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Figure S1 SEM particle morphology images for the LHP sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 90, 200µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 110, 100µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 130, 100µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 180, 100µm scale (bottom right). 30.0 probe current (PC), 11.4 - 11.7 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images. 
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Figure S2 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the LHP site, Bloemfontein.
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Figure S3 SEM particle morphology images for the U sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 110, 100µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 120, 100µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 160, 100µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 230, 100µm scale (bottom right). 30.0 probe current (PC), 11.3 - 11.6 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images. 
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Figure S4 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the U site, Bloemfontein.
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Figure S5 SEM particle morphology images for the H sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 160, 100µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 250, 100µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 250, 100µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 750, 20µm scale (bottom right) times. 30.0 probe current (PC), 11.8 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S6 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the H site, Bloemfontein.
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Figure S7 SEM particle morphology images for the M sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 35, 500µm (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 35, 500µm (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 190, 100µm (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 100, 100µm (bottom right). 30.0 probe current (PC), 11.8 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S8 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the M site, Bloemfontein.
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Figure S9 SEM particle morphology images for the SR sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 33, 500µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 33, 500µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 80, 200µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 190, 100µm scale (bottom right) times. 30.0 probe current (PC), 11.9 – 12.1 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S10 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the SR site, Kimberley.
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Figure S11 SEM particle morphology images for the MH sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 35, 500µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 10, 100µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 190, 100µm scale (bottom left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 230, 100µm scale (bottom right). 30.0 probe current (PC), 11.8 – 11.9 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S12 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the MH site, Kimberley.
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Figure S13 SEM particle morphology images for the C sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 37, 500µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 70, 200µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 110, 100µm scale (middle left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 160, 100µm scale (bottom right) times. 30.0 probe current (PC), 11.7 – 11.9 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S14 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the C site, Kimberley.
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Figure S15 SEM particle morphology images for the SE3 1 sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 30, 500µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 60, 200µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 80, 200µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 85, 200µm scale (bottom right). 30.0 probe current (PC), 11.7 – 11.9 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S16 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the SE3 1 site, Vanderbijlpark.
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Figure S17 SEM particle morphology images for the VB2 sites were captured at [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 70, 200µm scale (top left), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 95, 200µm scale (top right), [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 150, 100µm scale (bottom left) and [image: magnification, symbol, tools, Magnifier, zoom, interface, plus, symbols, tool Icon] x 55, 200µm scale (bottom right) times. 30.0 probe current (PC), 11.9 – 12.1 mm working distance (WD), 5.0 kV accelerating voltage, were applied to all images.
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Figure S18 SEM-EDS elemental composition illustrations for particles observed in SEM analysis at the SE3 2 site, Vanderlbijlpark.
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Figure S19 XRD diffractogram of the SE3 1 sample, Vanderbijlpark
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Figure S20 XRD diffractogram of the SE3 2 sample, Vanderbijlpark
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Figure S21 XRD diffractogram of the South Ridge sample, Kimberley

[image: ]
Figure S22 XRD diffractogram of the Monument Heights sample, Kimberley
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Figure S23 XRD diffractogram of the Casandra sample, Kimberley 
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Figure S24 XRD diffractogram of the Langenhoven Park sample, Bloemfontein
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Figure S25 XRD diffractogram of the Universitas sample, Bloemfontein
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Figure S26 XRD diffractogram of the Heidedal sample, Bloemfontein
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Figure S27 XRD diffractogram of the Maselspoort sample, Bloemfontein




Table S2 Semi-quantitative XRD results.
	XRD semi-quantitative results (wt%)
	Quartz
	Plagioclase
	Calcite
	Ankerite
	Stilbite
	Ilmenite
	Anatase
	Goethite
	K-feldspar/ rutile
	Magnetite
	Mica
	Hematite
	Kaolinite
	Gypsum

	SE3 1
	67
	 
	 
	 
	 
	6
	4
	 
	10
	 
	 
	4
	 
	9

	SE3 2
	60
	10
	 
	 
	11
	 
	 
	 
	 
	 
	 
	 
	 
	19

	Southridge
	73
	16
	7
	 
	 
	 
	 
	 
	 
	 
	 
	4
	 
	 

	Monument Heights
	47
	30
	8
	 
	 
	 
	 
	 
	 
	8
	7
	 
	 
	 

	Casandra
	35
	20
	8
	12
	25
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Langenhoven Park
	44
	14
	5
	 
	 
	7
	 
	 
	11
	 
	12
	7
	 
	 

	Universitas
	40
	16
	3
	 4
	 
	 3
	 
	 
	7
	 
	8
	3
	8
	8

	Heidedal
	41
	18
	7
	 
	 
	4
	4
	6
	 
	 
	10
	5
	 
	5

	Maselspoort
	43
	20
	6
	 
	 
	 
	 
	 
	17
	 
	 
	7
	 
	7








Table S3 The X-ray Fluorescence results. The results are displayed in wt.%. The Fe2O3 content represents the total iron content and is not a depiction of the valency of the ion.
	XRF major element results (wt.%)
	SE3 1
	SE3 2
	Southridge
	Monument Heights
	Casandra
	Langenhoven Park
	Universitas
	Heidedal

	SiO2
	64.78
	48.79
	41.08
	54.19
	50.39
	61.43
	53.82
	63.09

	TiO2
	0.48
	0.58
	0.61
	0.71
	0.64
	0.84
	0.72
	0.72

	Al2O3
	6.47
	9.49
	10.04
	9.75
	9.71
	8.97
	10.20
	9.03

	Fe2O3 (t)
	4.57
	6.38
	4.62
	4.90
	5.56
	5.90
	5.20
	4.14

	MnO
	0.17
	0.27
	0.09
	0.10
	0.11
	0.82
	0.30
	0.13

	MgO
	0.78
	1.12
	1.96
	2.19
	4.72
	0.88
	1.19
	1.16

	CaO
	2.85
	4.14
	5.27
	4.82
	4.93
	1.98
	2.96
	4.92

	Na2O
	0.25
	0.20
	0.61
	0.91
	1.02
	0.68
	0.74
	0.68

	K2O
	0.78
	0.96
	0.84
	1.19
	1.27
	1.41
	1.43
	1.25

	P2O5
	0.20
	0.31
	0.49
	0.27
	0.34
	0.18
	0.21
	0.18

	SO3
	0.81
	1.86
	0.68
	0.60
	0.55
	0.29
	0.92
	0.46

	Cr2O3
	0.05
	0.05
	0.02
	0.03
	0.04
	0.02
	0.02
	0.03

	NiO
	0.01
	b.d.
	0.01
	0.00
	0.02
	b.d.
	b.d.
	b.d.

	H2O-
	1.02
	1.95
	2.06
	1.57
	2.65
	1.27
	1.85
	0.94

	LOI
	15.78
	23.24
	30.81
	17.56
	17.49
	14.33
	19.56
	12.39

	Sum
	99.00
	99.36
	99.17
	98.79
	99.46
	98.99
	99.11
	99.12






Table S3.1 EPMA-EDS microanalysis of grains from Vanderbijl Park and Southridge in Kimberley. The results here are of grains displayed in Figure 12. 
	EMPA-EDS results (wt.%)
	SE3 1
	SE3 2
	Southridge

	SiO2
	32.55
	100.25
	 
	 
	 
	 
	 
	 
	 

	TiO2
	 
	 
	 
	 
	 
	 
	3.82
	 
	58.3

	Al2O3
	 
	 
	 
	 
	 
	 
	9.97
	 
	 

	FeO
	 
	 
	44.21 (as Fe)
	98.09 
(as Fe)
	99.38
	99.65 
(as Fe)
	40
	99.55
	42.48

	MnO
	 
	 
	 
	 
	 
	 
	0.28
	 
	 

	MgO
	 
	 
	 
	 
	 
	 
	2.03
	 
	 

	P2O5
	 
	 
	 
	 
	 
	 
	 
	 
	 

	SO3
	 
	 
	56.03 (as S)
	 
	 
	 
	 
	 
	 

	Cr2O3
	 
	 
	 
	 
	 
	 
	44.75
	 
	 

	ZrO2
	67.4
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	99.95
	100.25
	100.24
	98.09
	99.38
	99.65
	100.85
	99.55
	100.78

	Mineral
	Zircon
	Quartz
	Pyrite
	Fe metal
	Magnetite/Hematite
	Fe metal
	Chromite
	Magnetite/Hematite
	Ilmenite






Table S3.2 EPMA-EDS micro analysis of grains from Monument Heights and Casandra in Kimberley. The results here are of grains displayed in Figure 12. 
	 EMPA-EDS results (wt.%)
	Monument Heights
	Casandra

	SiO2
	 
	51.48
	 
	29.32
	61.92
	 
	 
	 
	 
	58.07
	 

	TiO2
	1.26
	 
	52.54
	34.79
	 
	51.54
	90.96
	52.76
	 
	 
	 

	Al2O3
	11.82
	29.35
	 
	 
	18.06
	 
	 
	 
	 
	6.22
	 

	FeO
	30.24
	 
	47.6
	 
	 
	47.09
	7.45
	46.25
	100.15
	12.64
	99.52 (as Fe)

	MnO
	 
	 
	0.71
	 
	 
	0.69
	0.94
	0.88
	 
	 
	 

	MgO
	8.16
	 
	 
	 
	 
	 
	 
	 
	 
	21.2
	 

	CaO
	 
	14.51
	 
	36.07
	 
	 
	 
	 
	 
	1.37
	 

	Na2O
	 
	4.96
	 
	 
	2.05
	 
	 
	 
	 
	 
	 

	K2O
	 
	0.26
	 
	 
	16.73
	 
	 
	 
	 
	 
	 

	Cr2O3
	48.5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total
	99.98
	100.56
	100.85
	100.18
	98.76
	99.32
	99.35
	99.89
	100.15
	99.5
	99.52

	Mineral
	Chromite
	Plagioclase
	Ilmenite
	Titanite
	K-feldspar
	Ilmenite
	Magnetite
	Ilmenite
	Magnetite/Hematite
	Pyroxene
	Fe metal






Table 3.3 EP EPMA-EDS micro analysis of grains from Langenhoven Park and Universitas in Bloemfontein. The results here are of grains displayed in Figure 12. 
	 
	Langenhoven Park
	Universitas

	SiO2
	 
	 
	99.74
	 
	 
	 
	 
	 
	36.08

	TiO2
	43.97
	 
	 
	 
	47.29
	 
	53.28
	95.26
	 

	FeO
	55.2
	95
	 
	 
	50.44
	 
	45.26
	4.39
	38.52

	MnO
	1.77
	4.02
	 
	99.33
	2.03
	 
	0.74
	 
	 

	MgO
	 
	 
	 
	 
	 
	 
	 
	 
	25.11

	CaO
	 
	 
	 
	 
	 
	0.72
	 
	 
	0.13

	P2O5
	 
	 
	 
	 
	 
	27.67
	 
	 
	 

	ThO2
	 
	 
	 
	 
	 
	5.87
	 
	 
	 

	Ce2O3
	 
	 
	 
	 
	 
	35.82
	 
	 
	 

	La2O3
	 
	 
	 
	 
	 
	15.4
	 
	 
	 

	Nd2O3
	 
	 
	 
	 
	 
	15.25
	 
	 
	 

	Total
	100.94
	99.02
	99.74
	99.33
	99.76
	100.73
	99.28
	99.65
	99.84

	Mineral
	Ilmenite
	Magnetite/Hematite
	Quartz
	Pyrolusite
	Ilmenite
	Monazite
	Ilmenite
	Rutile
	Olivine





Table 3.4 EPMA-EDS microanalysis of grains from Heidedal and Maselspoort in Bloemfontein. The results here are of grains displayed in Figure 12.
	 
	Heidedal
	Maselspoort

	SiO2
	 
	 
	49.88
	 
	 
	 
	 

	TiO2
	42.7
	 
	 
	40.36
	 
	 
	 

	Al2O3
	 
	 
	37.4
	 
	 
	 
	 

	FeO
	56.49
	46.39 
(as Fe)
	1.44
	57.44
	 
	 
	 

	MnO
	0.75
	 
	2.42
	1.88
	 
	 
	 

	MgO
	 
	 
	2.05
	 
	 
	 
	 

	CaO
	 
	 
	6.56
	 
	 
	 
	 

	SO3
	 
	53.33 (as S)
	 
	 
	 
	31.56
	 

	BaO
	 
	 
	 
	 
	 
	69.71
	 

	ZnO
	 
	 
	 
	 
	99.98
	 
	99.85 
(as Zn)

	Total
	99.94
	99.72
	99.75
	99.68
	99.98
	101.27
	99.85

	Mineral
	Ilmenite
	Pyrite
	Plagioclase
	Ilmenite
	Zincite
	Barite
	Zn Metal









The Bushveld Complex is a vast and geologically significant layered igneous intrusion, spanning approximately 66,000 km2.          It is one of the richest mineral repositories globally, particularly known for its deposits of platinum group metals (PGMs), along with chromite and vanadium. The complex is layered, with each stratigraphic unit comprising different rock types and associated minerals. It is divided into three main regions: the Western Limb, the Eastern Limb, and the Northern Limb. Rocks present, include, norite, anorthosite, pyroxenite, and harzburgite, with plagioclase, pyroxene, chromite, olivine are the most prominent minerals.
The Karoo Supergroup is a vast and geologically important sedimentary sequence in southern Africa, covering large parts of South Africa. It spans an extensive period from the late Carboniferous to the early Jurassic, approximately 300 to 180 million years ago. The Karoo Supergroup is notable for its rich fossil content and its role in understanding the geological history and paleoenvironments of the region. Rocks present in the Supergroup include shales, mudstones, sandstones, tillites and capped with a basaltic lava flow. Most prominent minerals are quartz and feldspar, clay minerals and coal. 
The Olifantshoek Supergroup is a lesser-known but geologically significant rock sequence located in South Africa, specifically in the Northern Cape region. It forms part of the broader geological framework of the Kaapvaal Craton, one of the oldest pieces of Earth's crust. The Olifantshoek Supergroup is primarily known for its sedimentary and volcanic rock formations and is considered an important marker of geological processes that occurred during the early Proterozoic era. Rock types present include quartzite, shales, basalt and conglomerates, containing quartz, clay minerals and iron-oxide minerals (such as hematite).
The Cape Supergroup extends across the southern and western parts of the country. It is most well-known for forming the Cape Fold Belt. The Cape Supergroup represents a significant portion of South Africa's geological history, with rock formations that record environmental changes from the late Precambrian to the early Paleozoic era. Rocks present include quartzites, sandstones, shales and mudstones. 
The Transvaal Supergroup is sequence of sedimentary and volcanic rocks located on the Kaapvaal Craton in South Africa, extending into Botswana. It represents a critical period in Earth's history, spanning the late Archean to early Proterozoic, approximately 2.65 to 2.05 billion years ago. Dolomite, Banded Iron Formations (BIF), mudstones, shales, basalt and andesite are the rocks present with quartz, iron-oxide minerals, carbonate minerals and clay minerals are the most prominent. 
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