
Appendix A 
 
A1 Zircon U-Pb geochronology 
In the following the interpretation of zircon U-Pb geochronological data is described in 
detail. With the exception of sample 15K-2, U-Pb geochronological data was obtained by 
SIMS analysis. For sample 15K-2 U-Pb ages were obtained by LA-ICP-MS analysis. U-Pb 
ages are reported with 2σ uncertainty unless stated otherwise. Single spot results are given in 
supplementary Table B1. Concordia diagrams are shown in Figure 1.  
 
A1.1 Sample 17FIN02 
Sample 17FIN02 is a migmatite with medium-grained, garnet-bearing leucosome. Zircon 
isolated from the leucosome is subhedral, purple in color, and up to 250 µm long. CL images 
reveal complex or oscillatory zoning, in some grains overgrown by a up to 20 µm thick, 
homogenous to weakly zoned, low CL response rim. A total of six single spot analyses was 
on six zircon grains was obtained for sample 17IN02. One analysis was omitted due to high 
common Pb content. Four of the remaining five analyses are located on zircon rims. They are 
concordant to normally discordant (1 to 15% discordant) and define a discordia with an upper 
intercept age of 1896 ± 26 Ma (n=4, MSWD=0.23) which is interpreted as the magmatic 
crystallization age of the leucosome. One analysis on an older zircon growth zone yields a 
207Pb/206Pb* age of 2756 ± 24 Ma (1σ), and is interpreted to date an inherited component. 
 
A1.2 Sample 17FIN03B 
Sample 17FIN03B is a migmatite with medium-grained, garnet-bearing leucosome. Zircon 
isolated from the leucosome is subhedral, brown in color, and up to 200 µm long. CL images 
reveal low CL response zircon cores overgrown by higher CL response rims with no to weak 
indication of oscillatory growth pattern. A total of eight single spot analyses on rims of eight 
zircon grains was obtained for sample 17FIN03B. Two analyses were omitted due to high 
common lead content (n=2) or due the spot being located on a crack in the zircon grain (n=1). 
The remaining five analyses are concordant (≤3% discordant). They yield a weighted mean 
207Pb/206Pb* age of 1824 ± 13 Ma (n=5, MSWD=0.67), which is interpreted as the magmatic 
crystallization age of the leucosome.  
 
A1.3 Sample 17FIN05B 
Sample 17FIN05B is a migmatite with coarse-grained, garnet-bearing leucosome. Zircon 
isolated from the leucosome is subhedral, brown in color, and up to 300 µm long. CL images 
reveal complex or blurred zircon growth patterns overgrown by homogenous to weakly 
zoned, up to 40 µm thick, low CL response rims. In some cases the growth pattern of the core 
is truncated by the rims implying that the cores underwent physical abrasion before rim 
overgrowth. A total of eight single spot analyses on rims of eight zircon grains was obtained 
for sample 17FIN05B. Two analyses were omitted due to high common Pb content. All of the 
remaining six analyses are concordant (<9% discordant) and yield a weighted mean 
207Pb/206Pb* age of 1837 ± 9 Ma (n=6, MSWD=0.75) which is interpreted as the magmatic 
crystallization age of the leucosome.  
 
A1.4 Sample 17FIN06 
Sample 17FIN06 is a migmatite with medium-grained, garnet-bearing leucosome. Zircon 
isolated from the leucosome is subhedral, brown in color, and up to 500 µm long. CL images 
reveal two types of cores: type I with oscillatory zoning, and type II with low CL response, 
and homogenous. Zircon cores are overgrown by homogenous to weakly zoned, up to 30 µm 
thick rims. A total of eight single spot analyses on rims of eight zircon grains was obtained 



for sample 17FIN06. All of the analyses are concordant (<7% discordant) and yield a 
concordia age of 1815 ± 16 Ma (n=8, MSWD (of concordance and equivalence)=1.8) which 
is interpreted as the magmatic crystallization age of the leucosome.  
 
A1.5 Sample 19GH9 
Sample 19GH9 is a biotite-muscovite granite. Zircon isolated from this sample is eubhedral, 
colorless, and up to 300 µm long. CL images reveal ubiquitous oscillatory zoning. A total of 
seven single spot analyses on five zircon grains was obtained for sample 19GH9. One 
analysis was omitted due to high common Pb content. The remaining analyses are concordant 
to normally discordant. Analyses that are <9% discordant yield a weighted mean 207Pb/206Pb* 
age of 2183 ± 14 Ma (n=5, MSWD=0.2) which is interpreted as the magmatic crystallization 
age of the granite. One normally discordant analysis (12% discordant) is interpreted to reflect 
recent Pb loss and was omitted from the calculation of the crystallization age.  
 
A1.6 Sample 19GH11B 
Sample 19GH11B is a biotite-muscovite granite. Zircon isolated from this sample is 
eubhedral, colorless, and up to 400 µm long. CL images reveal ubiquitous oscillatory zoning. 
A total of seven single spot analyses on three zircon grains was obtained for sample 
19GH11B. One analyses overlaps with a crack in the zircon grain and was therefore omitted. 
The remaining six analyses are concordant to normally discordant and define a discordia with 
an upper intercept age of 2188 ± 20 Ma (n=6, MSWD=1.5) which is interpreted as the 
magmatic crystallization age of the granite.  
 
A1.7 Sample CO-17-8 
Sample CO-17-8 is a biotite-muscovite granite. Zircon isolated from this sample is euhedral, 
colorless, and up to 250 µm long. CL images reveal ubiquitous oscillatory zoning. A total of 
six single spot analyses on rims of six zircon grains was obtained for sample CO-17-8. They 
are concordant to normally or reversely discordant. The four most concordant analyses 
(≤11% discordant) yield a weighted mean 207Pb/206Pb* age of 1447 ± 50 Ma (n=4, 
MSWD=2.0) which is interpreted as the magmatic crystallization age of the granite. The 
remaining two discordant analyses are interpreted to reflect recent Pb loss. However, they do 
not define a meaningful discordia together with the other data (MSWD > 3) and are therefore 
not considered for the calculation of the crystallization age.   
 
A1.8 Sample SP-16-2b 
Sample SP-16-2b is a biotite-muscovite granite. Zircon isolated from this sample is subhedral 
to anhedral, brown in color, and up to 70 µm long. CL images reveal oscillatory zoning. A 
total of four single spot analyses on four zircon grains was obtained for sample SP-16-2b. 
One analysis was omitted due to a high common Pb content. The remaining three analyses 
are concordant to normally discordant and define a discordia with an upper intercept age of 
2664 ± 45 Ma (n=3, MSWD=0.21) which is interpreted as the magmatic crystallization age 
of the granite.  
 
A1.9 Samples SP-16-22, SP-16-20a, and SP-16-34 
Sample SP-16-22 is a biotite-muscovite granite. Zircon isolated from this sample is eubhedral 
to subhedral, brown in color, and up to 200 µm long. CL images reveal ubiquitous oscillatory 
zoning. A total of four single spot analyses on three zircon grains was obtained for sample 
SP-16-22. One analysis was omitted due to a high common Pb content. The remaining three 
analyses are normally discordant and define a discordia with an upper intercept age of 2654 ± 
24 Ma (n=3, MSWD=0.19) which is interpreted as the magmatic crystallization age of the 



granite. Samples SP-16-20a, and SP-16-34 were collected from the same batholith as sample 
SP-16-22. Therefore all three samples likely have the same crystallization age of 2654 ± 24 
Ma.  
 
A1.10 Sample 15K-2 
Sample 15K-2 is a biotite granite. Zircon isolated from this sample is subhedral, colorless, 
and up to 300 µm long. CL images reveal complex or blurred growth patterns in zircon cores 
and homogenous to oscillatory zoned rims. A total of 13 single spot analyses on 13 zircon 
grains was obtained for sample 15K-2. The analyses are concordant to normally or reversely 
discordant. Analyses that are less than 10% discordant yield a weighted mean 207Pb/206Pb age 
of 2144 ± 28 Ma (n=12, MSWD=0.21), which is interpreted as the magmatic crystallization 
age of the granite. One normally discordant analysis (13% discordant) is interpreted to reflect 
recent Pb loss and was omitted from the calculation of the crystallization age. 
 
 

 
Supplementary Figure A1. Concordia diagrams. Data point error ellipses are shown at 2σ 
level. Mean ages are weighted mean 207Pb/206Pb* ages. MSWD of concordia age is that of 
concordance and equivalence. Single spot analyses interpreted as dating magmatic 
components are shown as blue ellipses, those dating inherited components are shown as 
green ellipses. Single spot analyses shown as grey ellipses were omitted from the calculation 
of the crystallization age (see supplementary section A1 for details). 
 
A2 Geochronology of samples without zircon U-Pb data 
A2.1 Samples 17FIN01, and 17FIN04A 



Samples 17FIN01, and 17FIN04A are migmatites with medium-grained, garnet-bearing 
leucosome from the Turku area, Finland. In this area the crust was intruded by sediment-
derived granites at ~1.85 Ga associated with high-temperature, low-pressure granulite facies 
metamorphism and migmatization 1. We cite the age of 1850 Ma as the best estimate of the 
crystallization age of samples 17FIN01, and 17FIN04A. This is in accord with the ages 
obtained for four other samples from this area, ranging from 1815 ± 16 Ma to 1896 ± 26 Ma 
(see supplementary section A.1 for details).  
 
A2.2 Sample 19GH3 
Samples 19GH3, 19GH9, and 19GH11B are granites from felsic intrusions in the Baoulé-
Mossi domain, West African Craton. The emplacement of felsic intrusions across the Baoulé-
Mossi domain is associated with the 2.2-1.8 Eburnean Orogeny 2. Parra-Avila et al. (2017)3 
suggested that the ~2.3-2.0 Ga felsic magmatism in the Baoulé-Mossi domain migrated 
westward at a rate of 35 km/Myr. Sample 19GH3 was collected ~30 km southeast of sample 
19GH9, and ~ 50 km east of sample 19GH11B. Given the close proximity of these samples, 
we cite the ages of ~2.18 Ga obtained for samples 19GH9, and 19GH11B (see supplementary 
section A.1 for details) as the best estimate of the crystallization age of sample 19GH3.  
 
A2.3 Sample SP-17-43 
Sample SP-17-43 is a garnet-biotite-muscovite granite from the Wenasaga Lake batholith, 
Superior province. The Wenasaga Lake batholith belongs to a suite of strongly peraluminous 
granite plutons that intruded the metasedimentary English River Subprovince at ~2.7 Ga 4. 
These granite plutons are interpreted to be the result of the peak episode of a metamorphic 
event at 2691 Ma that resulted in migmatization and anatexis of the sediments from the 
English River Subprovince 5. We cite the age of peak metamorphism at ~2.69 Ga 5 as the best 
estimate for the crystallization age of sample SP-17-43.   
 
A2.4 Sample SP-17-13  
Sample SP-17-13 is a garnet-biotite granite from the Quetico belt, Superior province. From 
2671 to 2652 Ma a major phase of felsic plutonism occurred in the metasedimentary Quetico 
belt 6. We therefor cite the age of 2660 ± 10 Ma as the best estimate of the crystallization age 
of sample SP-17-13.  
 
A.2.5 Samples SP-17-33, SP-17-38, SP-17-82, SP-17-71, and SP-17-50 
Samples SP-17-33, SP-17-38, SP-17-82, SP-17-71, and SP-17-50 are from various sediment-
derived intrusions (Medicine Lake batholith, Treelined Lake Complex, Allison Lake 
batholith, and Sharpe Lake batholith) in the Superior Province. Neoarchean sediment-derived 
granites are common in the Superior Province 7. Their emplacement has been linked to the 
collision of Archean tectonic blocks between ~2.7 and 2.6 Ga 8,9. We therefore cite ~2.65 Ga 
as the best estimate of the crystallization ages of samples SP-17-33, SP-17-38, SP-17-82, SP-
17-71, and SP-17-50. 
 



Supplementary Figure A2. Cathodoluminescence images of representative zircon grains 
with O and U-Pb spots marked.  
 

 
Supplementary Figure A3. Back scatter electron images of representative pyrite grains with 
S spots marked.  
 



 
Supplementary Figure A4. Thin section photomicrographs. Mineral abbreviations: Qz, 
quartz; Fsp, feldspar; Grt, garnet; Ms, muscovite, Bt, biotite. 
 
 
 



 



Figure A5 (previous page). Backscatter electron image and element maps of garnet in 
samples from the Baltic Shield, East European Craton. Garnet grains are Fe-rich, but Ca-poor 
indicating almandine rich garnet. 

 
Figure A6. Backscatter electron image and element maps of garnet in samples from the 
North China and West African Cratons. Garnet grains are Fe-rich, but Ca-poor indicating 
almandine rich garnet.  



 



Supplementary Figure A6 (previous page). Sulfur and oxygen isotope data of standards 
and unknowns. (A) Corrected δ34S and δ18O, respectively of standards over time show no 
significant drift. (B) Field centering values for standards and unknowns for each analytical 
run. Field centering (in X-direction) shows no correlation with measured isotopic 
composition, indicating that mount topography did not affect the analysis. (C) OH/O vs δ18O 
plot. Measured δ18O shifts with increasing zircon OH-content. Analyses with elevated OH/O 
(as compared to reference zircon) that yield distinctly lower or higher δ18O values than those 
analyses with low OH/O are excluded from the calculation of the weighted mean δ18O value.  
 

U-Pb 
(SIMS) calibration standard 

uncertainty/ 
reproducibility (1𝛔) 

U concentration 
standard secondary standard 

session 
#   

# 
analyses 

spot-
to-spot 

238U/206Pb* 
calibration   

# 
analyses   

# 
analyses 

weighted mean 
age (Ma) 2𝛔 MSWD 

U-Pb1 temora-2 13 1.50% 0.54% 
temora-

2 6 91500 5 1078 1) 31 0.68 

U-Pb2 91500 5 0.50% 0.80% OGC 4 OGC 4 3452 2) 35 0.6 

U-Pb3 91500 10 0.50% 0.61% OGC 6 OGC 6 3470 2) 13 0.47 
Table A1. U-Pb measurement results of zircon reference materials for SIMS analytical runs. 
1) weighted mean 238U/206Pb* age; 2) weighted mean 207Pb/206Pb* age. 
 

U-Pb (LA-ICPMS)       
Secondary 
standard 

# 
analyses 

weighted mean 238U/206Pb 
age (Ma) 2σ MSWD accepted age (Ma) 2σ Reference 

GJ1 16 601.00 2.00 0.73 601.20 0.40 10 

Plešovice 15 338.00 1.00 1.30 337.13 0.37 11 

91500 20 1062.00 2.00 1.30 1065.00 1.00 12 
Table A2. U-Pb measurement results of secondary zircon reference materials for LA-ICPMS 
analytical run.  
 

O isotopes primary standard secondary standard 

session #   # analyses δ18O 2σ   # analyses δ18O 2σ 

O1 91500 28 9.9 0.38 temora-2 17 8.0 0.48 

O2 91500 20 9.9 0.41 Penglai 9 5.0 0.26 

O3 91500 22 9.9 0.42 temora-2 7 7.8 0.42 
Table A3. O isotope measurement results of zircon reference materials for SIMS analytical 
runs.  
 

S 
isotopes primary standard secondary standards 
session 

#   # analyses δ34S 2σ ∆33S 2σ   # analyses δ34S 2σ ∆33S 2σ 

S1 Sierra 22 2.17 0.15 -0.03 0.05 Balmat 10 16.34 0.24 -0.03 0.08 

        Ruttan 10 1.24 0.25 -0.01 0.08 

S2 Sierra 18 2.17 0.13 -0.03 0.08             

S3 Sierra 26 2.17 0.11 -0.03 0.07             

S4 Sierra 23 2.17 0.31 -0.03 0.06             

S5 Sierra 13 2.17 0.07 -0.03 0.06             



Table A4 (previous page). S isotope measurement results of pyrite reference materials for 
SIMS analytical runs.  
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