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Concentration measurements by ICP-MS
We measured the concentrations of V and 30 other elements on minor splits of the samples dissolved for V isotope analysis (Table S2 and S3). The measurements were performed using an iCap ICP-MS using the collision cell to minimize polyatomic interferences. Concentrations were calculated via reference to ion beam intensities obtained from a five-point calibration curve constructed from serial dilutions of a gravimetrically-prepared multi-element standard. Drift was monitored and corrected via normalization to indium that was added to all samples at a concentration of 1 ng/g. Accuracy and precision were determined to be better than ± 10 % (s.d.) based on analyses of USGS reference materials AGV-1, BIR-1, BHVO-1 and GSP-2 (Table S4). 


[bookmark: _GoBack]Table S1: Allende spike addition experiments from Prytulak et al (2011)
	Sample
	Fraction spike
	2SD
	51V
	2SD

	Allende 1
	0.123
	0.012
	-3.70
	0.42

	Allende 2
	0.224
	0.022
	-5.08
	0.27

	Allende 3
	0.299
	0.030
	-6.28
	0.32

	Allende 4
	0.373
	0.037
	-7.47
	0.09

	Unspiked Allende (York regression)
	-1.79
	0.69

	Unspiked Allende (Prytulak et al 2011)
	-1.66
	0.13

	Unspiked CV3 (this study)
	-1.12
	0.13






Table S2: Trace element concentrations for carbonaceous chondrites
	
	EET92002
	ALH83100
	DOM08006
	Lance
	Warrenton
	GRA06100
	MIL09001
	LAP02206
	LAR12002

	Type
	CK
	CM
	CO
	CO
	CO
	CR
	CR
	CV
	CV

	Li 
	2.3
	1.7
	2.1
	4.3
	3.5
	2.2
	2.1
	2.0
	1.9

	Na
	3153
	2729
	1096
	3984
	3480
	2532
	653
	3139
	3287

	Mg
	145995
	118548
	132386
	133595
	112440
	141722
	123071
	1478434
	150892

	Al
	15262
	12033
	12471
	12678
	10567
	11645
	10473
	13558
	15661

	P
	1000
	1079
	1093
	1052
	914
	968
	669
	1023
	1156

	Ca
	15538
	12833
	12976
	14560
	12050
	13118
	10869
	16157
	17435

	Sc 
	9.6
	7.0
	8.2
	na
	na
	8.4
	6.9
	8.4
	10.9

	Ti
	924
	638
	720
	666
	575
	667
	599
	737
	856

	V
	91
	72
	80
	76
	66
	72
	66
	83
	88

	Cr
	3502
	2980
	3250
	3121
	2609
	3734
	3337
	3305
	3409

	Mn
	1424
	1825
	1556
	1558
	1279
	1715
	1888
	1363
	1436

	Fe
	228042
	216146
	240717
	236606
	193920
	232265
	229527
	223025
	234422

	Co
	584
	586
	628
	593
	508
	593
	566
	616
	524

	Ni
	11280
	11518
	13048
	11306
	10121
	12522
	11940
	13083
	8897

	Cu
	82
	126
	121
	113
	101
	82
	92
	98
	84

	Zn
	276
	175
	94
	91
	85
	99
	65
	103
	90

	Rb
	0.87
	1.65
	1.41
	na
	na
	1.19
	0.65
	0.85
	0.74

	Sr 
	13.1
	11.6
	11.2
	12.7
	10.9
	11.0
	6.1
	14.3
	18.8

	Cs
	0.072
	0.12
	0.077
	0.081
	0.066
	0.055
	0.067
	0.050
	0.071

	Ba 
	4.4
	3.4
	3.5
	3.9
	3.3
	3.5
	3.1
	4.0
	4.5

	Pr
	0.171
	0.127
	0.131
	na
	na
	0.132
	0.109
	0.143
	0.178

	Nd
	0.91
	0.60
	0.63
	0.67
	0.58
	0.59
	0.52
	0.70
	0.77

	Sm
	0.314
	0.204
	0.214
	0.232
	0.201
	0.205
	0.181
	0.244
	0.270

	Gd
	0.369
	0.256
	0.271
	0.298
	0.258
	0.263
	0.236
	0.287
	0.319

	Tb
	0.061
	0.045
	0.048
	na
	na
	0.051
	0.042
	0.052
	0.060

	Dy
	0.450
	0.336
	0.341
	0.398
	0.339
	0.341
	0.299
	0.360
	0.411

	Ho
	0.092
	0.068
	0.072
	na
	na
	0.083
	0.067
	0.081
	0.096

	Er
	0.274
	0.209
	0.219
	0.242
	0.215
	0.226
	0.200
	0.231
	0.261

	Tm 
	0.045
	0.031
	0.035
	na
	na
	0.037
	0.030
	0.039
	0.046

	Yb
	0.293
	0.214
	0.233
	0.261
	0.224
	0.232
	0.197
	0.261
	0.286

	Lu 
	0.0422
	0.0288
	0.0328
	na
	na
	0.0363
	0.0297
	0.0359
	0.0400


All values in μg/g 
na - not analyzed


Table S3: Trace element concentrations for ordinary chondrites
	
	St. Marks
	WSG95300
	ALHA77215
	QUE97008
	GRO06054
	Alfianello
	MET00452
	NWA753

	Type
	EH
	H3.3
	H3.7
	L3.0
	L3.6
	L6
	LL/L 3.05
	R3.9

	Li 
	3.9
	2.0
	na
	2.3
	na
	4.4
	na
	6.7

	Na
	6597
	6947
	6749
	7591
	7516
	7725
	5202
	6385

	Mg
	105643
	129608
	138876
	144659
	156930
	149170
	145031
	132761

	Al
	7906
	10144
	10018
	10797
	11245
	11972
	10244
	10443

	P
	1952
	1225
	1142
	966
	1215
	992
	1029
	1325

	Ca
	8297
	11933
	12466
	12194
	14030
	14398
	12545
	13507

	Sc 
	na
	na
	na
	na
	na
	na
	na
	na

	Ti
	440
	572
	597
	583
	674
	696
	605
	589

	V
	51
	66
	69
	70
	82
	67
	70
	78

	Cr
	2786
	3381
	3257
	3514
	3831
	2881
	3346
	3418

	Mn
	1865
	2319
	2479
	2816
	2916
	2828
	2506
	2470

	Fe
	320365
	254226
	258965
	186769
	209663
	221257
	167682
	242899

	Co
	914
	733
	922
	457
	474
	556
	392
	635

	Ni
	16481
	14108
	17340
	8595
	9892
	11267
	8869
	12182

	Cu
	191
	88
	107
	78
	97
	93
	75
	109

	Zn
	54
	51
	64
	62
	74
	54
	51
	156

	Rb
	na
	na
	na
	na
	na
	na
	na
	na

	Sr 
	7.7
	10.9
	11.9
	11.1
	13.6
	11.6
	12.9
	31

	Cs
	0.031
	0.136
	na
	0.167
	na
	0.008
	na
	0.068

	Ba 
	2.2
	3.4
	3.5
	4.6
	4.7
	3.7
	4.0
	93

	Pr
	na
	na
	na
	na
	na
	na
	na
	na

	Nd
	0.42
	0.54
	0.51
	0.60
	0.68
	0.59
	0.60
	0.59

	Sm
	0.142
	0.185
	0.171
	0.202
	0.234
	0.208
	0.202
	0.200

	Gd
	0.185
	0.241
	0.224
	0.261
	0.314
	0.271
	0.272
	0.262

	Tb
	na
	na
	na
	na
	na
	na
	na
	na

	Dy
	0.255
	0.32
	0.284
	0.35
	0.40
	0.38
	0.36
	0.35

	Ho
	na
	na
	na
	na
	na
	na
	na
	na

	Er
	0.154
	0.201
	0.188
	0.219
	0.262
	0.240
	0.231
	0.220

	Tm 
	na
	na
	na
	na
	na
	na
	na
	na

	Yb
	0.158
	0.207
	0.183
	0.222
	0.261
	0.256
	0.233
	0.223

	Lu 
	na
	na
	na
	na
	na
	na
	na
	na


All values in μg/g 
na - not analyzed 


Table S4: Trace element concentrations for USGS reference materials. 
	
	AGV-1 avg
n = 3
	Georem pref. value
	diff.
 (%)
	GSP-2 avg
n = 2
	Georem pref. value
	diff.
(%)
	BHVO-1 avg
n = 2
	Georem pref. value
	diff.
(%)
	BIR-1 avg
n = 2
	Georem pref. value
	diff.
(%)

	Li
	9.95
	10.70
	-7.0
	38.4
	36
	6.8
	4.46
	4.68
	-4.6
	3.14
	3.20
	-1.7

	Na
	33696
	31540
	6.8
	22264
	20600
	8.0
	16083
	17160
	-6.3
	13881
	13592
	2.1

	Mg
	10059
	9122
	10
	5894
	5800
	1.6
	40265
	43634
	-7.7
	56714
	58612
	-3.2

	Al
	92505
	90582
	2.1
	81959
	78800
	4.0
	66680
	72476
	-8.0
	80428
	82111
	-2.0

	P
	2030
	2151
	-5.7
	1112
	1300
	-14
	976
	1211
	-19
	73.4
	na
	

	Ca
	37329
	34929
	6.9
	14957
	15000
	-0.3
	72721
	81643
	-11
	90610
	94928
	-4.5

	Sc
	12.57
	12.43
	1.2
	6.28
	6.30
	-0.3
	29.4
	31.4
	-6.5
	42.1
	43.2
	-2.5

	Ti
	5899
	6300
	-6.4
	4149
	3960
	4.8
	16705
	16452
	1.5
	6018
	5752
	4.6

	V
	116.1
	119.4
	-2.8
	52.7
	52.0
	1.3
	319
	314
	1.6
	334
	321
	4.0

	Cr
	12.23
	9.47
	29
	20.1
	20.0
	0.6
	285
	287.6
	-0.8
	418
	393
	6.4

	Mn
	776
	748
	3.7
	329
	320
	2.8
	1275
	1308
	-2.6
	1404
	1341
	4.7

	Fe
	45174
	47285
	-4.5
	35530
	34300
	3.6
	88898
	86240
	3.1
	85419
	79800
	7.0

	Co
	15.61
	15.14
	3.1
	7.0
	7.3
	-4.1
	44.5
	44.9
	-0.9
	53.9
	52.2
	3.2

	Ni
	15.82
	15.41
	2.7
	15.2
	17.0
	-11
	120
	120
	0.1
	179
	168.9
	5.7

	Cu
	51.4
	58.4
	-12
	39.6
	43.0
	-8.0
	140
	137.2
	2.3
	124
	120.7
	2.4

	Zn
	82.8
	86.8
	-4.6
	96
	120
	-20
	98.9
	105.1
	-5.9
	66.8
	70.4
	-5.1

	Rb
	64.5
	67.8
	-4.8
	258
	245
	5.3
	9.63
	9.52
	1.2
	0.212
	0.210
	1.1

	Sr
	650
	661
	-1.7
	240
	240
	-0.1
	408
	399.2
	2.4
	111
	108.6
	2.3

	Cs
	1.10
	1.25
	-12
	1.09
	1.20
	-9.0
	0.098
	0.103
	-5.4
	0.0044
	0.0065
	-31

	Ba
	1085
	1218
	-11
	1234
	1340
	-7.9
	131
	134.4
	-2.2
	6.31
	6.75
	-6.6

	Pr
	7.36
	8.31
	-11
	52.4
	51.0
	2.7
	5.49
	5.42
	1.2
	0.376
	0.372
	0.9

	Nd
	27.8
	32.1
	-13
	181
	200
	-9.5
	23.7
	24.8
	-4.5
	2.24
	2.397
	-6.4

	Sm
	5.32
	5.76
	-7.7
	23.8
	27.0
	-12
	6.17
	6.165
	0.1
	1.10
	1.113
	-1.1

	Gd
	4.32
	4.86
	-11
	12.0
	12.0
	0.2
	6.25
	6.285
	-0.6
	1.81
	1.809
	0.0

	Tb
	0.54
	0.67
	-19
	1.18
	na
	
	0.92
	0.946
	-2.7
	0.352
	0.362
	-2.7

	Dy
	3.43
	3.58
	-4.2
	5.09
	6.10
	-17
	5.44
	5.272
	3.1
	2.65
	2.544
	4.3

	Ho
	0.60
	0.68
	-12
	0.83
	1.00
	-17
	1.029
	0.984
	4.6
	0.595
	0.572
	4.1

	Er
	1.74
	1.83
	-4.9
	2.13
	2.20
	-3.2
	2.67
	2.501
	6.8
	1.79
	1.68
	6.3

	Tm
	0.227
	0.274
	-17
	0.23
	0.29
	-22
	0.346
	0.329
	5.2
	0.261
	0.256
	2.1

	Yb
	1.57
	1.66
	-5.4
	1.24
	1.60
	-23
	2.067
	1.987
	4.0
	1.72
	1.631
	5.5

	Lu
	0.220
	0.252
	-13
	0.16
	0.23
	-28
	0.291
	0.278
	4.9
	0.261
	0.2484
	5.2


na - reference value not available
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