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Analytical methods
Tescan Integrated Mineral Analyser (TIMA)
The instrument uses compositional analysis to distinguish minerals and quantify their respective proportions, as well as to assess textural associations (Hrstka et al., 2018).
The analysis was performed at the Wits Automated Mineralogy Lab, using a Tescan VEGA3 scanning microscope, and the TIMA 2.4.1 software. The instrument was equipped with BSE and CL detectors. Two types of analyses were performed: 
(i) Mineral Liberation Analysis, which provides semi-quantitative composition via energy dispersive spectrometry (EDS). The EDS data were summed to produce high-quality spectra, adopting pixel spacing of 6 μm. The minimum brightness was set at 10 %, while the maximum brightness at 100 %. The X-ray mapping resolution method was adjusted at a spacing of 18 μm, with an X-ray count of 1000, and an imaging speed of 4 μs. 
(ii) Bright Phase Analysis, to identify platinum group element (PGE)-bearing minerals. The instrument was set to a 1 μm pixel spacing, with minimum brightness set at 48 %, and the maximum brightness at 100 %. High-resolution mapping was conducted with an X-ray count of 1000 and an imaging speed of 4 μs.
Post-processing involved cross-referencing of petrographic observations of a mineral with spectral data from a comprehensive library. Mineral maps of zircon, apatite, and titanite, were produced.

Mineral separation
Datable minerals were separated using a SELFRAG at the Stoneman Laboratory at the University of Pretoria. The instrument is based on an electric pulse disaggregation (EPD) system which allows selective fragmentation through high voltage pulses. The settings of the instrument were: voltage: 175 kV, pulse frequency: 3.0 Hz at 2745 pulses. After the sample material was successfully liberated, it was sieved into the size fractions -2+1 mm, -1 mm+710 μm, -710+500 μm, -500+300 μm, -300+125 μm. The different size fractions were panned and a concentrate of heavy minerals was processed by picking possible datable minerals. These grains were analysed via a scanning electron microscope (SEM) at the University of Pretoria, using a JEOL 5800 with EDAX facilities and BS, EDS & EBSD detectors. The electron beam and the detector time were set to 20 seconds for the analysis and an appropriate voltage was set between 1-30 kV. The distance between the electron gun and the sample was adjusted to optimize the resolution and appropriate contrast was set to enhance the image quality. Each grain was analysed via Energy Dispersive Spectroscopy (EDS), and the separated minerals were identified as zircon, apatite and titanite.

In-situ LA-MC-ICPMS on polished thin sections and separates (University of Johannesburg)
U-Pb zircon geochronology and trace elements
Samples from Graniserra KSAT279-94ABC (enclaves), and KSAT279-2A, KSAT279-4A (anorthosite), and from Chibemba KAC84-173B, KAC84-281 (enclaves) were submitted to the Spectrum Lab at the University of Johannesburg. A 193 nm ArF RESOlution SE excimer laser (Australian Scientific Instrument) coupled with a Nu Plasma II MC-ICP-MS (Nu Instrument) was used to acquire U-Pb data. The setup included 16 Faraday detectors and 5 ion counting detectors. The gas flows, as well as cooling, auxiliary, nebulizer, and laser He, were established at 13.0, 0.80, 0.9, and 0.31 L/min, respectively, with the radiofrequency (rf) power set at 1300 W. A laser spot size of 30 μm was adopted, with a laser beam energy of 6 mJ and an attenuation of 25 %. The laser fluence was at 1.1 Jcm-2, and the analysis was conducted at a repetition rate of 2.5 Hz. Before ablation, a 15-second blank measurement was run, followed by a 50-second measurement. The configuration for the MC-ICP-MS detector was as follows: H8 = 238U; H7 = 232Th; IC0 = 208Pb; IC1 = 207Pb; IC2 = 206Pb; IC3 = 204Pb (+ 204Hg); IC4 = 202Hg.
Three primary standards were measured for instrumental mass bias correction and elemental fractionation. Zircon reference samples GJ1 (207Pb/206Pb age = 601.86 ± 0.37 Ma; 91500 (207Pb/206Pb age = 1066.01 ± 0.61 Ma; Horstwood et al., 2016) and A382 (207Pb/206Pb age = 1877 ± 2 Ma; Huhma et al., 2012) were used during calibration. CDQGNG (1842.0 ± 3.1 Ma; Black et al., 2003) was used as a secondary reference material. The 207Pb/206Pb age obtained for CDQGNG, at 1847 ± 7 Ma (MSWD = 2, n = 17), is within analytical uncertainty (all data in Table SM1).
Following the data acquisition, the post-processing utilised the NuAge2 software (Andersen et al., 2009) to calculate corrected ratios and ages. Weighted mean 207Pb/206Pb ages and concordia dates were calculated and presented using the IsoplotR opensource software (Vermeesch, 2018) and Isoplot software (Ludwig, 2003), respectively.
For trace elements, the laser was connected to the Thermo Fisher iCAP RQ ICP-MS instrument, with RF power at 1550 W. The coolant, auxiliary, nebuliser and laser He gas flows were set at 14.0, 0.80, 0.98 and 0.50 L/min, respectively. The beam energy of 6 mJ and attenuation of 25 % was used. The analysis was conducted on four spot sizes (35, 40, 60 and 100 μm), and repeated at a rate of 2.5 Hz. Before the analysis, blank and ablation signals were measured at 15 and 50 seconds, respectively, with a fluence of 1.1 Jcm-2. The measured isotopes with their dwell time(s) are 7Li (0.01), 29Si (0.005), 31P (0.03), 45Sc (0.01), 49Ti (0.0350, 89Y (0.01), 91Zr (0.01), 93Nb (0.015), 139La (0.05), 140Ce (0.02), 141Pr (0.05), 146Nd (0.03), 147Sm (0.03), 151Eu (0.04), 153Eu (0.01), 157Gd (0.015), 159Tb (0.02), 163Dy (0.01), 165Ho (0.01), 166Er (0.01), 167Er (0.01), 169Tm (0.01), 172Yb (0.01), 173Yb (0.01), 175Lu (0.01), 177Hf (0.01), 178Hf (0.01), 181Ta (0.04), 232Th (0.01) and 238U (0.01). Before ablation, a background signal was collected on mass and subtracted from the signal, and Glitter software was used to reduce data. NIST610 was used as a primary standard and BCR2G and GJ1 (Belousova et al., 2006) glasses as secondary material (all data in Table SM2). The accuracy (measured through relative % error) was estimated better than 10% for all elements, between 10 and 15% for Er, Tm, Hf. Reproducibility of analyses (measured through %RSD) was commonly better than 10% for all elements, except Nb, La, Pr, Sm, Eu, Tb, for which was between 10 and 20%.
Zircon crystallisation temperatures were calculated using the Ti-in-zircon thermometer method implemented in the TZT application, which is based on the empirical calibration established by Ferry and Watson (2007). 

In-situ LA-SF-ICP-MS on polished thin sections and separates (University of the Witwatersrand)
Zircon geochronology
Samples from Graniserra KSAT279-1FG (enclave), and from Chibemba KAC84-280A (enclave) and KAC84-280B (anorthosite), were analysed for U-Pb in zircon at the Spectroscopy Lab at the University of the Witwatersrand, using a Thermo Fisher Scientific Element XR SF-ICPMS coupled to a 193 nm excimer Applied Spectra/Australian Scientific Instruments RESOlution-SE laser ablation system. The measurements were performed in low resolution and electrostatic scanning (E-scan) modes. Data were acquired by single spot analysis (24-30 m), using a laser repetition rate of 8 Hz and a fluence of 2.5 Jcm-2. Total signal acquisition time was 30 sec, comprising 5 sec of pre- and post-ablation (gas blank) and 20 sec of ablation measurements. Ablation used a mixed He-Ar atmosphere and a small volume of N2 to enhance signal stability and sensitivity. The following gas flows were applied: He (350 ml/min), Ar (1000 ml/min) and N2 (5 ml/min), respectively
Zircon GJ1 (207Pb/206Pb age = 601.86 ± 0.37 Ma) was used as calibration standard, while secondary reference material were 91500 (207Pb/206Pb age = 1066.01± 0.61 Ma), Plesovice (207Pb/206Pb age = 337.96 ± 0.61 Ma) (Horstwood et al., 2016), and Temora 2 (207Pb/206Pb age = 416.78 ± 0.33 Ma, Black et al., 2004). The primary calibration standard was analysed at the beginning and end of a sequence, and 5 to 10 analyses of unknowns were followed by analyses of one primary calibration standard and secondary standards for quality control purposes.
Obtained values GJ1 (207Pb/206Pb age = 602.82 ± 0.64 Ma), 91500 (207Pb/206Pb age = 1066.1 ± 1.8 Ma), Plesovice (207Pb/206Pb age = 338.22 ± 0.57 Ma), and Temora 2 (207Pb/206Pb age = 418.97 ± 0.88 Ma) were all within analytical uncertainty (data in Table SM3).

U-Pb apatite and titanite geochronology and trace elements
Samples from Graniserra (enclaves KSAT279-1FG, KSAT279-93C, KSAT279-94ABC and anorthosite KSAT279-2A), and from Chibemba (enclaves KAC84-173B, KAC84-280A, KAC84-281) were analysed for U-Pb and trace elements in apatite. Enclave KSAT279-1FG and anorthosite KSAT279-2A from Graniserra were analysed for titanite (U-Pb and trace elements). Analyses were performed on separates and in-situ thin sections at the Spectroscopy Lab at the University of the Witwatersrand, using a Thermo Fisher Scientific Element XR SF-ICPMS coupled to a 193 nm excimer Applied Spectra/Australian Scientific Instruments RESOlution-SE laser ablation system. The repetition rate was set at 8 Hz, laser fluence at 2.5 Jcm-2, with total signal acquisition time of 40 sec. The sample surface was pre-ablated using two laser pulses to remove surface Pb before each spot measurement. Background measurements were taken 10 seconds before and 20 seconds after each analysis, measuring 43Ca, 206Pb, 207Pb, 208Pb, 232Th and 238U for U-Pb. Trace elements analysed include 55Mn, 85Rb, 88Sr, 89Y, 90Zr, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 151Eu, 157Gd, 159Tb, 163Dy, 165Ho, 166Er, 169Tm, 174Yb, 175Lu, 208Pb, 232Th, and 238U.  

Apatite
The gas flow rates were set as 350 ml/min for He, 1000 ml/min for Ar, and 5.5 ml/min for N. The laser spot diameter was 38 μm for U-Pb and trace elements. The Madagascar apatite (474.25 ± 0.41 Ma, Thomson et al., 2012) was the primary standard, and apatite from Durango (31.44 ± 0.18 Ma, McDowell et al., 2005) and McClure Mountain (523.5 ± 2.5 Ma, Schoene and Bowring, 2006) were the secondary reference materials. 207Pb corrected ages (using the method of Chew et al., 2011) were 515 +/- 17 Ma (MSWD = 4.0, n = 12) for McClure, and 30.8 ± 1.1 Ma (MSWD = 2.5, n = 8), 32.0 ± 0.71 Ma (MSWD = 2, n = 12) for the Durango apatite. NIST612 (Jochum et al., 2011; Gao et al., 2002) was analysed for calibration, while NIST610 and Dur-DCa (Chew et al., 2016) served as a secondary standards in TE acquisition. The accuracy (measured through relative % error) was estimated better than 5% for Sr, Zr, Y, La, Nd, Sm, Eu, Ho, Tm, Yb, Pb, between 5 and 15% for Ce, Gd, Tb, Dy, Er, U, and between 15 and 20% for Mn, Th. Reproducibility (measured through %RSD) was commonly better than 10% for all elements, except Mn, Dy and U, for which was between 10 and 20%. Data were processed using the software Iolite v3.7 (Paton et al., 2011) and the ages were calculated using IsoplotR (Vermeesch, 2018). Data are in Tables SM4 and SM5.

Titanite
The gas flow rates were set as 350 ml/min for He, 1000 ml/min for Ar. The N flow rate was 5.5 ml/min for U-Pb, 5 ml/min for trace elements. The laser spot diameter was 38 μm for U-Pb and 30 μm for trace elements. The primary standard was MKED titanite (1534 ± 6 Ma; Spandler et al., 2016), with titanite from Khan River (516.3 ± 1.3 Ma, Mazoz et al., 2022) and Ontario (1000 Ma; Spencer et al., 2013; Ma et al., 2019) as secondary standards. The ages obtained from our analyses were as follows: MKED = 1517.9 ± 1.7 Ma (MSWD = 0.13, n = 22), Khan River = 512 ± 12 Ma (MSWD = 0.81, n = 10), and Ontario = 1048 ± 17 Ma (MSWD = 0.66, n = 10). In trace element acquisition, NIST612 (Jochum et al., 2011; Gao et al., 2002) was used for calibration, while NIST610 and MKED were the secondary standards. The accuracy (measured through relative % error) was estimated better than 10% for ell elements, except Zr, Hf, Pb, for which was better than 15%. Reproducibility of analyses (measured through %RSD) was commonly better than 10% for Sr, Y, Nb, Ce, Pr, Nd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Pb, Th and between 10 and 20% for Zr, La, Sm, Eu, Gd, Hf, U. Data were processed through Iolite v3.7 and Iolite 4 software (Paton et al., 2011), and dates were visualised graphically with IsoplotR (Vermeesch, 2018). Full data in Tables SM6 and SM7.
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