The Sr–Nd Isotope Data of the Platreef Rocks from the Northern Limb of the Bushveld Igneous Complex: Contrasting Magma Composition and Origin with Rocks from the Eastern and Western Limbs.
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Abstract

The Platreef is a series of mafic and ultramafic sills which were emplaced in the Northern limb of the Bushveld Igneous Complex (BIC) between the Main Zone (MZ) and the country rocks (Fig. 1). Previous have argued the Platreef magmas share a common origin with either one of the magmas that formed the Lower Zone (LC), the Critical Zone (CZ) or the MZ in the Eastern and Western limbs of the BIC studies (Kruger, 2005; McDonald et al., 2005; Pronost et al., 2008; Maier et al., 2008; Reisberg et al., 2011; Yudovskaya and Kinnaird, 2010).
New whole-rock Sr–Nd isotope data from the Platreef and MZ from samples (Table 1) collected from four borehole drill cores (TN754, TN200, SS339 and OY482; Fig. 1) are compared with previously published Bushveld data from rocks of the LZ, CZ, MZ and Platreef (Table 2). The study aims at establishing the relationship between the Platreef magmas and those from the Eastern and Western limbs of the BIC.
The results show positive ɛNd​ values (+3.53 to +7.51) for harzburgites (Table 1; Fig. 2) suggesting their parental magmas derived from the depleted Mantle. Positive ɛNd values for LZ, CZ, MZ and Platreef rocks have not yet been reported until this study. The remaining Platreef samples have negative ɛNd​ values (–2.91 to –22.88; Table 1) similar to LZ, CZ, MZ and Platreef rocks from previous studies and show significant variations in Sr–Nd isotopic compositions. There is the first group of Platreef samples (encircled as 1) having relatively higher isotopic composition (ɛNd= –2.91 to –5.68; 87Sr/86Sri= 0.709177 – 0.711998) than those from previous studies (ɛNd= –5.10 to –8.50; 87Sr/86Sri= 0.704400 – 0.709671) (Fig. 2). There is a second group of Platreef samples having higher Sr ratios (87Sr/86Sri= 0.709816 – 0.712106) but slightly lower ɛNd values (–7.44 to –8.39) than samples from previous studies (Fig. 2). Lastly, there is a third group of Platreef samples with the lowest ɛNd values (–10.82 to –14.32), but their Sr ratios (87Sr/86Sri= 0.707545 – 0.710042) are lower than those from samples of the two Platreef groups mentioned above and are slightly overlapping those of the CZ and the MZ (Fig. 2). Only one Platreef sample has Sr–Nd isotopic composition which could be slightly similar to rocks from the LZ or CZ, whereas five other Platreef samples have either anomalous ɛNd or Sr ratios (Fig. 2) which make it difficult to assess their isotopic compositions relative to other samples. These isotopic variations for the Platreef samples indicate both multiple sources and magma chambers with varying crustal contamination styles which have operated during the evolution of these magmas prior their emplacements in the Platreef setting. The two MZ samples have different Sr–Nd isotopic compositions (In OY482 [ɛNd=+0.65; 87Sr/86Sri=0.711746] and in TN754 [ɛNd= –7.44; 87Sr/86Sri=0.709322]; Table 1 and Fig. 2) which indicate also different MZ magma chambers consistent with previous studies (Roelofse and Ashwal, 2012).
Although the Platreef is part of the Northern limb, its genesis should be considered very much independent from processes involved in the genesis of the LZ, CZ and MZ in the Eastern and Western limbs of BIC.
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Figure 1: Simplified geological map of the Northern limb of the Bushveld Igneous Complex (BIC) modified after Ashwal et al. (2005) and Van der Merwe (2008). The inset map shows the location of the Northern limb (red square) relative to the Eastern and Western limb of the BIC. The positions of the borehole drill cores used in this study are also shown along the Platreef.
Table 1: Sr – Nd isotope data the Platreef and Main Zone rocks (This study).
	Sampled ID
	Lithology
	Rb
	Sr
	Nd
	Sm
	87Sr/86Sr
	143Nd/144Nd
	87Sr/86Sri
	143Nd/144Ndi
	ɛNdi

	OY482-01
	GN
	15.57
	235.70
	2.63
	0.46
	0.717427
	0.511437
	0.711746
	0.510003
	+0.65

	OY482-03
	Fpyx
	2.99
	88.10
	2.34
	0.53
	0.713963
	0.511583
	0.711050
	0.509722
	-4.86

	OY482-20
	GN
	11.45
	211.44
	4.21
	1.02
	0.719679
	0.511659
	0.715021
	0.509673
	-5.83

	OY482-30
	Fpyx
	9.71
	61.80
	5.36
	1.27
	0.735492
	0.511562
	0.721956
	0.509618
	-6.91

	OY482-35
	Fpyx
	6.61
	54.96
	5.59
	1.49
	0.730117
	0.511705
	0.719761
	0.509520
	-8.83

	OY482-40
	Fpyx
	11.66
	71.40
	3.36
	0.89
	0.756343
	0.511595
	0.742252
	0.509420
	-10.78

	
	
	
	
	
	
	
	
	
	
	

	SS339-08
	OB-Pyx
	1.17
	13.41
	1.07
	0.29
	0.717545
	0.511562
	0.710042
	0.509340
	-12.35

	SS339-09
	Fpyx
	3.63
	27.17
	2.39
	0.51
	0.721987
	0.511528
	0.710492
	0.509779
	-3.75

	SS339-10
	HZG
	2.58
	24.46
	0.66
	0.11
	0.718240
	0.511709
	0.709168
	0.510343
	+7.31

	SS339-12
	Fpyx
	3.86
	33.90
	1.07
	0.32
	0.718186
	0.511777
	0.708406
	0.509363
	-11.90

	SS339-13
	Fpyx
	1.80
	33.95
	0.92
	0.21
	0.713722
	0.511693
	0.709177
	0.509822
	-2.91

	SS339-15
	OB-Pyx
	2.01
	45.75
	1.24
	0.47
	0.713270
	0.511911
	0.709493
	0.508803
	-22.88

	SS339-19
	OB-Pyx
	10.95
	206.87
	4.08
	1.22
	0.713723
	0.511870
	0.709173
	0.509418
	-10.82

	
	
	
	
	
	
	
	
	
	
	

	TN200-03
	Fpyx
	5.55
	58.85
	2.74
	0.71
	0.716483
	0.511435
	0.708374
	0.509326
	-12.63

	TN200-04
	Fpyx
	9.26
	39.45
	2.15
	0.50
	0.728767
	0.511272
	0.708570
	0.509380
	-11.56

	TN200-05
	Fpyx
	4.37
	49.38
	1.28
	0.32
	0.715145
	0.511443
	0.707545
	0.509386
	-11.46

	TN200-09
	Fpyx
	7.77
	98.75
	2.19
	0.53
	0.715503
	0.511228
	0.708742
	0.509240
	-14.32

	TN200-16
	Fpyx
	14.12
	28.07
	1.16
	0.25
	0.755665
	0.511351
	0.712106
	0.509591
	-7.44

	TN200-24
	Fpyx
	9.71
	9.24
	14.40
	2.74
	0.803079
	0.511240
	0.711998
	0.509680
	-5.68

	
	
	
	
	
	
	
	
	
	
	

	TN754-01
	L-GN
	29.09
	253.95
	11.91
	2.47
	0.719175
	0.511303
	0.709322
	0.509603
	-7.20

	TN754-02
	Fpyx
	22.76
	50.70
	7.67
	1.56
	0.748539
	0.511204
	0.709816
	0.509542
	-8.39

	TN754-03
	Fpyx
	21.05
	61.55
	5.50
	1.01
	0.736747
	0.511201
	0.707281
	0.509702
	-5.26

	TN754-06
	Fpyx
	14.89
	57.18
	10.36
	2.21
	0.733946
	0.511311
	0.711523
	0.509562
	-8.00

	TN754-08
	Fpyx
	11.77
	88.65
	2.41
	0.55
	0.722454
	0.511586
	0.711031
	0.509711
	-5.08

	TN754-09
	HZG
	136.80
	6.27
	0.65
	0.19
	
	0.512547
	
	0.510150
	+3.53

	TN754-11
	OB-Pyx
	3.62
	5.48
	1.32
	0.31
	0.818253
	0.511424
	0.760885
	0.509499
	-9.24


Rb, Sr, Nd and Sm are in ppm and were measured by LA-ICP-MS at the Central Analytical Facilities at the University of Stellenbosch (South Africa). The Sr and Nd isotope ratios were obtained by MC ICP-MS at the department of geological science (University of Cape Town; South Africa). The initial isotopic ratios and εNdi values calculated at 2.06 Ga (Crystallisation age of the BIC after Zeh et al., 2015). The sample number increases with increasing depth in each borehole.
Table 2: Published εNdi and initial Sr ratios for Bushveld rocks.
	Bushveld
	Zone
	Sample
	Lithology
	ɛNdi
	87Sr/86Sri

	Northern limb (Pronost et al., 2008)

	
	HGW
	OY28-1
	N
	-8.83
	0.704064

	
	HGW
	OY28-2
	N
	-7.65
	0.710518

	
	HGW
	OY28-17
	N
	-6.96
	0.719362

	
	HGW
	OY28-18B
	N
	-7.54
	0.727995

	
	HGW
	OY47-1
	N
	-8.37
	0.709780

	
	PL
	OY47-8B
	P
	-7.21
	0.718256

	
	HGW
	OY47-19
	N
	-8.33
	0.701534

	
	PL
	PP7a
	P
	-6.99
	0.713693

	
	PL
	PP12a
	P
	-7.38
	0.712479

	Northern limb (Roelofse & Ashwal, 2012)

	
	MZ
	MO-2063.66
	Gn
	-6.60
	0.708313

	
	MZ
	MO-2108.08
	Gn
	-7.80
	0.707945

	
	MZ
	MO-2115.7
	Gn
	-7.90
	0.707999

	
	MZ
	MO-2150.15
	Gn
	-6.60
	0.708192

	
	MZ
	MO-2169
	Gn
	-7.00
	0.708230

	
	MZ
	MO-2212.63
	Gn
	-7.20
	0.707846

	
	MZ
	MO-2547.91
	Gn
	-7.20
	0.708146

	
	MZ
	MO-2577.02
	Gn
	-7.50
	0.708350

	
	MZ
	MO-2591.7
	Gn
	-7.80
	0.707974

	
	MZ
	MO-2625.7
	Gn
	-8.50
	0.708512

	
	MZ
	MO-2662.7
	Gn
	-7.10
	0.709671

	
	MZ
	MO-2696.44
	Gn
	-8.40
	0.708637

	Western limb of the RLS(Maier et al., 2000 and reference therein)

	
	MZ
	MZ7
	Gn
	-6.30
	0.707000

	
	MZ
	A1
	Gn
	-7.10
	0.708200

	
	MZ
	A 168
	Gn
	-6.40
	0.708500

	
	MZ
	A 254
	Gn
	-7.40
	0.708400

	
	UCZ
	UA 2
	An
	-7.60
	0.707800

	
	UCZ
	UA25
	Px
	-6.50
	0.707300

	
	UCZ
	UA 31
	An
	-7.30
	0.707400

	
	UCZ
	UA 41
	Px
	-6.30
	0.706900

	
	UCZ
	UA 48
	An
	-6.40
	0.706400

	
	UCZ
	B 235/36
	Px
	-6.40
	0.706700

	
	UCZ
	S 11
	No
	-6.40
	0.706100

	
	UCZ
	NG3 159.4
	Px
	-6.90
	0.705900

	
	LCZ
	NG1 25
	Px
	-5.30
	0.705600

	
	LCZ
	NG1 327.45
	Px
	-5.10
	0.704900

	
	LCZ
	NG1 528.5
	Px
	-5.30
	0.704800

	
	LZ
	NG2 171.5
	Px
	-6.00
	0.707400

	
	LZ
	NG2 557.1
	Hz
	-5.40
	0.704400


The εNdi and initial Sr ratio values were calculated at 2.06 Ga. 
Abbreviations –HGW: Hanging wall; LCZ: Lower Critical Zone; LZ: Lower Zone; MZ: Main Zone; PL: Platreef; RLS: Rustenburg Layered Suite; UCZ: Upper Critical Zone. An: Anorthosite; Gn: Gabbronorite; Hz: Harzburgite; N & No: Norite; P & Px: Pyroxenite.
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Figure 2: Plots of εNdi versus 87Sr/86Sri (a – b) for the Platreef and MZ samples. Plot (b) is a focused area of plot (a) for visualisation purpose. Present day 143Nd/144Nd for CHUR is 0.512638 (i.e. ɛNd= 0; Wasserburg et al., 1981) and 87Sr/86Sr for Bulk Earth (BE) is 0.7045 (Faure, 1986). Also plotted are the isotopic data of the RLS (Maier et al., 2000 and reference therein), Platreef (Pronost et al., 2008) and MZ (Roelofse and Ashwal, 2012). Platreef sample group are annotated as 1, 2, 3 and 4.
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