particle size [um]

leaching time
[minutes]
Na (%)
Mg
Al
P
K
Ca
Sc (ppm)
Ti (%)
V (ppm)
Cr
Mn (%)
Fe
Co (ppm)
Ni
Cu
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Cd
In
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Tl
Pb
Bi
Th
U

0.00
0.02
0.01
0.21
0.00
2.78
0.63
0.00
38.48
0.24
0.81
0.03
5.55
27.19
123.89
27.28
35.16
0.05
55.89
40.20
2.81
0.24
422

48.86
0.23
0.11

30

0.00
0.04
0.03
0.29
0.00
2.74
1.02
0.01
72.36
0.26
1.15
0.08
11.37
41.46
165.66
43.34
50.93
0.13
58.61
53.44
4.51
0.40
5.61

Table S1: Extraction amounts of major elements, trace elements, and rare earth elements from the Kunimiyama umber using hydrochloric acid as a leachate.

25-150

131.11
0.78
0.80

156.08
0.98
0.99

5

150-1,000

1440

0.00
0.18
0.25
0.24
0.00
1.83
6.36
0.01
271.68
1.60
3.12
0.51
57.50
232.86
129.48
146.03
75.31
0.16
41.17
67.73
227
0.11
36.72

116.94
0.00
0.62
0.69

5

1,000-2,000

720

0.00
0.07
0.08
0.27
0.00
1.91
2.19
0.00
112.58
0.44
1.45
0.19
22.19
90.74
47.20
55.88
58.87
0.09
44.22
50.61
2.00
0.06
168.21

5

2,000-4,000

b.d.L: below the detection limit



particle size [um]

leaching time
[minutes]
Na (%)
Mg
Al
P
K
Ca
Sc (ppm)
Ti (%)
V (ppm)
Cr
Mn (%)
Fe
Co (ppm)
Ni
Cu
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Cd
In
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Tl
Pb
Bi
Th
U

0.00
0.02
0.02
0.15
0.00
1.63
0.69
0.00
3435
0.17
1.03
0.04
5.43
20.66
103.33
24.50
2336
0.06
32.94
28.91
2.88
0.22
3.29

10.24
0.23
0.10

Table S2: Extraction amounts of major elements, trace elements, and rare earth elements from the Kunimiyama umber using sulfuric acid as a leachate.

25-150

720

0.01
0.38
0.40
0.51
0.00
1.18
9.50
0.02
433.14
3.42
8.98
0.79
98.02
376.77
287.75
261.08
121.26
0.23
46.11
102.79
18.29
1.27
7.16

1440

0.00
0.39
0.44
0.39
0.00
0.85
9.30
0.01
419.25
3.78
8.67
0.81
100.46
398.48
219.20
272.26
98.31
0.19
36.24
87.84
14.58
0.67
5.47

5

150-1,000

1440

0.00
0.26
0.24
0.30
0.00
0.80
6.65
0.01
293.15
2.13
5.71
0.56
68.24
260.06
152.38
180.83
64.94
0.12
28.18
57.14
6.62
0.09
9.87

5

0.01
0.00

0.04
0.02

1,000-2,000

0.04
0.04

5

0.01
0.00

0.01
0.01

2,000-4,000

0.03
0.03

0.14
0.13

b.d.L: below the detection limit



particle size [um]

leaching time
[minutes]
Na (%)
Mg
Al
P
K
Ca
Sc (ppm)
Ti (%)
V (ppm)
Cr
Mn (%)
Fe
Co (ppm)
Ni
Cu
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Cd
In
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Tl
Pb
Bi
Th
U

0.01
0.05
0.13
0.27
0.03
0.63
2.47
0.00
6.54
0.09
0.10
0.03
0.63
4.89
173.92
25.99
37.07
0.48
45.56
114.33
3.71
0.00
0.15

0.01
82.49
89.72
16.81
31.90

141.30
31.94

7.43
31.87

4.54
25.41

4.56
12.05

1.56

9.17

1.23

0.09

0.01

2.14
0.72
1.23

30

0.01
0.06
0.17
0.25
0.04
0.69
2.18
0.00
6.46
0.00
0.14
0.06
1.32
6.60
247.49
39.85
29.17
0.50
49.88
119.75
1.81
0.00
0.10

0.01
111.73
93.78
17.83
33.66
149.98
32.96
797
33.46
4.79
26.75
4.84
12.75
1.68
9.88
1.32
0.06
0.01

2.35
0.50
1.29

Table S3: Extraction amounts of major elements, trace elements, and rare earth elements from the Aki umber using hydrochloric acid as a leachate.

25-150

0.48
1.48

720

0.02
0.16
0.40
0.23
0.05
0.82
2.81
0.00
10.21
0.39
0.26
0.29
5.79
31.61
396.97
110.98
23.30
1.03
62.16
139.88
0.58
0.00
0.04

0.03
173.44
110.67

22.63
39.61
180.14
39.45
9.30
39.01
5.60
31.60
5.76
15.11
2.01
11.92

1.57

0.05

0.01

2.20
0.40
1.62

5

0.26
0.46

150-1,000

180

0.01
0.07
0.18
0.19
0.04
0.59
1.61
0.00
5.90
0.00
0.12
0.11
1.97
10.25
152.47
41.75
20.04
0.43
37.82
97.82
0.73
0.00
0.06

0.02
76.09
77.83
13.37
27.30

122.27
27.74

6.63
27.41

3.88
21.70

3.89
10.22

1.36

8.07

1.08

0.04

0.01

2.14
0.33
1.03

720

0.01
0.11
0.25
0.19
0.04
0.62
1.88
0.00
8.15
0.24
0.16
0.21
3.67
19.19
180.31
68.18
19.14
0.85
43.35
107.17
0.35
0.00
0.02

0.02
84.05
84.07
15.07
30.49

135.64
30.51

7.29
29.84

427
23.94

4.35
11.49

1.51

8.94

1.21

0.04

0.01

2.50
0.35
1.15

1440

0.01
0.13
0.29
0.17
0.04
0.55
2.19
0.00
8.99
0.21
0.18
0.25
4.83
24.32
199.73
81.81
16.20
1.03
42.06
106.17
0.20
0.00
0.02

0.03
81.31
83.10
15.40
30.19

134.44
29.99

7.14
29.88

427
23.88

4.32
11.34

1.54

8.99

1.19

0.03

0.01

2.99
0.35
1.19

5

1,000-2,000

180

0.00
0.03
0.08
0.09
0.02
0.26
0.62
0.00
2.02
0.22
0.05
0.03
0.87
4.25
101.48
19.84
8.44
0.26
19.82
48.50
0.29
0.00
0.01

720

0.01
0.08
0.17
0.12
0.03
0.33
1.17
0.00
4.34
0.22
0.10
0.11
2.78
11.77
150.41
45.66
12.53
0.56
30.23
63.41
0.26
0.00
0.03

1440

0.01
0.09
0.20
0.15
0.03
0.37
1.41
0.00
5.44
0.25
0.12
0.15
291
14.15
134.01
50.47
10.29
0.72
30.26
72.75
0.24
0.00
0.01

5

2,000-4,000

b.d.L: below the detection limit



particle size [um]

leaching time
[minutes]
Na (%)
Mg
Al
P
K
Ca
Sc (ppm)
Ti (%)
V (ppm)
Cr
Mn (%)
Fe
Co (ppm)
Ni
Cu
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Cd
In
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Tl
Pb
Bi
Th
U

0.01
0.04
0.10
0.29
0.03
0.93
2.40
0.00
5.41
0.40
0.09
0.03
0.68
3.47
150.25
2237
34.09
0.39
39.82
105.50
4.49
0.01
0.16

0.01
21.41
82.88
15.03
29.75

137.05
29.99

7.23
29.73

4.33
2421

4.38
11.52

1.50

8.93

1.17

0.09

0.01

0.44
0.87
1.10

30

0.01
0.06
0.12
0.26
0.03
0.77
2.18
0.00
4.79
0.13
0.12
0.04
1.05
5.13
196.26
34.14
27.03
0.39
37.16
100.25
2.94
0.01
0.20
0.01
5.57
78.73
14.19
28.70
130.83
28.34
6.84
28.28
4.12
23.11
4.25
11.10
1.46
8.62
1.15
0.07
0.01

0.25
0.71
1.07

25-150

1.13
1.37

Table S4: Extraction amounts of major elements, trace elements, and rare earth elements from the Aki umber using sulfuric acid as a leachate.

0.02
1.78
95.52
19.28
36.06
165.60
35.56
8.48
35.14
5.09
28.79
5.25
14.04
1.88
11.07
1.50
0.05
0.01

0.26
1.22
1.47

1.25
1.53

5

0.30
0.47

0.40
0.65

150-1,000

180

0.01
0.07
0.17
0.27
0.02
0.58
227
0.00
5.41
0.49
0.11
0.08
1.92
10.00
135.59
41.74
20.90
0.37
30.03
85.90
213
0.00
0.05

0.01
4.47
64.97
10.96
23.55
107.47
23.53
5.81
2433
3.50
19.54
3.60
9.67
1.28
7.50
1.02
0.05
0.00

0.26
0.71
0.92

720

0.01
0.13
0.25
0.31
0.03
0.60
3.15
0.00
8.95
0.69
0.16
0.21
421
21.24
161.27
72.15
21.24
0.68
36.33
103.87
1.31
0.00
0.07

0.02
2.81
8L.11
14.96
30.14
139.21
29.97
7.11
29.82
4.32
24.47
4.41
11.69
1.59
9.37
1.27
0.04
0.01

0.40
1.03
1.13

1440

0.01
0.18
0.29
0.32
0.04
0.68
3.47
0.00
10.74
1.03
0.19
0.26
5.93
28.04
200.42
91.34
17.48
0.90
3791
103.11
1.07
0.00
0.03

0.03
1.53
82.48
15.65
30.81
141.22
30.14
722
30.03
4.33
2431
4.41
11.81
1.59
9.46
1.26
0.04
0.01

0.45
1.14
1.20

5

1,000-2,000

720

0.01
0.08
0.13
0.14
0.02
0.39
1.32
0.00
3.70
0.06
0.08
0.10
221
11.20
149.61
41.23
10.84
0.39
20.96
51.24
1.06
0.00
0.03

1440

0.01
0.11
0.19
0.17
0.03
0.44
223
0.00
7.06
0.55
0.10
0.15
3.10
16.55
118.59
53.36
13.02
0.69
2533
71.11
1.03
0.00
0.02

5

2,000-4,000

b.d.L: below the detection limit



Table S5: Extraction amounts of major elements, trace elements, and rare earth elements from the Cyprus umber using hydrochloric acid as a leachate.

particle size [um] 25-150 150-1,000 1,000-2,000 2,000-4,000
1°?{°}i‘ﬂ“i::}“° 5 30 180 720 1440 5 30 180 720 1440 5 30 180 720 1440 5 30 180 720 1440
Na (%) 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.04 0.04 0.02 0.02 0.04 0.05 0.04
Mg 0.08 0.10 0.14 0.18 0.19 0.07 0.10 0.12 0.15 0.17 0.06 0.09 0.13 0.20 0.19 0.03 0.08 0.13 0.20 0.20
Al 0.04 0.06 0.07 0.09 0.11 0.04 0.06 0.05 0.08 0.09 0.02 0.08 0.06 0.14 0.09 0.01 0.03 0.08 0.09 0.10
P 021 0.16 0.15 0.09 0.06 0.14 0.15 0.07 0.07 0.05 0.09 0.11 0.13 0.08 0.07 0.06 0.06 0.27 0.46 0.14
K 0.02 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.02 0.03 0.03 0.03 0.04 0.01 0.02 0.03 0.04 0.04
Ca 0.98 0.90 0.95 1.06 1.07 0.89 0.85 0.96 0.92 1.01 0.75 0.96 0.89 0.99 0.89 0.49 0.63 1.30 1.65 1.05
Sc (ppm) 0.08 0.28 0.51 0.25 0.34 0.12 0.04 0.20 021 0.29 0.00 0.00 0.02 0.13 0.34 0.00 0.00 021 0.71 0.35
Ti (%) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
V (ppm) 6685 6091 5238 3948 3041 4482 4407 4138 3449 2645 2586 3105 4087 3585  32.06 7.83 1638 3080  39.64  32.93
Cr 0.00 0.12 0.12 0.44 027 0.09 0.00 0.00 0.17 0.04 0.00 0.01 0.10 0.24 0.98 0.00 0.00 0.02 0.03 0.23
Mn (%) 0.13 0.19 0.30 0.47 0.54 0.14 0.16 0.29 0.43 0.52 0.13 0.20 031 0.45 0.57 0.07 0.18 0.33 0.38 0.54
Fe 0.07 0.11 0.19 0.33 042 0.04 0.07 0.15 0.28 0.37 0.03 0.06 0.15 0.30 0.40 0.01 0.03 0.13 0.28 0.36
Co (ppm) 6.39 1217 2546 39.69 4474 700 1060 2601 3802 4354 6.11 1183 2499 3692 3846 273 1099 2868 3550  51.14
Ni 3.39 5.44 1144 1979 2371 337 510  11.08 1713 2231 2.69 439 11.13 1753 2113 143 484 11.06 1449 2193
Cu 3851 4940 6816  90.76 9791 3354 4565 5945 8113 8586 2495 4147 6215 8499 9511 1298 3371 6517 7839  92.92
Zn 11.92 9.55 10.32 16.89 15.59 524 8.46 9.76 1335 17.37 4.02 836 9.06 1441 15.04 247 7.59 18.91 18.08 17.87
As 6.67 6.10 534 491 4.02 7.01 6.69 4.05 3.92 2.54 375 420 448 327 377 2.64 235 5.58 6.85 476
Rb 027 0.08 0.20 0.32 021 0.09 0.14 0.15 0.16 0.11 0.10 0.11 0.22 0.22 0.30 0.08 0.20 0.22 0.28 0.32
Sr 13759 14535  159.00 17947 18336 131.89 14622 15020 16829 17074  119.68 13975 16142  182.87 17403  70.50  140.06 18855 18224  194.86
Y 8826  89.09 9459 9871 99.86 7138  80.58 7636 8338 7978 5343 7375 8474 9140 9130 3258 5129 12533 14443  109.81
Zr 0.54 0.40 025 0.24 0.15 0.18 0.18 0.15 0.16 0.16 0.08 0.08 0.16 0.11 0.17 0.05 0.04 0.36 037 0.20
Nb 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mo 0.02 0.04 0.02 0.00 0.01 0.02 0.04 0.04 0.00 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.03 0.01 0.03 0.01
In - - - - - - - - - - - - - - - - - - - -
Sn - - - - - - - - - - - - - - - - - - - -
Sb - - - - - - - - - - - - - - - - - - - -
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 11086 12558  160.93 21555 24028  109.34 12683 17601  227.02 25633  90.60  118.16 17524 23355 24624 4605 12489 18384 18569  265.84
La 7012 7250 7649 8224 8417 59.07 6684 6378 7324 6991 3927 5975 7115 7724 8000 2781 3788 12256 163.63  99.91
Ce 243 3.44 5.10 771 9.04 1.93 272 425 6.69 7.63 128 2.52 4.56 7.12 .44 0.76 1.59 574 1076 9.60
Pr 19.16 1950 2070 2197 2240 1579 17.72 17.03 19.18 18.32 1074 16.18 18.66 2060 2142 7.04 1047 3005 3521  25.02
Nd 81.19  83.08  89.66 9425 9592 6831 7531 7462 8268 7874 4757 7088 8114 8993 9193 3041 4665 12951 14677  108.75
Sm 17.73 18.12 1991 2080 2113 14.63 16.81 16.06 1780  17.08 1027 15.26 1750  19.28 19.67 6.24 1007 2627 2875 2249
Eu 4.57 473 5.07 536 533 3.81 427 4.15 4.55 438 2.70 3.98 4.56 5.02 5.10 1.72 2.69 6.81 7.38 5.79
Gd 1979 2007 2166 2260 2279 16.34 18.29 17.69 19.25 18.90 11.93 17.14 1968 2189 2193 7.50 1157 2963 3235 2503
Tb 2.83 2.92 3.15 330 332 238 2.69 2.60 2.88 277 1.70 2.50 2.85 3.13 3.17 1.06 1.66 437 4.79 3.69
Dy 16.82 17.14 18.49 19.63 19.78 14.05 15.85 15.29 16.99 1636 9.83 1457 16.82 18.88 18.92 6.30 994 2579 2898 2161
Ho 323 3.8 3.53 3.81 379 2.69 3.05 2.90 323 3.14 1.89 278 321 3.62 3.58 1.22 1.88 4.95 573 422
Er 8.61 8.86 9.60  10.12 10.13 7.06 8.10 775 8.69 8.41 4.99 735 8.54 9.66 971 332 5.03 13.64 15.72 11.44
Tm 1.10 1.14 123 1.31 133 0.94 1.03 1.02 113 1.10 0.65 0.94 1.14 1.26 127 0.44 0.65 178 2.08 1.51
Yb 631 6.53 7.08 7.48 7.67 527 5.99 577 6.43 6.27 3.62 5.44 6.43 7.16 725 2.39 3.67 10.14 12.16 8.57
Lu 0.81 0.84 0.92 0.99 1.02 0.70 0.77 0.76 0.86 0.84 0.48 0.72 0.85 0.95 0.96 0.32 0.50 1.33 1.63 1.16
Hf 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.04 0.04 0.03
Ta 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
W - - - - - - - - - - - - - - - - - - - -
Pb 0.97 1.03 1.53 2.76 357 0.61 0.57 1.23 2.62 343 0.44 0.51 1.19 2.59 439 0.17 0.36 0.99 231 4.08
Bi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - - - - - - - - - -
Th 0.09 0.10 0.13 0.17 0.19 0.06 0.06 0.09 0.14 0.16 0.02 0.03 0.07 0.12 0.16 0.01 0.02 0.08 0.15 0.16
U 0.76 0.82 0.89 0.95 0.94 0.68 0.77 0.81 0.88 0.84 043 0.70 0.83 0.92 0.89 0.19 047 0.92 0.97 0.96

b.d.L: below the detection limit



particle size [um]

leaching time
[minutes]
Na (%)
Mg
Al
P
K
Ca
Sc (ppm)
Ti (%)
V (ppm)
Cr
Mn (%)
Fe
Co (ppm)
Ni
Cu
Zn
As
Rb
Sr
Y
Zr
Nb
Mo
Cd
In
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
w
Tl
Pb
Bi
Th
U

0.04
0.09
0.03
0.24
0.01
0.94
0.50
0.00
88.07
0.00
0.12
0.06
5.26
2.82
3552
4.96
14.11
0.16
123.01
80.16
0.68
0.00
0.20

0.08
0.00

30

0.04
0.09
0.04
0.24
0.02
0.91
0.50
0.00
80.40
0.32
0.14
0.06
7.50
3.73
37.76
9.13
17.43
0.20
118.01
79.09
0.54
0.00
0.22

Table S6: Extraction amounts of major elements, trace elements, and rare earth elements from the Cyprus umber using sulfuric acid as a leachate.

25-150

180

0.04
0.15
0.06
0.21
0.02
0.97
0.73
0.00
95.78
0.00
0.32
0.21
24.47
10.53
64.53
9.02
8.89
0.12
128.79
88.44
0.85
0.00
0.10

720

0.04
0.18
0.08
0.17
0.02
0.94
0.81
0.00
72.69
0.54
0.45
0.35
34.64
17.48
85.19
12.74
5.07
0.21
127.58
89.60
0.92
0.00
0.05

5

30

0.03
0.09
0.03
0.19
0.02
0.75
0.37
0.00
52.82
0.00
0.15
0.06
8.19
3.75
33.61
7.80
10.77
0.17
111.93
61.57
0.33
0.00
0.11

150-1,000

180

0.03
0.13
0.05
0.18
0.02
0.81
0.52
0.00
75.05
0.00
0.29
0.17
23.65
10.03
57.09
9.90
791
0.10
111.01
69.28
0.59
0.00
0.06

720

0.03
0.16
0.07
0.17
0.02
0.82
0.63
0.00
62.48
0.29
0.41
0.30
31.58
17.13
75.25
12.65
4.54
0.16
112.96
74.05
0.70
0.00
0.05

5

1,000-2,000

180

0.04
0.14
0.05
0.23
0.02
0.80
0.63
0.00
65.20
0.28
0.32
0.15
28.01
8.84
57.96
8.15
6.09
0.10
115.24
84.84
0.50
0.00
0.05

720

0.04
0.18
0.07
0.16
0.02
0.80
0.81
0.00
70.10
0.23
0.43
0.32
34.11
16.41
82.95
10.85
3.46
0.21
119.01
81.05
0.72
0.00
0.04

5

2,000-4,000

720

0.06
0.16
0.09
0.53
0.03
0.84
1.20
0.00
62.64
0.48
0.39
0.30
35.81
13.96
78.57
12.75
5.15
0.24
99.32
136.19
0.79
0.00
0.04

b.d.L: below the detection limit
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