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Over one billion years of Archean crust
evolution revealed by zircon U-Pb and Hf
Isotopes from the Saglek-Hebron Complex

1. Introduction

Although the extent of the early felsic crust is debated, Archean cratons are mostly composed of silica-
rich rocks from the tonalite-trondhjemite-granodiorite (TTG) suites, which abundance appears to
significantly decrease after 2500 Ma (Laurent et al., 2014; Moyen and Laurent, 2018; Moyen and
Martin, 2012). The geochemical composition of TTG differs from that of the modern continental crust,
suggesting they may have formed through distinct processes (e.g. Moyen and Martin, 2012). The study
of ancient terrain containing TTG, therefore, is crucial to our understanding of how continents formed
and stabilized. The Saglek-Hebron Complex (SHC), located in Northern Labrador, Canada, is a
polymetamorphic terrain dominated by TTG as old as 3900 Ma, and encompassing more than a billion
years of the geological record (e.g. Komiya et al., 2017). With such protracted geological history, the
SHC is one of the best candidates to decipher ancient crustal processes. Previous studies highlighted
the existence of multiple generations of granitoids within the SHC that exhibit a large variation of
chemical compositions and tonalite ages (Komiya et al., 2017; Krogh and Kamo, 2006; Satacinska et
al., 2018; Schigtte et al., 1989a; Shimojo et al., 2016; Vezinet et al., 2018). Most of these studies,
however, largely focused on the oldest Paleo to Eoarchean history of the SHC. This contribution
investigates the evolution of the SHC over the whole Archean Eon and combines detailed whole-rock
geochemistry of the wide compositional array of SHC granitoids, along with in-situ U-Pb and Lu-Hf
isotopic compositions of their zircon. The zircon U-Pb geochronology is used here to refine the

complex felsic magmatic and metamorphic history of the SHC over more than one billion years, while
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the in-situ zircon Hf isotopic compositions, combined with the whole-rock geochemical composition
of the host rocks, are used to unravel the evolution of the crustal sources involved. Together, these
tools contribute to better understand the timing, the formation, and the long-term evolution of the SHC

and the overall Archean sialic crust.

2. Geological context

The Saglek-Hebron Complex, located on the east coast of Northern Labrador in Canada, is dominated
by orthogneisses from the TTG series along with granitic rocks and includes meter to kilometer scale
supracrustal enclaves (Fig. 1). Supracrustal rocks mainly include mantle-derived rocks (mafic
metavolcanic and ultramafic rocks), and chemical or clastic metasediments (Baadsgaard et al., 1979;
Bridgwater et al., 1975; Komiya et al., 2015; Nutman and Collerson, 1991). The metavolcanic rocks
are divided into two distinct units, the Upernavik assemblage interpreted to be Mesoarchean and the
Nulliak assemblage interpreted to be Eoarchean (Bridgwater and Schigtte, 1991; Morino et al., 2018,
2017; Nutman et al., 1989; Schigtte et al., 1992). Both units, however, are compositionally similar and
interpreted as a series of tholeiitic basaltic flows displaying some extent of differentiation (\Wasilewski
et al., 2019). The SHC orthogneisses are divided into four main units including the Igaluk grey gneiss
(sometimes referred to as the Nanok gneiss), the Uivak gneiss, the Lister gneiss, and late granitic
intrusions. The oldest TTG unit in the SHC is the Igaluk grey gneiss dated at ~3900 Ma (Collerson,
1983a; Komiya et al., 2017; Regelous and Collerson, 1996; Shimojo et al., 2016). The Uivak gneiss
are the predominant lithology in the SHC, and were originally subdivided into two units based on their
age and mineralogy, with the older tonalitic Uivak | dated between 3863 Ma and 3732 Ma (Satacinska
et al., 2018; Schigtte et al., 1989b; Vezinet et al., 2018) and the younger granodioritic Uivak 1l dated at

~3600 Ma (Hurst et al., 1975; Komiya et al., 2017; Satacinska et al., 2018). However, a recent study
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argued that the Uivak gneiss rather includes five units produced throughout the Eoarchean, from 3890
to 3610 Ma, and thus form almost continuous protracted magmatism occurring over more than 250
million years (Komiya et al., 2017). The younger granitoids include Paleoarchean TTG called the
Lister gneiss consisting of granodioritic intrusions emplaced between 3240 Ma and 3350 Ma (Komiya
et al., 2017; Schigtte et al., 1989b) and Neoarchean granitic rocks intruding the SHC with a magmatic

peak occurring at ~2766 Ma (Collerson, 1983a, 1983b; Schigtte et al., 1989b).

The SHC records at least two major protracted thermal episodes leading to some extent of crustal
reworking around ~3620 Ma and high-grade metamorphism up to granulite facies around ~2760-
2600 Ma (Bridgwater and Collerson, 1976; Hurst et al., 1975; Kusiak et al., 2018; Nutman and
Collerson, 1991; Satacinska et al., 2018; Schiette et al., 1992, 1986; Van Kranendonk, 1990). Based on
detrital zircon, it has also been suggested that the Neoarchean thermal event could have been caused by
a massive collision and terrane accretion after the emplacement of the ~3300 Ma Upernavik
metasedimentary assemblage (Schigtte et al., 1992). A recent geochronology investigation on
monazites and apatites suggests two thermal closure ages at 2500 and 2200 Ma, interpreted either as
cooling ages, or as two separate successive thermal events reaching, respectively, upper amphibolite

and greenschist facies metamorphic conditions (Kusiak et al., 2018).

3. Methods

Forty-seven orthogneiss samples have been collected for this study. All samples have been analysed
for whole-rock geochemistry. A subset of eighteen samples have been selected for coupled to U-Pb
and Hf in-situ analysis in zircon. These samples have been selected to cover the full compositional

range of SHC granitoids and to include all felsic lithologies previously described in the literature. This
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includes type localities for the Igaluk gneiss described by Shimojo et al. (2016) in the Kangidluarsuk
Inlet (St John's Harbour), the Uivak Il gneiss described by Bridgwater et al.(1975) on the opposite
coast of Nulliak Island and “White Point” and the Lister gneiss found on Lister Island. The outcrop
studied by Shimojo et al. (2016) on which they obtained an age of 3920 + 49 Ma and interpreted as the
oldest rock of the complex was resampled because of its significance and given that its exact age was
questioned due the relatively large imprecision (Whitehouse et al., 2019). Specific locations
previously studied by Bridgwater et al., (1975) were also targeted given the paucity of
geochronological data on the Uivak Il and Lister gneiss from these localities. The detailed
geochronology on multiple generations of orthogneisses provided the framework to the Hf isotope
work and helped targeting the best-preserved zircon grains to analyse for Hf isotopic compositions
which are used to better understand the crustal evolution of the SCH over the whole Archean Eon.
Figure 1 shows the main sample locations and GPS coordinates for all samples are given in Table 1.
Selected outcrop photographs are available in the supplementary material Figure S1). The full methods
regarding whole-rock major and trace element geochemistry can be found in the supplementary

material (Supplementary Table S1).

Eighteen samples from our set of 47 granitoids were analyzed for both in-situ U-Pb geochronology and
Hf isotopes in zircon. Rock samples were crushed using a steel jaw crusher and disk mill and then
sieved to collect grain sizes between 250-106 pm. Heavy minerals, such as zircon and metallic oxides,
were separated using a water shaking table and methylene iodide heavy liquids. The heavy mineral
fractions were then passed through a Frantz magnetic separator to remove the magnetic minerals.
Between 100 and 120 zircon grains were then handpicked, mounted on an epoxy resin and polished.
Cathodoluminescence (CL) images of the polished zircon grains were taken using the JEOL 6610LV

scanning electron microscope (SEM) at the University of Ottawa, to identify the different zircon zones
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and guide the laser ablation work. Both U-Th-Pb and Hf isotope analyses were undertaken at the
Laboratoire Magmas et Volcans (LMV) (Clermont-Ferrand, France). U-Th-Pb isotope analyses were
performed on a Thermo Scientific Element XR-ICP-MS, and Hf isotope analyses were conducted on a
Thermo Scientific Neptune Plus multicollector ICP-MS, both instruments were coupled with a
Resonetics M50E 193 nm excimer laser ablation (LA) system. The analytical method for isotope
dating by LA-ICP-MS described in Hural et al.(2010) and Paquette et al.(2014) were followed and
more details on analytic conditions are available in the supplementary material Table S1. Primary (GJ-
1) and secondary (91500) zircon reference materials have been measured to ensure the quality of the
data over the different analytic sessions and data are found in the supplementary material Table S1 and
Table S2. Common Pb was not corrected owing to the large isobaric interference of “**Hg. The ablated
zircon zones were carefully chosen in order to avoid any mixed zones and Hf isotopic measurements
were performed on the same spots than those chosen for the U-Pb analyses according to analytical
techniques described in Moyen et al. (2017) and Paquette et al. (2017). The full Lu-Hf isotope data are
available in the supplementary material Table S3. Initial *"°Hf/*""Hf ratios were calculated using the
A"°Lu decay constant of 1.867x10™.yr* of Séderlund et al. (2004) and the CHUR parameters of
YO/ HE = 0.282785 and "°Lu/""Hf = 0.0336 (Bouvier et al., 2008) were used for calculation of

eHf values.

4 Results

4.1Petrography & Geochemistry

Although felsic rocks from the SHC have been metamorphosed and are commonly gneisses, we use
the term “granitoid” sensu lato in this study to refer to the felsic plutonic rocks. Similarly, the terms

granite, tonalite, trondhjemite, granodiorite are use to refer to a mineralogical and geochemical
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composition regardless of metamorphic fabrics. Based on observed mineralogy and CIPW normative
compositions, the SHC granitoids can be divided into four distinct groups, including trondhjemite,
tonalite, granodiorite (grouped as the TTG, s.1.) and granite (Fig. 2). From the TTG studied here, only
a few samples of granodiorite have been analyzed, but they are compositionally similar to other SHC
granodiorite previously described by Schigtte et al. (1993) (Fig. 2). The TTG are commonly medium
grained and exhibit variable degrees of deformation (Fig. S1 and Fig. S2) with common evidence of
migmatization (Fig. S1). Pegmatitic and porphyritic textures can also occasionally be observed (Fig.
S1d. e. f.). Trondhjemite samples (Fig. S1 b. g. i. and Fig S2 e. f. g. h. i.) consist of typical grey gneiss
composed of quartz + oligoclase + biotite + titanite £ zircon + apatite. Compared to the trondhjemite,
rocks that exhibit tonalitic to granodioritic compositions can be described as melanocratic grey gneiss
containing higher amounts ferromagnesian minerals such as clinopyroxene and biotite (Fig. S1 a. c. e.
f. J. k. and S2 k. I. m. n.). The granodiorite locally exhibits augen textures at the outcrop scale (e.g.
lHuilik & White Point; Fig S1.e), which is not observed in trondhjemite. The granite is composed of
quartz + orthoclase + oligoclase + biotite + zircon + apatite + garnet and typically defines meter to tens
of meter scale leucocratic units (Fig. S1 d. and S2 a. b. c. d. j.). Granitic rocks commonly occur as
migmatite veins but also as larger plutonic bodies. Granite usually shows little fabric and minor

deformation compared to TTG.

The TTG display a wide range of silica content (56.6 wt. % to 76.8 wt. %SiO,), with most samples
having below 72 wt. %SiO,. The tonalite exhibits the lowest SiO, contents among the TTG and
display high Mg concentrations relative to the other SHC granitoids (Fig. 3a), and therefore are here
referred to as Mg-rich tonalite. Except for one sample, the granite shows high and uniform silica
contents ranging from 73.0 to 77.5wt. %SiO; (Fig. 3a). Both the Mg-rich tonalite and the granodiorite

display relatively high FeO; and TiO, contents compared to the granite and the trondhjemite (Fig. 3b).
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Compared to all TTG, the granite exhibits higher concentrations in K,O (from 3 to 6 wt.%; Fig. 3c)
and Rb, and lower CaO concentrations (<2 wt. %; Fig. 3e). The tonalite and trondhjemite exhibit
higher Na,O, CaO, and Al,O3but lower K,O compared to the granite and granodiorite (Fig. 3c-d-e).
The Mg-rich tonalite, however, exhibits lower A/CNK ratios relative to the trondhjemite, with the

granite showing the highest A/CNK ratios (Fig. 3f).

All granitoids exhibit pronounced negative Nb-Ta anomalies (Fig. 4a) along with strong depletion in
heavy rare earth elements (HREE) compared to light rare earth elements (LREE, Fig. 4b). Mg-rich
tonalite and granodiorite are generally characterized by lower (La/Yb)y ratios than most trondhjemite
and granite samples (Fig. 5). The trondhjemite samples exhibit higher (La/Yb)y ratios (up to 150) and
most samples display positive Eu anomalies (Fig. 4b; Fig. 5). The trondhjemite samples collected on
White Point, however, display higher HREE contents and thus lower (La/Yb)y ratios compared to
other trondhjemite samples. The trondhjemite sample SG-019 collected on Ukkalek Island exhibits
extremely low trace element and REE concentrations, a prominent positive Eu anomaly and mostly
plots outside of the compositional field comprising the other trondhjemite samples (Fig. 4). The Lister
gneiss (SG-265) is compositionally similar to the Mg-rich tonalite but exhibits the lowest REE
concentrations (Fig. 4b). Granitic samples exhibit high Rb and Pb with lower Sr concentrations,
relative to all other TTG. In general, granite samples are more enriched in LREE compared to the
trondhjemitic rocks with large variability in (La/'Yb)y ratios ranging from 0-300 (Fig. 5). The granite
samples commonly display small positive or negative Eu anomalies while the leucogranitic samples
SG-007 and SG-017 exhibit very low REE concentrations with pronounced positive Eu anomalies

(Eun/Eu* ~60) (Fig. 4b).
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4.2U-Pb Geochronology

Zircon grains from 18 granitoids have been analyzed by LA-ICP-MS for U-Pb geochronology.
Samples were selected to comprise representative samples of each rock types with an effort to include
the different generations of granitoids known in the SHC. This selection was based on whole-rock
geochemistry, overall quality of sample (no veins, limited weathering, or alteration) and field
relationship within the SHC. For each sample, a set of 100 to 120 zircon grains have been mounted for
analysis. Data for all individual zircon analyses are available in supplementary material Table S3 and
Figure S3. Analyse s that were considered as of lesser quality (e.g. presence of 2**Pb) were discarded.
Therefore, some sample yielded a smaller number of analyzed zircon grains, especially those including
a larger amount of metamict zircon grains (e.g. SG-017, SG-019 and SG-080). Figure 6 shows
cathodoluminescence (CL) zircon images for 6 samples (all CL images are included in Figure S3) and
the Concordia plots for each sample are displayed in Figure 7. Zircon grains exhibiting inconsistent
texture in CL imaging with numerous inclusions and a high uranium content have been characterized
as metamict (e.g. B11, B12 from the SG-143 granite; Fig. 6-f.). Recrystallized zircon grains are mostly
rounded and exhibits black color in CL imaging. Recrystallized rims are commonly following the pre-
existent zonation or irregularly crosscut the zoned core in not fully recrystallized zircon grains . They
often exhibit a high uranium content and a younger age than the core. Table 2 presents a summary of
the crystallization ages, inherited ages and metamorphic ages obtained for each sample analyzed.
Reported ages for each sample in Table 2 were determined from either the Concordia age, for samples
with populations of clustered concordant zircon analyses, the weighted mean 2°’Pb/*®Pb age, for
populations of less concordant zircon analyses, or the upper intercept age, for populations with mostly

discordant zircon analyses. For samples with populations showing concordant results over a wide
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range of ages, indicative of ancient Pb-loss, the oldest concordant zircon analyses were considered as

the most representative of the crystallization age.

a. Trondhjemite

Four trondhjemite samples: SG-019, SG-024, SG-025, and SG-122, have been analyzed for U-Pb on

zircon.

Zircon grains from sample SG-019 are mostly metamict and rounded. A total of 33 analyses were
performed (Fig. 7a). The main population of zircon yields a weighted mean 2°’Pb/*®Pb age of
2732 £ 25 Ma (MSWD=2.2; n =12). These zircon grains consist of homogeneous black core to
oscillatory zoned grains, which exhibit an average U concentration of ~470 ppm (All <700 ppm).
“Black cores” or “black grains” refer to the black CL imaging rendered in response to a relatively high
U content. A resolvable second population mostly consists of metamict zircon grains (U concentrations
from 600 to 2860 ppm; average ~1600 ppm) and yields a weighted mean “°’Pb/**Pb age of
2574 £ 14 Ma (MSWD= 0.46; n =14). Two older zircon cores yield Concordia ages at 3477 + 18 Ma
and 3553 + 15 Ma. Given the large number of metamict zircon grains in this sample, and the relatively
small number of analyses compared to other trondhjemite samples, the crystallization age of SG-019 is
ambiguous. If the 2732 Ma population is taken as representing the crystallization age, the 2
Paleoarchean zircon grains would likely be inherited. Contrastingly, the Neoarchean ages could
represent reset ages or secondary recrystallization, in which case the older zircon grains could be more
representative of the crystallization age. Nevertheless, the geochronological data from this sample

must be taken with caution.

A total of 128 U-Pb analyses have been conducted on sample SG-024 (Fig. 7b). Zircon grains are

dominated by two main populations that exhibit U concentrations <1000 ppm, associated with a wide
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range of Th/U ratios (0.01-2.83). A number of zircon grains from sample SG-024 are subeuhedral to
euhedral and exhibit well defined oscillatory zoning (e.g. zircon #A17: Fig. 6a). The few concordant
analyses plot between 3800 and 3870 Ma. However, most grains from this population are discordant
and spread along a poorly defined discordia line (Fig. 7b). The two oldest concordant cores yield a
Concordia age of 3869+ 10 Ma (MSWDconcordance+Equivalence) =1.5; N =2) considered as the
crystallization age for this sample. A population of Neoarchean zircon is dominated by subeuhedral to
rounded zircon grains that show clear sector zoning and exhibits a higher average Th/U ratio of 1.64
(e.g. zircon #A05:Fig. 6a), which altogether yield a weighted mean “°’Pb/?°°Pb age of 2721 + 8 Ma
(MSWD= 0.89; n =42). A few Neoarchean oscillatory zoned rims and cores with lower Th/U ratios
(<0.2) are also present. However, these Neoarchean zircon grains exhibit much more scattered ages

and yield a weighted mean *°’Pb/*°Pb age of 2769 + 19 Ma (MSWD= 4; n =28).

Zircon grains from sample SG-025 are dominated by oscillatory and sector zoned textures to
homogeneous black in CL images. A total of 122 U-Pb analyses have been done on sample SG-025.
All analyses of oscillatory zoned zircon spread along the Concordia curve from 3838 to 3000 Ma (Fig.
7¢). The older zircon grains from this population are characterized by higher Th/U ratios, up to 0.81,
relative to the average Th/U ratio of oscillatory zoned zircon of 0.16, whereas the zircon grains
displaying younger measured 2°’Pb/*®Pb ages show more evidence of ancient Pb-loss. Therefore, the
crystallization age for this sample is best represented by the oldest concordant zircon grain with a
Concordia age of 3838 + 10 Ma. Sample SG-025 also includes a population of sector zoned and black
zircon with high Th/U (>0.2) and yielding Neoarchean ages. These grains cluster around a weighted

mean 2°’Pb/?°°Pb age of 2747 + 5 Ma (MSWD =0.54; n =91).

A total of 105 U-Pb analyses were conducted on sample SG-122 (Fig. 7d). Zircon grains from this

trondhjemite sample are dominated by rounded grains with oscillatory zoned textures and
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homogeneous black grains in CL images. The population of oscillatory zoned zircon scatters along a
discordia line with an upper intercept age at 3752 + 33 Ma (MSWD=13; n = 62). Moreover, a number
of concordant zircon analyses from this population spread along the Concordia curve between ~3790
and ~3700 Ma, suggestive of ancient Pb-loss. The oldest concordant zircon from this scattered
population gives a Concordia age of 3781 + 12 Ma, representing the crystallization age for this sample.
This euhedral zircon grain shows a clear oscillatory zoning and a relatively high Th/U ratio (~0.2). A
subordinate population of U-rich rims yields a younger weighted mean 2°’Pb/*®°Pb age of 2804 + 9 Ma

(MSWD= 0.81; n =28).

b. Mg-rich tonalite

Four Mg-rich tonalite samples have been analyzed for U-Pb on zircon, including sample SG-026, SG-

027, SG-210c and SG-265.

Sample SG-026 is dominated by oscillatory zoned to sector zoned subeuhedral zircon grains (e.g.
zircon #B16 & #E12;Fig. 6b) that exhibit variable U concentrations (20 to 1000 ppm) and relatively
high Th/U ratios (>0.6) compared to zircon grains from other samples. A total of 115 U-Pb analyses
were performed on sample SG-026, which includes a single zircon population defining a discordia line
with an upper intercept at 3820 + 20 Ma, interpreted as the crystallization age, and a lower intercept at
2514 £ 71 Ma (MSWD=1.12; n =103; Fig. 7e). Most zircon grains exhibit recrystallized black and

white rims, that systematically yield younger and more discordant ages compared to the zoned cores.

A total of 138 analyses were done for the sample SG-027, which includes three main zircon
populations (Fig. 7f). Zircon grains from the oldest population exhibit oscillatory zoning and igneous
Th/U ratios from 0.2 to 0.5. Several zircon gains from this population are concordant, spreading on the

Concordia curve between ~3600 and ~3500 Ma, which may reflect ancient Pb-loss. Therefore, the
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average age of the two oldest concordant zircon analyses of 3632 + 9 Ma (MSWDc+g) = 1.3; n =2) is
taken as the crystallization age. The other zircon populations are Neoarchean, which include two
groups characterized by metamict textures and black CL images, commonly occurring as rims around
older cores. One Neoarchean population exhibits lower Th/U ratio and yields a weighted mean
207pp/2%ph age of 2785 + 7 Ma (MSWD= 1.3: n =46), while a secondary smaller population with
higher Th/U ratios (>0.4) yields a weighted mean *°’Pb/*°°Pb age of 2595 + 20 Ma (MSWD= 0.93; n

=6).

Sample SG-210c was collected from the same outcrop and lithology as the sample previously dated at
3920 + 49 Ma (Shimojo et al., 2016), the oldest reported U-Pb age in the SHC. A total of 120 U-Pb
analyses were obtained from this sample. A number of zircon analyses scatter along the Concordia
curve from ~3900 to ~3500 Ma defining two populations (Fig. 7g). The oldest concordant zircon
analyses display a relatively homogenous population exhibiting oscillatory zoning (e.g. zircon #A01;
Fig. 6¢), with high Th/U ratios (> 0.3) and a Concordia age of 3869+6 Ma (MSWDc.g) = 1.11; n =34)
interpreted as the crystallization age. The younger zircon analyses show a fair amount of scattering and
a progressive decrease of Th/U ratios (to <0.1) as ages get younger. This population consists of U-rich
recrystallized zircon, black on CL images (e.g. zircon #A02; Fig. 6¢) and displays a weighted mean
207pp/2%ph age of 3558+11 Ma (MSWD=0.49; n =19). A single zircon yields a Concordia age of

2720+16 Ma (F02, black rounded grain).

A total of 86 U-Pb analyses were performed on sample SG-265 that was collected on Lister Island. All
zircon grains from this sample show clear and well-defined oscillatory zoning as well as relatively
high Th/U ratios, between 0.3 and 0.5. Zircon analyses from a single population define a discordia line

with an upper intercept age of 3229 + 8 Ma (MSWD= 1.3; n =70; Fig. 7h). The most concordant zircon
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analyses yield a Concordia age of 3224 + 7 Ma (MSWDc+gy= 0.13; n = 13) and considered as the

crystallization age.

c. Granodiorite

One sample of granodiorite SG-203 has been analyzed for U-Pb with a total of 121 in-situ analyses
(Fig. 71). The main population of zircon exhibits oscillatory zoning and high Th/U ratios ranging
between 0.3 and 0.5. They define an upper intercept age of 3330 + 15 Ma (MSWD=1.2; n =103)
interpreted to be the crystallization age. Two additional minor populations of zircon with lower Th/U
ratios (<0.1) yield younger weighted mean *°’Pb/*®°Pb ages of 2975 + 17 Ma (MSWD= 1.02; n =9) and

2703 + 30 Ma (MSWD=0.69; n =3).

d. Granite

Nine granite samples have been analyzed for U-Pb on zircon, including sample SG-007, SG-017, SG-
037, SG-080, SG-084, SG-087, SG-127, SG-143, and SG-208. All granitic samples were collected
from large granite exposures, except for leucogranite sample SG-017 collected from meter scale veins

between tonalite and ultramafic rocks.

A total of 98 U-Pb analyses have been conducted on sample SG-007 (Fig. 7j). Zircon grains are
dominantly elongated subeuhedral grains exhibiting oscillatory zoning or metamict textures. Most
zircon grains with oscillatory zoned cores show thin recrystallized rims. This sample displays zircon
grains with variable ages and multiple heterogeneous populations. Concordant zircon analyses display
a wide range of ages from 3883 to 3300 Ma which correlates with a decrease of Th/U ratios (from 0.7
to <0.1). The three oldest concordant grains consist of oscillatory zoned low U cores with ages
spreading on the Concordia from 3883 + 10 Ma (Concordia age from zircon #C5;Fig. 6d) to

3853 + 12 Ma (Concordia age from zircon #E10-c;Fig. 6d), with a *°’Pb/*°®Pb weighted mean age =



288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

3869 + 26 Ma MSWD=0.41; n =3). The younger concordant ages mostly correspond to rims around
oscillatory zoned older cores. On a Kernel density estimation (KDE) diagram (Fig. 7j), two high-
density peaks of apparent ages yield weighted mean °’Pb/*°°Pb ages at 3521 + 19 Ma (MSWD = 5.4;
n =35) and 3815+ 22 Ma (MSWD= 3.1; n = 15) indicative of ancient Pb-loss around 3800 and
3500 Ma. A younger concordant population consisting of recrystallized rims to completely metamict
grains (e.g. zircon #C6;Fig. 6d) with very high U concentrations (up to 2599 ppm) and a low Th/U
ratio (<0.1), yields a weighted mean 2°’Pb/*®Pb age of 2769 + 22 Ma. A third population of U-rich
metamict zircon rims (up to 5790 ppm) yields a weighted mean 2°’Pb/*®Pb age of 2649 + 17 Ma

(MSWD =1.7; n =9).

A total of 22 U-Pb analyses were conducted on sample SG-017 (Fig. 7k). It is dominated by round to
elongated metamict zircon grains. Two zircon populations with low Th/U ratios (<0.1) yield weighted
mean 2’Pb/*®Pb ages of 2802 + 13 Ma (MSWD= 1.2; n =13) and 2712 + 13 Ma (MSWD= 1.2; n =4).

A single zircon grain, perhaps inherited, yielded a Concordia age of 3576 + 14 Ma.

A total of 99 U-Pb analyses were obtained on sample SG-037 (Fig. 71), collected within a granitic unit
in contact with mafic metavolcanic rocks. Most zircon grains from this granite sample are black on CL
images and display metamict cores or rare zoned cores with high Th/U ratios (>0.2). A consistent
zircon population (Fig. 71) yields a weighted mean “°’Pb/*®°Pb age of 2744 + 8 Ma (MSWD=0.6; n
=44). Younger grains spread along the Concordia curve from 2744 to 2200 Ma and mostly consist of
metamict grains with high U concentrations (700-3800 ppm) and relatively low Th/U ratios (<0.3).
Two older discordant inherited zircon grains are also present, with the oldest one yielding a *°’Pb/?°°Pb

age of 3303 + 48 Ma.
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A total of 38 U-Pb analyses were conducted on sample SG-080 (Fig. 7m). The dominant zircon
population is characterized by high Th/U ratios and oscillatory zoned grains yielding a weighted mean
207pp/2%ph age of 3612 +9 Ma (MSWD=0.71; n =26), interpreted as the crystallization age. Two
inherited zircon cores appear to exhibit older ages with one concordant analysis (e.g. zircon #C15; Fig.
6e) which yielded a Concordia age of 3805 + 15 Ma. Two low Th/U (<0.3) homogeneous black zircon

rim and core, yield Concordia ages of 2752 + 9 Ma (MSWDc+g) =1.4: n =2).

A total of 18 analyses were conducted on the sample SG-084 (Fig. 7n). This granitic sample is
intruded by pegmatites and mostly includes metamict zircon grains commonly containing many
inclusions, explaining the limited number of data obtained from this sample. Only 10 oscillatory zoned
cores yield a poorly defined population with a weighted mean #’Pb/*®Pb age of 3710 + 24 Ma

(MSWD= 1.9; n =10)

A total of 54 analyses were obtained on sample SG-087 (Fig. 70). Zircon grains from this granite
sample are dominated by sector and oscillatory zoned grains that exhibit variable Th/U ratios. Sector
zoned grains are grouped in three major clusters. Two younger populations yielded weighted mean
207pp/*%®ph ages of 2755 + 13 Ma (MSWD=1.2; n =15) and 2584 + 14 Ma (MSWD=1.5; n =14)
whereas the oldest population defines a weak discordia line, but with the two oldest zircon analyses

yielding a Concordia age of 3758 + 10 Ma (MSWDc+g) =1.3; n =2).

A total of 45 U-Pb analyses were conducted on sample SG-127 (Fig. 7p). Zircon grains with high
Th/U ratios (>0.2) showing oscillatory zoned cores with few metamict U-rich grains, yield a weighted
mean 2°’Pb/*®Pb age of 2789 + 12 Ma (MSWD=0.83; n =18) interpreted as the crystallization age. A
younger population with lower Th/U ratios yields a weighted mean *°’Pb/*®®Pb age of 2662 + 18 Ma

(MSWD=0.68; n =8). One inherited zircon grain with clear oscillatory zoning yields a discordant
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(~4%) *"Pb/*®Pb age of 3661 + 48 Ma. All other analyzed zircon grains consist in low Th/U ratio

metamict grains with 2°’Pb/***Pb ages ranging from 2600 to 2200 Ma.

A total of 53 U-Pb analyses were done on sample SG-143 (Fig. 7q). This granite is dominated by
metamict zircon grains with subordinate euhedral oscillatory zoned textures (e.g. zircon #B11
and #B12; Fig. 6f). These zircon grains exhibit a wide range of Th/U ratios (from 0.02 to 0.7) with the
main population yielding a weighted mean 2°’Pb/**®Pb age of 2780 + 8 Ma (MSWD=0.78; n =42) that
corresponds to the crystallization age. A smaller population of U-rich metamict grains yields a slightly
younger weighted mean ?°’Pb/*®Pb age of 2706 + 19 Ma (MSWD=1.7; n =7). Three inherited cores
yield older “’Pb/**®Pb ages, with a single concordant grain exhibiting a Concordia age of

3655 + 12 Ma.

A total of 77 U-Pb analyses were obtained on sample SG-208 (Fig.7r). This granitic sample mostly
includes oscillatory zoned zircon grains with low U concentrations (31-400 ppm) and igneous Th/U
ratios ranging between 0.2 and 0.6. Concordant zircon analyses yield two different populations. The
first population gives a Concordia age of 3330 + 7 Ma (MSWDc+g) = 1.4; n =18) and is considered as
the crystallization age. The second slightly younger population yields a weighted mean 2°’Pb/*°°Pb age
of 3241 +11 Ma (MSWD=0.68; n =23), possibly reflecting age resetting. Four zircon grains also

exhibit a younger weighted mean °’Pb/?°°Pb age around 2946 + 8 Ma (MSWD= 0.33; n =4).

4.3 Zircon Lu-Hf isotopic compositions

For each rock sample, a subset of 10 to 30 representative zircon grains has been analyzed for in-situ
Hf isotopes (supplementary material Table S4) and selected based on concordance (+2 %) and
207pp/2%ph age (Table 2). Measurements were acquired on the same spot used for the U-Pb analyses

(supplementary material Figure S3). Figure 8 shows the initial eHf values for each zircon grains,
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calculated by using their corresponding “°’Pb/*®Pb age. However, given that the studied samples are
granitoids with a single crystallization age, the initial Hf isotopic composition for all of the zircon
grains from a single sample should be at the same crystallization age. Therefore, initial Hf isotope
compositions of each zircon analyses from the same sample were also calculated at the age of
crystallization reported in Table 2 and the average initial eHf values (= 2SE) for each sample are also
shown on Figure 8. This is performed in order to avoid calculating an initial Hf composition at an over
or underestimated 2°’Pb/*®Ph age for zircon grains that would have suffered ancient Pb-loss but
remained on the Concordia curve (Fisher et al., 2014a, 2014b; Kemp et al., 2010) as illustrated in
Figure 9. Figure 8 shows that Eoarchean samples (3883 to 3781 Ma) display initial Hf isotope
compositions that are suprachondritic, with average initial eHf values ranging between +3.7 to +1.7.
The Mg-rich tonalite sample SG-026 contains zircon grains exhibiting the most radiogenic Hf isotopic
composition with an average initial eHf value of +3.7 = 0.2 at 3820 Ma, falling on the depleted mantle
evolution line. Most samples with positive ¢Hf initial values are tonalitic or trondhjemitic in
composition, except for granitic sample SG-007 showing a complex zircon population (Fig. 7j) and
with initial *°Hf/*""Hf ratios between 0.28027 and 0.28042 for all zircon grains analyzed and an
average eHf initial value of +2.0 at 3883 Ma. However, given the complex and heterogeneous age
populations of this sample, this initial eHf must be taken with cautious as its Eoarchean age is based on
the three oldest zircon grains, that may be inherited or recrystallized. If the crystallization age of most
zircon grains from this sample is rather Neoarchean, recalculation of initial eHf values at 3883 Ma for
all zircon analyses would not be representative of its source. Five granitoids with Paleoarchean ages
from 3632 to 3330 Ma display subchondritic initial *"°Hf/*""Hf ratios corresponding to average eHf
initial values from -1.0 to -6.3. The low eHf initial value of -4.6 at 3576 Ma for the oldest zircon grain

from the sample SG-017, however, is from an inherited grain and the main Neoarchean zircon
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population for this sample shows an average eHf of -12.7 + 0.3 at 2802 Ma. Sample SG-203 is the only
granodiorite sample analyzed but displays the same 3330 Ma age and Hf isotopic composition as the
spatially associated granitic sample SG-208, with initial eHf values of around -6. The later ~3200 Ma
Paleoarchean Mg-rich tonalite from Lister Island, sample SG-265, is characterized by a radiogenic
initial Hf isotopic composition and does not appear to follow the general ¢Hf trend vs. time that most
other granitoids display on Figure 8. This sample has a slightly suprachondritic initial eHf value of
+1.0 £ 0.3 at 3224 Ma. The late Mesoarchean granitic sample SG-087 is characterized by an initial eHf
of -2.6 £ 0.2 at 2996 Ma. However, this sample has multiple and complex zircon generations (Fig. 70)
and geochronology results should be taken with caution as it also includes few inherited older zircon

cores with initial eHf= +1.5 + 0.4 at 3745 Ma.

Three Neoarchean granite samples dated between 2789 and 2744 Ma have been analyzed for zircon Hf
isotopic composition. They all display low initial *"*Hf/*""Hf ratios corresponding to average eHf
initial values of -11.2 to -14.3. These Neoarchean granite samples include a few inherited older grains
which ¢Hf values fall within the main time vs. initial eHf array with two ~3660 Ma cores with initial
eHf = -0.2 to -1.7 and one 3303 Ma core with initial eHf= -7.8. The Neoarchean zircon population of
the trondhjemitic sample SG-019 yielded an average €Hf initial value of -11.3 if the 2732 Ma age if
considered as the crystallization age. This sample also includes two zircon cores with older ages of
3477 and 3553 Ma that respectively yielded initial eHf values of -3.3 and +7.0. However, given the
ambiguity of the crystallization age of this sample, these initial eHf values need to be considered with
prudence. A few Eoarchean to Paleoarchean granitoids display Neoarchean zircon rims (sample SG-
024, SG-025, and SG-027) with variable initial eHf values ranging from ~ -15 to ~ -22. These zircon

grains, however, show variable and often low Th/U ratios, which could be indicative of metamorphic
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recrystallization. Therefore, the initial eHf values calculated at these ages may not be reflective of their

crustal source.

5 Discussion

5.1Composition and petrogenesis of the SHC felsic crust

The geochemical composition of Archean felsic rocks has been widely used to constrain the nature of
their sources and the various processes leading to the formation of Archean crust (e.g. Hoffmann et al.,
2019; Laurent et al., 2014; Moyen et al., 2001; Moyen and Martin, 2012; Whalen et al., 2002). Rocks
from the TTG series make up a major part of the Archean cratonic nucleus forming our stable
continents. Various petrogenetic models have been proposed to explain the origin of TTG, and several
lines of evidence point to an incompatible element enriched mafic source as their precursor (e.g.
Hoffmann et al., 2019, 2011; Jayananda et al., 2015; Moyen, 2011; Moyen and Martin, 2012; Smithies
et al., 2009). Melting of this mafic source at medium to high-pressures, with the involvement of
residual garnet, is the mechanism dominantly proposed to account for the TTG's typical HREE
depletion, correlated with high Sr/Y ratios (Moyen, 2011; Nagel et al., 2012). In comparison, granite
requires a K-rich source and are generally thought to derive from the melting of felsic lithologies (e.g

Laurent et al., 2014; Moyen, 2011; Moyen and Laurent, 2018).

Given the high-grade metamorphic conditions of the SHC, our interpretation is focused toward the
least mobile elements, although the SHC granitoids appear to have relatively well-preserved whole-
rock geochemical compositions, despite metamorphism reaching up to granulite facies. Granitoids
from the SHC display variable geochemical compositions, but the samples analysed here are consistent

with geochemical compositions of SHC felsic rocks from the literature (Bridgwater and Collerson,
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1976; Schigtte et al., 1993, 1989a) and can be divided into four main rock types including
trondhjemite, Mg-rich tonalite, granodiorite and granite. Table 3 and Figure 10 present the main
compositional characteristics of each granitoid groups. While there is no systematic relationship
between the age of the SCH granitoids and their whole-rock chemical compositions, there appears to
be a general temporal evolution of the SHC felsic rocks composition. The TTG are more commonly
found in the Eoarchean and the Paleoarchean, whereas most granite samples are often Neoarchean
(Table 2). This broad compositional secular evolution is observed in most Archean cratons (Laurent et

al., 2014).

In general, the SHC granitoids exhibit a wide range of HREE depletion with most rocks exhibiting
high (La/Yb)y ratios typical of Archean TTG (La/Ybn>15; Fig. 4 and 5). The HREE depletion in TTG
is generally attributed to the presence of residual garnet in the source, which seems to be mainly
controlled by the pressure of melting (e.g. Moyen, 2011; Nagel et al., 2012). Most SHC trondhjemite
samples exhibit a more pronounced HREE depletion compared to the Mg-rich tonalite and
granodiorite (Fig. 4 and 5), which would suggest that they were produced from melting at higher
pressures. This is also supported by the higher Sr/Y ratios of the trondhjemite compared to the Mg-rich

tonalite consistent with formation at lower pressures (Fig. S5).

Several trondhjemite samples exhibits pronounced positive Eu anomalies that appear to correlate with
La/Yb and Zr/Nd ratios (Fig. 11). Different petrogenetic processes have been proposed to explain
positive Eu anomalies in Archean granitoids such as accumulation of feldspars, fractionation of small
amounts of allanite or residual rocks from partial melting (Condie et al., 1985; Martin, 1987; Rudnick,
1992). Given the complex reworking history displayed by some SHC granitoids, supported by the high
discordance of some Eoarchean zircon (Fig. 7b-c-d & supplementary material Table S3) and the

relative abundance of secondary sector zoned zircon in the trondhjemite, it is possible that the
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trondhjemite which exhibit positive Eu anomalies represent residual rocks after some extent of partial
melting. All trondhjemitic samples analyzed here for U-Pb include at least a small proportion of
Neoarchean sector zoned igneous zircon, despite their Eoarchean crystallization ages. The main zircon
population of sample SG-019, which displays the largest Eu anomaly, is Neoarchean with only 2 older
zircon cores preserved. Field observations support the relatively high migmatitisation of the Saglek-
Hebron Complex crust, which exhibits important, if not systematic, leucocratic veins of granitic melt
(see supplementary material Fig. S1). Contrastingly, the Mg-rich tonalite and granodiorite do not
exhibit such positive Eu anomalies and show higher REE contents, suggesting that their whole-rock
geochemical composition may not have been affected by remelting event(s) to the same extent as the
trondhjemitic rocks. The SHC granodiorite have a REE composition similar to modern granite as

opposed to the high La/Yb ratios typically displayed by TTG (Fig. 5).

Interestingly, the SHC granitic rocks show a wide range of HREE compositions (Fig. 4) and La/Yb
ratios similar to, or much higher than the TTG, as opposed to typical modern granitic rocks (Fig. 5).
This would be expected if they were mostly produced form re-melting of a precursor with a wide
compositional range and high La/Yb ratios, such as the older SHC trondhjemite and Mg-rich tonalite.
Most granitic samples exhibit negative to slightly positive Eu anomalies (Fig. 4b and 11) consistent
with this petrogenetic interpretation. The leucogranite samples SG-007 and SG-017 are the two
exceptions that exhibit pronounced positive Eu anomalies with very low REE concentrations (Fig. 4b
and 11) and most likely represent restites from the melting of older crust. This is also consistent with
their zircon populations. SG-017 includes mainly low Th/U Neoarchean zircon with a single inherited
Paleoarchean zircon (Fig. 7k), whereas sample SG-007 displays a complex zircon population with

several Eoarchean zircon that show evidence of important Pb-loss between 3800 and 3500 Ma and
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abundant Neoarchean re-crystallized zircon (Fig. 7j). This is indicative of a complex protracted crustal

reworking history consistent with the restitic compositions of the leucogranite samples.

Figure 12 can be used to determine the potential source for felsic melts and therefore, the precursors of
Archean granitoids. The SHC TTG appear to result from the melting of a mafic source characterized
by variable K contents. The SHC granitic rocks, on the other hand, are more consistent with a felsic
crustal source. The older Eoarchean and Paleoarchean tonalite and trondhjemite are the likely crustal
precursor sources to the Neoarchean granitic rocks, which would explain the wide range of REE
compositions of the granite with La/Yb ratios similar to both the Mg-rich tonalite and the trondhjemite.
Several granite samples exhibit negative Eu anomalies which could be complementary with the
positive anomalies found in the trondhjemitic (perhaps restitic) rocks. The ternary diagram shown in
figure 12b was proposed by Laurent et al. (2014) to highlight the relative end-member petrogenetic
processes involved in the formation of Archean granitoids. A high Na,O/K,O ratio indicates the
melting of mafic rocks producing K-poor granitoids, a high A/CNK ratio is consistent with an Al-rich
source such as metasediments, and the FMSB [FSBM = (FeO; + MgO) x (Sr + Ba) wt. %] value is
indicative of the interaction with a metasomatized mantle. Applied to the SHC granitoids, this diagram
further supports the hypothesis that the likely source of the tonalite and trondhjemite is a mafic crust,
whereas the granite is more consistent with derivation from the melting of Al-rich felsic crust. Some
Mg-rich tonalite and granodiorite samples plot towards the FMSB end member, suggesting that they
may have interacted with, or included, a mantle component. Similar geochemical characteristics are
observed in Archean sanukitoid (Laurent et al., 2014) originally defined as diorite to granodiorite with
high Mg# (>0.6), Ni (>100 ppm) and Cr contents (200-500 ppm), with variable TiO, contents and
relatively high K, Sr, Zr and Nb concentrations (Shirey and Hanson, 1984). Despite the geochemical

signature that could be supportive of interaction with the mantle and the relatively high abundance of
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Cr-Ni displayed by the SHC Mg-rich tonalite, it still does not reach the typical enrichment in Ni-Cr-Sr
found in typical sanukitoid (Heilimo et al., 2010; Martin et al., 2009; Martin and Moyen, 2005). The
SHC tonalite, nevertheless, exhibits high Mg, Fe, Cr, Ti and V concentrations relative to the

trondhjemite, but perhaps not quite comparable to typical Neoarchean sanukitoid.

5.2Geochronology of the SHC granitoids

Early work on the SHC granitoids associated the main episodes of felsic magmatism with defined rock
compositions. For example, the Uivak | gneiss was described as ~3700-3800 Ma tonalite, whereas the
Uivak Il gneiss was defined as ~3600 Ma granodiorite (Baadsgaard et al., 1979; Bridgwater and
Schigtte, 1991; Nutman and Collerson, 1991). It has become clear with the more recent work,
however, that specific geochemical compositions are not associated with specific ages. This is also
evident from the new dataset we present in this study. While Mesoarchean and Neoarchean felsic rocks
are mostly composed of granite (with perhaps subordinate trondhjemite), the Paleo- to Eoarchean
granitoids in the SHC include trondhjemitic, tonalitic, granodioritic and granitic rocks, (Table 2).
Therefore, we propose here that the terminology for the different SHC units (e.g. "Igaluk” or "Uivak
I", etc...) refers to distinct temporal magmatic events, regardless of geochemical compositions, we will
use names such as: "Uivak | Mg-rich tonalite”, "Uivak | trondhjemite™ or "Igaluk Mg-rich tonalite", in

order to refer to both the age and respective geochemical composition.

To get a statistical overview of the age distribution of the felsic magmatism in the SHC, we have used
Kernel density estimation diagrams (KDE; Fig. 13a-b) to highlight the probability of a zircon to be
either metamorphic or magmatic, based on the textural and chemical characteristics of each zircon, at a
given time. Probabilities from KDE, provide an overview of maximum magmatic production, thermal
recrystallization and relative timing between different maximums, as well as show whether magmatic

production is punctual (sharp Gaussian peak) or diffused in time (asymmetrical peak or large
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wavelength Gaussian distribution). It should also be noted that sample bias or missing data can be a

caveat for interpretation of these KDE.

5.2.1 Magmatic history

The SHC is one of the rare geological terrains on Earth preserving Eoarchean rocks. Precise and
accurate age determination of Earth's oldest rocks has important implications, as it brings timing
constraints on various geological processes to understand the early Earth (e.g. Whitehouse et al.,
2019). Shimojo et al. (2016) proposed age of 3920 +49 Ma for a banded grey gneiss sample
(LAA995) they interpreted as from the Igaluk gneiss. This would represent the second oldest
occurrence of felsic crust on Earth, after the Acasta gneiss (Bowring and Williams, 1999; Reimink et
al., 2016). However, over 300 spots from 231 zircon were analyzed by LA-ICP-MS for this sample
and only the 6 oldest zircon were used to define this age, of which 5 yield over-concordant ages.
Whitehouse et al. (2019) recently questioned the exactitude of this age and pointed out that a larger
subset of analyses from this granitoids yields a statistically significant population with a mean
207pp/2%ph age of 3865 + 4 Ma. Sample SG-210c (this study) is the same banded grey gneiss, collected
on the same outcrop as sample LAA995 (supplementary material Fig. S4). The Concordia age we
obtained for the 34 oldest concordant zircon from sample SG-210c is 3869 + 6 Ma (Fig. 7g). When we
apply the same data filtering method used for SG-210c to select a subset of analyses from sample
LAA995 (+2% concordance; Th/U >0.3; ?°’Pb/*®Pb age older than 3800 Ma), it defines a consistent
concordant population with a well-defined Gaussian distribution around a Concordia age of
3869+5 Ma (MSWD=1.1 n =181). Although it still represents one of the oldest rocks on Earth, the
oldest Igaluk granitoids unit is thus more consistent with a <3900 Ma age, which was displayed by

other granitoids samples from the SHC, such as 3860 + 10 Ma (Vezinet et al., 2018); 3851 + 46 Ma,
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3829 + 27 Ma, 3869 + 31 Ma, 3895 + 33 Ma and 3897 + 33 Ma (Komiya et al., 2017); 3849 + 260 Ma

(Collerson, 1979); 3863 £ 12 Ma (Schigtte et al., 1989a).

Figure 13a displays the probability density for concordant zircon (+2%) that exhibit Th/U ratios >0.3
and igneous textures (sector/oscillatory zoned), interpreted to represent the probability of
crystallization ages. The limit of 0.3 for Th/U ratios was set based on the correlation between the rock
crystallization age and the zircon's Th/U ratio. Within our dataset, the zircon grains that are closer in
age to the interpreted crystallization age of their host rocks, exhibit higher Th/U ratios that are
generally above 0.3. The Concordia age deconvolution analysis shows that three distinct probability
peaks of zircon production are recorded during the Eoarchean and early Paleoarchean, at 3857 Ma,
3744 Ma and 3575 Ma (relative misfit of 0.131). In contrast to the proposed protracted and continuous
magmatic activity proposed by Komiya et al. (2017), we suggest that the magmatic activity is most
likely represented by three discrete magmatic pulses during the Eoarchean, which would correspond to

the units previously defined as the Igaluk gneiss, the Uivak | gneiss and the Uivak Il gneiss.

Between 3400 and 3200 Ma, two distinct generations of granitoids intruded the SHC, supported by the
Concordia age of 3224 + 7 Ma for the Lister gneiss sample SG-265 and the ages of 3330 + 15 Ma and
3330 + 7 Ma, obtained respectively from samples SG-203 and SG-208. The 3224 and 3330 Ma
samples have distinct initial eHf values of +1 and -6, and we thus interpret these felsic magmas to be
derived from distinct sources produced from two separate magmatic events. We therefore define the
Lister gneiss unit as being emplaced at ~3220 Ma and propose a distinct ~3330 Ma magmatic event,
referred to as the "luilik™, the local Inuit name for the area described as the "opposite coast of Nulliak
Island” by Komiya et al.(2017, 2015), where the 3330 Ma samples were collected. Although
recognizably distinct, the Iluilik magmatic event appears to be a minor component of the SHC mostly

located around the Nulliak Island and its Iluilik opposite coast.
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A prominent Neoarchean event is dominated by granitic intrusions and defines a single magmatic peak
with an age of 2750 Ma (Fig. 13a). This suggests that the Neoarchean thermal event generally
associated with peak metamorphism in the SHC (e.g. Komiya et al., 2017; Kusiak et al., 2018; Nutman
and Collerson, 1991; Schigtte et al., 1989b; Van Kranendonk, 1990), was also accompanied by an

important magmatic activity.

5.2.2. Metamorphic history

The SHC has been subjected to a complex thermal history with prevalent metamorphism between
2700-2800 Ma, but later high-temperature events have also been recognized (Komiya et al., 2017
Kusiak et al., 2018; Satacinska et al., 2019, 2018; Schigtte et al., 1992; Van Kranendonk, 1990).
Figure 13b shows the KDE diagram of the probability density ages for recrystallized zircon grains and
those exhibiting evidence of age resetting. Only zircon grains yielding concordant (+2%) ages, and
thus fully reset ages, are included on Figure 13b. Zircon grains which exhibit low Th/U ratios (>0.3)
and homogeneously black texture or heterogeneous patterns (metamict) have also been used as criteria
for metamorphic zircon. Eoarchean zircon grains consistent with a metamorphic recrystallization
exhibit only one major probability peak that appears to be contemporaneous, if not slightly later, to the
~3600 Ma Uivak Il magmatic event. This would be consistent with a thermal event described in
previous work (Bridgwater et al., 1975; Collerson, 1983b; Satacinska et al., 2018; Van Kranendonk,
1990). These concurrent igneous and metamorphic events are supported by the presence of 3600 Ma
metamorphic recrystallization rims surrounding pristine igneous oscillatory zoned 3860 Ma old zircon
cores (e.g. SG-210c; Fig. 6¢ & Fig. 7g; supplementary material Table S3), as well as the presence of
inherited 3805 Ma igneous cores surrounded by a Uivak Il oscillatory zoned crystallization (e.g. SG-

080; Fig 6e & Fig 7m; supplementary material Table S3). An older subordinate Eoarchean population
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of metamorphic recrystallized zircon grains is seen at ~3750 Ma, but we suggest this could result from
ancient Pb-loss in zircon from the lgaluk gneiss rather than reflecting a distinct metamorphic event.
Two minor metamorphic peaks can be observed at 3250 Ma and ~3000 Ma (Fig. 13b), but these late
Paleo- to Mesoarchean metamorphic events remain equivocal due to the lack of resolution of the KDE

diagram and the relative rarity of these populations.

The highest probability peak of recrystallization occurs during the Neoarchean (Fig. 13b), which is
consistent with the extensive metamorphic event previously suggested at 2700 Ma (e.g. Kusiak et al.,
2018; Schigtte et al., 1989b). However, our maximum of recrystallized zircon ages appears to occur
closer to 2800 Ma, perhaps shortly before the 2750 Ma Neoarchean peak defined by igneous zircon
grains (Fig. 13a). This may suggest a slight delay (~50 Ma) between the maximum intensity of the
thermal event and the maximum probability of granitic magmatism, which may correspond to crustal
anatexis. The overall distribution of the Neoarchean recrystallized zircon shows an asymmetric peak
shape that reaches its maximum at 2800 Ma, before gradually decreasing to lower probabilities until
2200 Ma, after which no zircon is produced in the SHC. This asymmetric peak could be an artifact
from our selection criteria used to build the KDE diagram, which could comprise zircon grains that
experienced incomplete Pb-loss. However, we cannot disregard the possibility that it suggests
protracted high-grade metamorphism before gradually decreasing until 2400-2200 Ma. The apparent
asynchrony between the igneous and metamorphic zircon ages may therefore be due to some
metamorphic zircon grains that have not been fully reset. The zircon grains with ages <2700 show high
U concentrations (Fig. 13b top right inset) and could be more susceptible to reopening of the U-Pb
system due to the higher rate of U decay causing the breakdown the zircon crystal lattice (Lee et al.,
1997). Therefore, a protracted thermal event that gradually decreased in intensity would keep the U-

rich zircon in isotopically open conditions longer than those with lower U contents. The latter would



600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

then record older ages compared to the more U-rich zircon grains. This protracted thermal event is also
in agreement with what was suggested by Kusiak et al. (2018) based on younger ages obtained on

monazite and apatite in the SHC of 2600-2500 and 2200 Ma respectively.

5.3. Crustal sources and reworking history

The U-Pb-Hf isotopic composition of the Eoarchean and Hadean Jack Hills detrital zircons provided
invaluable information about the early crust (e.g. Amelin et al., 1999; Blichert-Toft and Albaréde,
2008; Harrison, 2005; Kemp et al., 2010), but the fact that their host rocks have been eroded away
limits the constraints we can put on the earliest crustal history. Possible ancient Pb-loss in detrital
zirconscan also result in younger apparent 2°’Pb/?®®Ph ages and consequently bias the calculated initial
Hf isotopic composition (e.g. Amelin et al., 2000; Vervoort and Kemp, 2016). The SHC zircon grains
studied here are all from rock samples with a single interpreted crystallization age. As shown on
Figure 9, to avoid the possible calculation of the Hf isotopic compositions at an incorrect apparent Pb-
Pb age, we are considering the average initial eHf value for all magmatic zircon grains from each
granitoids, calculated at the crystallization age of their respective host rock (Table 2, Fig. 14). The
composition we attribute to the precursor crustal source of the rocks hosting the zircon grains has an
important implication on how the same dataset can be interpreted regarding crustal history. For
example, a 3.5 Ga zircon with an initial eHf value of -5 could be produced from the remelting of a 3.8
Ga felsic crustal precursor or a 4.3 Ga mafic crustal precursor, assuming *"°Lu/*""Hf ratios of 0.01 and
0.025 respectively, and a chondritic initial *"°Hf/*""Hf ratio for both sources. To better constrain the
Lu/Hf ratio for the crustal precursor(s) of the SHC granitoids, we use here the whole-rock geochemical
composition of each of the host rock samples as a proxy for the composition of their crustal sources

and evolution. As discussed previously, we interpret SHC TTG to be derived from the melting of a
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mafic precursor, while the granitic rocks are consistent with the melting of a felsic crustal source (Fig.

12a).

The Eoarchean lgaluk and Uivak I gneiss exhibit slight positive initial eHf values from +1.7 to +3.7,
between 3700 and 3900 Ma (Fig. 14), suggesting that the precursor source of these granitoids had a
suprachondritic Hf isotopic composition in the Eoarchean. This contrasts with zircon from most other
Eoarchean TTG, generally displaying chondritic or subchondritic initial eHf values (e.g. Guitreau et al.
2012; lizuka et al., 2009; Neraa et al., 2012; O’Neil et al., 2013; Reimink et al., 2016), leading some
authors to suggest that widespread chemical depletion of the mantle, did not take place prior to
~3800 Ma (e.g. Vervoort and Kemp, 2016). Vezinet et al. (2018) recently concluded that a 3860 Ma
TTG sample from the SHC included zircon with chondritic initial eHf values within uncertainty.
However, when the ¢Hf values for each zircon analysed are all calculated at the crystallization age of
the host rock of 3860 Ma, such as the approach from study, it yields an average initial eHf value of
+1.6 £ 0.2 (2 S.E.). This is consistent with the slight suprachondritic Hf isotopic compositions we have
obtained for all SHC Eoarchean granitoids (Fig. 14). We, therefore, argue that the oldest granitoids
from the SHC were sourced from reservoir characterized by a suprachondritic Lu/Hf ratio. The
3820 Ma Igaluk sample SG-026 yields the highest initial eHf value of +3.2. To evolve to such positive
¢Hf values by 3800 Ma, a reservoir formed at 4568 Ma with chondritic *®Hf/*"’"Hf would need a
Y8 u/M""Hf ratio of 0.0435. The other SHC Eoarchean granitoids have suprachondritic initial eHf
values corresponding to time-integrated *"°Lu/*""Hf ratios for their source ranging from 0.0393 to
0.0412. This would suggest that the crustal precursor source of the SHC Eoarchean granitoids was
derived from a mantle with a comparable to slightly higher degree of depletion than the present-day

depleted mantle with *"°Lu/*""Hf = 0.03933 (Blichert-Toft and Puchtel, 2010).
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The Uivak gneiss has previously been interpreted to result from the melting of the Nulliak mafic
supracrustal rocks (Komiya et al., 2017, 2015; Morino et al., 2018; Nutman and Collerson, 1991,
Shimojo et al., 2016). A Lu-Hf isochron, mainly including ultramafic rocks interpreted to be from the
Nulliak assemblage, yielded an initial ¢Hf value of +5.1 at 3794 Ma(Morino et al., 2018) with
eHf(3770ma) for individual samples as high +12.8. No zircon analyses from SHC granitoids have
however yielded such high initial eHf values (this study; Vezinet et al., 2018). The highly positive eHf
values of the Nulliak rocks may in part be due to some extent of disturbance of the Lu-Hf isotopic
system, as suggested by the high MSWD value of 142 of the Lu-Hf isochron (Morino et al., 2018). It
nevertheless suggests that the SHC includes Eoarchean mafic/ultramafic crust with suprachondritic Hf
isotopic compositions, which would be a possible crustal source for the Igaluk and Uivak | TTG. The
Igaluk granitoids , however, appear to predate the Nulliak mafic rocks, which would argue against
their derivation from melting of the Nulliak metabasalts. All long-lived isotopic systems used to
constrain the age of the Nulliak mafic rocks, such as Sm-Nd, Lu-Hf or Re-Os (Collerson et al., 1991,
Ishikawa et al., 2017; Morino et al., 2018, 2017), however, show evidence of some degree of
disturbance with large errors on isochron ages (hundreds of million years) and we therefore cannot rule

out the Nulliak mafic rocks as the possible source of the Igaluk gneiss.

Although trondhjemite and Mg-rich tonalite are more dominant within the Eoarchean Igaluk and
Uivak | gneiss, tonalitic samples also occur within the ~3600 Ma Uivak Il and ~3200 Ma Lister gneiss.
The Uivak Il tonalitic sample has a slight subchondritic initial eHf value of -1.1 at 3632 Ma. While
reworking of Eoarchean felsic crust evolving with a low *"®Lu/*""Hf ratio of ~0.011 could explain the
zircon Hf isotopic composition of this Uivak Il tonalite sample (Fig. 14), its whole-rock geochemical
composition rather suggests derivation from a mafic crustal source (Fig. 12a). Previous work showed

that the mafic amphibolites from the SHC display a wide range of *"°Lu/*"’Hf [e,g, 0.016 to 0.032
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(Morino et al., 2018)] but assuming a “"®Lu/*""Hf ratio between 0.020 and 0.026 for this mafic
precursor, more typical of a basaltic crust (Amelin et al., 2000; Blichert-Toft and Albaréde, 2008;
Kemp et al., 2010), it would suggest a Hadean age between ~4000 and ~4200 Ma for the crustal source
of the Uivak Il tonalite, if this mafic crust was derived from a long-term depleted mantle-like reservoir

(Fig. 14).

The initial eHf value of +1.0 for the 3224 Ma Lister tonalitic gneiss contrasts with the lower initial eHf
value of ~-6 for the 3330 Ma lluilik granitoids, suggesting that although these granitoids units were
produced only ~100 Ma apart, they were derived from sources with distinct early histories. If we
consider a mafic composition for the crustal precursor of the tonalitic Lister gneiss (Fig. 12a), it would
suggest a ~3500 Ma to ~3600 Ma mafic crustal source (Fig. 14). Morino et al. (2018, 2017) proposed
the occurrence of Paleoarchean mafic rocks in the SHC, but their chondritic *"°Hf/*""Hf composition
at ~3400 Ma suggest it would not be a suitable precursor source for the Lister gneiss. Other potential
mafic crustal sources for the Lister tonalite would include the ~3800 Ma Nulliak mafic supracrustal
rocks or perhaps the Paleoarchean Saglek dikes (Baadsgaard et al., 1979). Alternatively, the Lister
gneiss could be derived from the melting of older mafic crust, similar to the source of the Igaluk-Uivak
I or Uivak Il, but with contribution of juvenile material or interaction with the depleted mantle. The
Lister gneiss, however, does not exhibit the geochemical features that are typically interpreted as
reflecting an interaction between TTG melts and the mantle, such as high Cr and Ni (e.g. Moyen and
Martin, 2012) nor evidence for a high component of metasomatized mantle (Fig 12b). Regardless of
the exact source of the Lister gneiss, its zircon Hf isotopic composition denotes the contribution of a

more juvenile component at the end of the Paleoarchean.

Both the granite and granodiorite ~3300 Ma lluilik samples yielded comparable initial eHf values of ~-

6. While the granitic sample could be produced by reworking of the older SHC Eoarchean felsic crust
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(Fig. 14), the whole-rock geochemical composition of the granodiorite would be more consistent with
a high-K mafic crustal source (Fig 12a). A mafic crustal reservoir would need to have been formed
before ~4.1 Ga to evolve to an initial eHf value of -6 at 3300 Ma (Fig. 14). No evidence of Hadean
mafic crust has been observed in the SHC, but the existence of Hadean hydrothermally altered
enriched mafic crust has been proposed as the source of the Jack Hills detrital zircons (Kemp et al.,
2010), the Acasta gneiss (e.g. Reimink et al. 2016, 2019) and the Nuvvuagittuq TTG (O’Neil et al.,

2013; O’Neil and Carlson, 2017).

Another scenario than melting Hadean mafic crust that could possibly explain the low eHf values of
the zircon grains from the ~3600 Ma Uivak Il and ~3300 Ma lluilik TTG, would be derivation from a
mixed crustal source. One could imagine that by the Paleoarchean, the SHC crust was a mixture of
mafic Nulliak metavolcanic-type rocks and felsic Igaluk-Uivak | tonalite-trondhjemite. The
contribution of an older felsic crustal component in the source of the Paleo- to Mesoarchean TTG
could result in lower initial eHf values. Assuming that both mafic and felsic end-member sources were
formed at 3880 Ma, with respective Hf concentrations of 1.1 and 3.5 ppm [average Hf concentrations
for the Nulliak mafic rocks (Wasilewski et al., 2019) and SHC tonalite-trondhjemite (Table 1)] and
evolved with respective *"°Lu/*""Hf ratios of 0.025 and 0.01, it would, require that the felsic
component represent nearly 70% of the mixed crustal source to explain the zircon Hf isotopic
composition of the 3630 Ma Uivak Il tonalite. Even if a lower ®Lu/*""Hf ratio of 0.001
[corresponding to the lowest Lu/Hf ratio measured in the SHC trondhjemite (Table 1)] is considered
for the felsic source, more than 50% felsic component is needed to account for the gHf value of the
Uivak Il tonalite. This is however inconsistent with its whole-rock geochemical composition which
infers a dominantly mafic source (Fig. 12). Mixing older SHC felsic rocks in the source of the 3300

Ma lluilik granodiorite to account for its low zircon initial eHf value is also unlikely as the Iluilik
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rocks have the highest Hf concentrations (>6.8 ppm) of all SHC felsic rocks and therefore, felsic crust
assimilation or mixing would only have a limited effect on its Hf isotopic composition. Except for
Neoarchean sample SG-087, all other SHC granite samples define an initial ¢Hf vs. time trend
consistent with the reworking of an Eoarchean felsic reservoir evolving with a *"°Lu/*""Hf of ~0.011
that originates from the Igaluk/Uivak | gneiss (Fig. 14). Most inherited zircon grains are found in
granitic samples and follow the same felsic reservoir trend (Fig. 14), which further supports the
hypothesis that the granite is produced from the melting of the Eoarchean felsic crust. The combined
whole-rock geochemical and Hf isotopic compositions of the granitic rocks of Igaluk, Uivak I, Uivak
I, lNuilik and Neoarchean ages, therefore suggest that they were produced from the remelting of the
SHC Eoarchean tonalite/trondhjemite over ~1 billion years. The ~3000 Ma granitic sample SG-087,
however, would be consistent with the reworking of the ~3200 Ma Lister gneiss rather than the
Eoarchean TTG. Except perhaps for the trondhjemite sample SG-019 with an equivocal crystallization
age, all Neoarchean granitoids analyzed here are granitic in composition with low initial zircon eHf
values. This suggests that the ~2750 Ma felsic magmatism is dominated by remelting older felsic crust,
with little to no input from a more juvenile source. The major Neoarchean high-grade metamorphic
event that affected the SHC, therefore, appears to also have been accompanied by important crustal

reworking and anatexis.

Given that the SHC is part of the North Atlantic Craton, it is often compared to the Itsaq Gneiss
Complex of Southwest Greenland, also comprising Eoarchean TTG and supracrustal rocks
(Bridgwater et al., 1990; Collerson, 1983a; McGregor, 1973; Morino et al., 2017; Neeraa et al., 2012;
Wasilewski et al., 2019). Figure 14 shows the evolution of Hf isotopic compositions for detrital and
igneous zircon from southwest Greenland (Neraa et al., 2012; 2014) compared to the SHC igneous

zircon. The Eoarchean zircon grains from Greenland overall display lower initial éHf values, with
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mostly chondritic to slightly subchondritic compositions, compared to the SHC where the 3700-
3900 Ma zircon grains generally display positive initial eHf values (Fig. 14). The zircon Hf isotopic
compositions from both SW Greenland and the SHC are mostly consistent with reworking of
Eoarchean crust until the late-Paleoarchean when it abruptly shifts from low initial eHf values around
3300 Ma to suprachondritic compositions at ~3200 Ma (Fig. 14; Hoffmann et al., 2011; Neraa et al.,
2012). This was interpreted by Neeraa et al. (2012) to represent a change of geodynamic setting in SW
Greenland that involved juvenile crust generation by plate tectonic processes. An important input of
juvenile crust was recorded throughout the Mesoarchean in SW Greenland with mostly positive initial
zircon eHf values between 3200 and 2800 Ma (Naraa et al., 2012), but the lack of Mesoarchean
zircon-bearing rocks in the SHC does not allow to assess if the same processes were involved during
that time. Similarly to the SHC Neoarchean granitoids, the Neoarchean Qo6rqut Granite Complex of
SW Greenland displays low zircon eHf values between -12 and -18 at ~2550 Ma. However, these are
believed to be derived from an Eoarchean mafic source (Naeraa et al., 2014) rather than from
reworking of older felsic crust, such as what we propose for the SHC Neoarchean granitoids.
Therefore, the dominant crustal source of the SHC and SW Greenland felsic rocks seems to diverge in

the Neoarchean.

5.4. Tectonic context of the SHC

One of the most highly debated subjects about the early Earth concerns the tectonic setting operating
and responsible for the formation of the Archean cratons (e.g. Bédard, 2016; de Wit, 1986; Grove et
al., 2003; Johnson et al., 2013; Moyen and Laurent, 2018; Nutman and Bennett, 2019; Smithies and
Champion, 2000; Wiemer et al., 2018). The geochemical and isotopic compositions of ancient rocks

have been widely used to constrain the tectonic environments in which they formed, but there is still
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no consensus on Earth's early geodynamics. Although the compositions of the SHC metavolcanic
rocks do not exhibit geochemical signatures typically found in suprasubduction environments
(Wasilewski et al., 2019), Komiya et al. (2015) suggested evidence of Eoarchean subduction settings
in the SHC. Based on field observations, they describe the stratigraphy of the Nulliak supracrustal
assemblage as an analog to the duplex structures observed in the Japanese trench, interpreted as large
accretion prisms. In this model, the Uivak | granitoids would be produced from the melting of basaltic
crust within an accretionary complex at shallow depths. However, Uivak | and Igaluk TTG exhibit
strong HREE depletion (Fig. 4 and Fig. 5) consistent with the melting of a garnet-bearing precursor at
relatively high-pressures, which is at odds with shallow-level melting of a tholeiitic or possibly
komatiitic crust. Although U-Pb and Hf isotopes cannot directly be linked to tectonic settings, these
data can help to constrain the type of crustal precursor and its reworking history, to better establish the
architecture of the reworked crustal sources and evaluate which tectonic context would be more likely.
Figure 15 shows the rock or inherited zircon crystallization age vs. mantle extraction Hf model age for
the source of the SHG TTG. The mantle extraction model ages are obtained using the zircon average
initial *"*Hf/*""Hf ratios for each of the samples, back-calculated to the depleted mantle evolution line,
and assuming a “"°Lu/*""Hf between 0.020 and 0.026 for a mafic crustal reservoir. Consequently, only
the samples consistent with derivation from a mafic crustal precursor (i.e. the TTG) and inherited
zircon grains from granitic samples (which likely crystallized within their TTG precursor) are included
on Figure 15. Although it is more difficult to assess if the inherited zircon grains were affected by
ancient Pb-loss, which could lead to erroneous calculation of their initial Hf isotopic composition, data
from inherited grains are consistent with the other samples and follow the same trend on Figure 15.
The zircon grains from Eoarchean granitoids are the only samples with relatively juvenile

compositions, consistent with the remelting of almost contemporaneous mantle-derived mafic crust,
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potentially the Nulliak basaltic crust. The younger Uivak Il and lluilik granitoids appear to be derived
from the melting of pre-Nulliak Hadean mafic crust. Except for the Lister gneiss (sample SG-265), the
SHC granitoids derived from the melting of mafic crust show a negative correlation between their
crystallization age and their Hf model age, suggesting that the latest granitoids were produced from the
melting of the oldest crustal source. In a modern-style subduction setting, it would be unlikely that: -1)
the subducting mafic crustal reservoir displayed such a wide age range (from ~3900 to ~4400 Ma) and
-2) the oldest portions of the subducting mafic crust melted the latest. While one could suggest that a
thick mafic crust, similar to an oceanic plateau, could include mafic crust with the range of ages
suggested by the Hf model ages from Figure 15, it would be expected that the base of this thickened
mafic crust, i.e. the oldest portions, melts before the younger overlying portions. This is inconsistent
with the negative trend observed in Figure 15. Some authors have proposed a “subcretion” model as an
alternative to modern-style subduction tectonics (Barr et al., 1999; Ducea et al., 2009; Grove et al.,
2003; Hacker et al., 2015; Taramon et al., 2015). Sequential stacking or tectonic imbrication have been
suggested as a mechanism for early Archean crustal growth (e.g. de Wit, 1986; Smithies and
Champion, 2000) and the formation of the Eoarchean Itsaq Gneiss Complex of Southwest Greenland
(Nutman et al., 2007; Nutman and Bennett, 2019). This tectonic regime has the potential to imbricate
portions of mafic crust of variable ages in a configuration where older crust could overlie younger
crust and perhaps melt later, in a thickened oceanic crust. Reworking of such an imbricated mafic

crustal source could explain the crystallization age vs. Hf model age trend seen for the SHC TTG.

6 Conclusion

The SHC granitoids record more than 1 billion years of complex crustal history, including several

episodes of felsic magmatism. The different generations of gneiss in the SHC were previously
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associated with certain geochemical characteristics, but they appear to be more geochemically and
petrologically diverse. We, therefore, suggest that the different gneissic units should refer to distinct
temporal magmatic events regardless of composition. Six distinct felsic magmatic events can be
identified in the SHC: the oldest 3850 Ma lqgaluk gneiss, the 3750 Ma Uivak | gneiss, the 3600 Ma
Uivak Il gneiss, the 3330 Ma lluilik gneiss, the 3230 Ma Lister gneiss, and the 2700-2800 Ma
Neoarchean granitoids. The chondritic to subchondritic Hf compositions that Eoarchean zircons from
most other early terrains exhibit has led to the suggestion that the depletion of the mantle through
extraction of crustal material prior to 3.8 Ga was negligible (e.g. Vervoort and Kemp, 2016). The
slightly suprachondritic Hf isotopic compositions of the Eoarchean zircon from the SHC granitoids,
however, denote the existence of a long-term depleted source, more consistent with the evidence for an
early depleted mantle as suggested from Nd isotopes (e.g. Bennett et al., 2007, 1993; Boyet and
Carlson, 2006; Caro et al., 2003; O’Neil et al., 2016; Rizo et al., 2011). Most of the juvenile
continental crust in the SHC appears to have been formed during the Eoarchean. Considering the
geochemical composition of the SHC granitoids to constrain the nature of their crustal precursor, the
Hf isotopic compositions of the different generations of TTG suggest the remelting of Eoarchean to
Hadean mafic crust. The juvenile lgaluk and Uivak | TTG are consistent with remelting of ~3800-
3900 Ma mafic crust, while the younger Uivak Il and lluilik TTG would suggest melting of
increasingly older (up to ~4300 Ma) mafic sources As observed in SW Greenland, the SHC granitoids
show a marked transition between ~3300 and 3200 Ma from relatively unradiogenic to more juvenile
compositions. The Neoarchean felsic magmatism in the SHC, however, appears to be dominated by

the reworking of the Eoarchean TTG, without contribution of juvenile material.
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Captions

Figures:

Figure 1: Simplified geological map of the Saglek-Hebron Complex (SHC) modified from Ryan and
Martineau (2012) and Komiya et al. (2015). Sample locations (yellow circles) show the main localities

where multiple samples were collected for this study. Coordinates are in UTM NAD 27 zone 20.

Figure 2: Ab-An-Or ternary diagram (Barker, 1979) for the SHC granitoids. Shaded fields with smaller
light colored samples represent SHC granitoids compositions from the literature (Bridgwater and

Collerson, 1976; Collerson and Bridgwater, 1979; Schigtte et al., 1993, 1989b).
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Figure 3: Selected major element compositions of the SHC granitoids. a), c) and d) selected elements
respectively vs. MgO Db) TiO, vs. FeO; e) and f) have MgO + FeO; on their abscissa showing
covariations with CaO (wt. %) and A/CNK (relative aluminum concentration in molar unit calculated

as followed A/CNK = Al/(2Ca + Na + K). Symbols are as in Figure 2.

Figure 4: a) Primitive mantle normalized trace element diagrams , b) Chondrite normalized rare earth
element diagrams for the SHC granitoids (McDonough and Sun, 1995). Shaded fields show the data
for SHC granitoids from the literature (Bridgwater and Collerson, 1976; Collerson and Bridgwater,
1979; Schigtte et al., 1993, 1989b). Symbols and colors for fields are as in Figure 2. Normalization
values for primitive mantle are from Lyubetskaya and Korenaga (2007) and for chondrite are from
McDonough and Sun (1995). Some specific samples discussed in the text are emphasised by thicker

lines and are labled.

Figure 5: (La/Yb)y vs. Yby diagram reflecting LREE/HREE ratios of all SHC TTG and granite
compared to typical TTG, sanukitoid and modern granite from the literature (Moyen and Martin
(2012) and references therein). Normalization values are after Masuda et al. (1973). Symbols are as in

Figure 2.

Figure 6: Cathodoluminescence images of zircon grains with U-Pb (red dashed circles) and Lu-Hf
(blue dashed circles) LA-ICP-MS spots. a) Trondhjemite sample SG-024: grain #A05 shows typical
sector zoning of zircon that crystallized during the 2700-2800 thermal events. Zircon #A17 exhibiting

igneous oscillatory zoning and a younger core age relative to the rim. b) Mg-rich tonalite sample SG-
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026 from Ukkalek Island: grains #B16 and #E12 show respectively oscillatory and sector zoned cores
with discordant black colored rims. ¢) Mg-rich tonalite sample SG-210c from the Kangidluarsuk fjord:
grain #A01 exhibits multiple ages decreasing from the core to the rim, suggesting the spread of zircon
ages observed on the Concordia diagram can be explained by ancient Pb-loss. Zircon #A02 is a
discordant metamict U-rich grain. d) Granite sample SG-007 from Ukkalek Island: grain #C05 yields
an Eoarchean magmatic age and grain #C06 from the same sample is a black U-rich metamict zircon.
e) Granite sample SG-080 from the Kangidluarsuk fjord: grain #C15 is a good example of an
Eoarchean inherited zircon within an early-Paleoarchean oscillatory zoned crystal. f) Granite sample
SG-143: U-rich zircon #B11 shows oscillatory zoning and zircon B12 is a metamict crystal typically

found in Neoarchean rocks.

Figure 7: Concordia diagrams of trondhjemite (a-b-c-d), Mg-rich tonalite (e-f-g-h), granodiorite (i) and
granite (j-k-1-m-n-o0-p-g-r) samples from the SHC. All diagrams show interpreted crystallization ages,
inherited grains, and metamorphic secondary populations. Colors for the ellipses reflect the different
age populations which are classified from the criteria described in the results (section 2.4); green:
inherited zircon; red: primary igneous zircon; orange: secondary igneous zircon; yellow: metamorphic
re-crystallized zircon; pink: zircon used for Concordia ages; light blue: Concordia ages. Dashed empty
ellipses show altered zircon yielding analyses that cannot be grouped in a consistent population. These

analyses were rejected for any age calculation. Ellipses represent 26 uncertainties.

Figure 8: Initial Hf values vs.?’Pb/*®Pb ages for the analyzed zircon grains. Grey diamonds represent

individual analyses, and the colored symbols show the average initial eHf values calculated at the
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interpreted crystallization age of the host rocks. Symbols are as in Figure 2. Note that average sHf
values only include relevant analysis for the defined population, such that metamorphic and inherited
zircon grains are not included in the average epsilon calculation. A ratio of *"°Lu/*""Hf = 0.03915 was
used for the long-term evolution of the depleted mantle, starting with a chondritic ‘°Hf/*""Hf
composition at 4568 Ma. 2 SD errors on the average eHf values and age for the colored symbols are

smaller than the symbols.

Figure 9: Cartoon showing how average initial ¢Hf values are calculated in Figure 8, from the
interpreted age of crystallization of the rocks, to avoid apparent eHf vs.2*’Pb/*®Pb trends caused by
ancient Pb-loss. Panel a) shows a fictitious example of a sample with a crystallization age of 3880 Ma,
which was affected by ancient Pb-loss and for which most zircon analyses are still relatively
concordant. Panel b) illustrates that for the same fictitious sample, if initial eHf values are calculated
for individual zircon grains at their respective “concordant” ages (yellow circles), it produces a steep
¢Hfvs.2’"Pb/*®®Ph age array consistent with the low Lu/Hf of zircon, rather than representative of the
evolution of a crustal source. The blue cross symbol shows the average eHf value for all zircon

analyses calculated at the 3880 Ma crystallization age.

Figure 10: Proposed major element composition discrimination diagram for all granitoids from the

SHC. Symbols and colored fields are as in Figure 2.
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Figure 11: Zr/Ndy vs. Eun/Eu* diagram showing the correlation between Eu anomalies and
incompatible trace element ratio (Zr/Nd). Eu is normalized to chondrite, Zr and Nd are normalized to
the primitive mantle. Normalization values are from McDonough and Sun (1995). Symbols are as in

Figure 2.

Figure 12: Discrimination ternary diagrams for granitoids proposed by Laurent et al. (2014). a) Major
element ternary diagram showing the possible crustal source(s) for the granitoids. The arrow labeled
“restite” shows the suggested restitic nature of some samples from the SHC that exhibit pronounced
positive Eu anomalies (e.g. SG-007; SG-017; SG-019). b) Ternary diagram showing the petrogenetic
processes involved in the formation of Archean granitoids. Contribution of mantle component in the
melt is highlighted by the FMSB value =[(FeO; + MgO)wt.% x (Sr + Ba)wt.%]. Symbols and colored

fields are as in Figure 2.

Figure 13: Kernel density estimate (KDE) and frequency diagrams for zircon grains analyzed for this
study. Igneous zircon grains (panel a) and metamorphic zircon grains (panel b) have been
discriminated based on CL imagining and Th/U ratios. The top right inset on figure 13b shows a U
(ppm) vs.2’Pb/*®®Pb age diagram for all the Neoarchean zircon grains that illustrates the increase of
the U concentrations in younger zircon grains. KDE analysis was Performed under “IsoplotR”
(Vermeesch, 2018) software using a combination of the Botev et al. (2010) bandwidth selector and the
Abramson (1982) adaptive kernel bandwidth modifier. More detail available at: https://cran.r-

project.org/web/packages/IsoplotR/IsoplotR.pdf .
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Figure 14: Average zircon initial eHf values vs.?”’Pb/*°Pb age diagram for the SHC rocks. The green
field shows data for the SW Greenland TTG and detrital zircons from Neraa et al. (2012). Data from
Vezinet et al. (2018) shows the average ¢Hf value for all analyzed zircon grains recalculated at the
crystallization age of the host TTG. Data from Morino et al. (2018) shows the initial eHf values from
their whole-rock Lu-Hf isochrons. Evolution arrays for mafic sources are shown in purple. Evolution
array for an Eoarchean felsic source is shown in pink. Evolution array for a Paleoarchean felsic source
starting from the Lister gneiss sample is shown with a dash line. The KDE from Figure 13 for igneous
zircon analyses is shown in blue at the bottom of the diagram. A ratio of *"°Lu/*""Hf = 0.03915 was
used for the long-term evolution of the depleted mantle, starting with a chondritic *°Hf/*""Hf
composition at 4568 Ma. This reference line for the depleted mantle corresponds to a present-day
Y8/ Hf of 0.2833 consistent with modern high degree melt MORB average value (Salters and
Stracke, 2004) Symbols for the granitoids are as figure 2, except for trondhjemite sample SG-019
shown by a yellow diamond given it equivocal Neoarchean age. 2 SD errors on the average eHf values

and age are smaller than the symbols.

Figure 15: Mantle extraction Hf model ages vs. crystallization ages of the SHC granitoids and inherited
zircon grains from the SHC granite sample. The vertical bars for each sample represent the variation of

model ages using *°Lu/*""Hf ratios of 0.020 and 0.026, with the symbols plotted as the average.
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Table 1: Whole-rock major (wt. %) and trace (ppm) element analysis for the SHC granitoids. GPS
coordinates are in UTM NAD 27 zone 20. Major element compositions are recalculated as anhydrous

compositions.

Table 2: Summary of geochronological data and initial eHf-zircon for the SHC granitoids. Age type =
method used to calculate the age. n = number of zircon analyses used in age calculation. Age=
interpreted crystallization, inherited or metamorphic age. eHfj; is the average initial values of eHf of all
zircon analyses calculated at the crystallization age of their host rock. Full dataset can be found in the

supplementary material Tables S3 and S4.

Table 3: Key characteristics discriminating the four compositional types of granitoids from the SHC,
based on this study and compositions from the literature (Bridgwater and Collerson, 1976; Collerson,

1979; Schigtte et al., 1993, 1989a).

Supplementary material:

FIGURES:

Figure S1 : Field photographs of different rock types and points of interest (rock hammer head is 20 cm and the
sledgehammer is 1 meter long). a) Sampling location for sample SG-210c of Igaluk tonalitic gneiss dated at
3869 + 6 Ma (the frame size is about a meter). Same outcrop as the sample dated at 3920 + 49 by Shimojo et al.

(2016). b) Banded grey gneiss of trondhjemite from the Nulliak Island (SG-227). c) Mg-tonalite (SG-265; SG-
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266) dated at 3230 Ma from Lister Island crosscut by granitic migmatite. d) Crosscutting relationship observed
at the White Point location showing Mg-tonalite (melaosome e.g. SG-272) of supposedly Lister in age (3200
Ma) crosscut by migmatitic melts (leucosome e.g. SG-271), both crosscut by a mafic dike. e) Typical Huilik
augen granodiorite (SG-203; SG-204) described in the literature as the Uivak Il (Bridgwater and Schigtte, 1991;
Hurst et al., 1975). ) lluilik banded granodiorite that exhibits sheared plagioclase and migmatitic veins. g)
Trondhjemite observed on Big Island infiltrated by migmatites (SG-260). h) Similar grey gneiss to that in shown
in "g", with higher content of Fe and magnetic minerals (SG-258). i) Migmatitized trondhjemite SG-024 found
on Ukkalek Island, only melanosome was analysed. j) Migmatitized Mg-rich tonalite (SG-026) found on
Ukkalek Island, only melanosome was analysed. k) lluilik banded granodiorite that exhibits migmatitic veins.

Meter scale veins have been analyzed consisting in the sample SG-208 and SG-2009.

Figure S2 : 15 representative photomicrographs of SHC granitoids. a) cross-polarized photomicrograph of the
SG-134 granite and plane-polarized pair in “b”. ¢) cross-polarized photomicrograph of a garnet grain in the SG-
127 granite and plane-polarized pair in “d”. €) cross-polarized photomicrograph of a SG-122 trondhjemite and
plane-polarized pair in “f’. g- h) Good example of sagenitic texture in SG-024 biotite formed by secondary
exsolution of titanium oxides in the crystal lattices seen in plane-polarized light. i) Indicator of alteration and
high deformation in the feldspar found in the SG-024 trondhjemitic sample. j) Highly deformed quartz in granite
SG-080 from the Kangidluasuk inlet. k) Cross-polarized photomicrograph of a SG-026 showing the presence of
clinopyroxene and plane-polarized pair in “I”. m-n) Cross-polarized photomicrograph of a SG-027 which
similarly showing the presence of clinopyroxene. o) Cross-polarized SG-027 shows sub-grain formation in
plagioclase. Qtz = quartz, Bio = biotite, Apt = apatite, Grt = garnet, Pl = plagioclase, Ep = epidote, Or =

Orthose, Zr = zircon, Cpx = clinopyroxene, Amph = amphibole.

Figure S.3: Cathodoluminescence images of all analyzed zircon with U-Pb and Hf analyses laser

ablation spots.
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Figure S.4: Schematic of the outcrop from Shimojo et al. (2016) where the lgaluk gneiss has been described

and dated at 3920 Ma. The precise location of sample SG-210c dated at 3869 Ma (this study) and the Sample
LAA995 (Shimojo et al., 2016) of Igaluk gneiss are shown respectively in red and green. The top right inset is a

photograph of the drawn outcrop.

Figure S.5: Sr/Y vs. La/Yb diagram for the SHC granitoids with the fields for TTG produced by

variable melting pressures (Moyen and Martin, 2012).

TABLES:

Table S.1: Detailed summary of the analytic procedure and conditions for the in-situ U-Pb geochronological
analyses and the in-situ Lu-Hf isotopic analyses. Primary and secondary standard reproducibility of U-Pb

analysis. The primary standard is the GJ-1 and the secondary is the 91500

Table S.2: Full set of U-Pb analysis on zircon primary standard GJ-1 and secondary standard 91500. p is the

error correlation coefficient.

Table S.3: Full set of U-Pb analysis on zircon from the 18 samples analyzed here. Abbreviations:

Osci.=Oscillatory; Inh=Inherited; Ext.= External; Int.= Internal; Meta.= Metamict; Z.= Zoned; Conc =
concordance. In the internal structure column when the rim or core is not mentionned, the mentioned

characteristic describes the whole grain. p is the error correlation coefficient.

Table S.4: Full data set for the in-situ Lu-Hf isotopic analyses of zircon.

References

Abramson, 1.S., 1982. On bandwidth variation in kernel estimates-a square root law. Ann. Stat. 1217—
1223.



1013
1014
1015

1016
1017
1018

1019
1020
1021

1022
1023

1024
1025

1026
1027
1028

1029
1030
1031

1032
1033
1034

1035
1036
1037

1038
1039

1040
1041

1042
1043

1044
1045
1046
1047

Amelin, Y., Lee, D.-C., Halliday, A.N., 2000. Early-middle archaean crustal evolution deduced from
Lu-Hf and U-Pb isotopic studies of single zircon grains. Geochim. Cosmochim. Acta 64, 4205—
4225. https://doi.org/10.1016/S0016-7037(00)00493-2

Amelin, Y., Lee, D.-C., Halliday, A.N., Pidgeon, R.T., 1999. Nature of the Earth’s carliest crust from
hafnium isotopes in single detrital zircons. Nature 399, 252-255.
https://doi.org/http://www.nature.com/nature/journal/v399/n6733/suppinfo/399252a0_S1.html

Baadsgaard, H., Collerson, K.D., Bridgwater, D., 1979. The Archean gneiss complex of northern
Labrador. 1. Preliminary U-Th-Pb geochronology. Can. J. Earth Sci. 951-961.
https://doi.org/OW8-4077/79/04095I - 1

Barker, F., 1979. Trondhjemites: definition, environment and hypotheses of origin., in: Trondhjemites,
Dacites and Related Rocks,. Elsevier, Amsterdam, pp. 1-12.

Barr, S.R., Temperley, S., Tarney, J., 1999. Lateral growth of the continental crust through deep level
subduction-accretion: a re-evaluation of central Greek Rhodope. Lithos 46, 69-94.

Bédard, J.H., 2016. Stagnant lids and mantle overturns: Implications for Archaean tectonics,
magmagenesis, crustal growth, mantle evolution, and the start of plate tectonics. Geosci. Front.
https://doi.org/10.1016/j.gsf.2017.01.005

Bédard, J.H., 2006. A catalytic delamination-driven model for coupled genesis of Archaean crust and
sub-continental  lithospheric mantle. Geochim. Cosmochim. Acta 70, 1188-1214.
https://doi.org/10.1016/j.gca.2005.11.008

Bennett, VV.C., Brandon, A.D., Nutman, A.P., 2007. Coupled 142Nd-143Nd isotopic evidence for
Hadean mantle dynamics. Science (80-. ). 318, 1907-1910.
https://doi.org/10.1126/science.1145928

Bennett, V.C., Nutman, A.P., McCulloch, M.T., 1993. Nd isotopic evidence for transient, highly
depleted mantle reservoirs in the early history of the Earth. Earth Planet. Sci. Lett. 119, 299-317.
https://doi.org/10.1016/0012-821X(93)90140-5

Blichert-Toft, J., Albaréde, F., 2008. Hafnium isotopes in Jack Hills zircons and the formation of the
Hadean crust. Earth Planet. Sci. Lett. 265, 686—702. https://doi.org/10.1016/j.epsl.2007.10.054

Blichert-Toft, J., Puchtel, 1.S., 2010. Depleted mantle sources through time: evidence from Lu-Hf and
Sm-Nd isotope systematics of Archean komatiites. Earth Planet. Sci. Lett. 297, 598-606.

Botev, Z.1., Grotowski, J.. F., Kroese, D.P., 2010. Kernel density estimation via diffusion. TheAnnals
Stat. 38, 2916-2957.

Bouvier, A., Vervoort, J.D., Patchett, P.J., 2008. The Lu-Hf and Sm-Nd isotopic composition of
CHUR: Constraints from unequilibrated chondrites and implications for the bulk composition of
terrestrial planets. Earth Planet. Sci. Lett. 273, 48-57.
https://doi.org/10.1016/J.EPSL.2008.06.010



1048
1049

1050
1051

1052
1053
1054

1055
1056

1057
1058

1059
1060

1061
1062
1063

1064
1065
1066

1067
1068
1069

1070
1071

1072
1073
1074
1075

1076
1077
1078

1079
1080

1081
1082

Bowring, S. a., Williams, 1.S., 1999. Priscoan (4.00-4.03 Ga) orthogneisses from northwestern Canada.
Contrib. to Mineral. Petrol. 134, 3-16. https://doi.org/10.1007/s004100050465

Boyet, M., Carlson, R.W., 2006. A new geochemical model for the Earth’s mantle inferred from
146Sm-142Nd systematics. Earth Planet. Sci. Lett. 250, 254-268.

Bridgwater, D., Collerson, K.D., 1976. The major petrological and geochemical characters of the 3,600
m.y. Uivak gneisses from Labrador. Contrib. to Mineral. Petrol. 54, 43-59.
https://doi.org/10.1007/BF00370871

Bridgwater, D., Collerson, K.D., Hurst, R.W., Jesseau, C.W., 1975. Field characters of the early
precambrian rocks from Saglek, Coast of Labrador. Geol. Surv. Canada 75, 287—-296.

Bridgwater, D., Mengel, F., Schiotte, L., Winter, J., 1990. Research on the Archean Rocks of Northern
Labrador, Progress Report 1989. Curr. Res. Newfoundl. Dep. mines energy 90, 227-236.

Bridgwater, D., Schigtte, L., 1991. The Archean gneiss complex of northern Labrador. A review of
current results, ideas and problems. Bull. Geol. Soc. Denmark 39, 153-166.

Caro, G., Bourdon, B., Brick, J.-L., Moorbath, S., 2003. 146Sm-142Nd evidence from Isua
metamorphosed sediments for early differentiation of the Earth’s mantle. Nature 423, 428-432.
https://doi.org/10.1038/nature01639

Collerson, K.D., 1983a. lon Microprobe Zircon Geochrnonology of the Uivak Gneiss: Implication for
the evolution of the early terrestrial crust in the north Atlantic craton. Work. a Cross Sect.
Archean Crust. LPI Tech. report, 83-03 28-33.

Collerson, K.D., 1983b. The Archean gneiss complex of northern Labrador. 2. Mineral ages,
secondary isochrons, and diffusion of strontium during polymetamorphism of the Uivak gneisses.
Can. J. Earth Sci. 20, 707-718.

Collerson, K.D., 1979. Early Archean Crustal Relationships in the Saglek-Hebron Area - Northern
Labrador. LPI Contrib. 371, 19-21.

Collerson, K.D., Bridgwater, D., 1979. Metamorphic development of early archean tonalitic and
trondhjemitic gneisses: Saglek area, Labrador, in: Barker, F. (Ed.), Trondhjemites, Dacites, and
Related Rocks. U.S. Geological Survey, Denver, Colorado, pp. 205-273.
https://doi.org/10.1016/B978-0-444-41765-7.50012-5

Collerson, K.D., Campbell, L.M., Weaver, B.L., Palacz, Z.A., 1991. Evidence for extreme mantle
fractionation in early Archean ultramafic rocks from northern Labrador. Nature 349, 209-214.
https://doi.org/10.1038/349209a0

Condie, K.C., Bowling, G., Allen, P., 1985. Missing Eu anomaly and Archean high-grade granites.
Geology 13, 633-636.

de Wit, M.J., 1986. What the oldest rocks say, in: Ashwal, L., Burke, K., de Wit, M., Wells, G. (Eds.),
The Earth as a Planet. Lunar and Planetary Institute, Houston, Texas. Lunar and Planetary



1083

1084
1085
1086

1087
1088
1089

1090
1091
1092

1093
1094
1095
1096
1097

1098
1099
1100
1101

1102
1103

1104
1105

1106
1107
1108

1109
1110
1111
1112

1113
1114

1115
1116
1117

1118

Institute Technical Report 86-08.

Ducea, M.N., Kidder, S., Chesley, J.T., Saleeby, J.B., 2009. International Geology Review Tectonic
underplating of trench sediments beneath magmatic arcs: the central California example.
https://doi.org/10.1080/00206810802602767

Fisher, C.M., Vervoort, J.D., Dufrane, S.A., 2014a. Accurate Hf isotope determinations of complex

zircons using the “““ laser ablation split stream > method. Geochemistry Geophys. Geosystems 15,
121-139. https://doi.org/10.1002/2013GC004962

Fisher, C.M., Vervoort, J.D., Hanchar, J.M., 2014b. Guidelines for reporting zircon Hf isotopic data by
LA-MC-ICPMS and potential pitfalls in the interpretation of these data. Chem. Geol. 363, 125—
133. https://doi.org/10.1016/j.chemgeo.2013.10.019

Grove, M., Jacobson, C.E., Barth, A.P., Vucic, A., 2003. Temporal and spatial trends of Late
Cretaceous-early Tertiary underplating Pelona and related schist beneath southern California and
southwestern Arizona, in: Special Paper 374: Tectonic Evolution of Northwestern Mexico and the
Southwestern USA. Geological Society of America, pp. 381-406. https://doi.org/10.1130/0-8137-
2374-4.381

Guitreau, M., Blichert-Toft, J., Mojzsis, S.J., Roth, A.S.G., Bourdon, B., Cates, N.L., Bleeker, W.,
2014. Lu—Hf isotope systematics of the Hadean—Eoarchean Acasta Gneiss Complex (Northwest
Territories, Canada). Geochim, Cosmochim. Acta 135, 251-269.
https://doi.org/10.1016/J.GCA.2014.03.039

Hacker, B.R., Kelemen, P.B., Behn, M.D., 2015. Continental Lower Crust. Annu. Rev. Earth Planet.
Sci. 43, 167-205. https://doi.org/10.1146/annurev-earth-050212-124117

Harrison, T.M., 2005. Heterogeneous Hadean Hafnium: Evidence of Continental Crust at 4.4 to 4.5
Ga. Science (80-. ). 310, 1947-1950. https://doi.org/10.1126/science.1117926

Heilimo, E., Halla, J., Heltte, P., 2010. Discrimination and origin of the sanukitoid series: Geochemical
constraints from the Neoarchean western Karelian Province (Finland). Lithos 115, 27-39.
https://doi.org/10.1016/j.lithos.2009.11.001

Hoffmann, J.E., Munker, C., Naeraa, T., Rosing, M.T., Herwartz, D., Garbe-Schonberg, D.,
Svahnberg, H., 2011. Mechanisms of Archean crust formation inferred from high-precision HFSE
systematics in TTGs. Geochim. Cosmochim. Acta 75, 4157-4178.
https://doi.org/10.1016/j.gca.2011.04.027

Hoffmann, J.E., Zhang, C., Moyen, J.-F., Nagel, T.J., 2019. The Formaton of Tonalite-Trondjhemite-
Granodiorites in Early Continental Crust, in: Earth’s Oldest Rockss. Elsevier, pp. 133-168.

Hurai, V., Paquette, J.L., Huraiova, M., Kone¢ny, P., 2010. Age of deep crustal magmatic chambers in
the intra-Carpathian back-arc basin inferred from LA-ICPMS U-Th-Pb dating of zircon and
monazite from igneous xenoliths in alkali basalts. J. Volcanol. Geotherm. Res. 198, 275-287.

Hurst, R.W., Bridgwater, D., Collerson, K.D., Wetherill, G.W., 1975. 3600-m,y, Rb-Sr ages from very



1119

1120
1121
1122

1123
1124
1125
1126

1127
1128
1129
1130

1131
1132
1133

1134
1135
1136
1137

1138
1139
1140
1141

1142
1143
1144
1145

1146
1147
1148
1149

1150
1151
1152
1153

1154
1155
1156

early Archean gneisses from Saglek Bay, Labrador. Earth Planet. Sci. Lett. 27, 393—-403.

lizuka, T., Komiya, T., Johnson, S.P., Kon, Y., Maruyama, T.H., 2009. Reworking of Hadean crust in
the Acasta gneisses, northwestern Canada: Evidence from in-situ Lu—Hf isotope analysis of
zircon. Chem. Geol. 259, 230-239. https://doi.org/10.1016/J.CHEMGEO.2008.11.007

Ishikawa, A., Suzuki, K., Collerson, K.D., Liu, J., Pearson, D.G., Komiya, T., 2017. Rhenium-osmium
isotopes and highly siderophile elements in ultramafic rocks from the Eoarchean Saglek Block,
northern Labrador, Canada: implications for Archean mantle evolution. Geochim. Cosmochim.
Acta 216, 286-311. https://doi.org/10.1016/j.gca.2017.07.023

Jayananda, M., Chardon, D., Peucat, J.J., Tushipokla, Fanning, C.M., 2015. Paleo- to Mesoarchean
TTG accretion and continental growth in the western Dharwar craton, Southern India: Constraints
from SHRIMP U-Pb zircon geochronology, whole-rock geochemistry and Nd-Sr isotopes.
Precambrian Res. 268. https://doi.org/10.1016/j.precamres.2015.07.015

Johnson, T.E., Brown, M., Kaus, B.J.P., VanTongeren, J.A., 2013. Delamination and recycling of
Archaean crust caused by gravitational instabilities. Nat. Geosci. 7, 47-52.
https://doi.org/10.1038/nge02019

Kemp, A.LS., Wilde, S.A., Hawkesworth, C.J., Coath, C.D., Nemchin, A., Pidgeon, R.T., Vervoort,
J.D., DuFrane, S.A., 2010. Hadean crustal evolution revisited: New constraints from Pb-Hf
isotope systematics of the Jack Hills zircons. Earth Planet. Sci. Lett. 296, 45-56.
https://doi.org/10.1016/j.epsl.2010.04.043

Komiya, T., Yamamoto, S., Aoki, S., Koshida, K., Shimojo, M., Sawaki, Y., Aoki, K., Sakata, S.,
Yokoyama, T.D., Maki, K., Ishikawa, A., Hirata, T., Collerson, K.D., 2017. A prolonged
granitoid formation in Saglek Block, Labrador: Zonal growth and crustal reworking of continental
crust in the Eoarchean. Geosci. Front. 8, 355-385. https://doi.org/10.1016/j.9sf.2016.06.013

Komiya, T., Yamamoto, S., Aoki, S., Sawaki, Y., Ishikawa, A., Tashiro, T., Koshida, K., Shimojo, M.,
Aoki, K., Collerson, K.D., 2015. Geology of the Eoarchean, > 3.95 Ga, Nulliak supracrustal rocks
in the Saglek Block, northern Labrador, Canada: The oldest geological evidence for plate
tectonics. Tectonophysics 662, 40—66. https://doi.org/10.1016/j.tect0.2015.05.003

Krogh, T.E., Kamo, S.L., 2006. Precise U-Pb zircon ID-TIMS ages provide an alternative
interpretation to the early ion microprobe ages and new insights into Archean crustal processes,
northern Labrador, in: Reimold, W.U., Gibson, R.L. (Eds.), Processes on the Early Earth.
Geological Society of America, pp. 91-103.

Kusiak, M.A., Dunkley, D.J., Whitehouse, M.J., Wilde, S.A., Satacinska, A., Kone¢ny, P., Szopa, K.,
Gaweda, A., Chew, D., 2018. Peak to post-peak thermal history of the Saglek Block of Labrador:
A multiphase and multi-instrumental approach to geochronology. Chem. Geol. 484, 210-223.
https://doi.org/10.1016/j.chemge0.2017.10.033

Laurent, O., Martin, H., Moyen, J.F., Doucelance, R., 2014. The diversity and evolution of late-
Archean granitoids: Evidence for the onset of “modern-style” plate tectonics between 3.0 and 2.5

Ga. Lithos 205, 208-235. https://doi.org/10.1016/j.lithos.2014.06.012



1157
1158

1159
1160
1161

1162
1163

1164
1165

1166
1167
1168

1169
1170
1171

1172
1173

1174

1175
1176

1177
1178
1179

1180
1181
1182
1183

1184
1185
1186

1187
1188
1189
1190

1191

Leet, JK.W., Williams, 1.S., Ellis, D.J., 1997. Pb, U and Th diffusion in natural zircon. Nature 390,
159-162. https://doi.org/10.1038/36554

Lyubetskaya, T., Korenaga, J., 2007. Chemical composition of Earth’s primitive mantle and its
variance: 1. Method and results.  J. Geophys. Res. 112, B03211.
https://doi.org/10.1029/2005JB004223

Martin, H., 1987. Petrogenesis of Archean trondhjemites, tonalites, and granodiorites from eastern
Finland: major and trace element geocemistry. Journal of Petrology. J. Petrol. 28, 921-953.

Martin, H., Moyen, J.-F., 2005. The Archaean-Proterozoic transition: sanukitoid and Closepet-type
magmatism. Mineral. Soc. Pol. Spec. Pap. 26, 57-68.

Martin, H., Moyen, J.-F., Rapp, R., 2009. The sanukitoid series: magmatism at the Archaean—
Proterozoic transition. Earth Environ. Sci. Trans. R. Soc. Edinburgh 100, 15-33.
https://doi.org/10.1017/S1755691009016120

Martin, H., Moyen, J.F., Guitreau, M., Blichert-Toft, J., Le Pennec, J.L., 2014. Why Archaean TTG
cannot be generated by MORB melting in subduction zones. Lithos 198-199, 1-13.
https://doi.org/10.1016/j.1ith0s.2014.02.017

Masuda, A., Nakamura, N., Tanaka, T., 1973. Fine structures of mutually normalized rare-earth
patterns of chondrites. Geochim. Cosmochim. Acta 37, 239-244.

McDonough, W.F., Sun, S.S., 1995. The composition of the Earth. Chem. Geol. 120, 223-253.

McGregor, V.R., 1973. The early Precambrian gneisses of the Godthab district West Greenland. Phil.
Trans. R. Soc. Lond. A. 273, 343-358.

Morino, P., Caro, G., Reisberg, L., 2018. Differentiation mechanisms of the early Hadean mantle:
Insights from combined176Hf-142,143Nd signatures of Archean rocks from the Saglek Block.
Geochim. Cosmochim. Acta 240, 43-63. https://doi.org/10.1016/j.gca.2018.08.026

Morino, P., Caro, G., Reisberg, L., Schumacher, A., 2017. Chemical stratification in the post-magma
ocean Earth inferred from coupled 146,147Sm-142,143Nd systematics in ultramafic rocks of the
Saglek block (3.25-3.9 Ga; northern Labrador, Canada). Earth Planet. Sci. Lett. 463, 136-150.
https://doi.org/10.1016/j.epsl.2017.01.044

Moyen, J.-F., 2011. The composite Archaean grey gneisses: Petrological significance, and evidence for
a non-unique tectonic setting for Archaean crustal growth. Lithos 123, 21-36.
https://doi.org/10.1016/j.1ith0s.2010.09.015

Moyen, J.-F., Paquette, J.L., lonov, D.A., Gannoun, A., Korsakov, A.V., Golovin, A.V., Moine, B.,
2017. Paleoproterozoic rejuvenation and replacement of Archaean lithosphere: evidence from
zircon U-Pb dating and Hf isotopes in crustal xenoliths at Udachnaya, Siberian craton. Earth
Planet. Sci. Lett. 149-159.

Moyen, J.F., Laurent, O., 2018. Archaean tectonic systems: A view from igneous rocks. Lithos 302—



1192

1193
1194

1195
1196
1197

1198
1199
1200

1201
1202
1203

1204
1205

1206
1207

1208
1209
1210

1211
1212

1213
1214

1215
1216
1217

1218
1219

1220
1221
1222

1223
1224
1225

303, 99-125. https://doi.org/10.1016/j.1ith0s.2017.11.038

Moyen, J.F., Martin, H., 2012. Forty years of {TTG} research. Lithos 148, 312-336.
https://doi.org/10.1016/j.lith0s.2012.06.010

Moyen, J.F., Martin, H., Jayananda, M., 2001. Multi-element geochemical modelling of crust-mantle
interactions during late-Archaean crustal growth: The closepet granite (South India). Precambrian
Res. 112, 87-105. https://doi.org/10.1016/S0301-9268(01)00171-1

Neeraa, T., Kemp, A.L.S., Scherstén, A., Rehnstrom, E.F., Rosing, M.T., Whitehouse, M.J., 2014. A
lower crustal mafic source for the ca. 2550Ma QOrqut Granite Complex in southern West
Greenland. Lithos 192-195, 291-304. https://doi.org/10.1016/j.lithos.2014.02.013

Neraa, T., Scherstén, A., Rosing, M.T., Kemp, a. I.S., Hoffmann, J.E., Kokfelt, T.F., Whitehouse,
M.J., 2012. Hafnium isotope evidence for a transition in the dynamics of continental growth 3.2
Gyr ago. Nature 485, 627-630. https://doi.org/10.1038/nature11140

Nagel, T.J., Hoffmann, J.E., Munker, C., 2012. Melting of Eoarchean TTGs from thickened mafic arc
crust. Geology 40, 375-378.

Nutman, A.P., Bennett, V.C., 2019. The 3.9-3.6 Ga Itsaq Gneiss Complex of Greenland, in: Earth’s
Oldest Rocks. Elsevier, pp. 375-399.

Nutman, A.P., Bennett, V.C., Friend, C.R.L., Horie, K., Hidaka, H., 2007. ~3,850 Ma tonalites in the
Nuuk region, Greenland: geochemistry and their reworking within an Eoarchaean gneiss
complex. Contrib Miner. Pet. 154, 385-408. https://doi.org/10.1007/s00410-007-0199-3

Nutman, A.P., Collerson, K.D., 1991. Very early Archean crustal-accretion complexes preserved in the
North Atlantic craton. Geology 19, 791-794.

Nutman, A.P., Fryer, B.J., Bridgwater, D., 1989. The early Archaean Nulliak (supracrustal)
assemblage, northern Labrador. Can. J. Earth Sci. 26, 2159-2168.

O’Neil, J., Boyet, M., Carlson, R.W., Paquette, J.L., 2013. Half a billion years of reworking of Hadean
mafic crust to produce the Nuvvuagittuq Eoarchean felsic crust. Earth Planet. Sci. Lett. 379, 13—
25. https://doi.org/10.1016/j.epsl.2013.07.030

O’Neil, J., Carlson, R.W., 2017. Building Archean cratons from Hadean mafic crust. Science (80-. ).
355. https://doi.org/10.1126/science.aah3823

O’Neil, J., Rizo, H., Boyet, M., Carlson, R.W., Rosing, M.T., 2016. Geochemistry and Nd isotopic
characteristics of Earth’s Hadean mantle and primitive crust. Earth Planet. Sci. Lett. 442, 194—
205. https://doi.org/10.1016/j.epsl.2016.02.055

Paquette, J.-L., Piro, J.-L., Devidal, J.-L., Bosse, V., Didier, A., Sannac, S., Abdelnour, Y., 2014.
Sensitivity Enhancement in LA-ICP-MS by N2 Addition to Carrier Gas: Application to
Radiometric Dating of U-Th-Bearing Minerals. Agil. ICP-MS J. 58, 4-5.



1226
1227
1228
1229

1230
1231
1232

1233
1234
1235

1236
1237
1238

1239
1240

1241
1242
1243

1244
1245
1246
1247

1248
1249
1250

1251
1252

1253
1254
1255
1256

1257
1258

1259
1260
1261

Paquette, J.L., lonov, D.A., Agashev, A.M., Gannoun, A., Nikolenko, E.I., 2017. Age, provenance and
Precambrian evolution of the Anabar Shield from U-Pb and Lu-Hf isotope data on detrital
zircons, and the history of the northern and central Siberian craton. Precambrian Res. 301, 134—
144.

Regelous, M., Collerson, K.D., 1996. 147Sm-143Nd, 146Sm-142Nd systematics of early Archaean
rocks and implications for crust-mantle evolution. Geochim. Cosmochim. Acta 60, 3513-3520.
https://doi.org/10.1016/0016-7037(96)00203-7

Reimink, J.R., Chacko, T., Stern, R.A., Heaman, L.M., 2016. The birth of a cratonic nucleus:
Lithogeochemical evolution of the 4.02-2.94 Ga Acasta Gneiss Complex. Precambrian Res. 281,
453-472.

Rizo, H., Boyet, M., Blichert-Toft, J., Rosing, M., 2011. Combined Nd and Hf isotope evidence for
deep-seated source of Isua lavas. Earth Planet. Sci. Lett. 312, 267-279.
https://doi.org/10.1016/j.epsl.2011.10.014

Rudnick, R.L., 1992. Restites, Eu anomalies and the lower continental crust. Geochim. Cosmochim.
Acta 56, 963-970.

Ryan, B., Martineau, Y., 2012. Revised and coloured edition of 1992 map showing the Geology of the
Saglek Fiord - Hebron Fiord area, Labrador (NTS 14L/2,3,6,7). Scale: 1:100 000. Gov.
Newfoundl. Labrador, Dep. Nat. Resour. Geol. Surv. Map 2012-15, Open File 14L/0091.

Satacinska, A., Kusiak, M.A., Whitehouse, M.J., Dunkley, D.J., Wilde, S.A., Kielman, R., 2018.
Complexity of the early Archean Uivak Gneiss: Insights from Tigigakyuk Inlet, Saglek Block,
Labrador, Canada and possible correlations with south West Greenland. Precambrian Res. 315,
103-119. https://doi.org/10.1016/j.precamres.2018.07.011

Safacinska, A., Kusiak, M.A., Whitehouse, M.J., Dunkley, D.J., Wilde, S.A., Kielman, R., Krol, P.,
2019. Gneiss-forming events in the Saglek Block, Labrador; a reappraisal of the Uivak gneiss. Int.
J. Earth Sci. 108, 753-778. https://doi.org/10.1007/s00531-019-01677-y

Salters, V.J., Stracke, A., 2004. Composition of the depleted mantle. Geochemistry Geophys.
Geosystems 5.

Schigtte, L., Bridgwater, D., Collerson, K.D., Nutman, A.P., Ryan, A.B., 1986. Chemical and isotopic
effects of Late Archean high-grade metamorphism and granite injection on early Archean
gneisses, Saglek-Hebron, northern Labrador, in: J.B. Dawson, D.A. Carswell, J. Hale, K.H.W.
(Ed.), The Nature of the Lower Continental Cruste. Geol. Soc. Lond. Spec. Publ., pp. 261-273.

Schigtte, L., Compston, W., Bridgwater, D., 1989a. U-Th-Pb ages of single zircons in Archaean
supracrustals from Nain Province, Labrador, Canada. Can. J. Earth Sci. 26, 2636-2644.

Schigtte, L., Compston, W., Bridgwater, D., 1989b. lon probe U-Th-Pb zircon dating of
polymetamorphic orthogneisses from northern Labrador, Canada. Can. J. Earth Sci. 26, 1533—
1556. https://doi.org/10.1139/e89-131



1262
1263
1264
1265

1266
1267
1268

1269
1270
1271
1272
1273

1274
1275

1276
1277
1278

1279
1280
1281

1282
1283
1284

1285
1286
1287
1288

1289
1290

1291
1292

1293
1294

1295
1296
1297
1298

Schigtte, L., Hansen, B.T., Shirey, S.B., Bridgwater, D., 1993. Petrological and whole rock isotopic
characteristics of tectonically juxtaposed Archaean gneisses in the Okak area of the Nain
Province, Labrador: relevance for terrane models. Precambrian Res. 63, 293-323.
https://doi.org/10.1016/0301-9268(93)90038-4

Schigtte, L., Nutman, A.P., Bridgwater, D., 1992. U-Pb ages of single zircons within Upernavik
metasedimentary rocks and regional implications for the tectonic evolution of the Archaean Nain
Province, Labrador. Can. J. Earth Sci. 29, 260-276.

Shimojo, M., Yamamoto, S., Sakata, S., Yokoyama, T.D., Maki, K., Sawaki, Y., Ishikawa, A., Aoki,
K., Aoki, S., Koshida, K., Tashiro, T., Hirata, T., Collerson, K.D., Komiya, T., 2016. Occurrence
and geochronology of the Eoarchean, ~3.9Ga, lgaluk Gneiss in the Saglek Block, northern
Labrador, Canada: Evidence for the oldest supracrustal rocks in the world. Precambrian Res. 278,
218-243. https://doi.org/10.1016/j.precamres.2016.03.018

Shirey, S.B., Hanson, G.N., 1984. Mantle-derived Archaean monozodiorites and trachyandesites.
Nature 310, 222-224. https://doi.org/10.1038/310222a0

Smithies, R.H., Champion, D.C., 2000. The Archaean High-Mg Diorite Suite: Links to Tonalite—
Trondhjemite—Granodiorite Magmatism and Implications for Early Archaean Crustal Growth. J.
Petrol. 41, 1653-1671. https://doi.org/10.1093/petrology/41.12.1653

Smithies, R.H., Champion, D.C., Van Kranendonk, M.J., 2009. Formation of Paleoarchean continental
crust through infracrustal melting of enriched basalt. Earth Planet. Sci. Lett. 281, 298-306.
https://doi.org/10.1016/j.epsl.2009.03.003

Soderlund, U., Patchett, P.J., Vervoort, J.D., Isachsen, C.E., 2004. The 176Lu decay constant
determined by Lu-Hf and U-Pb isotope systematics of Precambrian mafic intrusions. Earth
Planet. Sci. Lett. 219, 311-324. https://doi.org/10.1016/S0012-821X(04)00012-3

Taramon, J.M., Rodriguez-Gonzalez, J., Negredo, A.M., Billen, M.1., 2015. Influence of cratonic
lithosphere on the formation and evolution of flat slabs: Insights from 3-D time-dependent
modeling. Geochemistry Geophys. Geosystems 16, 2933-2948.
https://doi.org/10.1002/2014GC005684.Key

Van Kranendonk, M.J., 1990. Late Archean geologic history of the Nain Province, North River-Nutak
map area, Labrador, and its tectonic significance. Geosci. Canada 17, 231-237.

Vermeesch, P., 2018. IsoplotR: a free and open toolbox for geochronology. Geosci. Front. 9, 1479—
1493. https://doi.org/10.1016/j.gsf.2018.04.001.

Vervoort, J.D., Kemp, A.1.S., 2016. Clarifying the zircon Hf isotope record of crust-mantle evolution.
Chem. Geol. 425, 65-75. https://doi.org/10.1016/j.chemge0.2016.01.023

Vezinet, A., Pearson, D.G., Thomassot, E., Stern, R.A., Sarkar, C., Luo, Y., Fisher, C.M., 2018.
Hydrothermally-altered mafic crust as source for early Earth TTG: Pb/Hf/O isotope and trace
element evidence in zircon from TTG of the Eoarchean Saglek Block, N. Labrador. Earth Planet.
Sci. Lett. 503, 95-107. https://doi.org/10.1016/j.epsl.2018.09.015



1299
1300
1301

1302
1303
1304

1305
1306
1307

1308
1309
1310

1311
1312

1313
1314
1315

1316
1317
1318

1319
1320
1321

1322
1323

1324
1325

1326
1327
1328

1329
1330
1331

1332
1333
1334

Wasilewski, B., O’Neil, J., Rizo, H., 2019. Geochemistry and petrogenesis of the early Archean mafic
crust from the Saglek-Hebron Complex (Northern Labrador). Precambrian Res. 328, 321-343.
https://doi.org/10.1016/j.precamres.2019.04.001

Whalen, J.B., Percival, J.A., Mcnicoll, V.J., Longstaffe, F.J., 2002. A Mainly Crustal Origin for
Tonalitic Granitoid Rocks, Superior Province, Canada: Implications for Late Archean
Tectonomagmatic Processes. J. Petrol. 43, 1551-1570.

Whitehouse, M.J., Dunkley, D.J., Kusiak, M.A., Wilde, S.A., 2019. On the true antiquity of Eoarchean
chemofossils — assessing the claim for Earth’s oldest biogenic graphite in the Saglek Block of
Labrador. Precambrian Res. https://doi.org/10.1016/j.precamres.2019.01.001

Wiemer, D., Schrank, C.E., Murphy, D.T., Wenham, L., Allen, C.M., 2018. Earth’s oldest stable crust
in the Pilbara Craton formed by cyclic gravitational overturns. Nat. Geosci. 11, 357-361.
https://doi.org/10.1038/s41561-018-0105-9

Abramson, 1.S., 1982. On bandwidth variation in kernel estimates-a square root law. Ann. Stat. 1217—
1223.

Amelin, Y., Lee, D.-C., Halliday, A.N., 2000. Early-middle archaean crustal evolution deduced from
Lu-Hf and U-Pb isotopic studies of single zircon grains. Geochim. Cosmochim. Acta 64, 4205—
4225. https://doi.org/10.1016/S0016-7037(00)00493-2

Amelin, Y., Lee, D.-C., Halliday, A.N., Pidgeon, R.T., 1999. Nature of the Earth’s earliest crust from
hafnium isotopes in single detrital zircons. Nature 399, 252-255.
https://doi.org/http://www.nature.com/nature/journal/v399/n6733/suppinfo/399252a0_S1.html

Baadsgaard, H., Collerson, K.D., Bridgwater, D., 1979. The Archean gneiss complex of northern
Labrador. 1. Preliminary U-Th-Pb geochronology. Can. J. Earth Sci. 951-961.
https://doi.org/OW8-4077/79/04095I - 1

Barker, F., 1979. Trondhjemites: definition, environment and hypotheses of origin., in: Trondhjemites,
Dacites and Related Rocks,. Elsevier, Amsterdam, pp. 1-12.

Barr, S.R., Temperley, S., Tarney, J., 1999. Lateral growth of the continental crust through deep level
subduction-accretion: a re-evaluation of central Greek Rhodope. Lithos 46, 69-94.

Bédard, J.H., 2016. Stagnant lids and mantle overturns: Implications for Archaean tectonics,
magmagenesis, crustal growth, mantle evolution, and the start of plate tectonics. Geosci. Front.
https://doi.org/10.1016/j.gsf.2017.01.005

Bedard, J.H., 2006. A catalytic delamination-driven model for coupled genesis of Archaean crust and
sub-continental  lithospheric mantle. Geochim. Cosmochim. Acta 70, 1188-1214.
https://doi.org/10.1016/j.gca.2005.11.008

Bennett, V.C., Brandon, A.D., Nutman, A.P., 2007. Coupled 142Nd-143Nd isotopic evidence for
Hadean mantle dynamics. Science (80-. ). 318, 1907-1910.
https://doi.org/10.1126/science.1145928



1335
1336
1337

1338
1339

1340
1341

1342
1343

1344
1345
1346
1347

1348
1349

1350
1351

1352
1353
1354

1355
1356

1357
1358

1359
1360

1361
1362
1363

1364
1365
1366

1367
1368
1369

Bennett, V.C., Nutman, A.P., McCulloch, M.T., 1993. Nd isotopic evidence for transient, highly
depleted mantle reservoirs in the early history of the Earth. Earth Planet. Sci. Lett. 119, 299-317.
https://doi.org/10.1016/0012-821X(93)90140-5

Blichert-Toft, J., Albaréde, F., 2008. Hafnium isotopes in Jack Hills zircons and the formation of the
Hadean crust. Earth Planet. Sci. Lett. 265, 686—702. https://doi.org/10.1016/j.epsl.2007.10.054

Blichert-Toft, J., Puchtel, 1.S., 2010. Depleted mantle sources through time: evidence from Lu-Hf and
Sm-Nd isotope systematics of Archean komatiites. Earth Planet. Sci. Lett. 297, 598—606.

Botev, Z.1., Grotowski, J.. F., Kroese, D.P., 2010. Kernel density estimation via diffusion. TheAnnals
Stat. 38, 2916-2957.

Bouvier, A., Vervoort, J.D., Patchett, P.J., 2008. The Lu-Hf and Sm-Nd isotopic composition of
CHUR: Constraints from unequilibrated chondrites and implications for the bulk composition of
terrestrial planets. Earth Planet. Sci. Lett. 273, 48-57.
https://doi.org/10.1016/J.EPSL.2008.06.010

Bowring, S. a., Williams, 1.S., 1999. Priscoan (4.00-4.03 Ga) orthogneisses from northwestern Canada.
Contrib. to Mineral. Petrol. 134, 3-16. https://doi.org/10.1007/s004100050465

Boyet, M., Carlson, R.W., 2006. A new geochemical model for the Earth’s mantle inferred from
146Sm-142Nd systematics. Earth Planet. Sci. Lett. 250, 254—268.

Bridgwater, D., Collerson, K.D., 1976. The major petrological and geochemical characters of the 3,600
m.y. Uivak gneisses from Labrador. Contrib. to Mineral. Petrol. 54, 43-59.
https://doi.org/10.1007/BF00370871

Bridgwater, D., Collerson, K.D., Hurst, R.W., Jesseau, C.W., 1975. Field characters of the early
precambrian rocks from Saglek, Coast of Labrador. Geol. Surv. Canada 75, 287-296.

Bridgwater, D., Mengel, F., Schiotte, L., Winter, J., 1990. Research on the Archean Rocks of Northern
Labrador, Progress Report 1989. Curr. Res. Newfoundl. Dep. mines energy 90, 227-236.

Bridgwater, D., Schigtte, L., 1991. The Archean gneiss complex of northern Labrador. A review of
current results, ideas and problems. Bull. Geol. Soc. Denmark 39, 153-166.

Caro, G., Bourdon, B., Brick, J.-L., Moorbath, S., 2003. 146Sm-142Nd evidence from Isua
metamorphosed sediments for early differentiation of the Earth’s mantle. Nature 423, 428-432.
https://doi.org/10.1038/nature01639

Collerson, K.D., 1983a. lon Microprobe Zircon Geochrnonology of the Uivak Gneiss: Implication for
the evolution of the early terrestrial crust in the north Atlantic craton. Work. a Cross Sect.
Archean Crust. LPI Tech. report, 83-03 28-33.

Collerson, K.D., 1983b. The Archean gneiss complex of northern Labrador. 2. Mineral ages,
secondary isochrons, and diffusion of strontium during polymetamorphism of the Uivak gneisses.
Can. J. Earth Sci. 20, 707-718.



1370
1371

1372
1373
1374
1375

1376
1377
1378

1379
1380

1381
1382
1383

1384
1385
1386

1387
1388
1389

1390
1391
1392

1393
1394
1395
1396
1397

1398
1399
1400
1401

1402
1403

1404
1405

Collerson, K.D., 1979. Early Archean Crustal Relationships in the Saglek-Hebron Area - Northern
Labrador. LPI Contrib. 371, 19-21.

Collerson, K.D., Bridgwater, D., 1979. Metamorphic development of early archean tonalitic and
trondhjemitic gneisses: Saglek area, Labrador, in: Barker, F. (Ed.), Trondhjemites, Dacites, and
Related Rocks. U.S. Geological Survey, Denver, Colorado, pp. 205-273.
https://doi.org/10.1016/B978-0-444-41765-7.50012-5

Collerson, K.D., Campbell, L.M., Weaver, B.L., Palacz, Z.A., 1991. Evidence for extreme mantle
fractionation in early Archean ultramafic rocks from northern Labrador. Nature 349, 209-214.
https://doi.org/10.1038/349209a0

Condie, K.C., Bowling, G., Allen, P., 1985. Missing Eu anomaly and Archean high-grade granites.
Geology 13, 633-636.

de Wit, M.J., 1986. What the oldest rocks say, in: Ashwal, L., Burke, K., de Wit, M., Wells, G. (Eds.),
The Earth as a Planet. Lunar and Planetary Institute, Houston, Texas. Lunar and Planetary
Institute Technical Report 86-08.

Ducea, M.N., Kidder, S., Chesley, J.T., Saleeby, J.B., 2009. International Geology Review Tectonic
underplating of trench sediments beneath magmatic arcs: the central California example.
https://doi.org/10.1080/00206810802602767

Fisher, C.M., Vervoort, J.D., Dufrane, S.A., 2014a. Accurate Hf isotope determinations of complex
zircons using the “““ laser ablation split stream ” method. Geochemistry Geophys. Geosystems 15,

121-139. https://doi.org/10.1002/2013GC004962

Fisher, C.M., Vervoort, J.D., Hanchar, J.M., 2014b. Guidelines for reporting zircon Hf isotopic data by
LA-MC-ICPMS and potential pitfalls in the interpretation of these data. Chem. Geol. 363, 125—
133. https://doi.org/10.1016/j.chemgeo0.2013.10.019

Grove, M., Jacobson, C.E., Barth, A.P., Vucic, A., 2003. Temporal and spatial trends of Late
Cretaceous-early Tertiary underplating Pelona and related schist beneath southern California and
southwestern Arizona, in: Special Paper 374: Tectonic Evolution of Northwestern Mexico and the
Southwestern USA. Geological Society of America, pp. 381-406. https://doi.org/10.1130/0-8137-
2374-4.381

Guitreau, M., Blichert-Toft, J., Mojzsis, S.J., Roth, A.S.G., Bourdon, B., Cates, N.L., Bleeker, W.,
2014. Lu—Hf isotope systematics of the Hadean—Eoarchean Acasta Gneiss Complex (Northwest
Territories, Canada). Geochim. Cosmochim. Acta 135, 251-269.
https://doi.org/10.1016/J.GCA.2014.03.039

Hacker, B.R., Kelemen, P.B., Behn, M.D., 2015. Continental Lower Crust. Annu. Rev. Earth Planet.
Sci. 43, 167-205. https://doi.org/10.1146/annurev-earth-050212-124117

Harrison, T.M., 2005. Heterogeneous Hadean Hafnium: Evidence of Continental Crust at 4.4 to 4.5
Ga. Science (80-. ). 310, 1947-1950. https://doi.org/10.1126/science.1117926



1406
1407
1408

1409
1410
1411
1412

1413
1414

1415
1416
1417

1418
1419

1420
1421
1422

1423
1424
1425
1426

1427
1428
1429
1430

1431
1432
1433

1434
1435
1436
1437

1438
1439
1440
1441

1442

Heilimo, E., Halla, J., Heltte, P., 2010. Discrimination and origin of the sanukitoid series: Geochemical
constraints from the Neoarchean western Karelian Province (Finland). Lithos 115, 27-39.
https://doi.org/10.1016/j.1ith0s.2009.11.001

Hoffmann, J.E., Munker, C., Naeraa, T., Rosing, M.T., Herwartz, D., Garbe-Schonberg, D.,
Svahnberg, H., 2011. Mechanisms of Archean crust formation inferred from high-precision HFSE
systematics in TTGs. Geochim. Cosmochim. Acta 75, 4157-4178.
https://doi.org/10.1016/j.gca.2011.04.027

Hoffmann, J.E., Zhang, C., Moyen, J.-F., Nagel, T.J., 2019. The Formaton of Tonalite-Trondjhemite-
Granodiorites in Early Continental Crust, in: Earth’s Oldest Rockss. Elsevier, pp. 133-168.

Hurai, V., Paquette, J.L., Huraiova, M., Kone¢ny, P., 2010. Age of deep crustal magmatic chambers in
the intra-Carpathian back-arc basin inferred from LA-ICPMS U-Th-Pb dating of zircon and
monazite from igneous xenoliths in alkali basalts. J. Volcanol. Geotherm. Res. 198, 275-287.

Hurst, R.W., Bridgwater, D., Collerson, K.D., Wetherill, G.W., 1975. 3600-m,y, Rb-Sr ages from very
early Archean gneisses from Saglek Bay, Labrador. Earth Planet. Sci. Lett. 27, 393-403.

lizuka, T., Komiya, T., Johnson, S.P., Kon, Y., Maruyama, T.H., 2009. Reworking of Hadean crust in
the Acasta gneisses, northwestern Canada: Evidence from in-situ Lu—Hf isotope analysis of
zircon. Chem. Geol. 259, 230-239. https://doi.org/10.1016/J.CHEMGEO.2008.11.007

Ishikawa, A., Suzuki, K., Collerson, K.D., Liu, J., Pearson, D.G., Komiya, T., 2017. Rhenium-osmium
isotopes and highly siderophile elements in ultramafic rocks from the Eoarchean Saglek Block,
northern Labrador, Canada: implications for Archean mantle evolution. Geochim. Cosmochim.
Acta 216, 286-311. https://doi.org/10.1016/j.gca.2017.07.023

Jayananda, M., Chardon, D., Peucat, J.J., Tushipokla, Fanning, C.M., 2015. Paleo- to Mesoarchean
TTG accretion and continental growth in the western Dharwar craton, Southern India: Constraints
from SHRIMP U-Pb zircon geochronology, whole-rock geochemistry and Nd-Sr isotopes.
Precambrian Res. 268. https://doi.org/10.1016/j.precamres.2015.07.015

Johnson, T.E., Brown, M., Kaus, B.J.P., VanTongeren, J.A., 2013. Delamination and recycling of
Archaean crust caused by gravitational instabilities. Nat. Geosci. 7, 47-52.
https://doi.org/10.1038/nge02019

Kemp, A.LS., Wilde, S.A., Hawkesworth, C.J., Coath, C.D., Nemchin, A., Pidgeon, R.T., Vervoort,
J.D., DuFrane, S.A., 2010. Hadean crustal evolution revisited: New constraints from Pb-Hf
isotope systematics of the Jack Hills zircons. Earth Planet. Sci. Lett. 296, 45-56.
https://doi.org/10.1016/j.epsl.2010.04.043

Komiya, T., Yamamoto, S., Aoki, S., Koshida, K., Shimojo, M., Sawaki, Y., Aoki, K., Sakata, S.,
Yokoyama, T.D., Maki, K., Ishikawa, A., Hirata, T., Collerson, K.D., 2017. A prolonged
granitoid formation in Saglek Block, Labrador: Zonal growth and crustal reworking of continental
crust in the Eoarchean. Geosci. Front. 8, 355-385. https://doi.org/10.1016/j.gsf.2016.06.013

Komiya, T., Yamamoto, S., Aoki, S., Sawaki, Y., Ishikawa, A., Tashiro, T., Koshida, K., Shimojo, M.,



1443
1444
1445

1446
1447
1448
1449

1450
1451
1452
1453

1454
1455
1456

1457
1458

1459
1460
1461

1462
1463

1464
1465

1466
1467
1468

1469
1470
1471

1472
1473

1474

1475
1476

1477

Aoki, K., Collerson, K.D., 2015. Geology of the Eoarchean, > 3.95 Ga, Nulliak supracrustal rocks
in the Saglek Block, northern Labrador, Canada: The oldest geological evidence for plate
tectonics. Tectonophysics 662, 40—66. https://doi.org/10.1016/j.tecto.2015.05.003

Krogh, T.E., Kamo, S.L., 2006. Precise U-Pb zircon ID-TIMS ages provide an alternative
interpretation to the early ion microprobe ages and new insights into Archean crustal processes,
northern Labrador, in: Reimold, W.U., Gibson, R.L. (Eds.), Processes on the Early Earth.
Geological Society of America, pp. 91-103.

Kusiak, M.A., Dunkley, D.J., Whitehouse, M.J., Wilde, S.A., Satacinska, A., Kone¢ny, P., Szopa, K.,
Gaweda, A., Chew, D., 2018. Peak to post-peak thermal history of the Saglek Block of Labrador:
A multiphase and multi-instrumental approach to geochronology. Chem. Geol. 484, 210-223.
https://doi.org/10.1016/j.chemge0.2017.10.033

Laurent, O., Martin, H., Moyen, J.F., Doucelance, R., 2014. The diversity and evolution of late-
Archean granitoids: Evidence for the onset of “modern-style” plate tectonics between 3.0 and 2.5
Ga. Lithos 205, 208-235. https://doi.org/10.1016/j.lithos.2014.06.012

Leet, J.JK.W., Williams, 1.S., Ellis, D.J., 1997. Pb, U and Th diffusion in natural zircon. Nature 390,
159-162. https://doi.org/10.1038/36554

Lyubetskaya, T., Korenaga, J., 2007. Chemical composition of Earth’s primitive mantle and its
variance: 1. Method and results.  J. Geophys. Res. 112, B03211.
https://doi.org/10.1029/2005JB004223

Martin, H., 1987. Petrogenesis of Archean trondhjemites, tonalites, and granodiorites from eastern
Finland: major and trace element geocemistry. Journal of Petrology. J. Petrol. 28, 921-953.

Martin, H., Moyen, J.-F., 2005. The Archaean-Proterozoic transition: sanukitoid and Closepet-type
magmatism. Mineral. Soc. Pol. Spec. Pap. 26, 57-68.

Martin, H., Moyen, J.-F., Rapp, R., 2009. The sanukitoid series: magmatism at the Archaean—
Proterozoic transition. Earth Environ. Sci. Trans. R. Soc. Edinburgh 100, 15-33.
https://doi.org/10.1017/S1755691009016120

Martin, H., Moyen, J.F., Guitreau, M., Blichert-Toft, J., Le Pennec, J.L., 2014. Why Archaean TTG
cannot be generated by MORB melting in subduction zones. Lithos 198-199, 1-13.
https://doi.org/10.1016/j.lithos.2014.02.017

Masuda, A., Nakamura, N., Tanaka, T., 1973. Fine structures of mutually normalized rare-earth
patterns of chondrites. Geochim. Cosmochim. Acta 37, 239-244.

McDonough, W.F., Sun, S.S., 1995. The composition of the Earth. Chem. Geol. 120, 223-253.

McGregor, V.R., 1973. The early Precambrian gneisses of the Godthab district West Greenland. Phil.
Trans. R. Soc. Lond. A. 273, 343-358.

Morino, P., Caro, G., Reisberg, L., 2018. Differentiation mechanisms of the early Hadean mantle:



1478
1479

1480
1481
1482
1483

1484
1485
1486

1487
1488
1489
1490

1491
1492

1493
1494

1495
1496
1497

1498
1499
1500

1501
1502
1503

1504
1505

1506
1507

1508
1509
1510

1511
1512

Insights from combined176Hf-142,143Nd signatures of Archean rocks from the Saglek Block.
Geochim. Cosmochim. Acta 240, 43-63. https://doi.org/10.1016/j.gca.2018.08.026

Morino, P., Caro, G., Reisberg, L., Schumacher, A., 2017. Chemical stratification in the post-magma
ocean Earth inferred from coupled 146,147Sm-142,143Nd systematics in ultramafic rocks of the
Saglek block (3.25-3.9 Ga; northern Labrador, Canada). Earth Planet. Sci. Lett. 463, 136—150.
https://doi.org/10.1016/j.epsl.2017.01.044

Moyen, J.-F., 2011. The composite Archaean grey gneisses: Petrological significance, and evidence for
a non-unique tectonic setting for Archaean crustal growth. Lithos 123, 21-36.
https://doi.org/10.1016/j.lithos.2010.09.015

Moyen, J.-F., Paquette, J.L., lonov, D.A., Gannoun, A., Korsakov, A.V., Golovin, A.V., Moine, B.,
2017. Paleoproterozoic rejuvenation and replacement of Archaean lithosphere: evidence from
zircon U-Pb dating and Hf isotopes in crustal xenoliths at Udachnaya, Siberian craton. Earth
Planet. Sci. Lett. 149-159.

Moyen, J.F., Laurent, O., 2018. Archaean tectonic systems: A view from igneous rocks. Lithos 302—
303, 99-125. https://doi.org/10.1016/j.1ithos.2017.11.038

Moyen, J.F., Martin, H., 2012. Forty years of {TTG} research. Lithos 148, 312-336.
https://doi.org/10.1016/j.lithos.2012.06.010

Moyen, J.F., Martin, H., Jayananda, M., 2001. Multi-element geochemical modelling of crust-mantle
interactions during late-Archaean crustal growth: The closepet granite (South India). Precambrian
Res. 112, 87-105. https://doi.org/10.1016/S0301-9268(01)00171-1

Neeraa, T., Kemp, A.L.S., Scherstén, A., Rehnstrom, E.F., Rosing, M.T., Whitehouse, M.J., 2014. A
lower crustal mafic source for the ca. 2550Ma QOrqut Granite Complex in southern West
Greenland. Lithos 192-195, 291-304. https://doi.org/10.1016/j.lithos.2014.02.013

Neraa, T., Scherstén, A., Rosing, M.T., Kemp, a. I.S., Hoffmann, J.E., Kokfelt, T.F., Whitehouse,
M.J., 2012. Hafnium isotope evidence for a transition in the dynamics of continental growth 3.2
Gyr ago. Nature 485, 627-630. https://doi.org/10.1038/nature11140

Nagel, T.J., Hoffmann, J.E., Munker, C., 2012. Melting of Eoarchean TTGs from thickened mafic arc
crust. Geology 40, 375-378.

Nutman, A.P., Bennett, V.C., 2019. The 3.9-3.6 Ga Itsaq Gneiss Complex of Greenland, in: Earth’s
Oldest Rocks. Elsevier, pp. 375-399.

Nutman, A.P., Bennett, V.C., Friend, C.R.L., Horie, K., Hidaka, H., 2007. ~3,850 Ma tonalites in the
Nuuk region, Greenland: geochemistry and their reworking within an Eoarchaean gneiss
complex. Contrib Miner. Pet. 154, 385-408. https://doi.org/10.1007/s00410-007-0199-3

Nutman, A.P., Collerson, K.D., 1991. Very early Archean crustal-accretion complexes preserved in the
North Atlantic craton. Geology 19, 791-794.



1513
1514

1515
1516
1517

1518
1519

1520
1521
1522

1523
1524
1525

1526
1527
1528
1529

1530
1531
1532

1533
1534
1535

1536
1537
1538

1539
1540

1541
1542
1543

1544
1545
1546
1547

1548

Nutman, A.P., Fryer, B.J., Bridgwater, D., 1989. The early Archaean Nulliak (supracrustal)
assemblage, northern Labrador. Can. J. Earth Sci. 26, 2159-2168.

O’Neil, J., Boyet, M., Carlson, R.W., Paquette, J.L., 2013. Half a billion years of reworking of Hadean
mafic crust to produce the Nuvvuagittuq Eoarchean felsic crust. Earth Planet. Sci. Lett. 379, 13—
25. https://doi.org/10.1016/j.epsl.2013.07.030

O’Neil, J., Carlson, R.W., 2017. Building Archean cratons from Hadean mafic crust. Science (80-. ).
355. https://doi.org/10.1126/science.aah3823

O’Neil, J., Rizo, H., Boyet, M., Carlson, R.W., Rosing, M.T., 2016. Geochemistry and Nd isotopic
characteristics of Earth’s Hadean mantle and primitive crust. Earth Planet. Sci. Lett. 442, 194—
205. https://doi.org/10.1016/j.epsl.2016.02.055

Paquette, J.-L., Piro, J.-L., Devidal, J.-L., Bosse, V., Didier, A., Sannac, S., Abdelnour, Y., 2014.
Sensitivity Enhancement in LA-ICP-MS by N2 Addition to Carrier Gas: Application to
Radiometric Dating of U-Th-Bearing Minerals. Agil. ICP-MS J. 58, 4-5.

Paquette, J.L., lonov, D.A., Agashev, A.M., Gannoun, A., Nikolenko, E.I., 2017. Age, provenance and
Precambrian evolution of the Anabar Shield from U-Pb and Lu-Hf isotope data on detrital
zircons, and the history of the northern and central Siberian craton. Precambrian Res. 301, 134—
144,

Regelous, M., Collerson, K.D., 1996. 147Sm-143Nd, 146Sm-142Nd systematics of early Archaean
rocks and implications for crust-mantle evolution. Geochim. Cosmochim. Acta 60, 3513-3520.
https://doi.org/10.1016/0016-7037(96)00203-7

Reimink, J.R., Chacko, T., Stern, R.A., Heaman, L.M., 2016. The birth of a cratonic nucleus:
Lithogeochemical evolution of the 4.02-2.94 Ga Acasta Gneiss Complex. Precambrian Res. 281,
453-472.

Rizo, H., Boyet, M., Blichert-Toft, J., Rosing, M., 2011. Combined Nd and Hf isotope evidence for
deep-seated source of Isua lavas. Earth Planet. Sci. Lett. 312, 267-279.
https://doi.org/10.1016/j.epsl.2011.10.014

Rudnick, R.L., 1992. Restites, Eu anomalies and the lower continental crust. Geochim. Cosmochim.
Acta 56, 963-970.

Ryan, B., Martineau, Y., 2012. Revised and coloured edition of 1992 map showing the Geology of the
Saglek Fiord - Hebron Fiord area, Labrador (NTS 14L/2,3,6,7). Scale: 1:100 000. Gov.
Newfoundl. Labrador, Dep. Nat. Resour. Geol. Surv. Map 2012-15, Open File 14L/0091.

Satacinska, A., Kusiak, M.A., Whitehouse, M.J., Dunkley, D.J., Wilde, S.A., Kielman, R., 2018.
Complexity of the early Archean Uivak Gneiss: Insights from Tigigakyuk Inlet, Saglek Block,
Labrador, Canada and possible correlations with south West Greenland. Precambrian Res. 315,
103-119. https://doi.org/10.1016/j.precamres.2018.07.011

Satacinska, A., Kusiak, M.A., Whitehouse, M.J., Dunkley, D.J., Wilde, S.A., Kielman, R., Krdl, P.,



1549
1550

1551
1552

1553
1554
1555
1556

1557
1558

1559
1560
1561

1562
1563
1564
1565

1566
1567
1568

1569
1570
1571
1572
1573

1574
1575

1576
1577
1578

1579
1580
1581

1582
1583
1584

2019. Gneiss-forming events in the Saglek Block, Labrador; a reappraisal of the Uivak gneiss. Int.
J. Earth Sci. 108, 753-778. https://doi.org/10.1007/s00531-019-01677-y

Salters, V.J., Stracke, A., 2004. Composition of the depleted mantle. Geochemistry Geophys.
Geosystems 5.

Schigtte, L., Bridgwater, D., Collerson, K.D., Nutman, A.P., Ryan, A.B., 1986. Chemical and isotopic
effects of Late Archean high-grade metamorphism and granite injection on early Archean
gneisses, Saglek-Hebron, northern Labrador, in: J.B. Dawson, D.A. Carswell, J. Hale, K.H.W.
(Ed.), The Nature of the Lower Continental Cruste. Geol. Soc. Lond. Spec. Publ., pp. 261-273.

Schigtte, L., Compston, W., Bridgwater, D., 1989a. U-Th-Pb ages of single zircons in Archaean
supracrustals from Nain Province, Labrador, Canada. Can. J. Earth Sci. 26, 2636-2644.

Schigtte, L., Compston, W., Bridgwater, D., 1989b. lon probe U-Th-Pb zircon dating of
polymetamorphic orthogneisses from northern Labrador, Canada. Can. J. Earth Sci. 26, 1533—
1556. https://doi.org/10.1139/e89-131

Schigtte, L., Hansen, B.T., Shirey, S.B., Bridgwater, D., 1993. Petrological and whole rock isotopic
characteristics of tectonically juxtaposed Archaean gneisses in the Okak area of the Nain
Province, Labrador: relevance for terrane models. Precambrian Res. 63, 293-323.
https://doi.org/10.1016/0301-9268(93)90038-4

Schigtte, L., Nutman, A.P., Bridgwater, D., 1992. U-Pb ages of single zircons within Upernavik
metasedimentary rocks and regional implications for the tectonic evolution of the Archaean Nain
Province, Labrador. Can. J. Earth Sci. 29, 260-276.

Shimojo, M., Yamamoto, S., Sakata, S., Yokoyama, T.D., Maki, K., Sawaki, Y., Ishikawa, A., Aoki,
K., Aoki, S., Koshida, K., Tashiro, T., Hirata, T., Collerson, K.D., Komiya, T., 2016. Occurrence
and geochronology of the Eoarchean, ~3.9Ga, lgaluk Gneiss in the Saglek Block, northern
Labrador, Canada: Evidence for the oldest supracrustal rocks in the world. Precambrian Res. 278,
218-243. https://doi.org/10.1016/j.precamres.2016.03.018

Shirey, S.B., Hanson, G.N., 1984. Mantle-derived Archaean monozodiorites and trachyandesites.
Nature 310, 222-224. https://doi.org/10.1038/310222a0

Smithies, R.H., Champion, D.C., 2000. The Archaean High-Mg Diorite Suite: Links to Tonalite—
Trondhjemite—Granodiorite Magmatism and Implications for Early Archaean Crustal Growth. J.
Petrol. 41, 1653-1671. https://doi.org/10.1093/petrology/41.12.1653

Smithies, R.H., Champion, D.C., Van Kranendonk, M.J., 2009. Formation of Paleoarchean continental
crust through infracrustal melting of enriched basalt. Earth Planet. Sci. Lett. 281, 298-306.
https://doi.org/10.1016/j.epsl.2009.03.003

Soderlund, U., Patchett, P.J., Vervoort, J.D., Isachsen, C.E., 2004. The 176Lu decay constant
determined by Lu-Hf and U-Pb isotope systematics of Precambrian mafic intrusions. Earth
Planet. Sci. Lett. 219, 311-324. https://doi.org/10.1016/S0012-821X(04)00012-3



1585
1586
1587
1588

1589
1590

1591
1592

1593
1594

1595
1596
1597
1598

1599
1600
1601

1602
1603
1604

1605
1606
1607

1608
1609
1610

1611

1612

Taramon, J.M., Rodriguez-Gonzalez, J., Negredo, A.M., Billen, M.I., 2015. Influence of cratonic
lithosphere on the formation and evolution of flat slabs: Insights from 3-D time-dependent
modeling. Geochemistry Geophys. Geosystems 16, 2933-2948.
https://doi.org/10.1002/2014GC005684.Key

Van Kranendonk, M.J., 1990. Late Archean geologic history of the Nain Province, North River-Nutak
map area, Labrador, and its tectonic significance. Geosci. Canada 17, 231-237.

Vermeesch, P., 2018. IsoplotR: a free and open toolbox for geochronology. Geosci. Front. 9, 1479—
1493. https://doi.org/10.1016/j.gsf.2018.04.001.

Vervoort, J.D., Kemp, A.l.S., 2016. Clarifying the zircon Hf isotope record of crust-mantle evolution.
Chem. Geol. 425, 65-75. https://doi.org/10.1016/j.chemgeo.2016.01.023

Vezinet, A., Pearson, D.G., Thomassot, E., Stern, R.A., Sarkar, C., Luo, Y., Fisher, C.M., 2018.
Hydrothermally-altered mafic crust as source for early Earth TTG: Pb/Hf/O isotope and trace
element evidence in zircon from TTG of the Eoarchean Saglek Block, N. Labrador. Earth Planet.
Sci. Lett. 503, 95-107. https://doi.org/10.1016/j.epsl.2018.09.015

Wasilewski, B., O’Neil, J., Rizo, H., 2019. Geochemistry and petrogenesis of the early Archean mafic
crust from the Saglek-Hebron Complex (Northern Labrador). Precambrian Res. 328, 321-343.
https://doi.org/10.1016/j.precamres.2019.04.001

Whalen, J.B., Percival, J.A., Mcnicoll, V.J., Longstaffe, F.J., 2002. A Mainly Crustal Origin for
Tonalitic Granitoid Rocks, Superior Province, Canada: Implications for Late Archean
Tectonomagmatic Processes. J. Petrol. 43, 1551-1570.

Whitehouse, M.J., Dunkley, D.J., Kusiak, M.A., Wilde, S.A., 2019. On the true antiquity of Eoarchean
chemofossils — assessing the claim for Earth’s oldest biogenic graphite in the Saglek Block of
Labrador. Precambrian Res. https://doi.org/10.1016/j.precamres.2019.01.001

Wiemer, D., Schrank, C.E., Murphy, D.T., Wenham, L., Allen, C.M., 2018. Earth’s oldest stable crust
in the Pilbara Craton formed by cyclic gravitational overturns. Nat. Geosci. 11, 357-361.
https://doi.org/10.1038/s41561-018-0105-9



