ultramafic rocks (Fig. 3B). These dikes only 
show slight foliation. The dolerites are red brown for the coarser grained 
types and observed to be up to 20 m wide, and the thin dikes, less than 
0.5 m wide, are finer grained and black. The dike cross-cutting the 
Nattivit kangertivat (Fig. 2) is coarse-grained, weathers red brown, is 
strongly magmatic and contains visible minerals of pyroxene, magnetite 
and garnet. 

4.1.2. Ultramafic rocks sensu lato 
Ultramafic rocks in the Isertoq Terrane are a minor constituent and 

occur predominantly as lenses in amphibolite of the Kap Tycho Brahe 
Unit, and to a lesser extent in TTG gneiss. The ultramafic lenses in the 
TTG gneiss are small and up to 1 m. The ultramafic lenses in the Kap 
Tycho Brahe Unit are up to 100 m wide and 500 m long (Fig. 3A, 3B). 
The ultramafic rocks have been partly altered and the rocks are therefore 
referred to as ultramafic rock sensu lato. From field observations it ap
pears there are two slightly different groups of ultramafic rocks. The first 
group is a metamorphosed lherzolite, or alternatively orthopyroxenite 
or harzburgite. However, the ultramafic rock type was obscured from 
field observations alone. The second group appear as metamorphosed 
dunite or harzburgite. 

The first group observed at Immikkeerteq, Vittus island, Kitak, 
Tasiilaalik, Sipportooq are the metamorphosed lherzolite/orthopyrox
enite/harzburgite. The ultramafic rock consists of brown, massive, 
unfoliated, medium- to coarse-grained rock that contains enstatite 
(some outcrops have 1–3 cm diameter porphyroblastic enstatite), augite 
and minor dolomite, chromite, anthophyllite, actinolite, antigorite and 
chlorite. 

Two parallel bands of boudinaged ultramafic rocks are traced from 
Vittus island accross Immikkeerteq to Sipportooq (Fig. 3A). The indi
vidual boudins crosscut the foliation and the tectonostratigraphic 
layering at a shallow angle, indicating an intrusive relationship. Be
tween the ultramafic rock and the host amphibolite there is a fine- 
grained metasomatic hornblende-rich black-wall contact at one side 
and a calc-silicate-rich layer to the other contact. 

The second group are the metamorphic dunite, or alternatively a 
harzburgite, and observed at Aqqaajaq, Akiletivit and Tasiilaalik. There 
are two approximately 5 m wide bands of boudinaged dunite bands 
exposed at Aqqaajaq and Akilertivit, as well as a large body of approx
imately 0.5 km2 (Fig. 3B). The rocks are fine-grained, redbrown and 
composed of enstatite, olivine, phlogopite, minor pyrite, apatite, anor
thite, carbonates, antigorite and chlorite (Fig. 4B). The high antigorite 
content indicates the ultramafic rocks are metamorphosed dunite. The 
dunite at Akilertivit appears to be related to the larger dunite body at 
Aqqaajaq. The ultramafic rocks at Tasiilaalik also occur in two bands, 
where one band is identified as a dunite and the other as lherzolite/ 
orthopyroxenite/harzburgite. 

4.1.3. Orthogneiss 
The TTG gneiss are equivalent to the descriptions of grey TTG gneiss 

in the area by Wright et al. (1973). The TTG gneisses comprise quartz, 
oligoclase, and variable amounts of biotite and hornblende. The TTG 
gneiss contains bands, seams, boudins and lenses of pegmatite, 
amphibolite, anorthosite or diopside-rich rocks (Fig. 3C), which range in 
size from under a metre to tens of metres, and commonly can be traced 
along strike. At Aqqaajaq, a light-coloured well banded and folded TTG 

gneiss was observed at the contact to amphibolite and ultramafic lenses. 
The minerals observed in the orthogneiss are plagioclase, biotite and 
quartz, and a foliated light-coloured TTG gneiss at Tasiilaalik has 
gradational changes to a mafic mineral mode where the leucocratic parts 
contain feldspar and the mafic parts contain plagioclase, amphibole and 
biotite. These TTG gneisses are in direct contact to amphibolite with 
ultramafic boudins and indicate an intrusive relationship into the am
phibolites. A third type of TTG gneiss is compositionally heterogeneous, 
with felsic pegmatitic parts (Fig. 3C) containing quartz, biotite and 
lesser amounts of pink feldspar, while the mafic parts contain biotite, 
amphibole, plagioclase and quartz. The pegmatitic orthogneiss is in 
contact with the mica schists on Immikkeerteq and contains boudins of 
amphibolite and diopside-rich lenses. 

4.1.4. Calc-silicate rocks 
Horizons of calc-silicate rocks are present throughout the area. On 

Immikkeerteq and surrounding islets, calc-silicate rocks are found as a 
light-green andradite-epidote gneiss (Fig. 3N, sample 564198) with 2–5 
cm sized porphyroblastic, mauve-coloured andradite in a groundmass of 
epidote, biotite, quartz, titanite, calcite, dolomite and feldspars (hya
lophane, orthoclase, albite). An approximately 2 m thick sequence of 
green, foliated and boudinaged calc-silicate rock (sample 564188) 
comprises green augite and actinolite, phlogopite-biotite, feldspar 
(hyalophane, andesine, orthoclase) and minor quartz. Likewise, a thin 
layer (0.5–1 m wide) of whitish, greenish or purplish horizons of calc- 
silicate rock, is in contact with the ultramafic boudins (sample 
564168). The latter contain diopside, actinolite, epidote, calcite, and 
minor green mica and garnet. Large sequences of light to dark green 
often strongly folded calc-silicate rocks were observed at Nuugajik. 

4.1.5. Mica schist and quartzite 
The mica schists are rusty-red, banded, coarse-grained and contain 

garnet, quartz, feldspar, biotite ± muscovite, and minor blue kyanite/ 
sillimanite, graphite and pyrite. A garnet mica schist at Aqqaajaq 
(sample 564125), has a high mode of almandine garnet in a matrix of 
quartz, oligoclase, biotite, and minor zircon and ilmenite with leuco
somes of quartz and feldspar. A similar garnet mica schist on Immik
keerteq is 4 m thick, well-foliated and coarse-grained, and occurs 
adjacent to a meta-diorite. It contains garnets up to 2 cm in size, quartz 
and plagioclase and has rusty patches related to minor interstitial sul
fides. An intensely folded metasemipelite (or paragneiss) is present at 
the highest point of Immikkeerteq island (sample 564152). The meta
semipelite has varying layers of light to greyish colours with slight 
variations in quartz, biotite and feldspar contents. A quartzite unit is 
present on the northern end of the island, which is light coloured and 
consists of up to 85 % quartz. The remaining minerals are plagioclase 
and muscovite (Fig. 3D, sample 564147). 

4.1.6. Pegmatite and post-tectonic felsic intrusions 
Small pre- or syn-tectonic intrusive bodies (1–7 m thickness) are 

observed foliation parallel to the Kap Tycho Brahe Unit amphibolite and 
include diorite and one aplite on Immikkeerteq and Aqqaajaq. The 
mineral assemblage is oligoclase, orthoclase, muscovite, quartz, biotite, 
and minor almandine garnet, biotite and apatite. 

Three generations of felsic pegmatites have been identified. The 
oldest pegmatites (Group 1) are folded and show tight isoclinal folds at 
Aqqaajaq and open or symmetrical folds at Immikkeerteq and Qingatak, 
and are pre- to syn-tectonic intrusions. The width of the Group 1 
pegmatite is up to 1 m. The second group (Group 2) pegmatites are often 
wide - up to 15 m thick, pink in colour and have a high feldspar content 
(microcline and plagioclase), with less than 15 % quartz and biotite 
(Fig. 3E). They are syn-tectonic intrusions and strike NE/SW. One of the 
Group 2 pegmatites has an offshoot that crosscuts Vittus island and 

f Rb-Sr,Pb-Pb Sm-Nd isotope. 
g Ajangitap kangertiva. 
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Fig. 3. Field observations in the Isertoq Terrane: A) Immikkeerteq island seen from the inner part of Nattivit kangertiva. B) Aqqaajaq with ultramafic rock outcrop, 
where the different rock types are indicated with red lines. C) TTG gneiss (569625) from Immikkeerteq with lenses of amphibolite and ultramafic rocks. D) The 
quartzite (564147) on Immikkeerteq. E) Brown ultramafic rock on Vittus island and intrusion of (Group 2) pegmatite (sample 564189) which formed a corundum 
vein. F) A desilicified pegmatite (Group 2M) crosscutting an ultramafic rock lense at Immikkeerteq and formation of corundum. G) Reaction zone from Vittus island 
where Group 2 (564189) pegmatite has reacted with the ultramafic rock. The reaction zone shows concentric arrangement around the intrusion of the pegmatite with 
metasomatized ultramafic rocks and layers of biotite and in the center amphibole and corundum. H) A vein of pure corundum and tschermakite. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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reacts with the ultramafic rocks on the island, and can be traced onto 
Immikkeerteq island (sample 564189) and is associated with corundum 
on Vittus island. The desilicified version of Group 2 pegmatite is labelled 
as Group 2M, where M indicates metasomatic alteration. These peg
matites are progressively desilicified upon reaction with the ultramafic 
rocks (Fig. 3F). They are silica-poor and more intermediate in compo
sition with a high plagioclase content. The minerals in the desilicified 
pegmatites include anorthite, albite, orthoclase, muscovite-biotite, 
calcite, clinochlore, apatite and zircon (sample 564165). 

The pegmatites of the third group (Group 3) are wide and pale, with 
high (orthoclase) feldspar contents, and with a NE-SW to N-S strike 
(sample 569628). The width of the Group 3 pegmatites is up to 10 m at 
Kitak. They crosscut the Group 2 pegmatites e.g. at Tasiilaalik and 

crosscut the post-tectonic Isertoq granites at Kitak. They often show 
graphic texture, and are very coarse-grained with mineral grains up to 
3–5 cm. No corundum related to Group 3 pegmatite was observed. The 
desilicified pegmatites derived from Group 3 are named Group 3 M and 
contain feldspar, apatite and ilmenite. 

Post-tectonic intrusions include large intrusive sheets of undeformed 
monzogranite and diorite that dominate around Isertoq (approximately 
60 km2) and towards Putukkut kangertivat. The exposed part of the 
intrusive complex in Putukkut kangertivat covers an area of approxi
mately 25 km2 and consists of ~ 80 % diorite and ~ 20 % granite. The 
intrusion complex has a dome-like structure and intrudes into the 
amphibolite and orthogneiss. Mingling textures between a fine-grained, 
dark-grey diorite and a light-grey, medium-grained diorite indicate 

Fig. 4. Petrographic examination in Plain Polar
ized Light (PPL) and Crossed Polarized Light 
(XPL), as well as Back-Scatter Electron (BSE) 
images of selected rocks in thin sections. A) 
Garnet amphibolite (564193) in PPL. B) Dunite 
564129 in XPL. C) Garnet mica schist (564125) in 
PPL. D) BSE image of corundum, placioclase and 
kyanite (564180) in metasomatic reaction zone in 
lherzolite. E) Heavily fractured corundum with 
dolomite grain in the centre of the photo 
(564185) in PPL. F) Rutile needles in corundum 
(564185) in PPL. G) BSE image of inclusions in 
the corundum including allanite, tschermakite, 
biotite and dolomite (564185). H) Cloud of small 
inclusions in corundum hosted in dunite 
(564116) in PPL. The corundum is heavily frac
tured. Mineral abbreviation are after Warr 
(2021): Aln = allanite, Atg = antigorite, Bt =
biotite, Cal = calcite, Chl = chlorite, Crn =
corundum, Dol = dolomite, En = enstatite, Fsp =
feldspar, Gt = garnet, Hbl = amphibole, Ilm =
ilmenite, Ky = kyanite, Ol = olivine, Pl =

plagioclase, Qz = quartz, Rt = rutile, Tsr =
tschermakite. Ttn = titanite. (For interpretation 
of the references to colour in this figure legend, 
the reader is referred to the web version of this 
article.)   
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multiple magma pulses while the rocks were still partly molten. The 
granite is very light-coloured and consists of plagioclase, alkali feldspar, 
quartz, and minor amphibole and biotite. The granite contains abundant 
rafts of diorite, which suggests that the diorite had cooled sufficiently 
before intrusion of the granite melt. The intrusive sheets have been 
dated at 1.7–1.5 Ga (Thrane et al. 2016). 

4.1.7. Corundum occurrences in ultramafic rocks 
Corundum occurrences in ultramafic rocks are found at Aqqaajaq, 

Tasiilaalik, Immikkeerteq, Akilertivit and Vittus island. The corundum 
formation is associated with pegmatite veins in ultramafic rocks. The 
intrusion of the pegmatite vein into the ultramafic rocks creates different 
zones, where a cross-section shows a light brown ultramafic rock closer 
to the pegmatite vein. The ultramafic rock forms a greenish augite/ 

actinolite-rich zone (Fig. 3G, Table S2), followed by a biotite + tscher
makite zone towards the centre of the pegmatite intrusion, and can 
contain corundum, plagioclase, garnet, spinel, kyanite or apatite. The 
mineral assemblage in the centre of the pegmatitic vein in lherzolite 
(Fig. 3H) is tschermakite, biotite, corundum, plagioclase, dolomite, 
hercynite, kyanite, whereas retrograde mineral phases include chlorite, 
muscovite and calcite. Corundum can locally be up to 5 Vol% of the 
central zone. The corundum is generally opaque and has a pink to 
slightly purplish colour. Individual corundum grains are large, up to ~ 5 
cm in diameter and up to 10 cm along the c-axis. At Aqqaajaq pegmatite 
intrusion into dunite creates mineral assemblage of tschermakite, 
plagioclase, apatite and corundum grains from 4 to 5 mm and up to 5 cm 
diametre. At Akilertivit the corundum occurs as mm-sized grains in the 
centre of a black tschermakite layer in the reaction zone. At Tasiilaalik 

Fig. 5. Two amphibolites from Isertoq and one meta-gabbro. A) In the Total Alkali vs Silica diagram after Le Bas et al. (1986) the amphibolites plot in the basaltic 
trachy andesite, andesite and basalt field. B) In the AFM discrimination diagram for calc-alkaline and tholeiite igneous rock by Irvine and Baragar (1971) and 
Vermeesch & Pease (2021), the meta-gabbro plots at the high Mg-end and the two amphibolites plot along the tholeiitic basalt trend. C) Primitive mantle normalized 
trace elements of the amphibolites. D) Chondrite normalized REE of the amphibolites and ultramafic rocks are enriched compared to dunite. The REE of the am
phibolites are enriched in LREE. E) In the Th/Yb vs Nb/Yb diagram modified after Pearce (2008), the amphibolites plot in the E-MORB and the continental arc fields. 
F) The La/Sm vs Ba/Nb is modified after Langmuir et al. (2006). 
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(sample 564180, Fig. 4D) the mineral assemblage in lherzolite is coarse 
blue kyanite, biotite, and microscopic corundum with interstitial 
plagioclase, as well as retrograde muscovite and chlorite. 

4.2. Non-gem quality corundum 

The field observations, optical thin section examinations, SEM-EDS 
and microprobe analyses (Table 3, S2) show that the plumasite-type 
corundum from the Nattivit area is not ruby or sapphire of gem 

Fig. 6. Harker diagrams (A) of major and trace elements for the ultramafic rocks and the meta-gabbro, and a CaO-Al2O3-MgO ternary diagram after Li et al. 2004 (B). 
The lherzolites from Vittus island, Immikkeerteq, Kitak, Sipportooq and Ajangitap Kangertiva plot away from the dunite from Aqqaajaq, Akilertivit and Tasiilaalik. 
The lherzolites are more enriched in most elements, except for Mg, Ni and Si. The sample from Qingatak is the meta-gabbro. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
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quality, because the grains are translucent to opaque. The plumasite- 
type corundum hosted in the lherzolite is anhedral. Optical thin sec
tion examinations and SEM-EDS analyses indicate that the corundum 
has a lot of inclusions of rutile, biotite, amphibole and carbonate, and 
the orientation of the inclusions are random. The corundum on Vittus 
island and Immikkeerteq (Fig. 3G, 4E-4G) shows massive corundum in 
the centre of the pegmatite vein in lherzolite. In the plumasite-type 
corundum hosted in dunite, the grains are generally smaller and anhe
dral, but some show subhedral to euhedral hexagonal forms (but sample 
564130 and 564135 are up to 4 cm). The corundum hosted in the dunite 
are of non-gem quality due to high amount of fractures and inclusions 
(Fig. 4H). 

The retrogression has not etched or altered the corundum grains 
(sample 569601), some show a rim, which appears to be minerals that 
formed during growth of the corundum, rather than retrogressively. The 
corundum from the Nattivit area is strongly fractured and some show 
deformation from post-growth effects, where the grains have been 
sheared and elongated. 

4.3. Whole rock geochemistry 

4.3.1. Amphibolite and meta-gabbro 
There is only whole rock data for two amphibolites and one meta- 

gabbro (see Table S3 + S4). The rocks have high Na and K contents 
(Fig. 5A). The amphibolite plot in the basaltic trachy-andesite field, and 
the meta-gabbro plots in the basaltic field in the Total Alkali Silica di
agram after Le Bas et al. (1986) (Fig. 5). In the AFM (Na2O + K2O-FeOT- 
MgO) diagram with AFM boundaries after Vermeesch & Pease (2021) 
(Fig. 5B), the amphibolites plot in the tholeiitic suite with arc or within- 
plate affinities, whereas the meta-gabbro plots in the tholeiite MORB 
field. Primitive mantle normalised values for the incompatible trace 
elements (Fig. 5C) are high with a positive Pb anomaly and negative Nb 
+ Ta anomalies. 

Chondrite normalised REE values show an enrichment in LREE over 
the HREE (Fig. 5D). There is a slightly negative Eu anomaly, which is 
interpreted as due to plagioclase fractionation. In the Nb/Yb and Th/Yb 
diagrams (after Pearce, 2008) (Fig. 5E) the samples are enriched basalts, 
have K2O enrichment and plot in the continental arc field. In a Ba/Nb 
and La/Sm diagram (after Langmuir et al. 2006) (Fig. 5F) the high La/ 
Sm ratio of amphibolite and meta-gabbro of the Isertoq Terrane are 
shown. 

4.3.2. Ultramafic rocks sensu lato 
The MgO is between 25.24 and 38.98 wt% and the high Mg content 

indicates that the rocks are ultramafic (see Fig. 6, Table S3 + S4). The 
SiO2 contents range from 40.67 to 46.80 wt%, but a few samples have 
elevated silica contents of up to 55.35 wt%. The high silica contents 
indicate modification by metasomatic fluids or plagioclase veining, both 
of which are observed in the field. In the CaO-Al2O3-MgO ternary dia
gram after Li et al. (2004) two groups of ultramafic rocks are distin
guished, where the protoliths are lherzolite and dunite (Fig. 6). The 
orthopyroxene-rich ultramafic rocks are metamorphosed lherzolite, 
where the high Ca contents could be due to alteration and addition of Ca. 
This is seen as a high dolomite content along veins in the rocks. The 
lherzolite has higher Ti and V than the dunite (Fig. 6), where the dif
ference in Ti content correlates with the presence of accessory ilmenite 
and chromite in the lherzolite. The large spread in the major elements 
correlates with changes in the mineral modes of olivine, calcic pyroxene, 
amphibole and carbonates (Table S2). 

The dunites have lower Al contents compared to the lherzolites, and 
lower Ca and Fe contents (Fig. 6, Table S2 + S3). Mg is higher in the 
dunites, whereas V, Y and Cr are lower. The Ni content in the dunite 
samples tends to be higher. Taken together, the ultramafic rocks define a 
trend that extends to the meta-gabbro from Qingatak. The Th/Sc ratios 
for all ultramafic rocks are below 1 and Zr/Sc is below 10 (Table S4), 
which is within the range of compositional variability in magmatic 

differentiation (after McLennan et al., 1993). The lherzolite is enriched 
in incompatible elements compared to the dunites, except for Pb 
(Fig. 7A + 6B). There is significant variability in the most incompatible 
elements in the lherzolite (Fig. 7A), which could be related to meta
somatic overprinting as observed in the field. The Sm/Nd ratios for all 
ultramafic rocks are between 0.06 and 0.45, but the majority is between 
0.24 and 0.21, which is somewhat lower than mantle rocks (0.25–0.29). 
The lherzolites have higher REE contents, but there is more variability in 
the dunites (Fig. 7C + 6D). Most samples have a negative Eu anomaly, 
suggesting plagioclase fractionation at some point in their history. The 
dunite has a chondrite normalised REE pattern that is flat to U-shaped, 
whereas the lherzolite shows LREE over HREE enrichment. 

The compositions of chromite grains in lherzolite plot at high Cr and 
Fe + Ti (Fig. 8A) and within the field for zoned intrusions or arc related 
magmas (after Moreno et al. 2001), but the chromite from the two bands 
plot in two clusters. They are markedly different from other Archean 
chromites (Rollinson et al. 2002) from Greenland in the Fiskenæsset 
complex or Ujarassuit Nunaat from the Nuuk area. In an Al2O3 versus 
TiO2 diagram (after Kamenetsky et al. 2001) they similarly plot in the 
arc field, with some overlap to MORB (Fig. 8B). 

4.3.3. Schist and calc-silicate rocks 
The mica schists and calc-silicate rocks have variable compositions 

(Table S3) with SiO2 from 58.65 to 74.45 wt%, Na2O 1.81–3.35 wt% and 
K2O 1.64–4.36 wt%. Al2O3 varies from 11.04 to 15.37 wt% and FeOT 
4.62–13.64 wt% (Table 3). 

4.4. Rb-Sr, Pb-Pb, Sm-Nd isotopes 

4.4.1. Rb-Sr isotopes 
The mafic rocks have low 87Rb/86Sr and 87Sr/86Sr ratios and the 

lherzolites have the highest 87Sr/86Sr ratios (Fig. 9A, Table S5). The 
sample 569633 plots as an outlier with the highest 87Sr/86Sr ratio, which 
could indicate this sample having been affected by some degree of 
metasomatic alteration. 

4.4.2. Pb isotopes 
The dunite samples 569602 and 569603, and meta-gabbro 569624 

are the least radiogenic of the samples (Fig. 9B, Table S5). Two linear 
trends are observed in 207Pb/204Pb vs 206Pb/204Pb space, one for the 
dunite and mafic rocks and another for the lherzolite. Initial Pb isotope 
values are not known, and the errorchron ages were calculated by linear 
regression following Faure & Mensing (2004), resulting in a model age 
of 2390 ± 70 Ma for the dunite and mafic rocks, and 2300 ± 380 Ma for 
the lherzolite. Two groups are present in the 208Pb/204Pb vs 206Pb/204Pb 
diagram with Th/U = 5.4 and Th/U = 1.9 (Fig. 9C, Table S5). 

4.4.3. Sm–Nd isotopes 
The Sm and Nd isotopic compositions are clustered in 147Sm/144Nd 

vs 143Nd/144Nd space, except for dunite sample 569602, (Fig. 9D, 
Table S5). There are also two linear trends, one for the lherzolite and 
another for the mafic rocks and the dunite. Ages were calculated from 
slopes with formulas defined by Faure & Mensing (2004), resulting in 
2300 ± 270 Ma and 2315 ± 360 Ma for the two trends (Fig. 9D). Both 
slopes have a high associated uncertainty, but are similar to the ages
calculated from the Pb isotopes. In a plot of initial εNd vs 87Sr/86Sr, the 
mafic rocks and dunite fall within the continental crust and continental 
flood basalt fields, with low εNd and high Sr isotope ratios (Fig. 9E). One 
dunite sample (569602) has a positive εNd value and a low 87Sr/86Sr 
ratio, and plots near the bulk Earth composition. The lherzolite lie in the 
field for continental flood basalt and the continental crust. Using the εNd 
values calculated at 2.3 Ga and plotted vs age (Fig. 9F) reveal depleted 
mantle curve interceptions (TDM after DePaolo 1981) ranging from 3.4 
to 2.8 Ga. Within this range, the mafic rocks have TDM ages of 3.0–2.8 
Ga, and the lherzolites and dunite have older TDM ages of 3.4–3.3 Ga. 
The lherzolite samples 562732, 569611, 569618 are not included in 
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Fig. 9F because of high uncertainty of TDM over 3.7 Ga. 

4.5. U-Pb zircon geochronology 

Three TTG gneisses, a paragneiss (semi-pelite), a quartzite and five 
pegmatites were investigated for U-Pb zircon geochronology. Cath
odoluminesence and BSE images of the zircons are presented in Fig. 10, 
the full dataset in Table S6, and the list of age peaks is shown in Table 4. 
In Fig. 11 all samples are shown graphically in Concordia diagrams and 
as histograms (90–110 %) 207Pb/206Pb ages. The ages are upper 

207Pb/206Pb intercept ages, where the data-point error ellipses are 2σ. 
The lower intercept ages are not included, as they could be due to late 
retrogression in South-East Greenland. 

The orthogneisses (564111, 564199, 569625) have magmatic pro
tolith ages between 2860 and 2670 Ma, with metamorphic overprints 
between 2620 and 2400 Ma and 1885–1850 Ma. The metasedimentary 
rocks (quartzite and paragneiss) have detrital ages of 2900 to 1930 Ma 
and metamorphic ages of 1890 ± 9 Ma to 1871 ± 9 Ma, where the latter 
record the minimum deposition ages for the metasedimentary rocks. 
Only a few analyses are detrital ages up to 3239 ± 21 Ma. The quartzite 

Fig. 7. Multielement plots normalized to Primitive Mantle and REE diagrams normalized to chondrite values after McDonough and Sun (1995). A) Multielement 
diagram for the lherzolites normalized to Primitive Mantle (PM). There is enrichment in LILE and a peak in Cs, Pb, U and Eu for some samples. Low Nb + Ta, Sr, and 
Eu are exhibited for some samples. B) The dunites are depleted (ratio below 1) in all elements except Cs, U and Pb. C) Chondrite normalized REE pattern for 
lherzolites. The grey shading shows all ultramafic rocks. D) Chondrite normalized REE pattern for dunites. The dunites show more variation in the REE pattern 
compared to the lherzolite. 

Fig. 8. A) Chromite in lherzolites from the Nattivit area, ternary plot for Al - Cr - Fe + Ti. The samples plot within the field for arc or zoned intrusions. The ophiolite, 
arc and zoned intrusion fields are after Moreno et al. 2001. Data from Fiskenæsset complex and Ujarassuit Nunaat complex in West Greenland are from Rollinson 
et al. (2002). B) Al2O3 and TiO2 variation diagram where the two samples plot in the arc field with slight overlap with MORB. The fields for ARC, MORB, OIB and LIP 
are after Kamenetsky et al. (2001). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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(564147) has a higher frequency of Archean ages compared to the 
paragneiss (564152), which could result from differences in the source. 
For the three pegmatite generations, the Group 1 pegmatite has U/Pb 
zircon age peaks at 1873 ± 19 Ma (564143) to 1854 ± 33 Ma (564148). 

The Group 2 pegmatite has an intrusion age of 1843 ± 4 Ma (564189), 
where the metasomatized pegmatite (564165) is slightly younger at 
1819 ± 14 Ma. The Group 2 pegmatites are related to the corundum 
formation in the Isertoq Terrane. Age peaks in the Group 1 and 2 

Table 3 
Corundum samples from the Nattivit area (see Fig. 2 for localities and Fig. 3-4 for some corundum samples)  

Sample No Locality Rock type Metasomatic zone Crn Colour Chromophoresa Crn size Minerals 

564116 Aqqaajaq Dunite Tsr-Crn-Ap Pink Cr3+ 2–5 mm Tsr, Crn, Pl, Ru, Ap 
564128 Aqqaajaq Dunite Tsr-Crn-Ap Pink Cr3+ 2–5 mm Bt, Amp, Crn 
564130 Aqqaajaq Dunite Tsr-Crn-Ap Pink to purple Cr3+ + Fe2+-Ti4+ 4–5 cm Crn, Pl, Tsr 
564135 Aqqaajaq Dunite Tsr-Crn-Ap Pink to purple Cr3+ + Fe2+-Ti4+ 1–2 cm Crn, Pl, Tsr 
564180 Tasiilaalik Lherzolite Tsr-Crn -Ky Pink Cr3+ microscopic Ky, Crn, Hbl, Bt-Phl, Ba-Fsp, Or, Pl, Zrn, Tsr 
564185 Vittus island Lherzolite Tsr-Crn-Bt Pink Cr3+ up to 10 cm Crn, Tsr, Bt, Or, Dol, Pl, Zrn, Py, Fc, Act 
569601 Akilertivit Lherzolite Tsr-Crn-Bt Pink Cr3+ 2–5 mm Tsr, Crn, Pl, Ap  

a Colouring chromophores are afterDubinsky et al. 2020 

Fig. 9. Sm-Nd, U-Th-Pb and Rb-Sr isotope analyses of the mafic–ultramafic rocks from Nattivit Unit, where the samples are plotted in three groups, amphibolite +
meta-gabbro, dunite and lherzolite. A) Rb/Sr vs Sr/Sr plot. B) The meta-gabbro and amphibolite and dunite follow a slightly higher linear trend in the 207Pb-206Pb 
plot. A model age for 207Pb-206Pb yields 2390 ± 70 Ma for the amphibolites and meta-gabbro, and 2300 ± 380 Ma for the lherzolites. C) 208Pb vs 206Pb show that the 
lherzolites have a higher Th/U ratio than the other groups. See discussion in the text. D) For the dunites and amphibolites + meta- gabbro, the Sm-Nd model age is 
2315 ± 360 Ma, and for the lherzolites the model age is 2300 ± 270 Ma. E) εNdt=2300 vs Sr(initial) show that the rocks have similarities to enriched mantle EMI and 
EMII after Hart (1988) or lower crustal to upper crust. F) An εNd vs age plot indicates that the rocks are derived from an older DM source than indicated by the 
errorchron age. TDM model age is after Depaulo (1980) and CHUR is Jacobsen & Wasserburg (1984). 
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pegmatites around 1774 ± 6 Ma indicate a metamorphic overprint. The 
Group 3 pegmatite has a peak at 1754 ± 19 Ma (see Fig. 11). See 
detailed descriptions of the U-Pb zircon analyses in Supplementary file 

2. Ages below 1600 Ma in the pegmatites could be related to Pb loss in 
the zircons, or metamorphic alteration during post-tectonic events in the 
area. 

Fig. 10. Zircon cathodoluminescense and BSE images of between 3 and 5 chosen characteristic sets of all the zircon grains from each sample. The samples include 
three TTG gneisses, one paragneiss, one quartzite and five pegmatites. 

Table 4 
LA-ICP-MSDr zircon U–Pb ages for samples from Isertoq Terrane (see Fig. 2 for localities and Fig. 11 for the main peaks)  

Sample Locality Rock type Main age peak Minor age peaks/range No. of 
analyses 

Range 90–110 % 
concondia 

bin 
size 

564111 Aqqajaaq Orthogneiss 1885 ± 11 Ma 2811 
± 17 Ma 

2465 ± 47 Ma 2582 ± 22 Ma 
2760 ± 13 Ma 

111 2870–1810 Ma 25 

564199 Tasiilaalik Orthogneiss 2698 ± 7 Ma 2818 ±
8 Ma 

2514 ± 38 Ma 2629 ± 11 Ma 165 2870–1850 Ma 25 

569625 Immikkeerteq Orthogneiss 2623 ± 8 Ma 2667 ±
7 Ma 

1857 ± 30 Ma 2527 ± 17 Ma 
2789 ± 17 Ma 

110 3050–1810 Ma 20 

564152 Immikkeerteq Paragneiss 1871 ± 9 Ma 2735–2345 Ma 2231–2200 Ma 107 2735–1725 Ma 20 
564147 Immikkeerteq Quartzite 1890 ± 9 Ma 2903–2331 Ma 2290–2204 Ma 187 3230–1850 Ma 20 
564143 Aqqajaaq Folded pegmatite (G1) 1873 ± 19 Ma 1794 ± 14 Ma 104 1910–1690 Ma 20 
564148 Immikkeerteq Folded pegmatite (G1) 1854 ± 33 Ma 1780 ± 6 Ma 149 1930–1650 Ma 20 
564189 Vittus Island Pegmatite (corundum- 

forming) (G2) 
1843 ± 4 Ma older cores in some grains 

2885–2100 Ma 
141 2810–1730 Ma 20 

564165 Immikkeerteq Pegmatite (corundum- 
forming) (G2M) 

1819 ± 14 Ma 1774 ± 6 Ma 32 1850–1690 Ma 20 

569628 Tasiilaalik Pegmatite (G3) 1754 ± 19 Ma 1833 ± 16 Ma 112 1870–1650 Ma 20  
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5. Discussion 

Here we discuss the geological history of the Isertoq Terrane from the 
combined dataset of field observations, bulk rock elemental and isotopic 
compositon and zircon U/Pb age dating, and the implication for 
corundum formation in relation to the regional crustal development and 
orogenic processes. 

5.1. The (ultra)mafic rocks (Nattivit Unit) 

The lherzolite, dunite, amphibolite and meta-gabbro have arc-like 
affinities in whole rock major and trace elements with elevated Pb and 
depleted Nb and Ta in chondrite-normalized diagrams, and a tholeiitic 
trend in the AFM diagram (Fig. 5,6,7). High Fe-Ti in the lherzolite 
chromites also suggests an arc environment (Fig. 8). Similarly, the rocks 
fall within a higher continental crust signature in the εNdt=2300Ma vs 
87Sr/86Sr(initial) diagram (Fig. 9). High La/Sm and high Th/Yb at 
moderate Nb/Yb (Fig. 5) further point to an arc setting with involvement 
of an enriched mantle component. We suggest that the (ultra)mafic 
rocks represent remnants which formed in a continental arc environ
ment. However, new age and isotope data presented in this paper for the 
(ultra)mafic sequence yield Archean ages, and thus these (ultra)mafic 
rocks are regrouped into the Nattivit Unit. 

The lherzolites are more enriched in most elements compared to the 
dunite, as are the amphibolites compared to the meta-gabbro. The 
element pattern in the Primitive mantle-normalised multi-element dia
grams is however similar, for the lherzolite, and for meta-gabbro and 
amphibolite. This might indicate that they all are derived from a com
mon source. 

The TTG sheets intruded mafic rocks, now represented by 

amphibolite, an observation in agreement with earlier conclusions by 
Wager (1934) and Bridgwater et al. (1977). The amphibolite and meta- 
gabbro in Nattivit Unit give mantle extraction ages of 3.0 to 2.8 Ga from 
Sm/Nd isotope compositions when plotted in a εNd(2.3 Ga) vs age di
agram (Fig. 8F), and the ultramafic rocks give ages of 3.3–3.4 Ga. 
Although the ultramafic rocks could be derived from an older source, we 
regard it more likely that these rocks have been disturbed in their iso
topic composition by circulating crustal fluids, creating scatter in the 
TDM model ages. Field relations show that the ultramafic rocks postdate 
the amphibolite on Immikkeerteq island and were likely sills or dikes 
rather than cumulates. This means that if they were derived from an 
older source, this source must have been stored in the crust for an 
extended period and then largely remobilized, which is difficult to 
envision for an ultramafic melt. The presence of silicified anthophyllite 
veins in the ultramafic rocks at Aqqaajaq, and an increase in quantity 
and size of enstatites in an lherzolite on Vittus island towards the contact 
with a silicic lithology also indicate interaction with more silicic li
thologies or fluids, as does the SiO2 content up to 57 wt% and the LREE 
enrichment in the lherzolite. Finally, 143Nd/144Nd ratios are low 
compared to mantle rocks (143Nd/144Nd > 0.5126), and the 87Sr/86Sr 
ratios are high with only samples 569603 and 569611 giving bulk-Earth 
like 87Sr/86Sr signatures of around 0.705 (Fig. 8A). 

Amphibolite and meta-gabbro have higher Sm, Nd, U, Pb concen
trations than the ultramafic rocks, which means that they are more 
robust to assimilation and metasomatic disturbances to the Sm-Nd and 
Pb-Pb isotope systems. Indeed, the isotopic signatures in these rocks 
have less negative epsilon Nd values and unradiogenic Pb compared to 
the lherzolite. The amphibolite and meta-gabbro rocks show the tightest 
range in TDM model ages of 3.0 to 2.8 Ga (Fig. 12), and we interpret this 
as the most reliable estimate for the protolith age for the mafic rocks 

Fig. 11. U-Pb concordia diagrams for U-Pb zircon data (and 207Pb/206Pb ages histograms for quartzite and paragneiss). A) TTG gneiss 564111 from Aqqaajaq, B) TTG 
gneiss 564199 from Tasiilaalik, C) TTG gneiss 569625 from Immikkeerteq. D) Paragneiss 564152 from Immikkeerteq, E) Quartzite 564147 from Immikkeerteq. U-Pb 
zircon data from the pegmatites F) Group 1 folded pegmatite 564143, G) Group 1 folded pegmatite 564148, H) The corundum-forming pegmatite, Group 2 564189, I) 
Group 3 pegmatite 569628, J) Desilicified group 2M pegmatite 564165. Isoplot programme 4.15 (Ludwig, 2012) was used for plotting the Concordia-diagrams and 
AgeDisplay from Thomsen et al. (2016) was used for the 206Pb/207Pb histograms. Histograms show 207Pb/206Pb, 90–110 %. NO = Nagssugtoqidian orogen. 
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(amphibolite and meta-gabbro) in the Nattivit Unit. 
The 207Pb-206Pb and Nd-Sm errorchron ages for the (ultra)mafic rock 

samples are markedly younger at 2.4 to 2.3 Ga (Fig. 9B, 9D). The limited 
number of samples for the errorchron leads to significant uncertainty in 
the ages, but all are consistent with the best-constrained age at 2390 ±
70 Ma. The (ultra)mafic rocks were thus affected by an event at this 
time, following their initial extraction from the mantle in the Archean. 
There is limited regional data available to indicate what this age may 
represent. However, dolerite dikes are suggested to intrude the area ~ 
2370 Ma (Nilsson et al. 2019) and overlap in age the Scourie Dike 
Swarm in the Lewisian Gneiss Complex of Scotland (Davies and Hea
man, 2014). Other data from the area are εNd and εHf analyses for AIC, 
which suggests that these magmas were extracted from the mantle be
tween 2500 and 2300 Ma, although only emplaced in the upper crust at 
~ 1885 Ma (Lebrun et al. 2018, Kalsbeek & Taylor 1989). 

5.2. The felsic rocks in the Isertoq Terrane 

The TTG gneisses give U-Pb zircon protolith ages of 2818 ± 8 Ma, 
2760 ± 13 Ma and 2667 ± 7 Ma, and thus are younger than the 
3000–2800 Ma εNd TDM model ages for the (ultra)mafic rocks in the 
Nattivit Unit (Fig. 12). Presence of ultramafic and amphibolite lenses in 
the TTG gneiss (e.g., sample 569625), could also indicate that the (ultra) 
mafic rocks were picked up and included in the TTG sheet at intrusion. 
There is a marked absence of ages in the TTG gneiss zircon population 
from 2350 to 2100 Ma, suggesting a period with minimal magmatic and 
metamorphic activity. The 2350 Ma age peak likely represents the same 
event recorded in the (ultra)mafic rocks. 

Magmatic events occured between 2818 ± 8 Ma to 2667 ± 7 Ma in 
the Isertoq Terrane based on the U-Pb zircon data and Th/U ratios, 
where core dates of up to 3044 Ma are interpreted as inherited. The Th/ 
U ratios in the 2800–2650 Ma dates indicate both magmatic and 
metamorphic events and could be related to activities in South-East 
Greenland such as the Skjoldungen intrusions (2850–2750 Ma; Kolb 

Fig. 11. (continued). 
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et al. 2013; Kokfelt et al. 2016c), alkaline intrusions (2720–2700 Ma; 
Berger et al. 2014) and the Singertât Stage (2665 Ma; Bagas et al. 2013). 
Metamorphic events recorded from zircon rims occur between 2698 ± 7 
Ma and 2623 ± 8 Ma and all TTG gneisses record disturbances between 
1890 and 1700 Ma (Fig. 11). This is particularly pronounced for TTG 
gneiss 564111, where the main age peak is at 1885 ± 11 Ma. This age is 
overlapping with paragneisses recorded in the Isertoq Terrane (Thrane 
et al. 2016), the timing of intrusion of the Ammassalik Intrusive Com
plex (Nutman et al. 2008; Lebrun et al. 2018) and the high pressure and 
temperature stage in the Kuummiut Terrane (Müller et al. 2018b). We 
interpret the 1885 ± 11 Ma age as the date for peak metamorphism in 
the Isertoq area. 

The zircon dates between 2500 and 2400 Ma could be related to 
metamorphism (Fig. 12), or due to Pb-loss of another nature. However, 
the latter is unlikely, as the age group is observed in all three TTG 
gneisses, and the source area for the metasediments could be the 
Lewisian gneiss complex of Scotland. The linkage between the Tasiilaq 
area to the Lewisian gneiss complex are discussed in several papers 
(Wright et al. 1973; Kalsbeek et al. 1993; Connelly et al. 2000; Friend 
and Kinny, 2001; Davies & Heaman, 2014), where there are similar rock 
types, and magmatic and metamorphic events concurrently in both 
areas. 

The Isertoq Terrane marks the northern edge of the North Atlantic 
Craton, with the adjacent Kuummiut and Schweizerland Terranes 
belonging to the Rae craton (Fig. 1). In the Kuummiut Terrane, the 
oldest recorded TTG intrusion age is 3076 ± 14 Ma, while most TTG 
intrusion ages from Schweizerland and Kuummiut Terrane range from 
2795 ± 10 Ma to 2707 ± 15 Ma, with the youngest TTG gneiss at 2646 
± 5 Ma (Kalsbeek et al. 1993; Nutman et al. 2008; Kokfelt et al. 2016a, b, 
c; Nicoli et al. 2017). It is uncertain how far apart the Isertoq and 
Kuummiut Terrane were in Archean time, but since they represent 

separate terranes, it is unlikely that the two terranes experienced the 
same geological history and crustal development (Fig. 12). 

5.3. Metasedimentary rocks in the Kap Tycho Brahe Unit 

There was an oblique subduction of the Kuummiut Terrane below 
Isertoq Terrane during the Nagssugtoqidian Orogeny, which caused an 
imbricated SE-vergent thrust and ramp system. The meta-sedimentary 
units (quartzite, paragneiss, mica schist) are Paleoproterozoic and in 
direct contact to the Archean mafic to ultramafic rocks in the Isertoq 
Terrane. An example of this is observed at northern end of Immikkeerteq 
island, where there is an age break (unconformity) between the TTG 
gneiss and the quartzite + mica schist, and an age gap between the 
Paleoproterozoic paragneiss in direct contact to the Archean amphibo
lites on Immikkeerteq (Fig. 3A). These field relationships are supported 
by the zircon ages. The quartzite from Immikkeerteq records a range in 
U-Pb zircon ages from 3230 to 1850 Ma. The Archean age peaks in the 
quartzite overlap, at least in part, with the felsic TTG gneisses in the 
Isertoq Terrane. The main peak is at 1890 ± 9 Ma, which is contem
poraneous to the peak metamorphism and is the minimum deposition 
age for the quartzite. The date agrees with a paragneiss collected at 
Tasiilaalik with a peak between 2050 and 1900 Ma (Thrane et al. 2016). 
This age is also consistent with ages reported by Nutman et al. (2008) in 
a kyanite schists from the Kuummiut Terrane. Interestingly, age peaks 
are present in meta-sedimentary rocks in the 2350 to 2100 age gap of the 
TTG gneiss, at 2270 Ma and 2210 Ma, which indicate an additional 
source of material other than the Isertoq Terrane. Zircons in the para
gneiss range in age from 2735 to 1725 Ma, and the main peak at 1871 ±
9 Ma, which is interpreted as the minimum desposition age. The 
different age range and the Th/U ratios in the quartzite and paragneiss 
could indicate two slightly different sources for the detrital zircons. 

Fig. 12. A compilation of Archean to Palae
oproterzoic events in the NAC and the Nagssug
toqidian Orogen in South-East Greenland. New 
data are presented for the Isertoq Terrane and 
literature data from: 1) Kolb et al. 2016, 2) Kolb 
2014, 3) Berger et al. 2014, 4) Kalsbeek & Taylor 
1989, 5) Nunes et al. 1974, 6) Müller et al. 2018a, 
b, 7) Lebrun et al. 2018, 8) Nutman et al. 2008, 9) 
Brooks and Stenstrop, 1989, 10) Kalsbeek et al. 
1993, 11) Nicoli et al. 2017, 12) Wright et al. 
1973. (For interpretation of the references to 
colour in this figure legend, the reader is referred 
to the web version of this article.)   

M.D. Poulsen et al.                                                                                                                                                                                                                             



Precambrian Research 385 (2023) 106940

19

5.4. Nagssugtoqidian Orogen 

The (ultra)mafic and TTG rocks make up the basement of the Isertoq 
Terrane and are of Archean to earliest Proterozoic age, where only the 
meta-sedimentary rocks, the pegmatites and syn-tectonic-to post-tec
tonic intrusions are younger. The oldest recorded peaks in the U-Pb 
zircon data related to the Nagssugtoqidian Orogeny occur at 1890 ± 9 
Ma to 1871 ± 9 Ma, which we interpret to peak metamorphism in 
Isertoq Terrane. These estimates are largely consistent with the data 
from Nutman & Friend (1989) for high-pressure granulite meta-dolorite 
from Kitak, which was metamorphosed at 650–660 ◦C and 7–8.5 kbar. 
The TTG gneisses in the Isertoq Terrane record a metamorphic age peak 
at 1885 ± 11 Ma, which is similar to intrusion ages of the AIC (Lebrun 
et al. 2018) for granodiorite at 1911 ± 7 Ma, anorthosite veins at 1887 
± 8 Ma and gabbronorites at 1882 ± 9 Ma. Overall, magmatic activity of 
the AIC is suggested to have occurred between 1910 and 1870 Ma 
(Lebrun et al. 2018) and is interpreted to represent a continental 
magmatic arc (Kalsbeek & Taylor, 1989; Nutman et al. 2008) or was 
formed by assimilation of partial melts of the garnetfereous host rock 
(Lebrun et al. 2018). Likewise, Nutman et al. (2008) notice a great 
similarity in the timing of metamorphism between Kuummiut and 
Isertoq terranes (Fig. 12). 

The pegmatites record ages that correspond to convergence and 
deformation during the Nagssugtoqidian Orogeny (Figs. 11, 12). The 
pegmatites post-date the peak metamorphic stage. The Group 1 peg
matites have a concordia protolith intercept age of 1873 ± 19 Ma based 
on U-Pb zircon geochronology and a metamorphic rim age of 1794 ± 14 
Ma. During fieldwork it was observed that Group 1 pegmatites are fol
ded, quartz-rich and not associated with corundum. The Group 2 
pegmatite have a concordia intercept age at 1843 ± 4 Ma which is 
interpreted as the intrusion age. Intrusion of the Group 2 pegmatites 
triggered corundum formation. Group 2M pegmatite have a concordia 
intercept age of 1819 ± 14 Ma and a metamorphic rim at 1774 ± 6 Ma. 
The 1819 ± 14 Ma age is interpreted as the magmatic intrusion age. The 
post-tectonic Group 3 pegmatite crosscut Group 2 pegmatites, and we 
interpret their U-Pb zircon ages to reflect intrusion at 1754 ± 19 Ma. 

5.5. Implications for corundum formation 

Corundum occurrences are remarkably common in the Isertoq 
Terrane and all occur where Group 2 (including 2 M) pegmatites interact 
with ultramafic rocks, but they appear absent in the rest of the Tasiilaq 
area. Pegmatite sheets are observed throughout the Tasiilaq area, in all 
terranes, and include several generations. Ages for the pegmatites in 
Kuummiut Terrane are 1858 ± 7 Ma and 1663 ± 9 Ma (Thrane et al. 
2016), which overlap with Group 1 and 3 pegmatites, respectively. 
However, no pegmatite ages overlapping with the group 2 pegmatites 
have been found from the Kuummiut Terrane. 

The field observations indicated a desilification process of the 
pegmatite at progressive reaction with the ultramafic rocks, which 
produced a metasomatic reaction zone with a symmetric zonation par
allel to the pegmatite vein. The resulting metasomatism progressively 
desilicifies the pegmatite, decreases its quartz and feldspar contents and 
culminates in a layer of biotite with a centre of tschermakite and 
corundum. This reaction progression can be traced in-situ from the point 
where the pegmatite intruded into the ultramafic rock, and corundum 
formation can therefore be conclusively dated contemporaneous with 
pegmatite intrusion. The different groups of pegmatites all have a 
metasomatic reaction rim with ultramafic rocks, for example the for
mation of sillimanite segregations adjacent to pegmatites in the Helheim 
Unit metapelites or a metasomatic reaction between an ultramafic rock 
and a pegmatite is described in Hinsberg & Poulsen (2017) from the 
Kuummiut Terrane, however no corundum is observed. No geochemical 
data on the pegmatite composition of the Kuummiut Terrane is available 
for comparison. However, only the Group 2 + 2M was corundum 
forming, which indicates that the geochemical composition of the 

pegmatite melt/fluid is important. The reaction products of the different 
generations of pegmatites and ultramafic rocks are not the same, which 
is observed at Sipportooq and Kitak where Group 3 pegmatite reacted 
with the ultramafic rocks forming apatite and ilmenite, but no 
corundum. 

Corundum is formed in both the metamorphic lherzolite and the 
dunite, which indicates the role of the ultramafic rocks as a silica sink as 
an important factor, and that the type of ultramafic rock is not the 
determining factor for corundum formation. Ultramafic lithologies 
including Archean dunites and spinel harzburgites are reported Peters 
et al. (2020) from the Kuummiut Terrane, hence the lack of corundum 
can therefore not be attributed to the absence of ultramafic rocks in 
other terranes. 

Most plumasite-type corundums have non-gem quality with only a 
few places having gem quality ruby/sapphire such as Kashmir (India) 
and Umba (Tanzania) (Guiliani et al. 2020) (Table 5). The potential gem 
factors that affect the growth of a crystal and the gemstone quality, 
include the type of nucleation (small or large crystals), fast/rough or 
slow/smooth growth, time required for growth, limited and desired 
amounts of inclusions, good stability during growth, free space available 
or within a rock in competition with other minerals, and lastly the syn- 
to post-growth effects such as retrogression, deformation, ecthing or 
fracturing (Fritsch et al. 2017). The plumasite-type corundum in the 
lherzolite and dunite was competing with the space available with other 
minerals forming at the same time, where the inclusions show random 
orientation, which indicates fast or rough growth, and therefore the 
corundum did not create clear crystals during growth. The corundum 
formed in the most evolved part of the pegmatite fluid/melt and along 
with biotite and tschermakite in the metasomatic reaction zone in 
lherzolite, where biotite and tschermakite inclusions indicate that the 
corundum formed last. The fractures in the corundum are likely caused 
by decompression during uplift and orogenic collapse. Corundum in the 
lherzolite is massive and in the dunite the grains are more sporadic, 
which could indicate some differences in either a) space available during 
growth, b) differences in the geochemical evolution and the pegmatite 
during metasomatism, the amount of fluids available in the corundum 
forming part of the metasomatic reaction zone, the element mobility and 
speciation in the fluids. 

The Isertoq Terrane was the upper plate during convergence and the 
corundum forming pegmatites from Group 2 appear to be restricted to 
the Isertoq Terrane both in time and in location. This could imply that 
the geotectonic setting is important for generating plumasite-type 
corundum and the melt/fluids could be derived from either anatectic 
melt of the lower crust, or partial melt of the subducted continental 
crust, or metasomatic fluids from the subducted plate released into the 
mantle wedge. The composition of the ultramafic rocks during meta
somatism only seem to play a minor role, if at all. 

According to Stern et al. (2013) metamorphic ruby and sapphire are 
petrogenetic indicators and products of continent collision as corundum 
formation occurs at amphibolite to granulite facies conditions in the 
upper plate of collisional metamorphic terranes. When comparing their 
model for continent collision, the emplacement of the AIC could fit into 
the collisional metamorphic terranes, but the plumasite-type corundum 
(this study) are formed in the overriding plate in the (ultra)mafic suites 
in Nattivit Unit, in the continental crust. 

A key observation of corundum formation in the Isertoq Terrane is 
that it forms a regular and predicticable part of the geological history of 
the area. The presence of ultramafic lithologies in the mafic rock 
(amphibolite and meta-gabbro) and TTG gneiss, and the intrusion of 
pegmatite with a specific geochemical composition made their interac
tion a near certainty, and corundum is the outcome of the style of 
metasomatism that ensues. 

6. Conclusion 

The new data from the Isertoq Terrane reveal the crustal 
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development prior to Nagssugtoqidian deformation and continent 
collision. The Archean rocks in the Isertoq Terrane consist of (ultra) 
mafic rocks and TTG gneiss. The mafic rocks have 3000–2800 Ma TDM 
model ages, with 2820–2670 Ma U-Pb zircon ages for the TTG gneisses. 
The field observations indicate that the metamorphic dunite and lher
zolite are intrusive into the amphibolites, before the TTG sheets intruded 
the amphibolite. The geochemical signatures in the (ultra)mafic rocks 
indicate they are formed in a continental arc setting. Metamorphic 
events occurred at 2698 ± 7 Ma to 2629 ± 11 Ma, 2500–2400 Ma 
and1900–1600 Ma. A metasomatic event occurred around ~ 2370, 
possibly from a continental rifting event and intrusion of a mafic dike 
swarm, where circulating crustal fluids partly reset the isotopic signa
ture in the (ultra)mafic rocks in the Nattivit Unit. A break in ages around 
2350–1900 Ma in the TTG gneisses is interpreted as a period with a 
minimal magmatic/metamorphic activity. 

The Nagssugtoqidian Orogeny started ~ 2000 Ma when the Rae 
Craton and NAC started to converge Peak metamorphism occurred be
tween 1890 ± 9  to 1871 ± 9 Ma with the metamorphic mineral as
semblages indicating pressure and temperatures of upper amphibolite 
facies conditions in the Isertoq Terrane. The Group 1 to 3 pegmatite 
intrusion occurs between 1873 ± 19 and 1754 ± 19 Ma, where the 
corundum forming Group 2 pegmatite have a U-Pb zircon age of 1843 ±
4 Ma. Both lherzolite and dunite can host plumasite-type corundum, and 
corundum formation is triggered by metasomatic reaction of pegmatites 
and ultramafic rock, in a magmatic arc geotectonic setting. 
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