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Abstract

S-type granites correspond to reworking of pre-existing continental material and form by partial melting of
(meta)sediments. Early-to-mid Archean S-type granites are rare and are more frequently found, usually as
relatively small intrusions, during the Neoarchean and the Archean-Proterozoic transition. In the context of
Archean geology, their paucity is therefore significant, in that it matches the uncommon nature of processes
during this period. In this study, we focus on the Late Mesoarchean Willie pluton and Neoarchean
Lekkersmaak pluton, which crop out to the south of the Murchison Greenstone Belt in the Northern
Kaapvaal Craton, South Africa. These intrusions represent the oldest S-type plutons known so far in the
region. We constrain their petrogenesis by documenting their petrology, mineralogy (mineral composition),
geochemistry (major and trace elements, Sr, Nd and O isotopes) and zircon U-Pb geochronology. The large
Lekkersmaak and smaller Willie plutons represent two granites sharing many geochemical characteristics;
they are both peraluminous, Ms-bearing S-type granites although they are more sodic and less potassic than
typical S-type granites. The Willie granite was emplaced 2816 + 9 Ma ago while the Lekkersmaak yielded an
emplacement age of 2771 = 2 Ma. Therefore, S-Type magmatism in the area occurred twice at 2.82 Ga and
then 40 Myr later at 2.77 Ga, involving comparable immature metasedimentary sources and conditions of
partial melting. Finally, a sample from the Lekkersmaak pluton devoided of S-type features as it is
muscovite-free and aluminum poor was emplaced 2734 + 11 Ma ago. This confirms that the magmatic

activity south of the Murchison Greenstone Belt was episodic as stated in previous studies.



Introduction

S-type granites are interpreted as forming by melting of (meta)sediments. Therefore, they correspond to
reworking of pre-existing continental material, often having witnessed several cycles of weathering, erosion
and deposition (Chappell, 1984; Clemens, 2003; White et al., 1986). Early-to-mid Archean S-type granites are
rare (Moyen, 2019) although they became more common during the Neoarchean and the Archean-Proterozoic
transition, yet often as small size intrusions (see Bucholz and Spencer, 2019 and references therein). In the
context of Archean geology, their paucity (Moyen, 2019) is therefore significant, in that it matches the
uncommon nature of processes associated with maturing continental crust and crustal thickening, including
erosion and deposition of clastic sediments, and burial, metamorphism and melting of these sediments. The
relatively rare examples that are described (Laurent et al., 2014; Moyen, 2019) occur late in the evolution of
cratons, and mark the transition from the early phase of greenstone-granites (TTG) accretion, to later
stabilization events. They are critical markers of craton stabilization and transition towards processes more
akin to those occurring on the modern Earth (Cawood et al., 2018).

The chemistry of S-type granites is characterized by high-alkali and aluminum contents (e.g. Clemens
and Vielzeuf, 1987; Clemens, 2003). This can be expressed in terms of A/CNK (Mol Al,O3/(Na,0+K;0+CaO)
ratio), that is greater than 1.1, normative corundum position in A’CF diagram (eg. (White and Chappell, 1983)
or similar properties. Mineralogically, the peraluminous nature is reflected by the presence of minerals such
as cordierite, garnet or muscovite. Although some of these features are common to all fractionated granites
(Chappell, 1999), collectively converging to the slightly peraluminous composition of the granitic minimum
(Bonin et al., 2020; Chappell, 1999; Villaseca et al., 1998), an important trait of S-type granites is that they
remain peraluminous at all differentiation levels, and of course the rest of their properties (i.e. trace elements,
isotopic compositions, zircon inheritance...) are in agreement with a sedimentary source. They are, as such, a
relatively easy rock type to identify.

In this study, we focus on the Neoarchean 430 km? Lekkersmaak and the small ca. 2.82 Ga Willie
plutons (Poujol, 2001; Anhaeusser, 2006; Zeh et al., 2009), which crop out to the south of the Murchison
Greenstone Belt in the Northern Kaapvaal Craton (Fig. 1a). These intrusions represent the oldest large S-type

plutons known so far in the region. We constrain the petrogenesis of the Lekkersmaak and Willie plutons by



documenting their petrology, mineralogy (mineral composition), geochemistry (major and trace elements, Sr,

Nd and O isotopes) and zircon U-Pb geochronology.

Geological setting: The Murchison greenstone and granitoids terrain

The Murchison granitoid Greenstone Terrane is located in the northeast of the Kaapvaal Craton (Fig. 1a), 70
km to the south of the Limpopo Belt (Hout River Shear Zone) and the Giyani and Pietersburg Greenstone
Belts. De Wit et al. (1992) argued that various crustal blocks made up the Kaapvaal Craton, one of the sutures
being the Thabazimbi-Murchison Lineament (TML) that is described as separating the Witwatersrand Block
to the south from the Pietersburg Block to the north. This TML (Du Plessis, 1991) is a craton-scale geophysical
feature (Vinnik et al., 1995), but its exact location in the vicinity of the Murchison belt remains unclear (Fripp
et al., 1980; de Wit et al., 1992; Anhaeusser, 2006; Zeh et al., 2013). Regardless of its exact location within
the belt, the study by Zeh et al. (2013) confirmed that the TML represents an important Archean suture zone,
formed by the 2.97 Ga collision between a back-arc system to the north and an evolved terrane to the south.

The Murchison Greenstone Belt is a narrow (10-15 km) east-northeast trending 3.09 to 2.97 Ga old
volcano-sedimentary sequence (Poujol et al., 1996) with a depth for the greenstone-basement interface
comprised between 4 and 9-12 km in the centre (de Beer et al., 1984). The surrounding granitoids, which were
emplaced over a period of 300 Myr (Poujol et al., 2003), present variable geochemical compositions ranging
from granodiorite to leucogranite (see below). Dating of synkinematic intrusions, fluid circulations and
metamorphic overprints between 2.97 Ga and ca. 2.80 Ga have indicated that the tectonic history of the terrane
was protracted (e.g. Vearncombe, 1988; Poujol et al., 1996; Poujol and Robb, 1999; Poujol, 2001; Zeh et al.,
2009; Jaguin et al., 20123; Block et al., 2013).

The geological history of the Murchison Belt started prior to 3.09 Ga with deposition of the mafic and
ultramafic komatiitic Mulati and Leydsorp Formations (Poujol, 2001) followed, at 3.09 Ga, by the
emplacement of the mafic-to-felsic volcanic rocks of the Weigel Formation (Poujol et al., 1996). This episode
was coeval with the intrusion of the Harmony granite and tonalitic phases farther to the south (Fig. 1a; Poujol
and Robb, 1999).

Around 2.99-2.97 Ga, felsic volcanites of the Rubbervale Formation emplaced to the north (Poujol et
al., 1996; Brandl et al., 1996; Poujol, 2001) while some sedimentary rocks deposited in the center, among

which the La France Formation (Zeh et al., 2013; Fig 1b). The La France Formation is a small area in the
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south-center part of the belt that comprises quartzites as well as kyanite and staurolite-bearing micaschists,
indicating recrystallization under amphibolite facies conditions (Block et al., 2013). Important plutonic activity
is largely documented between 2.97 and 2.92 Ga (Baderoukwe granodioritic batholith, Jaguin et al., 2012b;
Discovery granite, Poujol, 2001; Rooiwater gabbro-diorite complex, Zeh et al., 2013), and may be related to
the accretion between the northern and the southern terranes (Zeh et al., 2013).

After a magmatic quiescent period, a third period of activity occurred between 2.84 and 2.77 Ga. It
comprises the peraluminous Willie and Lekkersmaak plutons (Vearncombe et al., 1992) which crystallized at
2820 + 38 Ma and 2795 + 8 Ma (Poujol, 2001; Zeh et al., 2009, respectively), the Duiwelskloof “granite”
(“granite” is used with caution without proper petrographic nor geochemical information) and related gneissic
phase (2841 + 10 Ma and 2776 £ 10 Ma, Laurent et al., 2013; 2839 + 8 Ma and 2784 + 8, Zeh et al., 2009),
the granite-granodiorite Turfloop batholith (2777 + 10 Ma, Henderson et al., 2000), and pegmatitic dykes
intrusive into the Makhutswi gneiss (2848 + 58 Ma, Poujol and Robb, 1999). This activity is contemporaneous
with fluid circulation, albitization and deformation in the Antimony Line, a structure within the Murchison
Belt hosting antimony and gold deposits (Jaguin et al., 2013; 2014). Finally, to the south of the belt, the
Mashishimale pluton, a polyphased bt + hbl monzogranite (Villaros et al., 2011), as an age of at ca 2.67 Ga
(Poujol, 2001; Zeh et al., 2009).

The Lekkersmaak pluton corresponds to a bi-lobate, 40 km long, maximum 20 km wide, ENE-
elongated body (Fig. 1b, Geological Survey of South Africa, map of Tzaneen, 1985; VVearncombe et al., 1992).
It includes porphyritic facies in its central part and in its western termination, the so-called “Willie Granite”.
Basement remnants are present in the core of the intrusive body (white zones in Fig. 1b), probably indicating
that the body is thin and presents a laccolith-like shape. This seems to be confirmed by the geophysical study
of de Beer (1982). Finally, the Lekkersmaak pluton includes, in places, large enclaves or rafts of mafic
lithologies (grey zones in Fig. 1b). Several geochronological studies were performed on this pluton. Burger
and Walraven (1979) reported a U-Pb zircon age of 2690 + 25 Ma. Barton (1984) published a whole rock Rb-
Srisochron age of 2581 + 252 Ma (Isr = 0.702 + 0.004) and three Rb-Sr ages obtained on biotite at 1348 + 27
Ma, 1383 + 28 Ma and 1297 + 26 Ma respectively. More recently Zeh et al. (2009) reported in-situ U-Pb zircon

age of 2795 = 8 Ma.



Sampling and samples

The poor outcrop conditions together with the development of heavily fenced game farms prevented an optimal
observation and sampling. Nevertheless, we managed to collect samples from east to west and from edge to
core for the Lekkersmaak pluton (Fig. 1b), together with one sample from the Willie granite. These samples
are therefore representative of the textural and petrographic variety of the pluton. Their locations are provided
in Supplementary Table 1.

Samples are light-grey to yellow leucocratic rocks (Fig. 2a, b and c). Their mineralogy consists of
quartz with undulose extinction, plagioclase (commonly zoned, sometimes poikilitic, and sometimes
pervasively sericitized), orthose and microcline, dark biotite and muscovite (Fig. 2d). Garnet was found in
only one sample (MUR 09-67). Epidote and titanite are common accessory minerals, often associated with
biotite (Fig. 2e) and other accessory minerals such as sulfides, apatite and zircon. Texturally, most of the pluton
presents a medium- (MUR 09-67, Fig. 2a) to coarse-grained (MUR 09-108) equigranular facies, but, in some
places, porphyritic facies occur (cm-long orthose, MUR 09-66A, Fig. 2b). Samples MUR 09-60, 61 and 80
have a slightly gneissic aspect evidenced by a diffuse quartz appearance and an anisotropic orientation of the
biotite grains. MUR 09-72 is a foliated rock (Fig. 2c) collected along the northern margin of the intrusion.
Tourmaline-pegmatite rocks have been observed in some place along this margin (close to MUR 09-60 sample
site) or in the core of the pluton (close to MUR 09-64 sample site). MUR 09-63 is made of poecilitic plagioclase
and quartz, very rare muscovite but abundant chlorite associated with opaque minerals. This sample shows
veinlets of quartz-plagioclase with some myrmekitic textures. Sample MUR 09-64 is a coarse-grained
leucocratic rock, without muscovite or biotite but made of poecilitic plagioclase and quartz, the latter forming

diffuse pseudo-veins, as well as some apatite and epidote as accessory phases.

Analytical procedures

Mineral and whole rock elementary composition

Mineral compositions were measured in thin section using a SX-100 CAMECA electron microprobe (EMP)
at the Laboratoire Magmas et VVolcans (Clermont-Ferrand, France) using a 15kV accelerating voltage. Results

are presented in Table 1.



For whole rock composition, rocks were crushed first in a steel crusher then in an agate mortar until a
fine powder was obtained. The SARM laboratory (CRPG-CNRS, Nancy, France) performed the chemical
analyses using LiBO, fusion and acid dissolution by ICP-AES for major elements and ICP-MS for trace
elements (details in Carignan et al., 2001). Whole rock chemical compositions are reported in Table 2, together
with the detection limits. Analytical uncertainties depend on the content and can be found on the SARM

webpage (http://helium.crpg.cnrs-nancy.fr/'SARM/pages/roches.html) or in Carignan et al. (2001).

Nd and Sr isotope systematics

Sr and Sm-Nd isotope analyses were performed on 100 mg of rock powders using the 7-collector Finnigan
MAT-262 mass spectrometer available at the GeOHeLiS analytical platform (Univ. Rennes 1, France).
Powders were dissolved twice with a mixture of concentrate HF — HNOs acids. After five days of digestion,
the solution was evaporated to dryness and then taken up in 6N HCI acid for two days. They were then dried
and taken up with concentrated HCI 2.5N and loaded on cation exchange chromatography columns using
AG50W-X8 resin to collect the REE fractions on one hand and Sr on the other. The REE fractions were then
purified and Sm and Nd isolated using a secondary column loaded with Eichrom Ln resin. Sr was separated
with the Sr Spec resin. Sm-Nd concentrations were measured by isotope dilution using a *°Sm/**°Nd spike.
Samples were spiked before dissolution. During the analytical session, measurements of the AMES Nd
standard gave a mean *3Nd/***Nd ratio of 0.511957 + 3 (n=18), and analyses of the NBS-987 Sr standard
yielded a mean &’Sr/2Sr ratio of 0.710183 + 10 (n =18). Blanks values for Nd and Sr were < 300 pg and
therefore considered as negligible. 8Rb/®Sr was calculated using Rb and Sr contents from ICP-MS
measurements and a 8’Rb abundance of 27.8346 %. Is; (i.e 8’Sr/%®Sr initial ratio) was calculated using the decay
constant A = 1.42x10** y*. Model ages and enq Were calculated using the decay constant A = 6.54x10? y and

the parameters of Goldstein et al. (1984).

Oxygen isotope systematics

Oxygen isotope whole rock analyses (Table 2) were carried out in Geosciences Rennes (France). About 7 mg
of whole rock powder were reacted with BrFs in Ni tubes at 670°C overnight (after the method of Clayton and
Mayeda, 1963). It was then converted to CO- by reaction with hot graphite, and analyzed using a VG SIRA

10 triple collector instrument. Long-term analysis of NBS 28 standard (5'30 = 9.58%o) gave a mean value of
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9.3 £ 0.1%0. Measured values have thus been slightly corrected. The average uncertainty on oxygen isotope

composition is 0.2%o.

U/Pb zircon dating

Zircon grains were dated by in-situ LA-ICP-MS analyses on separated grains mounted in epoxy mounts. A
classic mineral separation procedure has been applied. From the powder fraction (<250 um) of the crushed
rocks, heavy minerals were concentrated using the Wilfley table and heavy liquids. Magnetic minerals were
then removed using an isodynamic Frantz separator. From the remaining zircon concentrate, grains were
carefully handpicked under a binocular microscope, embedded in epoxy mounts and polished. They were
imaged by cathodoluminescence (CL) using a Reliotron CL system available at the GeOHeL.iS analytical
platform (Univ. Rennesl). U-Pb analyses were carried out by in situ LA-ICP-MS at the Laboratoire Magmas
et Volcans in Clermont-Ferrand, France. We used ablation spot diameters of 26 um with a repetition rate of 3
Hz. Data were corrected for U-Pb fractionation and for the mass bias by standard bracketing with repeated
measurements of the GJ1 zircon standard (Jackson et al., 2004). Data reduction was carried out with the
GLITTER® software package developed by the Macquarie Research Ltd (van Achterbergh et al., 2001). In
addition, the zircon standard 91500 (Wiedenbeck et al., 1995) was analyzed as an unknown (quality control)
and yielded a concordia age of 1066.7 + 2.1 Ma (MSWD = 0.45, n= 10). Further information on the
instrumentation and the analytical technique is detailed in Paquette et al. (2014), Poujol et al. (2017) and in

supplementary Table 2. Ages and diagrams were generated using IsoplotR (Vermeesch, 2018).

Petrologic, geochemical and geochronological characterization

Mineral composition

Electron Microprobe (EMP) analyses were acquired on several samples (Table 1) in order to get a good
representativity of the different facies and mineralogical assemblages found in both plutons (east and west
lobes, core and border from the Lekkersmaak and the Willie samples). Plagioclase grains are common, with
albite to oligoclase composition (maximum Anl15.1; Fig. 3a). Plagioclase grains show very little zoning, with
only a decrease of 1-2% of the anorthite contents toward the edge. K-feldspar crystals (microcline in thin
section), absent in the Willie sample and rare in the Lekkersmaak samples, are highly potassic (ca. Or 94-98;

Fig. 3a).



Most of the muscovite grains have a magmatic composition, falling in the primary, high-Ti field of
Miller et al. (1981; Fig. 3b). Some samples have both magmatic and secondary muscovite in variable

proportion. Garnet in sample MUR 09-67 is Mn-rich almandine with the global composition AlmssSpsagPrps.

Major and trace elements

The chemical composition of the samples from the Lekkersmaak and the Willie plutons are presented in Table
2. Major elements are reported in Harker diagrams on Figure 4 together with a database of S-type plutons of
various ages and locations (Bonin et al., 2020). In these diagrams, the Willie sample MUR 09-108 is
indistinguishable from the Lekkersmaak ones and was consequently not labeled differently. Samples are silica
rich (SiO between 72.6 and 75.8 wt.%) and lay on the evolved side of the peraluminous compositional trend.
Samples are rich in alkalis (Na2O + K;O = 7.4 to 8.4 wt.%) as most S-types granites. Samples MUR 09-61 and
MUR 09-80 show a significant enrichment in Na,O and a correlative depletion in KO (Fig.4), a feature which
could be attributed to a post-magmatic, albitization-type alteration. Even if these two samples are excluded,
the samples belong to the sodic-rich, potassic-poor S-type granites. As a whole, the granites have a moderately
peraluminous character (A/CNK=1.06 to 1.13; A/NK = 1.16 to 1.24), and plot in the felsic-peraluminous field
of the B—A diagram (Villaseca et al., 1998) (Fig. 5).

Trace elements contents (such as Nb, Th or Rb) appear in the range expected for magmatic values
(Fig. 4). With average Rb, Ba and Sr of 185, 557 and 266 respectively these granites are not particularly
fractionated (Chappell, 1999). REE spider plots (Fig. 6) are reported as normalized to average Archean
sediments (Taylor and McLennan, 1985), i.e. their potential source. This allows for an easier interpretations
of any anomaly related to the melting process, rather than being the sum of all previous fractionation events
(Moyen et al., submitted). In this view, a striking feature is the degree of HREE depletion achieved by some
of the samples, together with a large negative Eu anomaly. Except for two samples (MUR-09-63 and -67),
there is a good correlation between these two indicators (inset of figure), that, on the other hand, are not

correlated to SiO, or other differentiation indices.



U/Pb geochronology

Six samples were selected for U-Pb geochronology. They are representative of the petrologic, mineralogical
and chemical variability encountered in the plutons in terms of facies, muscovite—bearing or muscovite—free
samples (whether they are primary or secondary muscovite) or anomalous chemical features (such as the more
sodic sample MUR 09-80). This sampling covers most of the large intrusion (eastern and western lobes, border
and core, as well as the Willie pluton) and allows to estimate the timing of the magmas emplacement as well
as the duration of the pluton construction.

For each sample, the U-Pb zircon dataset is presented individually in Table 3. In general, zircon grains
are prismatic. Cathodoluminescence imaging reveals that most of the grains are characterized by a bright
“core” with well-defined oscillatory zoning (Fig. 7).

Five samples from the Lekkersmaak pluton (MUR 09-66, 09-109, 09-80, 09-72 and 09-64) have been
selected for U-Pb dating. A total of 66 analyses out of 58 zircon grains have been performed, either in the inner
or in the outer part of the grains (Table 3).

The first four samples pluton (MUR 09-66, 09-109, 09-80 and 09-72) correspond to the mica-bearing
type of granite. Zircon grains are prismatic and range in size from 60 to 200 microns (Fig. 7). They are
characterized by magmatic zoning (Fig. 7) with the exception of two grains (Zr13, MUR 09-109 and Zr5,
MUR 09-80) with the presence of large inherited cores (Fig. 7). Pb and U contents are variable (9-209 ppm
and 13-293 ppm respectively) with highly variable Th/U ratios (0.1 to 4; Table 3). Fourty-two out of the 44
analyses yield a 2’Pb/?°®Pb mean date of 2771 + 6 Ma (Fig. 8A, MSWD=0.91). Among these analyses,
seventeen concordant ones allow to calculate a concordia date (as of Ludwig, 1998) of 2771 £+ 2 Ma (Fig. 8A,
MSWD=1.4), that we consider as the emplacement age of the mica-bearing granite from the Lekkersmaak
pluton. The two remaining analyses are concordant and yield 2Pb/2%Ph apparent ages of 2899 + 18 and 3098
+ 18 Ma respectively. These old dates are consequently interpreted as inherited. They can be compared to the
emplacement age of the Harmony granite (3091 £ 5 Ma, Poujol and Robb, 1999) or the deposition of the
volcano-sedimentary succession of the Weigel Formation (3087 + 21 Ma, Poujol et al., 1996) and the Maranda
granite (2901 + 20 Ma, Poujol et al., 1996) respectively, all these cropping out in the vicinity of the

Lekkersmaak pluton.



Twenty-two analyses were performed for the muscovite-free sample MUR 09-64 (Table 3). Zircon
grains are prismatic and range in size from 60 to 150 microns. In cathodoluminescence they present concentric
magmatic zoning (Fig. 7). Pb and U contents are variable (11-156ppm and 21-359ppm respectively) with fairly
consistent magmatic Th/U ratios between 0.3 and 0.9. Plotted in a concordia diagram, they all plot in a
concordant to sub-concordant position (Fig. 8B) and yield a concordia date of 2734 + 11 Ma (MSWD=1.9) for
the fourteen data that are concordant within error. The mean 27Pb/?%Ph date for all the analyses is equivalent
within error at 2741 £ 9 Ma (MSWD=1.2; N=22). This age of ca. 2.74 Ga, that we interpret as the emplacement
age for the muscovite-free granite, can be compared to the U-Pb zircon age of 2690 + 65 Ma previously
published by Burger and Walraven (1979) for a sample from the Lekkersmaak pluton.

These two ages (ca 2.77 and 2.74 Ga) obtained for the Lekkersmaak pluton are both younger than the
age of 2795 + 8 Ma published by Zeh et al. (2009) for sample MBL1, collected on the southern edge of the
Lekkersmaak pluton, although no indications are provided regarding its petrology and/or chemistry.

The last sample, MUR 09-108, corresponds to the Willie granite. Zircon grains are prismatic with sizes
bracketed between 50 and 120 microns and are characterized by magmatic zoning (Fig. 7). Their Pb and U
contents are variable (9-119 and 14-166 ppm respectively), while their U/Th ratios are consistent with a
magmatic origin with values between 0.4 and 1 (Table 3). Out of 18 analyses, a group of 16 concordant ones
(Fig. 8C) yields a concordia date of 2816 + 9 Ma (MSWD=1.7). Two analyses from the same grain yield a
207pp/2%pPh date of ca 3.25 Ga while the last grain is discordant with a 2°7Pb/?%Pb date of 2820 + 21 Ma. This
date of 2816 + 9 Ma, is interpreted as the emplacement age of the Willie granite. This age is consistent,
although more precise, with an ID-TIMS U-Pb age obtained on single zircon grains at 2820 + 38 Ma (Poujol,
2001). The date of ca 3.25 Ga is therefore interpreted as inherited. This date is within error with the age of the
French Bob Mine granite, located to the South of the MGB, dated at 3228 + 12 Ma (U-Pb by ID-TIMS; Poujol
etal., 1996).

One striking feature is the quasi-absence of inheritance shown by the zircon age data spectrum, as only
3 older dates were found out of 62 analyses (3.25, 3.1 and 2.9 Ga). S-type granites are known to typically
contain a substantial fraction of inheritance representative of the heterogeneity of the source (see review in
Villaros et al., 2012 for example). We can however point out that in the case of the S-type granite from
Wyoming (Grace et al., 2006) or from the clasts from the Barberton greenstone belt (Sanchez-Garrido et al.,

2011), such inheritance is also absent in the analyzed zircon grains. Several explanations could be proposed at
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this stage. An explanation could be that the zircon dated in this study crystallized very late or that the Zr
saturation level was very high (such as the one usually encountered in I-type magmas). Alternatively, the
source of this S-type granite could have contained very little zircon grains to start with. However, we can
immediately discard the possibility that the source was mostly mafic as it has been demonstrated that a source

with more than 10% of mafic material leads to the production of a metaluminous magma (Collins, 1998).

Radiogenic isotopes

Isotopic analyses of the Sm-Nd and Rb-Sr systems are presented in Table 4, and the U-Pb ages are used to
calculate the s, and eng parameters. For the Lekkersmaak granite, the eng values are near-chondritic at the time
of crystallization (Fig. 9) with Tpm ages ranging from 2880 to 3022 Ma (with the exception of sample MUR
09-80 which has a very unradiogenic signature, ena = -18.1; Fig. 9). ls; show variable values from 0.6819 to
0.7019 (Table 4), most of them being consequently below the BABI value of 0.699 (MUR 09-60, 61, 67,72,
109, 8a). For the Willie granite, the eng (calculated at 2.82 Ga) is -0.74 and the TDM is 3050 Ma. Therefore,
these values are comparable with the ones found for Lekkersmaak (Fig. 9). Here again, the Is; is abnormal at
0.6985.

Such abnormally low I, values for both the Lekkersmaak and Willie plutons indicate that the Rb-Sr
system has been disturbed since the crystallization of these granites leading to Rb gain and/or Sr loss. We can

notice at this stage that Barton (1984) produced biotite Rb/Sr ages around 1.3 Ga.

Stable isotope characterization

The oxygen isotope composition of whole rocks displays a narrow range (320 values from 8.2 to 9.2%o).
These signatures are expected for granitic rocks (Taylor and Hugh, 1978) but are actually low for S-type
granites that generally have 580 values above 10 %o, such as in Himalayan leucogranites (France-Lanord et
al., 1988) and in Australian batholiths (O’Neil et al., 1977). In detail (Fig. 10), there is a tendency for the most
evolved samples (highest SiO content, lowest Fe+Mg+Mn+Ti content) to have the highest §'0 value, and
for the less evolved samples to have the lowest §'%0 value. This relationship may either reflect modal effects
(i.e. samples enriched in high-3'80 quartz display the highest §'80 value, samples enriched in low-§'80 micas
display the lowest &0 value) or the fact that the samples actually underwent different degrees of

differentiation (e.g. Tartése and Boulvais, 2010). Regardless of the exact explanation, these relationships are
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indicative of the magmatic history rather than of some post-magmatic alteration as was recorded by sample

MUR 09-80.

Discussion

S-type character of the Lekkersmaak pluton

S-types plutons are rare in Archean terranes. Therefore, some unusual geologic conditions (source of the
granite, PT conditions of melting) must account for the production of the Lekkersmaak pluton. Before
constraining these conditions, we need to discuss the meaning of the peraluminous signature of Lekkersmaak
and Willie granites.

First of all, in order to ascertain that this signature is a primary, magmatic signature, we first have to
evaluate the level of chemical alteration of the samples. In the region and in particular in the Antimony Line,
albitization is the main form of granitoid alteration and is broadly coeval with Lekkersmaak emplacement at
ca. 2.8 Ga (Jaguin et al., 2013). As an example, sample MUR 09-80 and to a lesser extent sample MUR 09-61
display several compositional anomalies in Na,O and K-O contents, Na,O/K-O ratio (Fig. 4), and Rb-Sr and
Sm-Nd isotope compositions (Table 4). Those features are not associated with any special mineralogical or
textural features. It rather indicates a discrete albitization. Once these two samples are excluded, the Na, Ca
and K contents of other samples are very homogeneous, which argues for an unaltered signature in alkalies
and ensures the petrological significance of the A/CNK (1.06 to 1.13) and A/NK (1.16 to 1.24) ratios.

From a mineralogical point of view, we targeted white mica because it is a widespread alteration
mineral in igneous rocks as well as a magmatic mineralogical indicator of high-aluminum magma. Figure 3b
shows that most of muscovite grains fall within the primary magmatic field. Moreover, it is possible to evaluate
texturally the primary or secondary origin of muscovite. Textural criteria of secondary muscovite origin are
small grain size, association with secondary minerals (epidote, titanite; Fig. 2e) instead of magmatic minerals
(biotite, zircon; Fig. 2d) and occurrence in close association with dissolution figures, sheared zones or
recrystallized zones. These mineralogical characteristics correlate well with chemical analyses, i.e., texturally
identified secondary-type muscovites fall within the field of secondary muscovite in figure 3b. From that, we
infer that MUR 09-60, MUR 09-80, MUR 09-81 and MUR 8a very likely bear magmatic muscovite (in

addition to secondary muscovite) but foliated sample MUR 09-72 is still doubtful regarding that point.
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We thus conclude on the basis of mineralogical and geochemical characteristics that the Lekkersmaak
pluton is a Mg-Fe-Ca poor and moderately peraluminous granite.

The second issue to consider is whether these granites can be the result of fractionation of a more
common magma type (TTG or “biotite granites” such as in the nearby Turfloop batholith; (Henderson et al.,
2000; Laurent et al., 2014; Laurent et al., 2013a)). We rule out this hypothesis for several reasons. (i) Although
the REE patterns do display the large Eu anomaly typical for fractionated granites (Chappell, 1999), the rest
of their trace element compositions (in particular the Rb-Ba-Sr systematics) is not consistent with this model.
(ii) The granites contain some inherited zircon cores, meaning that the magma never reached a temperature
above the zircon saturation values (Miller et al., 2003). Here the zircon saturation values are on average 756
°C (Watson and Harrison, 1983), or 707 °C (Boehnke et al., 2013), a value that is consistent with rather cold
granites, that did not experience a high-T evolution. (iii) The depletion in HREE is consistent with melts in
equilibrium with garnet, which would require deep (ca. 10 kbar) fractionation of a TTG magma (Alonso-Perez
etal., 2003; Marxer and Ulmer, 2019): not an impossible value, but surely an unusual one away from magmatic
arcs.

Thus, we conclude that the most likely interpretation of the peraluminous signature of the
Lekkersmaak and Willie granites is that they originate from partial melting of sediments, and represent Ms-
bearing S-type granites.

Petrogenesis of the Lekkersmaak pluton
The occurrence of such a S-type pluton requires two unusual (in the Archean) conditions: accumulation of a
sizeable aluminous sedimentary source and, subsequently, a tectonic context that drives these sediments to

sufficient depth to trigger partial melting. Here we comment on the plausible scenario permitting such

conditions.

Nature of the source and conditions of formation of the Lekkersmaak pluton

Although there is little doubt on the sedimentary nature of the source, the studied plutons differ from classical
S-type plutons on several points. First, they are on average, more sodic and less potassic than typical S-type
granites, which is consistent with the overall low anorthite content of the plagioclase. Secondly, their high

(La/YDb)n ratio is more similar to Archean TTG granitoids (> 30) rather than common S-types granites or post-
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Archean granitoids (most S-types in the database used are post-Archean); nevertheless, the measured Eu
negative anomaly resembles those of typical S-granites. Finally, the 50 value of whole rocks is low and the

dated zircon grains show only rare inheritance.

The peraluminous chemistry implies melting by mica breakdown, and thus of a mica-rich (formerly
clay) component in the source. The sodic chemistry suggest an immature, plagioclase-rich component, most
likely derived from erosion of (plagioclase-rich) TTG rocks. Archean detrital sediments, such as those in
Barberton (Byerly et al., 2018), the Witwatersrand supergroup (Mc Carthy, 2006), or the successions in the
Pilbara craton (Mc Lennan et al., 1983) provide us with a reasonable image of what the source could have

been: a greywacke-shale (or mudstone), turbidite-like sequence of immature clastic sediments.

We have only limited constraints on the conditions of melting. The variously depleted HREE patterns
suggest the presence of residual garnet. Garnet is stable, during metasediment melting, at pressures lower than
what would be required in a fractionating metaluminous magma: for instance, pseudosection modelling in the
micaschists of the La France formation in the Murchison Belt (Block et al., 2013) indicates that garnet is stable
at pressures as low as 3-4 kbar in these compositions. The leucocratic compositions of the granites, reminiscent
of the very felsic Himalayan leucogranites (Harris et al., 1986), is consistent with melting through muscovite
dehydration-melting reactions, i.e at temperatures not exceeding 750 °C (Barbey et al., 2015; Clemens and
Vielzeuf, 1987; Villaros et al., 2018), in good agreement by the presence of (rare) zircon inheritance and low
Zr saturation temperatures. These various lines of evidence support the fact that these rocks have formed by

partial melting of metasediments at mid-crustal upper-amphibolite facies conditions.

Regional correlations

The rocks that melted, by definition, do not exist anymore but we can nevertheless compare the characteristics
of the source, as we have outlined it, with regionally existing units. Here, we need a reasonably thick sequence
of immature (plagioclase-rich) metasediments, probably with clay-rich intercalations, and of course deposited
prior to ca. 2.82 Ga. Furthermore, the Lekkersmaak granites have chondritic to slightly sub-chondritic Nd

isotopic signatures, and low 880 of 8 to 10 that the expected source must match.
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The largest such sequence preserved in the Kaapvaal Craton is the Witwatersrand basin, deposited
after 3.05-2.97 Ga and prior to 2.74 Ga. In addition to being older than the Lekkersmaak pluton, the
Witwatersrand sediments display Sm-Nd signatures consistent with the signatures found for the Lekkersmaak
pluton (ena = -3 to 0 at 2.8 Ga, Tom = 3.35-3.12 Ga; Jahn and Condie, 1995). Besides, the 5180 values of the
sediments (580 between 8 and 13%o) show a tendency to become lower as the grain size gets smaller (Barton
et al., 1992; Vennemann et al., 1992; 1996; Jaguin et al., 2010), so that shales are expected to have quite low
5180 signatures, around 8%. or slightly below. As a source, it would impose a comparable low 520 value of
any melt produced near 8%o or slightly above, comparable to the one actually measured in the Lekkersmaak
samples. However, at ca. 2.82—2.77 Ga the Witwatersrand basin was still being formed. It is, furthermore,
situated 300 km away, and in an intra-cratonic setting offering little prospect for the required burial and
metamorphism.

In the core of the craton, the Barberton Granite-Greenstone terrain includes some preserved
sedimentary units (e.g. the Fig Tree and Moodies group; Byerly and Lowe, 2018) that petrologically could be
an appropriate source. Similar material forms unquantified but probably large volumes of the middle crust of
the same area, as observed in the Ancient Gneiss Complex of eSwatini (Swaziland) (Kréner et al., 2019),
where it is indeed observed to melt and form S-type granites (Taylor et al., 2010). Although this provides a
worthwhile example of how S-type granites can be formed in the Archaean, this specific material is unlikely
to be the actual source for the Lekkersmaak granitoids: it was deposited in the meso-Archaean (ca. 3.2 Ga),
and was at 2.8 Ga too isotopically evolved to be a plausible source (Toulkeridis et al., 1999; Zeh et al., 2013).
In any case, the core of the craton was stabilized at ca. 3.1 Ga, as attested by the deposition of the Dominion
group on top of it at ca. 3.08 Ga onwards (Marsh, 2006) and rocks of this region are therefore hardly a suitable
source.

More promising candidates, then, would be rocks found in the then more active zone occurring at the
Northern edge of the cratonic core — i.e., at or near the TML. Although they occur only as small volumes,
metasediments are found both in the Pietersburg (de Wit et al., 1993) and the Murchison Greenstone Belts.
The Murchison Belt exposes aluminous sedimentary rocks (now micaschists) immediately to the north of the
Lekkersmaak suite, namely the La France Formation (Fig. 1b). These staurolite-bearing micaschists as well as
the occurrence of quartz-kyanite veins evidence medium pressure, medium temperature metamorphism in the

belt. Block et al. (2013) estimated upper amphibolic facies conditions for the La France Formation peak
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metamorphism (ca. 8-9 kbar, 600-650°C) and then decompression toward ca. 5-6 kbar, 580°C. These are
metamorphic conditions comparable to Phanerozoic geothermal gradients which commonly produce partial
melting at depth. It is then predictable that, if sediments were buried at deeper levels, the immediate underlying
structural level would have experienced partial melting P-T conditions. We lack comprehensive isotopic
constrains on these rocks. In the Pietersburg Greenstone Belt, Zeh and Gerdes (2012) report slightly super-
chondritic Hf isotopic values in zircon at ca. 2.9 Ga — such values would yield slightly sub-chondritic
compositions at 2.8 Ga, so probably appropriate compositions. One metapelite from the Murchison Belt
(presumably taken from the La France formation), analyzed by Kreissig et al. (2000), has recalculated eng (2800
ma) OF +0.05, again a realistic value for the source of the Lekkersmaak granitoids. Despite their small present-
day volumes, these rocks have the appropriate nature and isotopic composition, they occur in the right place
and they have demonstrably been metamorphosed along geothermal gradients consistent with burial to melting
conditions.

The Lekkersmaak pluton is occupies ca. 450 km?. Assuming a laccolith shape with a thickness versus
length ratio of 1:10 and a rather high melting rate of 30 %, the metasedimentary package involved in the
melting must have represented a volume of about 5700 km?®. It comes from this crude estimate that the genesis
of the pluton required the burial of a quantity of sediments much exceeding the present-day volumes (the La
France formation, for instance, occupies a restricted area no larger than a few square kilometers). We therefore
have to postulate a fairly active tectonic environment allowing the generation and disposal of significant
amounts of sediments. At the same time, S-type granites such as Lekkersmaak are only a minor component of
the ca. 2.9—2.7 Ga magmatism of this area (the region between the TML and the Hout River Shear Zone
occupies nearly 20,000 km?, most of which made of granitoids), so this process was only one component of a

larger system.
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A protracted magmatism

The Willie granite has been dated at 2816 + 9 Ma and is chemically identical to the Lekkersmaak pluton. The
Lekkersmaak pluton was emplaced 2771 + 2 Ma ago whereas sample MUR 09-64, devoid of S-type features
as it is muscovite-free, aluminum poor (11.8 wt.%), with a strong positive europium anomaly (Eu/Eu* = 2.08),
was emplaced 2734 + 11 Ma ago. In summary, S-Type magmatism in the area occurred twice, at 2.82 Ga and
then 40 Myr later at 2.77 Ga, involving comparable metasedimentary sources and conditions of partial melting.

For the Lekkersmaak pluton itself, if we take into account the age of 2795 + 8 Ma published by Zeh
et al. (2009) together with the age of 2771 £ 2 Ma obtained in this study, the building of the pluton took a
minimum of 14 Myr. According to de Beer (1982), the Lekkersmaak pluton presents a maximum thickness of
1 km, therefore, if we consider that half of the pluton was eroded away, we can estimate its initial volume at a
minimum of 900 km?®. These results are in a good agreement with the duration of pluton building according to
de Saint Blanquat et al. (2011). However, if we consider that the muscovite-free sample MUR 09-64 is part of
the Lekkersmaak pluton, the duration for the construction of the pluton increase to a minimum of 42 Ma, an
anomalous long time compared to the size of the pluton (de Saint Blanquat et al., 2011). Therefore, we consider
that the magmatic activity south of the MGB was episodic as already discussed by Poujol (2001).

However, the similarities both in term of geochemistry and location shared by the two plutons
(Lekkersmaak and Willie) seem to demonstrate that comparable petrogenetic conditions prevailed for both.
The same context was therefore either maintained for ca. 40 Ma or repeated during two separate events. It is
doubtful that an uninterrupted melting would have been maintained (see above), producing only two
emplacement episodes. It is also doubtful that the same succession of events happened twice. A composite
solution is to propose that sub-solidus conditions were maintained for at least 40 Ma but reached the threshold
of partial melting only twice. At the same time, a source out of which an S-type melt has been extracted is
unlikely to melt again —and if it does, it is unable to generate S-type melts again. This implies that the source
region of the successive granites were made of similar rocks, but were physically (and spatially) distinct.
Therefore, the similar geochemistry and location suggest that an appropriate source met the appropriate
conditions in a dynamic system rather than in a static one, with fertile sediments being supplied to the system.

Finally, this protracted magmatic activity echoes the long lasting tectonic, metamorphic and granodioritic
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magmatism history in the Murchison Belt. The geologic history of the belt as a whole may be related to a slow
continuous evolution of the area marked by activity pulses (melting, extraction) at different times.

More globally, there is ample evidence for protracted granitic magmatism North of the Thabazimbi—
Murchison Lineament (TML) during this period. In fact, granites occur nearly continuously during the ca. 150
Myr interval from ca. 2900 to 2750 Ma (Laurent et al., 2013b; Laurent and Zeh, 2015; Laurent et al., 2019;
Vézinet et al., 2018) in this region, and collectively record the melting of increasingly “crustal” sources with
more and more potassic compositions. Muscovite-bearing phases have been described in parts of the Turfloop
batholith (the Meinhardtkraal pluton), although their chemistry has not been described yet (Henderson et al.,
2000). In this light, the Lekkersmakk and Willie plutons are not unexpected; they merely represent an end-
member of the crustal melting process that affected the bulk of the Northern Kaapvaal Craton at that time,

yielding a range of granitoids reflecting the sources involved.

Tectonic conditions

The Murchison belt is part of the Thabazimbi—Murchison Lineament (TML), the main geophysical
boundary between the ancient core of the craton and the younger “mobile belt” to the North (Poujol et al.,
2003). South of the TML, the post-3.1 Ga geological activity seems to be restricted to the emplacement of
dykes and upper level granites and the deposition of supracrustal sequences. In contrast, the northern domain
underwent pervasive melting and deformation culminating in the ca. 2.72 Ga “Limpopo orogeny” (Van Reenen
et al., 2019). In between, the Murchison area is the only place in the region where distinctly juvenile (eHf =
+5) magmatism occurred at ca. 2.96 Ga (Laurent et al., 2019; Zeh et al., 2013).

The Murchison Belt has a tectonic history from 3.09 to 2.78 Ga. It involves first the deposition of a
volcano-sedimentary sequence (Weigel and Mulati formations, then Rooiwater complex), capped by the
detrital sediments of the La France formation. This is consistent with the remnants of a basin developing at the
edge of the recently stabilized (Moyen et al., submitted) Kaapvaal Craton core, separating the main Kaapvaal
Craton with the small gneissic fragments that would eventually form the Pietersburg block (Laurent et al.,
2019; Zeh et al., 2009) and accrete over the core of the Kaapvaal Craton. Presumably, this basin included a
significant sedimentary component, fed by detritus from the older TTG basement of the cratonic core to the
south, but also from the juvenile components to the immediate North, reaching a near-chondritic average

composition. Similar processes of mixing and homogeneization in basins is described in more recent systems,
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for instance accretionary orogens such as the remains of the Cadomian (late Panafrican) belt of Western Europe
(Couzinié et al., 2017). Although the analogy should not be stretched too far, we postulate that, similar to
modern accretionary orogens, the edge of the Kaapvaal craton at ca. 2.9—2.7 Ga was marked by rapid opening
and closing of volcano-sedimentary basins. In these basins, the (volumetrically minor) sedimentary component
was a mixture of old crustal material and young, juvenile detritus from the associated mafic activity. Closure
of the basins resulted in melting of all available lithologies: preferentially whatever sediments were available,
but also the hydrated mafic rocks (forming TTGs), and possibly locally the older TTG basement itself (forming
“ordinary” potassic granitoids), collectively accounting for the diversity of the ca. 2.9—2.7 Ga magmatism at
and near Murchison (Vézinet et al., 2018; Laurent et al. 2019).

The processes leading to the closure of the basin are enigmatic. Strain patterns show that they include
a component of sagduction, enhanced by gravity forces within the greenstone belt (Jaguin et al., 2012), that
dominates the present-day map pattern. The duration of the crustal magmatism on the other hand, and the
production of crustal melts for > 150 Myr, shows that tectonic activity was not restricted to one rapid, short-
lived crustal overturn but rather developed over a long period involving numerous heating and melting events,
perhaps reflecting small strain variations in a long-lived strain field (Gapais et al., 2005).

Although the Kaapvaal Craton accumulated Meso- to Neo-Archean sedimentary sequences (3.05-2.97,
3.2 Ga) and in various contexts (Witwatersrand basin, Barberton, Murchison and Pietersburg Greenstone
Belts), burial and melting of sedimentary rocks are so far restricted to the northeast of the Kaapvaal Craton
(and Swaziland, now Eswatini) where cratonisation was not yet achieved. Thus, the formation of the
Murchison S-type granites reflects the very peculiar, long-lived deformation that occurred at the northern edge
of the stable Kaapaal cratonic core, marked by opening and closing of basins and deformation (mainly

sagduction) of a weak and hot crust, buttressed by the nearby cratonic core.

Conclusions

Our main conclusions are as follows:
e The Lekkersmaak granite is a S-type biotite-muscovite-garnet bearing granite, except that it is sodic in
nature and has strongly fractionated REE pattern. It also presents near-chondritic éNd values at the time

of its crystallization.
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o It formed by the melting of a large immature sedimentary package, eroded from the Kaapvaal Craton and
deposited after ca. 3.10 Ga.

e The Lekkersmaak S-type granite was emplaced 2771 + 2 Ma ago as a single large intrusion.

e The Willie intrusion, a small S-type body located in the western part of the Lekkersmaak granite with
which it shares many geochemical characteristics, crystallized earlier at 2816 + 9 Ma.

e Therefore, S-Type magmatism in the area occurred twice, at 2.82 Ga and then 40 Ma later at 2.77 Ga,
involving comparable metasedimentary sources and conditions of partial melting.

o A sample from the Lekkersmaak, devoided of S-type features as it is muscovite-free, aluminum poor was
emplaced 2734 = 11 Ma ago.

o Partial melting was triggered by the burying of sediments during the evolved tectono-metamorphic stages

of the belt.
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FIGURES AND TABLES CAPTIONS

Figure 1: (a) Map of the northeastern Kaapvaal Craton after Robb et al., 2006. TML: Thabazimbi-
Murchison Lineament. HRSZ: Hout River Shear Zone (b) Map of the Murchison Granite Greenstone Belt
Terrain. Only the La France Formation is identified within the volcano-sedimentary sequence. On
Lekkersmaak and Willie plutons, the reported number are sampling sites corresponding to samples MUR 09-
xX. Belt limits are from Vearncombe et al. (1992); basement and intrusives are from 1:250 000 map of Tzaneen
(Geological Survey of South Africa 1985) and Pilgrim’s Rest (1986); mapping of the Willie pluton and western
part of the Lekkersmaak plutons are from lan Kramers (pers. comm).

Figure 2: Pictures of the Lekkersmaak and Willie rocks. Hand samples of: (a) medium-grained,
equigranular biotite-muscovite quartzo-feldspatic rock with a rare example of garnet (MUR 09-67); (b) biotite-
rich, muscovite-poor porphyritic facies with cm-large feldspar (MUR 09-66); (c) outer, foliated sample (MUR
09-72, bar scale 2 cm). Thin section pictures of: (d) intergrowth of biotite and muscovite (sample MUR 09-
80, bar scale 600 um); (e) large muscovite grains (Ms), in place sheared, along with a fine grained matrix of
biotite (Bt) + epidote (Ep) + titanite (Tnt) (MUR 09-108, Willie granite, bar scale 400 um).

Figure 3: Mineral composition. (a) End-member ternary diagram of feldspar. (b) Chemical ternary
diagram of muscovite. Dashed line separates the field of primary plutonic muscovite composition (top) from
the field of secondary muscovite (after Miller et al., 1981). “Secondary”, “maybe secondary” and “primary”
terminology refer to textural criteria such as size distribution, dissolution figures, association with secondary
minerals (epidote, titanite), or association with shear zones.

Figure 4: Harker diagrams of the Lekkersmaak samples (black squares), plus S-types plutons
worldwide (grey, dark grey for Archean ones).

Figure 5: B—A diagram of the Lekkersmaak samples. Red squares (samples MUR 09-60, 09-61, 09-
66, 09-109, 18c, 09-80, 09-72, 8a), red circle (MUR 09-108), green squares (MUR 09-63 and 09-67). f-P:
Highly Felsic Peraluminous granitoids; h-P: Highly Peraluminous granitoids; m-P: Moderately Peraluminous
granitoids; I-P: Low Peraluminous granitoids.

Figure 6: REE patterns of the studied samples normalized to the average Archean Shale values of
(Taylor and McLennan, 1985). Red squares (Lekkersmaak samples MUR 09-60, 09-61, 09-66, 09-109, 18c,
09-80, 09-72, 8a), green squares (Lekkersmaak samples MUR 09-63 and 09-67), red circle (Willie Granite

MUR 09-108), Black line and black cross (Average Regional TTG).
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Figure 7: Cathodoluminescence imaging of some of the dated grains from the Lekkersmaak and Willie
plutons. Red circles correspond to the analytical spots (26 microns) while the numbers are the 2°’Pb/?%Pb ages
(errors are at 1 sigma).

Figure 8: Concordia diagrams of various samples from the Lekkersmaak pluton (a and b) and Willie
pluton (c).

Figure 9: eNd versus time. Grey domain is that of the samples from the Lekkersmaak pluton. DM:
Depleted Mantle curve from Goldstein et al. (1984).

Figure 10: Na/K mol ratio versus 580 whole rock values.

Table 1: Mineral chemistry of feldspar and muscovite. Average electron microprobe analyses (wt.%)
and corresponding structural formulae (apfu: atom per formula unit.). m: number of grains, n: number of
analyses.

Table 2: Whole rock chemistry. Major elements in wt%, trace elements in ppm and 3180 in %o VS
SMOW. Errors and detection limits: see Carignan et al., 2001. bdl: below detection limit. ms: muscovite; gt:
garnet; WR: whole rock; bdl: below detection limit; nd: not determined. La/YbN normalized to chondrite
(Evansen et al., 1978)

Table 3: Zircon isotopic data. All errors are listed at 1. In bold are the data used to calculate concordia
ages.

Table 4: Sm-Nd and Rb-Sr isotopic compositions. 1: parameters “*Nd/***Nd CHUR = 0.512638;
147Sm/**Nd CHUR = 0.1967; *’Sm: A = 6.54 x 1012 yr?. 2: from Goldstein et al. 1984. 3: measured by ICP-
MS. 4: 1Sr= initial Sr/®®Sr; M(®’Rb) = 1.42 x 10! yr; 5: eng and Is calculated with t=2816 Ma

Supplementary Table 1: GPS coordinates of the studied samples

Supplementary Table 2: LA-ICP-MS Analytical Protocol for the zircon U-Th-Pb dating and Isotopic

values for the 91500 zircon secondary standards analyzed during this study.
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TABLE 1 (Poujol et al.)
LEKKERSMAAK GRANITE WILLIE
GRANITE
MUR 09- MUR 09- MUR 09- MUR 09- MUR 09- | MUR 09-
sample 61 66 109 67 72 108
K-feldspar m=I, n=2 m=I1,n=1 m=5 n=6 m=2, n=4 n=I
SiO, 63.81 64.09 64.36 64.57 65.79
AL O, 18.49 18.56 18.38 18.43 18.60
CaO 0.41 0.25 0.59 0.22 2.47
Na20 16.33 17.00 16.20 16.85 13.69
K20 0.04 0.00 0.00 0.00 0.07
SUM 99.08 99.89 99.53 100.06 100.62
Structural formula based on 8 oxygen atoms
Si 2.98 2.98 2.99 2.99 3.00
Al 1.02 1.02 1.01 1.01 1.00
Ca 0.00 0.00 0.00 0.00 0.00
Na 0.04 0.02 0.05 0.02 0.22
K 0.97 1.01 0.96 1.00 0.79
SUM 5.01 5.03 5.01 5.01 5.01
End-member feldspar, mole %
An 0.22 0.00 0.00 0.00 0.33
Ab 3.65 2.15 5.24 1.93 21.49
Or 96.13 97.85 94.76 98.07 78.18
plagioclase m=18, n=31m=12, n=18 m=5, n=10 m=7, n=11 n=2 m=6, n=11
SiO2 67.16 66.03 66.00 67.21 66.29 67.4
AI203 20.58 21.26 21.42 20.71 21.61 20.2
Ca0O 10.90 10.37 10.28 10.70 10.35 11.1
Na20 0.10 0.10 0.10 0.08 0.11 0.1
K20 1.19 2.08 2.21 1.25 2.24 0.9
SUM 99.93 99.83 100.01 99.95 100.60 99.6
Structural formula based on 8 oxygen atoms
Si 2.94 2.90 2.90 2.94 2.89 2.96
Al 1.06 1.10 1.11 1.07 1.11 1.04
Ca 0.06 0.10 0.10 0.06 0.10 0.04
Na 0.93 0.88 0.87 0.91 0.88 0.94
K 0.01 0.01 0.01 0.00 0.01 0.00
SUM 4.99 4.99 4.99 4.98 4.99 4.99
End-member feldspar, mole %
An 5.65 9.91 10.57 6.12 10.61 4.16
Ab  93.79 89.52 88.88 93.45 88.74 95.53
Or 0.57 0.57 0.55 0.43 0.65 0.31
muscovite n=32 n=I14 n=I19 n=I15 n=20
Si02 46.46 46.24 45.21 45.22 46.20
TiO2 0.69 0.72 0.97 0.64 0.34
Al203 31.35 30.63 30.00 32.67 30.12
FeO 4.07 4.51 4.71 4.28 5.02
MnO 0.08 0.03 0.05 0.04 0.10
MgO 1.39 1.42 1.36 0.69 1.69
Na20 0.24 0.24 0.26 0.34 0.18
K20 11.00 10.83 10.67 10.63 10.84
SUM 95.29 94.61 93.23 94.51 94.98
Structural formula based on 11 oxygen atoms
Si 3.15 3.16 3.15 3.09 3.16
Ti 0.04 0.04 0.05 0.03 0.04
Al 2.51 2.47 2.46 2.63 2.43
Fe 0.23 0.26 0.27 0.24 0.29
Mn 0.00 0.00 0.00 0.00 0.01
Mg 0.14 0.14 0.14 0.07 0.17
Na 0.03 0.03 0.03 0.04 0.02
K 0.95 0.95 0.95 0.93 0.95
SUM 7.05 7.05 7.06 7.05 7.07




Table 2 (Poujol et al.) WILLIE
LEKKERSMAAK GRANITE GRANITE
MUR 09- MUR 09- MUR 09- MUR 09- MUR 09- MUR MUR 09- MUR 09- MUR 09- MUR
sample 60 61 63 66 109 18¢ 80 67 72 MUR 8a 09-108
Mineralogy porphyric porphyric  ms-bt ms-bt bt-ms gt-ms-bt ms ms? |Ms-Bt
Detection Analytical
limit uncertainty
Sio, 0.50 <1% 73.59 73.84 73.68 72.60 73.33 73.43 75.77 74.29 72.76 75.18 73.42
Al,0; 0.02 <1% 14.34 14.43 14.11 14.34 14.49 14.21 14.14 14.21 14.33 13.44 14.15
Fe,0; 0.01 <5%" 1.09 1.17 0.86 1.50 1.07 1.07 0.60 0.83 1.08 0.60 0.96
MnO  0.0005 < 10%° 0.02 0.03 0.01 0.02 0.03 0.03 0.03 0.02 0.02 0.01 0.02
MgO 0.02 < 10% 0.24 0.25 0.17 0.42 0.25 0.25 0.17 0.10 0.27 0.09 0.21
TiO, 0.001 < 10% 0.19 0.21 0.13 0.28 0.19 0.19 0.09 0.09 0.21 0.11 0.17
CaO  0.035 <5% 0.67 0.76 0.87 1.22 0.84 0.96 0.47 0.51 0.87 0.59 0.71
Na, O 0.03 < 15%" 4.52 5.10 4.44 438 4.45 451 5.69 4.45 4.61 3.98 4.59
K,O 0.01 <5% 3.85 2.97 4.09 3.84 4.02 3.93 1.67 4.05 3.79 4.61 3.87
P,05 0.05 >25%° 0.05 0.06 bdl 0.15 0.07 0.06 bdl bdl 0.06 bdl 0.06
Lor¢ <5% 0.83 0.81 0.77 0.64 0.84 1.02 0.98 0.69 0.81 0.83 1.00
SUM 99.39 99.63 99.14 99.39 99.58 99.66 99.60 99.24 98.80 99.45 99.15
A/NK 1.24 1.24 1.20 1.26 1.24 1.22 1.27 1.21 1.23 1.16 1.21
A/CNK 1.12 1.11 1.06 1.06 1.10 1.06 1.18 1.13 1.08 1.07 1.09
50w 8.3 8.5 8.7 8.3 8.4 9.2 8.5 8.3 nd 8.4
La 0.06 <5% 28.16 37.03 22.60 38.59 31.44 35.78 16.94 20.50 37.02 24.94 26.71
Ce 0.1 <5% 50.93 64.82 42.37 67.93 60.87 55.86 33.09 38.44 59.13 38.67 45.95
Pr 0.008 <5% 5.61 7.10 4.46 7.16 6.17 6.54 3.651 4.30 7.04 5.55 5.49
Nd 0.03 <3% 17.78 22.52 14.18 22.81 19.61 20.98 11.37 13.73 22.44 17.97 17.58
Sm 0.007 <5% 2.79 3.32 2.22 3.58 2.97 3.10 2.002 2.84 3.43 3.10 2.83
Eu  0.004 <5% 0.70 0.67 0.53 0.75 0.65 0.62 0.366 0.37 0.67 0.47 0.52
Gd 0.02 <5% 1.84 2.19 1.32 2.43 1.92 2.09 1.312 2.41 2.22 1.99 1.78
Tb 0.004 <5% 0.25 0.29 0.16 0.38 0.25 0.28 0.183 0.42 0.29 0.23 0.25
Dy 0.007 <5% 1.33 1.55 0.69 2.10 1.28 1.47 0.897 2.51 1.37 0.96 1.23
Ho  0.001 <10% 0.24 0.28 0.10 0.38 0.22 0.25 0.154 0.47 0.23 0.14 0.20
Er 0.003 <10%" 0.64 0.78 0.25 1.02 0.59 0.66 0.397 1.31 0.60 0.32 0.52
Tm 0.005 >25%" 0.09 0.11 0.03 0.14 0.08 0.09 0.058 0.20 0.08 0.04 0.07
Yb  0.003 <10% 0.60 0.71 0.19 0.84 0.56 0.60 0.39 1.38 0.52 0.25 0.47
Lu  0.001 <10%° 0.09 0.10 0.03 0.12 0.08 0.09 0.056 0.19 0.08 0.04 0.07
Y 0.4 >25%" 7.13 9.66 2.88 11.71 7.08 8.10 4.605 14.88 7.42 3.86 6.42
La/Yb 31.8 354 80.7 31.0 38.1 40.6 29.3 10.0 48.5 66.8 38.8
Eu/Eu* 0.90 0.72 0.88 0.73 0.78 0.71 0.65 0.42 0.70 0.54 0.66
Cs 0.15 <10%* 10.96 11.54 1.89 3.73 8.72 17.73 7.49 3.02 19.63 4.06 14.91
Rb 0.3 <5% 240.6 221.4 127.2 118.7 193.0 216.3 102.5 225.0 228.9 131.9 230.40
Ba 1.5 <5% 721.4 516.4 617.3 933.7 656.6 623.2 275.7 306.6 708.1 344.8 424.90
Sr 1.4 <5% 3129 262.8 272.1 483.6 282.1 267.6 217.5 110.7 311.9 159.7 246.00
Be 0.4 >25% 4.05 3.88 0.84 0.94 3.00 3.53 7.93 2.32 3.92 0.47 3.55
Zr 0.8 <8% 133.30 137.70 81.08 204.10 13530 132.20 51.11 70.28 13420 61.20 99.97
Hf 0.03 <10% 3.85 393 2.57 5.07 3.89 3.63 1.79 2.72 3.74 1.89 3.25
Zv/Hf 34.59 35.00 31.60 40.24 34.75 36.38 28.54 25.89 35.87 32.35 30.73
Nb 0.06 <10% 4.64 4.12 1.92 3.54 4.56 4.84 6.34 11.77 5.19 1.63 5.39
Ta  0.015 <15% 1.10 0.79 0.16 0.41 0.72 0.98 1.89 1.40 1.69 0.14 1.12
Nb/Ta 4.22 5.24 12.06 8.67 6.31 4.94 3.36 8.41 3.08 12.01 4.83
Th 0.02 <10% 6.92 7.51 6.16 8.35 7.15 7.87 3.81 8.30 7.09 6.09 6.29
U 0.03 <15% 1.74 1.66 0.63 0.95 1.89 3.12 0.94 4.76 1.81 0.98 1.84
Ni 4.5 >25% 6.73 6.48 7.71 7.20 7.38 17.03 15.89 5.38 25.37 bdl 6.37
Cr 4 <10% 17.69 21.49 54.80 20.46 13.59 14.03 22.01 11.05 17.11 12.48 22.03
Co 0.35 <15% 2.29 2.53 1.07 2.48 2.21 2.14 3.88 1.81 1.51 1.09 1.24
Cu 4.5 >25% 6.18 bdl bdl bdl bdl 7.82 10.76 bdl 5.74 bdl 5.57
Zn 14 >25% 38.14 49.85 21.77 39.24 34.67 30.79 16.49 43.58 38.53 17.29 33.64
Pb 0.9 <35% 18.11 14.51 20.74 21.28 19.06 18.43 16.83 23.92 21.74 24.09 19.64
Bi 0.1 >25% 0.14 bdl bdl bdl bdl 0.21 bdl bdl bdl bdl 0.16
Sh 0.1 <10% bdl bdl bdl bdl bdl 0.11 0.18 bdl bdl bdl bdl
As 1.1 >25% bdl bdl bdl bdl 1.60 2.00 1.94 bdl 1.71 bdl bdl
w 0.2 >25% bdl 0.22 bdl bdl 0.30 bdl 1.10 0.22 bdl bdl 0.27
Ccd 0.12 >25% bdl 0.13 bdl bdl bdl bdl bdl bdl bdl bdl bdl
Sn 0.4 <15% 1.63 2.00 1.43 2.53 1.72 2.13 1.66 4.78 1.82 1.23 2.04
v 0.45 >25% 9.51 9.45 5.89 14.08 8.88 8.68 6.90 3.48 9.32 3.80 7.94
Ga 0.2 <5% 22.04 21.26 18.04 17.91 22.56 21.21 24.94 24.07 20.22 16.50 28.85
Ge 0.11 >25%" 0.88 0.96 0.69 0.74 0.82 0.81 1.02 1.02 0.94 0.70 1.02
Mo 0.3 >25% bdl bdl 0.31 bdl bdl 0.72 1.45 bdl bdl bdl 0.72




Table 3 (Poujol et al.)

Isotopic Ratios Apparent Ages

Sample Grain-Spot Pb U Th/U 207Pb/ Error 206Pb/ Error rho 207Pb/ Error 207Pb/ 206Pb/ 207Pb/ Error Conc.
(ppm) (ppm) 235U Abs. 1 Sigma 238U Abs. 1 Sigma 206Pb  Abs. 1 Sigma 235U 238U 206Pb  Abs. 1 Sigma %

© 8-core 10 15 2.63 14.508 0.193 0.5436 0.0065 0.90 0.1935 0.0024 2784 2799 2772 20 101
2 6-core 20 27 3.72 14.280 0.182 0.5364 0.0064 0.93 0.1930 0.0022 2769 2769 2768 19 100
% 4-core 24 34 3.63 14.924 0.189 0.5561 0.0067 0.95 0.1946 0.0022 2810 2850 2782 18 102
S 3-core 43 72 2.61 13.500 0.165 0.5170 0.0061 0.97 0.1894 0.0020 2715 2686 2737 18 98
g 1-core 16 25 3.65 12.270 0.156 0.4664 0.0056 0.95 0.1908 0.0022 2625 2468 2749 18 90
5 1-border 91 190 0.35 11.444 0.139 0.4426 0.0053 0.98 0.1875 0.0020 2560 2362 2720 17 87
< 14-core 38 71 1.46 11.629 0.155 0.4432 0.0052 0.89 0.1903 0.0023 2575 2365 2745 20 86
é 5-core 21 32 4.24 13.092 0.166 0.4897 0.0058 0.94 0.1939 0.0022 2686 2570 2775 18 93
4 6-border 35 63 2.51 12.147 0.153 0.4563 0.0054 0.94 0.1930 0.0022 2616 2423 2768 18 88
E 8-border 125 255 0.29 11.583 0.145 0.4477 0.0053 0.94 0.1876 0.0021 2571 2385 2722 18 88
- 9-core 42 73 0.62 13.546 0.171 0.5002 0.0059 0.93 0.1964 0.0022 2719 2615 2796 18 93
3-core 21 35 0.55 14.168 0.160 0.5361 0.0056 0.92 0.1916 0.0022 2761 2767 2756 18 100
4-core 22 36 0.59 14.313 0.164 0.5349 0.0055 0.90 0.1940 0.0022 2771 2762 2776 19 99

o 6-core 56 80 1.06 14.347 0.154 0.5381 0.0053 0.93 0.1933 0.0021 2773 2775 2771 18 100
S 7-core 46 68 0.90 14.232 0.154 0.5357 0.0053 0.92 0.1926 0.0022 2765 2765 2765 18 100
g 8-core 66 105 0.51 14.272 0.152 0.5329 0.0052 0.93 0.1942 0.0021 2768 2754 2778 18 99
z 9-core 36 54 0.83 14.437 0.180 0.5376 0.0056 0.83 0.1947 0.0025 2779 2773 2782 21 100
S 14-core 41 60 0.64 14.548 0.160 0.5404 0.0051 0.87 0.1952 0.0023 2786 2785 2787 19 100
- 15-core 22 32 0.64 14.430 0.166 0.5398 0.0052 0.84 0.1938 0.0024 2778 2783 2775 20 100
g 16-core 12 18 0.41 14.572 0.176 0.5404 0.0053 0.81 0.1955 0.0025 2788 2785 2789 21 100
E 16-border 47 75 0.17 14.509 0.160 0.5410 0.0051 0.85 0.1945 0.0024 2784 2788 2780 20 100
[ 1-core 36 58 0.89 14.028 0.157 0.5274 0.0055 0.94 0.1929 0.0021 2752 2731 2767 18 99
€ 2-core 24 40 0.66 14.031 0.159 0.5236 0.0055 0.92 0.1943 0.0022 2752 2715 2779 18 98
8 2-border 209 393 0.08 13.740 0.146 0.5191 0.0053 0.96 0.1920 0.0020 2732 2695 2759 17 98
E 11-border 77 125 0.67 13.275 0.142 0.4994 0.0048 0.90 0.1927 0.0022 2699 2611 2765 19 94
12-core 24 37 0.62 14.007 0.158 0.5187 0.0051 0.86 0.1958 0.0024 2750 2694 2791 20 97

5-core 66 96 0.83 14.866 0.160 0.5583 0.0056 0.93 0.1931 0.0021 2807 2859 2768 18 103

13-core 204 267 0.43 20.150 0.212 0.6172 0.0058 0.90 0.2367 0.0027 3099 3099 3098 18 100
3 15-core 27 39 0.64 14.577 0.183 0.5387 0.0059 0.87 0.1961 0.0024 2788 2778 2794 20 99
g 7 48 74 0.49 15.209 0.185 0.5663 0.0066 0.95 0.1946 0.0021 2828 2893 2781 18 104
E] 10 9 13 0.60 15.643 0.208 0.5891 0.0069 0.88 0.1924 0.0024 2855 2986 2763 21 108
= 12-core 18 28 0.58 13.887 0.179 0.5204 0.0059 0.88 0.1933 0.0024 2742 2701 2771 20 97
é 14-core 84 126 0.67 13.952 0.161 0.5213 0.0056 0.93 0.1939 0.0022 2747 2705 2776 18 97
z 16 63 78 0.99 15.292 0.178 0.5666 0.0059 0.90 0.1956 0.0023 2834 2894 2790 19 104
é 18 136 193 0.19 15.553 0.174 0.5794 0.0059 0.91 0.1946 0.0022 2850 2946 2782 19 106
2 19-core 50 67 0.46 15.478 0.177 0.5745 0.0059 0.89 0.1954 0.0023 2845 2926 2788 19 105
% 21 63 79 0.83 14.919 0.169 0.5549 0.0056 0.88 0.1950 0.0023 2810 2846 2785 19 102
- 5-core 84 137 0.37 16.211 0.204 0.5617 0.0068 0.96 0.2092 0.0023 2889 2874 2899 18 100
.3 2-border 97 176 0.18 14.280 0.211 0.5333 0.0072 0.91 0.1942 0.0024 2791 2818 2771 18 102
B 2-core 15 26 0.62 13.638 0.213 0.5103 0.0070 0.88 0.1939 0.0026 2723 2657 2772 20 96
ES o 3-core 39 60 0.83 14.541 0.220 0.5429 0.0073 0.89 0.1943 0.0025 2819 2874 2779 19 103
gL = 7-core 80 138 0.37 13.526 0.181 0.5108 0.0065 0.95 0.1920 0.0022 2717 2660 2760 18 96
E) § 7-border 146 265 0.22 13.350 0.177 0.4959 0.0063 0.95 0.1952 0.0022 2705 2596 2787 18 93
T 12-core 24 36 0.66 14.168 0.204 0.5262 0.0066 0.87 0.1952 0.0026 2761 2725 2787 21 98
2 24 48 0.72 12.998 0.307 0.5052 0.0116 0.97 0.1866 0.0020 2680 2636 2713 18 97

3 28 53 0.79 13.508 0.312 0.5241 0.0119 0.99 0.1869 0.0020 2716 2716 2716 17 100

7 11 22 0.60 13.338 0.317 0.5204 0.0119 0.96 0.1859 0.0020 2704 2701 2706 18 100

10 41 78 0.86 13.223 0.308 0.5078 0.0114 0.97 0.1888 0.0020 2696 2647 2732 17 97

12 21 39 0.92 13.650 0.321 0.5201 0.0117 0.96 0.1903 0.0021 2726 2700 2745 18 98

< 12-border 57 117 0.37 13.699 0.315 0.5266 0.0118 0.97 0.1886 0.0020 2729 2727 2730 17 100
i 13 22 41 0.76 13.752 0.324 0.5225 0.0117 0.95 0.1908 0.0021 2733 2710 2749 18 99
Z 14 29 55 0.83 13.355 0.316 0.5145 0.0116 0.95 0.1882 0.0021 2705 2676 2726 18 98
g 15 14 27 0.78 13.216 0.317 0.5020 0.0113 0.94 0.0747 0.0009 2695 2622 2750 18 95
' 16 12 21 0.91 13.953 0.338 0.5313 0.0119 0.93 0.1904 0.0022 2747 2747 2745 19 100
§ 16 17 33 0.74 13.916 0.331 0.5308 0.0118 0.94 0.1901 0.0021 2744 2745 2743 18 100
2 17 24 46 0.84 13.482 0.322 0.5086 0.0114 0.94 0.1922 0.0022 2714 2651 2761 18 96
5 18 13 27 0.83 12.440 0.310 0.4756 0.0107 0.91 0.1897 0.0022 2638 2508 2739 19 92
£ 18 24 48 0.75 13.125 0.320 0.5141 0.0115 0.92 0.1851 0.0021 2689 2674 2699 19 99
;3 19 59 121 0.49 13.684 0.322 0.5184 0.0114 0.94 0.1914 0.0021 2728 2692 2754 18 98
3 20 156 359 0.33 12.532 0.295 0.4790 0.0106 0.94 0.1897 0.0021 2645 2523 2739 18 92
- 21 18 35 0.69 14.013 0.340 0.5308 0.0117 0.91 0.1914 0.0022 2751 2745 2754 19 100
22-core 48 95 0.95 12.931 0.316 0.4936 0.0109 0.91 0.1900 0.0022 2675 2586 2742 19 94

23 36 67 0.80 14.262 0.344 0.5344 0.0117 0.91 0.1935 0.0022 2767 2760 2772 19 100

24 15 29 0.70 14.223 0.349 0.5347 0.0118 0.90 0.1929 0.0023 2765 2761 2767 19 100
25 58 120 0.66 12.839 0.313 0.4840 0.0106 0.90 0.1924 0.0022 2668 2544 2763 19 92
26 89 184 0.46 13.548 0.327 0.5076 0.0111 0.90 0.1936 0.0022 2719 2646 2773 19 95

1-border 18 27 0.59 15.222 0.186 0.5612 0.0057 0.83 0.1967 0.0025 2829 2872 2799 21 103

3-core 9 14 0.44 15.260 0.197 0.5590 0.0057 0.79 0.1980 0.0027 2832 2863 2809 22 102

4 22 34 0.60 14.828 0.186 0.5513 0.0055 0.80 0.1950 0.0026 2804 2831 2785 21 102

5 51 71 0.91 15.135 0.184 0.5607 0.0055 0.80 0.1957 0.0025 2824 2870 2791 21 103

S 6 33 49 0.70 15.075 0.207 0.5560 0.0068 0.89 0.1966 0.0024 2820 2850 2798 20 102
; 6 36 55 0.56 14.995 0.204 0.5493 0.0067 0.90 0.1979 0.0024 2815 2822 2809 20 100
o 7 31 46 0.63 15.154 0.212 0.5494 0.0068 0.88 0.2000 0.0025 2825 2823 2826 20 100
£ 8 15 24 0.57 14.790 0.215 0.5412 0.0067 0.85 0.1982 0.0026 2802 2788 2811 22 99
EI 10-border 66 101 0.46 15.226 0.207 0.5478 0.0066 0.88 0.2015 0.0025 2830 2816 2839 20 99
S 11 17 26 0.55 15.043 0.222 0.5426 0.0067 0.83 0.2010 0.0028 2818 2794 2835 22 99
5 12 34 49 0.76 14.846 0.210 0.5446 0.0065 0.84 0.1977 0.0026 2806 2802 2807 21 100
z 13 28 44 0.45 14.950 0.220 0.5461 0.0066 0.82 0.1985 0.0027 2812 2809 2814 22 100
= 15 54 75 0.98 14.940 0.216 0.5368 0.0064 0.82 0.2018 0.0028 2811 2770 2841 22 98
= 16 80 116 0.67 15.054 0.219 0.5477 0.0064 0.81 0.1993 0.0028 2819 2816 2820 22 100
17-border 119 166 0.71 15.043 0.224 0.5465 0.0064 0.79 0.1996 0.0029 2818 2811 2823 23 100

9 31 56 0.55 12.506 0.175 0.4550 0.0055 0.87 0.1993 0.0025 2643 2417 2820 21 86

2-core 18 23 0.38 23.603 0.341 0.6556 0.0074 0.78 0.2611 0.0039 3252 3250 3253 24 100

2-border 22 26 0.65 23.706 0.287 0.6763 0.0068 0.83 0.2542 0.0032 3256 3330 3211 20 104




Table 4 (Poujol et al.)

sample
MUR 09-60
MUR 09-61
MUR 09-63
MUR 09-66
MUR 09-67
MUR 09-72
MUR 09-80
MUR 09-109
MUR 8a
MUR 18¢c
MUR 09-108

Sm
(ppm)
2.788
3.316
2.224
3.581
2.836
3.429
2.002
2.974
3.102
3.104
2.830

Nd
(ppm)
17.78
22.52
14.18
22.81
13.73
22.44
11.37
19.61
17.97
20.98
17.58

147G

440
0.090541
0.085884
0.089507
0.087162
0.119418
0.087834
0.102811
0.087780
0.101329
0.086311
0.093023

14384/
440
0.510680
0.510558
0.510624
0.510576
0.511288
0.510676
0.509994
0.510666
0.510865
0.510672
0.510671

eNd !

at 2.78 Ga
-0.20
-0.92
-0.93
-1.02
1.34
0.69
-18.1
0.52
-0.46
1.17
-0.74

Tpm
(Ma)
2978

3014
3021

3022
2913

2920
4227
2930
3014
2889
3050

119
225
229
103
193
132
216
230

111
312
218
282
160
268
246

87Rp/
8GSr
2.2411
2.4575
1.3590
0.7117
6.0049
2.1378
1.3734
1.9928
2.4095
2.3584
2.7360

7S/

XGSr
0.7830
0.7919
0.7566
0.7302
0.9237
0.7772
0.7820
0.7768
0.7928
0.7940
0.8067

4
ISr

at 2.78 Ga
0.6928
0.6929
0.7019
0.7015
0.6819
0.6911
0.7267
0.6965
0.6957
0.6991
0.6985




Supplementary Table 2 — Poujol et al.

Laboratory &

Sample

Preparation

Laboratory name |Laboratoire Magmas & Volcans, Clermont-Ferrand, France

Samp le. Magmatic zircon

type/mineral

Sample Wilfley Table, heavy liquids, Frantz magnetic separator, handpicking under
preparation binocular microscope; linch Epofix resin mount, lum polish to finish

Imaging CL: RELION CL instrument, Olympus Microscope BX51WI, Leica Color Camera

DFC 420C

Laser ablation

system

Make, Model & Resonetics/M-50E 193nm, Excimer

type

5(31‘;‘;2" cell & Laurin Cell ® two volumes cell, Laurin Technic Ltd., volume ca. lem®
Laser wavelength |193 nm

Pulse width <4 ns

Fluence 3 J.cm’

Repetition rate 3 Hz

Spot size 26 pm

Sampling mode /
pattern

Single spot

100% He, Ar make-up gas and N, combined using the Squid® device from

Carrier gas RESOlution Instruments.
Backgr.ound 20 secs

collection

Ablation duration |60 secs

Wash-out delay |30 secs

Cell carrier gas 0.70 1/min He

flow

ICP-MS

Instrument

Make, Model & Agilent 7500 cs

type

Samplc . Via conventional tubing
introduction

RF power 1350W

Make-up gas flow ]0.98 1/min Ar

Detection system

Single collector secondary electron multiplier

Masses measured

204, 206, 207, 208, 232, 238

Integration time

10-30 ms
per peak
Data Processing
Gas blank 20 seconds on-peak
Calibration GJ-1 used as primary reference material, 91500 used as secondary reference material
strateg (Quality Control)
Reference 91500 (Wiedenbeck et al., 1995)

Material info

GJ1  (Jackson et al., 2004)

Data processing

package used /o \TTER ® (van Achterbergh et al., 2001)

Correction for

LIEF

Mass Standard-sample bracketing with 27pp/2°Pb and ***Pb/***U normalized to reference]

discrimination

material GJ-1

Common-Pb
correction,
composition and
uncertainty

No common-Pb correction.

Uncertainty level
& propagation

Ages are quoted at 2sigma absolute, propagation is by quadratic addition according
to Horstwood et al. (2003). Reproducibility and age uncertainty of reference
material are propagated.

Quality control /
Validation

91500:  Concordia age = 1066.7 + 2.1 Ma (MSWD = 0.45, n = 10)

Isotopic Ratios for the 91500 Zircon Standards analyzed during this study:

Analysis_#
91500#1

91500#2
91500#3
9150044
91500#5

91500#6

9150047
9150048
9150049
91500#10

1.854

1.865

1.847

1.863

1.853

1.85

1.851
1.859
1.856
1.845

0.025

0.025

0.029

0.025

0.025

0.024

0.025
0.024
0.024
0.024

0.1799

0.179

0.1803

0.1796

0.18

0.1802

0.1803
0.1797
0.1802
0.1802

Pb207/U235 1 sig Error Pb206/U238 1 sig Error Rho

0.0022 0.9

0.0022 0.91

0.0022 0.79

0.0022 0.91

0.0022 0.87

0.0022 0.91

0.0021 0.86
0.0021 0.9
0.0021 0.88
0.0021 0.89



Supplementary Table 1- Poujol et al.

Sample latitude (S)  longitude (E)
MUR 09-60 23°54'46.7" 30°44'45.3"
MUR 09-61
MUR 09-63  23°55'26.5" 30°47'18.7"
MUR 09-66  23°55'18.2" 30°49'58"  western lobe
MUR 09-109  23°57'40.9" 30°41'55"
MUR 18¢c  23°56'45.9" 30°41'30.5"
MUR 09-80 23°56'36.4" 30°41'58.6"
MUR 09-67  23°50'15.7" 30°58'58.8"
MUR 09-72 23°48'55" 30°57'19.6" eastern lobe
MUR 8a  23°49'02.9" 30°58'59.2"
MUR 09-108 23°5820" 30°40'33,6" Willie pluton
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