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Appendix 

LA-ICP-MS U-Pb dating of monazite  

All work was carried out at the Advanced Analytical Centre, at James Cook 

University (Townsville, Australia). We used a Coherent GeolasPro 193 nm ArF Excimer laser 

ablation system connected to Varian 820 quadrupole ICP-MS. Ablation was conducted in He 

and the ICP-MS was tuned to ensure robust plasma conditions, minimal Pb/U fractionation 

and low oxide production levels (<0.5 % ThO/Th) (e.g. Tucker et al., 2013). Analyses of 

minerals were carried out on polished 100 µm thick sections and mineral grain mounts, using 

a laser energy density of 3 J/cm2 and repetition rates of 10 Hz. The beam diameter was 24 

µm. Bracketing analyses of Namaqualand monazite (1033 Ma; Hokada et al. 2006) were used 

to correct Pb/U isotope fractionation.  

 

LA-ICP-MS analysis of trace elements on bulk rock samples 

Trace element analysis on bulk rock samples were carried out at the Advanced 

Analytical Centre at JCU, following a similar methodology to that of Holm et al. (2013). 

Rock powders were mixed with 12:22 borate flux at a sample to flux ratio of 1:6 and fused to 

glass after heating to 1050 0C. The fused samples were then mounted into epoxy pucks and 

analyzed for a range of trace and major elements by LA-ICP-MS using a Varian 820 

quadrupole ICP-MS coupled with a GeoLas Pro 193 nm ArF Excimer laser system. Ablation 

was conducted in He atmosphere and the ICP-MS was tuned to ensure robust plasma 

conditions (sensitivity of Th≈U≈Pb) (e.g., Pettke et al., 2012) and low oxide production levels 

(<0.5 % ThO), using a laser energy density of 6 J/cm2 and repetition rates of 10 Hz. The beam 

diameter was set at 120 micrometers and 3 analyses per sample were conducted. All elements 

were externally standardized using NIST SRM 612 and NIST SRM 610 glass reference 
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materials with concentration values taken from Spandler et al. (2011), using SiO2, obtained by 

XRF, as the internal standard. The Glitter software  package (Van Achterbergh et al., 2001) 

was used for data processing. 

 

 

 

Figure A-1: Chondrite normalized (Taylor & McLennan, 1985) REE pattern of titanite grains 
in low-grade sample AFB59 (~ 350 ˚C). 
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Figure A-2: Element distribution in major and minor minerals. Low least squares values (∑r2 
< 1) indicate the accuracy of the mineral modal abundance calculations. 
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Figure A-3: Homogenization of Sr concentration in apatite upon increasing temperatures. 
Data symbols of different colors represent apatite from different samples. 
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Figure A-4: Sample AFB83 with pegmatitic vein. Monazite in centre of vein matches the 
bulk rock Nd signatures while monazite become less radiogenic with increasing distance from 
the vein. Red circles show laser pit locations for U-Pb and Sm-Nd isotope analyses. 
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Figure A-5:  Isochron diagram plotting analyses from monazite, apatite and whole rock from 
sample AFB83. The scattered monazite signatures lead to a poor definition of the age and 
initial Nd ratio and a high mean squared weighted deviation (MSWD).  
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Table A-1: Whole-rock analyses (XRF for majors and LA-ICP-MS for trace elements) 
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Table A-2: LA-MC-ICP-MS settings 
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Table A-3: Nd isotope composition of accessory phases. The 2 sigma uncertainties combine 
in-run (measured) uncertainties and the reproducibility of the JNdi glass (for 143Nd/144Nd) and 
LREE glass (for 147Sm/144Nd), summed in quadrature.  
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Table A-3 continued…. 
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Table A-3 continued…. 
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Table A-3 continued…. 
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Table A-4:  U-Pb dating of monazites. Bracketing analyses of Namaqualand monazite (1033 

Ma; Hokada et al. 2006) were used to correct Pb/U isotope fractionation. 206Pb/238U ages in 

bold correspond to the zoned monazite grain in sample AFB84 that has εNd(500Ma) = -7.7 to -

10.4. 
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