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Table 1. Trace element data for samples analyzed in this study by ICP-MS. All values are in µg/g or parts per million (ppm)

BHVO-1S
1(
Ref.
BHVO-2S
1(
Ref.
NISTL
1(
Ref.
15386,48S
Lit.
14168,34S



values1


values2
612 glass

values3
KREEP basalt
values4
Breccia matrix
Be
0.88
0.01
1.1
1.02
0.09

47.6
14.5
37.7
5.81

5.6

Sc
33.8
1.56
31.8
35.4
2.38
32
NA


24.8
23.6
32.3

V
331
50.4
317
310
71.8
317
39.3
1.3
39.2
52.1

59.7

Cr
352
59.4
289
315
72.7
280
43
6.53
39.9
1954
2400
1757

Co
54
3.86
45
55.3
4.36
45
35.2
1.84
35.3
25.5
17.9
48.1

Ni
133
8.82
121
124.2
11.2
119
NA


14.8
12.5
405

Cu
183
66.5
136
145
15.7
127
34.8
6.6
36.71
16.7
3.5
20.4

Ga
23.8
3.44
21
22.2
2.27
21.7
36.3
1.82
36.2
5.18

7.53

Rb
9.86
0.48
11
9.48
1
9.8
31.8
1.55
31.6
18.8
18.46
6.43

Sr
407
19.1
403
414
26.8
389
76.4
2.87
76.2
192
187.4
170

Y
25.2
1.81
27.6
24.9
1.23
26
38.4
1.56
38.3
248

204

Zr
172
3.32
179
184
8.95
172
36.2
1.48
36
1050
970
999

Nb
19.8
0.44
19
20.1
1.74
18
38.1
1.77
38.1
80.2

75.2

Mo
1.03
0.05
1.02
4.71
0.18

NA


0.2

0.2

Sn
2.06
0.05
2.1
1.99
0.16
1.9
37.9
2
38
0.03

0.06

Sb
0.17
0.04
0.16
0.24
0.02

38.5
2.17
38.4
0.03

0.03

Cs
0.07
0.02
0.13
0.08
0.004

41.7
2.21
41.6
0.77

0.24

Ba
137
1.88
139
135
1.89
130
37.9
1.48
37.7
863
837
780

La
15.9
0.37
15.8
15.5
0.32
15
35.9
1.35
35.8
84.2
83.5
71.7

Ce
40.8
0.65
39
39.9
0.41
38
38.6
1.41
38.4
216
211
180

Pr
5.88
0.13
5.7
5.86
0.11

37.3
1.32
37.2
31.1

25.7

Nd
25
0.99
25.2
24.5
0.43
25
35.3
1.29
35.2
127

102

Sm
6.68
0.28
6.2
6.64
0.22
6.2
36.9
1.61
36.7
39
37.5
31.7

Eu
2.17
0.09
2.06
2.14
0.09

34.6
1.43
34.4
2.82
2.72
2.47

Gd
6.73
0.26
6.4
6.74
0.33
6.3
37.2
1.67
37
45.5
45.4
35.7

Tb
0.96
0.06
0.96
0.98
0.05
0.9
36.2
1.66
35.9
7.65
7.9
6.31

Dy
5.43
0.28
5.2
5.55
0.34

36.2
1.61
36
47.8

40.9

Ho
0.98
0.06
0.99
1.01
0.06
1.04
38.1
1.67
37.9
10.1

8.39

Er
2.57
0.18
2.4
2.65
0.21

37.7
1.8
37.4
28.7

24.3

Tm
0.34
0.02
0.33
0.36
0.02

37.8
1.71
37.6
4.16

3.58

Yb
2
0.12
2.02
2.03
0.1
2
40.2
1.83
40
25.6
24.4
22.4

Lu
0.28
0.02
0.29
0.29
0.03
0.28
38
1.58
37.7
3.42
3.4
3.14

Hf
4.45
0.5
4.38
4.59
0.44
4.1
35.2
1.45
34.8
28.6
31.6
22.8

Ta
1.15
0.1
1.23
1.22
0.11
1.4
40.2
1.85
39.8
3.46
4.6
3.01

Pb
2.13
0.29
2.6
3.19
0.19

39.1
2.83
39
9.39

7.67

Th
1.19
0.08
1.08
1.27
0.11
1.2
37.6
1.86
37.2
14.7
10
13.7

U
0.41
0.03
0.42
0.41
0.02

37.5
1.51
37.2
3.96
2.8
3.32

Table 1 (continued) Trace element data for samples analyzed in this study by ICP-MS


14310,661S
Lit.
14321,1180L
Lit.
14321,1539S
Lit.
14321,1162L
Lit.
14072,44S
Lit.


Impact melt
values5,6,7,8,
Ol. Vit.
Values9
Ol. Vit.
values10
TFB
values11
High-Al
values5,7

Be
5.28
4.2
45.6

5.14

32.4

0.8

Sc
21.9
25

17.62
20.8
17.7

75.8
51.6
47.1

V
35.7
38
47.4

46.3
41
70.4
98
104

Cr
1143
1080
1791
1605
1335
1450
1946
2550
2994
2500

Co
29.9
17
30.6
38.2
47.4
40.7
15.1
24.6
39.7
32

Ni
142
120
149
340
388
380
332
10
52.4
31

Cu
14.6
9
83.3

10.9

64.1

NA

Ga
5.6
3.2
11.2

79.2

4.44

5.2
3.8

Rb
13.5
15
16.2
27
15.2

4.64
21
1.55
1.3

Sr
194
175
133
176
140

66.4
60
93.4
106

Y
182
185
187

178

87.4

41.4
74

Zr
853
610
818
810
793

285
500
141
172

Nb
60.8
29
67.4

61.6

24.6

12.9
13

Mo
0.17



0.21



0.16

Sn
0.03



0.16




0.3

Sb
0.01
0.004


0.10





Cs
0.53
0.7
0.61
0.66
0.58
0.66
0.28
0.3
0.12

Ba
683
780
661
730
739
730
205
340
107
120

La
58.5
59
63.1
57.1
60.8
57.5
22.9
34.5
7.8
8.7

Ce
151.09
207
158
156
154
150
58
91.9
20.2
27

Pr
21.3
23
20.9

23.3

8.01

2.87
3.2

Nd
87
91
93
92
90.7
87
35.8
56
12.9
13

Sm
26.8
23
24.9
24
25
24.5
10.8
16.9
4.21
4.4

Eu
2.23
2.28
2.12
1.96
1.99
2.02
0.81
1.05
0.98
0.97

Gd
30.3
29
29.5

31

13.0

5.23
6.4

Tb
5.18
4.2
5.42
5.92
5.27
4.9
2.42
3.68
1.02
0.93

Dy
33.3
29
36.4

34.7

16.5

6.95
5.9

Ho
6.79
6.8
7.83

7.46

3.85

1.46
1.6

Er
19.9
19
22.1

21.5

10.5

4.28
4.7

Tm
2.93
3
3.07

3.13

1.66

0.64
0.76

Yb
18.7
16
20.5
19.5
19.5
17.3
11.6
13.4
4.01
7.7

Lu
2.59
2.76
2.93
2.62
2.7
2.3
1.64
2.02
0.59
0.61

Hf
19.5
18
19.6
21.8
20.3
21.1
8.04
12
3.68
6.9

Ta
2.36
2.3
2.93
2.53
2.52
2.29
1.37
1.79
0.73

Pb
6.65
13
2.35

8.15

0.7

0.43
1.3

Th
11.2
12
12.8
11.19
12
11.6
3.53
4.6
1.02
1.04

U
2.97
3
3.5
2.92
3.17
3.4
0.9
1.2
0.29
0.29

Table 1 (continued) Trace element data for samples analyzed in this study by ICP-MS


14321,1161L
Lit.
14321,1422L
Lit.
14321,1582S
Lit.
14321,9075S
Lit.
14321,1179L
Lit.
14321,1183L
Lit.
14321,1184L
Lit.

(Group A)
values11
(Group A)
values12,13
(Group A)
values14
(Group B)
values4
(Group B)
values11
(Group B)
values11
(Group B)
values11

Be




0.72

1.41







Sc

61.1

64.1

65.7
60.3
56

57.9

59.4

58.1

V
99.4
106
143

174
149
109
102
112
122
117
101
96.7
90

Cr
2686
3660
3835
3770
3545
4250
2437
2463
3350
3870
3629
3170
3274
2800

Co

34.1

32
45.4
35.8
34.8
28

36.8

30.1

32.1

Ni

20


68.6
<170
41.8

104
120

20

40

Cu
40

32.1

30

22.3

96.5

74.1



Ga
2.01

3.24

6.42

3.76

3.73

4.41

4.33

Rb
0.8
13
1.49
0.9
1.09

2.88

2.56
17
2.32
10
1.97
13

Sr
56
20
66.6
87
73.2

115

85
60
89.6
110
91.5
50

Y
20.1

23.2

29.2

89.9

64.5

62.5

78.1

Zr
46.8

55.4

67

380
220
266
350
251

318

Nb
5.14

6.09

6.84

22.9

16

16.5

19.6

Mo




0.14

0.17







Sn




0.26

0.37







Sb




0.15

0.27






Cs
0.09
0.05
0.16

0.14
0.56
0.16

0.24
0.17
0.24
0.15
0.37
0.28

Ba
30.6
32
37.5
28
39.5

193
160
139
180
134
170
167
170

La
2.62
2.89
3.28
3.19
3.52
3.11
25.0
25.2
19.4
20.1
17
18.93
22.9
24.2

Ce
7.12
8.4
8.79
9.3
9.61
7
69.0
50
52.0
57.4
45
50.5
59.5
66.1

Pr
1.08

1.19

1.53

10.2

7.34

6.54

8.39

Nd
5.46
5.7
6.25
4.3
6.42
5.1
43.5

34.6
37
31.1
31.5
38.6
43

Sm
1.74
2.11
2.09
2.10
2.22
2.15
13.5
12.7
9.81
10.7
8.97
9.57
11.5
12.6

Eu
0.52
0.56
0.58
0.62
0.67
0.73
1.47
1.38
1.05
1.2
1.11
1.21
1.24
1.4

Gd
2.48

2.98

3.04

15.6

10.8

10.5

12.9

Tb
0.46
0.57
0.58
0.68
0.6
0.69
2.64
2.49
1.88
2.34
1.81
2.21
2.3
2.15

Dy
3.25

3.88
4.39
4.25

16.6

12.6

11.8

15

Ho
0.83

0.91

0.99

3.47

2.7

2.60

3.15

Er
2.5

2.85

3.02

9.60

7.23

7.4

8.66

Tm
0.38

0.44

0.5

1.35

1

1.08

1.23

Yb
2.66
2.89
3.04
3.02
2.93
2.9
8.26
8.2
6.26
6.82
6.50
6.8
7.77
7.98

Lu
0.39
0.47
0.46
0.44
0.47
0.41
1.17
1.23
0.89
1.05
0.90
0.95
1.14
1.22

Hf
1.33
1.78
1.66
1.7
1.96
2
8.89
8.2
6.92
8.3
6.47
7.57
8.57
9.55

Ta
0.32
0.46
0.39
0.45
0.43
0.46
1.21
1.2
0.89
0.94
0.95
0.94
1.15
1.1

Pb
0.32

0.82

1.19

1.22

0.45

0.51

0.79

Th
0.39
0.2
0.53
0.2
0.51
0.4
2.56
2.2
1.97
2.53
1.79
1.55
2.23
2.3

U
0.11
0.14
0.15
0.2
0.14
2.2
0.65

0.53
0.62
0.49
0.52
0.60
0.3
Table 1 (continued) Trace element data for samples analyzed in this study by ICP-MS

14321,1185L
Lit.
14321,1210L
Lit.
14321,1318L
Lit.
14321,1338L
Lit.
14321,1345L
Lit.
14321,1347L
Lit.
14321,1365L
Lit.

(Group B)
values11
(Group B)
values11
(Group B)
values12
(Group B)
values12
(Group B)
values12
(Group B)
values12
(Group B)
values12

Be


Sc

60.3

57.8

59.7

58.2

61.6

60.4

59.4

V
106
122
103
114
124

114

130

102

129

Cr
3116
3370
2296
2780
4313
3819
3398
3188
4000
3264
2965
2870
3465
3470

Co

29.8

27.2
30.7
33.4

34
35.4
33.9
39.6
31.8

34.7

Ni

20

40

100
50.5
115

120

72
129
125

Cu












23.5

Ga
4.71

4.14

7.31

11.8

9.7

10.2

5.43

Rb
2.81
14
2.94
13
3.64
9
6.74
13
4.94
9
4.74
9
3.89
10

Sr
85.6
10
91.1
50
96.9
72
97.4
160
109
100
101
85
92.1
100

Y
66.3

68.3

77.7

76.2

88

86

68.3

Zr
256
350
271

301
280
321
285
334
380
364
400
297
300

Nb
16.9

17.6

19.3

19.9

24.4

20.1

18.2

Mo
NA

NA

NA

NA

NA

NA

NA

Sn













Sb













Cs
0.31
0.11
0.26
0.36
0.70
0.18
0.61
0.3
1.18
0.29
1.08
0.26
0.25
0.24

Ba
141
140
151
175
157
160
183
200
212
200
199
190
160
170

La
18.2
19.5
20.2
19.7
22.4
20.8
21.8
22.8
23.4
22.7
24.1
24.9
21.9
20.5

Ce
47.3
53.4
54
53.8
58.8
59.7
57.9
63.8
64.3
63.2
64.3
67.9
53.2
57.1

Pr
6.86

7.81

8.86

8.41

8.65

9.95

7.24

Nd
32.7
36
34.6
36
38.5
30
37.6
40
44.0
42
42.9
40
35.6
33

Sm
9.49
10.4
9.79
10.2
11.3
10.4
11.3
10.8
11.3
11.6
13.1
11.9
11.3
10.5

Eu
1.03
1.24
1.33
1.2
1.27
1.27
1.25
1.33
1.6
1.37
1.33
1.43
1.4
1.26

Gd
10.1

10.8

13.0

12.6

13.5

15.3

11.6

Tb
1.79
2.27
1.97
2.36
2.28
2.4
2.29
2.52
2.45
2.67
2.61
2.71
2.04
2.32

Dy
12.1

13.0

15.1

15.1

17.0

16.3

13.0

Ho
2.65

2.77

2.87

3.1

3.72

3.47

2.95

Er
7.09

7.68

8.24

8.55

10.4

9.76

8.19

Tm
1.04

1.08

1.17

1.19

1.41

1.43

1.22

Yb
6.67
6.92
6.94
6.81
7.48
7.27
7.86
7.4
8.72
7.61
8.57
8.01
7.67
7.27

Lu
0.92
1.06
0.97
1.03
1.03
0.98
1.07
1
1.26
1.09
1.12
1.09
1.04
0.97

Hf
6.47
8.9
7.24
8.13
8.09
8.15
8.39
8.43
8.61
8.58
9.10
9
8.28
7.95

Ta
0.92
0.97
0.98
0.93
1.13
1.08
1.11
1.11
1.25
1.05
1.28
1.2
1.16
0.99

Pb
0.71

0.42

0.90

1.61

0.76

1.02

0.79

Th
1.92
1.75
2
1.52
2.37
1.73
2.56
1.98
3.04
1.95
2.70
2.33
2.38
1.79

U
0.52
0.53
0.53
0.3
0.63
0.44
0.67
0.7
0.81
0.57
0.69
0.58
0.66
0.42
Table 1 (continued) Trace element data for samples analyzed in this study by ICP-MS

14321,1425L
Lit.
14321,1429L
Lit.
14321,1448S
Lit.
14321,1449S
Lit.
14321,1535S
Lit.
14321,1585S
Lit.
14321,9048S
Lit.

(Group B)
values12
(Group B)
values13
(Group B)
values14
(Group B)
values14
(Group B)
values14
(Group B)
values14
(Group B)
values4

Be




1.29

1.12

1.06

1.25

1.39

Sc

58.1

61.3
65.1
59
68.4
61.5
68.8
58.2
58.2
59.2
65.1
60

V
102

119

148
118
147
119
125
112
112
115
109
100

Cr
2470
3073
2533
2975
4027
3840
2843
2690
2308
3330
2588
2790
2566
2532

Co

29.9

37.4
41.5
34.9
33.4
26.2
39.1
30.2
38.4
30.4
35.7
27

Ni

80

70
37.1
61
21
<140
42
48
31

30.2

Cu
24.5

57.2

17.2

23.8

21.1

22.5

25.7

Ga
5.32

6.02

3.94

0.33

10.5

2.8

3.68

Rb
2.61
10
2.59
10
2.71

2.83

2.38

2.57

2.96

Sr
86.1
70
100
84
103

125

115

105

116

Y
72.1

84.0

70.2

97.5

77.2

85.2

90.7

Zr
300
370
333
400
292

369

318

342

382

Nb
19.6

21.3

17.9

21.6

18.9

20.0

22.8

Mo
NA

NA

0.19

0.17

0.21

0.18

0.18

Sn




0.07

0.09

0.23

0.04

0.05

Sb




0.11

0.06

0.14

0.05

0.05

Cs
0.26
0.11
0.28
0.13
0.12
<1.2
0.12
<1
0.08
0.6
0.10

0.11

Ba
163
190
186
190
171
210
195
190
173
160
174
180
191
150

La
21.4
23.7
23.6
23.3
23
20.4
26.5
24.5
23.1
20.3
22.6
22.3
25.2
25

Ce
56.2
60.9
63.6
62.3
57.9
52
69
65
61.3
53
63.5
58.9
69.4
66

Pr
7.67

9.03

8.74

10.2

9.15

9.15

10.2

Nd
35.9
39
40.3
41
37.7
37
41.8
42
37.3
32
39.6

43.2

Sm
10.7
12
12
12.1
10.8
10.5
12.4
12.1
10.9
9.93
12.2
11.1
13.6
12

Eu
1.01
1.37
1.37
1.35
1.28
1.31
1.45
1.52
1.38
1.33
1.36
1.43
1.41
1.48

Gd
12.9

13.2

13.6

15.5

13.4

13.9

15.5

Tb
2.30
2.63
2.25
2.52
2.30
2.1
2.65
2.6
2.43
2
2.47
2.1
2.69
2.56

Dy
13.6

15.8

15.1

16.9

15.5

15.3

16.7

Ho
2.99

3.49

3.12

3.52

3.22

3.23

3.37

Er
8.11

9.13

8.95

9.95

9.12

8.89

9.53

Tm
1.13

1.32

1.28

1.44

1.32

1.3

1.35

Yb
7.52
7.88
8.32
7.93
7.76
6.6
8.84
7.9
7.82
6.5
7.79
7
8.40
8.3

Lu
1.14
1.09
1.18
1.11
1.11
0.92
1.28
0.99
1.12
0.87
1.09
0.94
1.18
1.31

Hf
7.74
8.64
8.57
8.62
7.85
8.3
9.49
9.8
8.24
8.1
8.70
8.7
9.08
9.1

Ta
1.1
1.15
1.22
1.15
1.03
0.92
1.23
1.05
1.04
0.98
1.08
0.98
1.30
1.3

Pb
0.85

0.97

2.54

1.67

1.15

1.71

1.17

Th
2.36
2.04
2.56
2.4
2.25
1.9
2.60
2.3
2.28
1.9
2.27
2.1
2.61
2.5

U
0.64
0.62
0.66
0.58
0.58
1.1
0.68
1
0.63
1.2
0.59
1.3
0.66

Table 1 (continued) Trace element data for samples analyzed in this study by ICP-MS

14053,240S
Lit.
14321,1344L
Lit.
14321,1432L
Lit.
14321,1524S
Lit.
14321,1568S
Lit.
14321,1573S
Lit.
14321,1578S
Lit.

(Group C)
values4,15,16
(Group C)
values12
(Group C)
values12
(Group C)
values12
(Group C)
values12
(Group C)
values14
(Group C)
values14

Be
1.61





0.76

0.72

0.88

0.48

Sc
57.6
55

59.7

62
62.9
60.8
64.5
55.4
61.8
59.5
60.3
52.9

V
110

103

124

146
129
122
119
138
134
132
131

Cr
2120
2860
3597
3386
2729
2920
2984
4230
2977
3280
3731
4040
3821
3720

Co
30.7
25
34.9
34.6
21
28
48.7
39.5
41.1
31.7
42.9
35.4
48.7
38.4

Ni
20.5
14

150


86.1
105
61.6
50
61.3
70
80
73

Cu
31.8





35.1

21.7

23.7

21.8

Ga
2.81
4.8
9.07

5.15

3.97

3.27

3.86

2.89

Rb
2.58
2.1
5.04
13
1.55
<8
1.83

1.34

1.65

0.99

Sr
105
98.6
90.3
150
83.2
60
102

69.7

88.2

56.5

Y
64.5
54.7
64.5

50.9

57.9

39.9

56

28.3

Zr
257
215
226
390
191.4
300
208

141

202

92.3

Nb
19.2
15.7
18.5

14.5

15.4

10.8

16.3

7.45

Mo
0.15





0.20

0.17

0.14

0.16

Sn
0.08





0.06

0.03

0.04

0.02

Sb
bdl





0.11

0.03

0

0.01

Cs
0.15

0.88
0.26
0.51
0.15
0.11
0.5
0.08

0.08

0.05

Ba
176
163
165
180
117
110
125

78.7

121

58.4
80

La
14.1
12.8
15.2
21
12.0
11.9
12.8
11.7
7.75
7.19
11.5
11.7
5.47
5.13

Ce
37.2
36.4
39.7
58.4
30.5
31.2
32.0
28.4
21.9
19
32.1
30
15.1
13.4

Pr
5.25

5.98

4.21

4.55

3.18

4.64

2.2

Nd
23.6
22
26.4
35
20.5
18
21.1
18
15.2

22.1
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Sm
7.32
6.5
7.59
10.7
6.21
6.44
6.43
6.08
4.65
3.88
6.74
6.03
3.31
2.85

Eu
1.20
1.23
1.04
1.24
0.93
1.03
1.01
1.11
0.70
0.71
0.98
1.06
0.52
0.59

Gd
8.35
8.5
8.25

7.9

8.23

5.61

8.14

4.01

Tb
1.48
1.62
1.51
2.49
1.48
1.48
1.59
1.3
1.05
0.7
1.48
1.6
0.77
0.79

Dy
9.86
11.1
9.84

9.9

10.4

6.92

9.91

5.16

Ho
2.24
2.1
2.28

2.14

2.33

1.49

2.10

1.09

Er
6.36
6.51
6.48

6.15

6.86

4.36

6.24

3.29

Tm
0.92

0.95

0.88

0.93

0.65

0.92

0.5

Yb
6.21
6.1
6.48
6.97
6.11
5.7
6.22
5.3
4.28
3.6
6.15
5.6
3.44
2.9

Lu
0.95
0.89
0.86
1.07
0.91
0.82
0.97
0.75
0.63
0.56
0.86
0.79
0.48
0.46

Hf
6.53
9.8
5.99
8.06
5.10
5.02
6.01
5.4
3.51
3.4
4.99
5.2
2.53
2.3

Ta
1.08
1.2
1.10
1.03
0.88
0.89
1.05
0.74
0.57
0.5
0.82
0.77
0.42
0.38

Pb
1.14

0.92

1.09

1.38

0.73

0.92

0.68

Th
1.98

1.96
2.1
1.73
1.46
1.82
1.5
1.12
0.9
1.69
1.5
0.88
0.7

U
0.51

0.52
0.39
0.51
0.32
0.49

0.31

0.45

0.22

Notes: 1 = Chazey et al.  (2003); 2 = Wilson (1998); 3 = Pearce et al. (1996) 4 = Dickinson et al. (1985); 5 = Taylor et al. (1972); 6 = Rose et al. (1972); 7 = Helmke et al. (1972); 8 = Brunfelt et al. (1972); 9 = Shervais et al. (1988); 10 = Neal and Taylor (1989); 11 = Shervais et al. (1985); 12 = Neal et al. (1988); 13 = Hughes et al. (1990); 14 = Neal et al. (1989b); 15 = Hubbard et al. (1972); 16 = Willis et al. (1972). S = Solution ICP-MS analysis; L = LA-ICP-MS analysis. Lit. value = Literature value; Ref. value = Reference value. TFB = Tridymite FerroBasalt.  See text for discussion of errors. NA = Not Analyzed; bdl = below detection limit.
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