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SUPPLEMENTARY INFORMATION
The resulting value is the total content of the determined elements in the extract and in the solid
sample of shungite after extraction, expressed as a percentage of the obtained amount to the initial

mass of the sample W (wt.%).

Table S1. Element content (wt.%) in the initial shungite and after heat treatment

Element W, 10%, wt.%

05¢g 02¢g 0.2 g burnt
Li 130+6.52 100+6.15 31+1.92
‘Be 0.09+0.01 0.134+0.01 0.39+0.03
1B 19+1.17 24+1.51 25+1.58
Mg 3300+165.70 1800+95.13 2100+115.71
21A1 870+56.69 1800+95.13 3700+198.88
$Ca 7600+393.02 1500+83.07 1800+92.21
S¢ 12+63.38 2.1+0.15 2.1+0.16
47T 5.8+0.37 8.3+0.54 8.0+0.63
Ty 12+0.73 32+1.83 64+4.11
2Cr 5.2+0.35 9.6+0.71 11+0.69
>Mn 40+2.26 51+3.49 48+3.00
>Fe 4700+249.59 9600+490.38 6700+375.0
PCo 1.5+0.09 3.8+0.25 3.8+0.27
SONj 27+1.39 64+3.72 74+4.93
SCu 55+2.79 90+5.29 46+3.00
667n 160+8.79 71+3.88 594+3.89
“Ga 1.0+£0.07 1.9+0.13 5.1+0.38
2Ge 0.47+0.04 3.7+0.26 2.7+0.19
As 10.0+0.59 28+1.74 38+2.52
Br 3.9+0.25 6.0+0.41 6.2+0.47
82Se 3.5+0.18 9.0+0.68 1.1+£0.08
8Rb 5.840.30 3.5+0.28 11+0.65
88Sr 170+8.77 39+2.62 41+2.45
8y 1.1+0.07 3.2+0.25 4.8+0.32
07 0.93+0.08 4.1+0.30 3.5+0.24
3Nb 0.087+0.010 0.048+0.005 0.05+0.004
%Mo 2.2+0.12 6.4+0.51 11+0.62
101Ry 0.0011+0.001 0.012+0.001 0.013+0.001
13Rh 0.025+0.003 0.010+0.001 0.011+0.001
105pd 0.8140.07 0.38+0.04 0.42+0.04
107A g 0.099+0.001 0.42+0.04 0.16+0.02
11Cd 1.3+0.08 0.96+0.09 1.3+£0.09




5Tn 0.019+0.002 0.05+0.005 0.061+0.006
18Sn 0.70+0.02 0.64+0.06 2.3+0.15
121Sb 0.26+0.03 0.042+0.005 0.044+0.005
125Te 0.15+0.01 0.13+0.01 0.14+0.01
1271 8.7+£0.56 150+9.29 150+7.85
133Cs 0.10+0.01 0.22+0.02 0.45+0.04
137Ba 23+1.40 314£2.45 110+7.17
I78Hf 0.064+0.01 0.26+0.03 0.2340.02
181Ta 0.0022+0.0002 | 0.0034+0.0004 | 0.00514+0.0006
182w 0.234£0.02 0.12+0.01 0.14+0.01
185Re 0.045+0.004 0.15+0.02 0.16+0.02
1%90s 0.013+0.001 0.014+0.002 0.015+0.002
193¢ 0.0046+0.0005 | 0.0051+0.00 0.0053+0.0006
195pt 0.015+0.001 0.024+0.002 0.014+0.001
97Au 0.994+0.08 0.0083+0.001 0.0087+0.001
202Hg 5.3+0.35 1.0+£0.07 0.2540.02
205T] 0.12+0.01 0.26+0.02 0.45+0.04
208Pp 0.021+0.002 4042.42 38+£2.33
209B; 0.2340.02 0.60+0.04 0.74+0.06
22Th 0 3.2+0.25 4.0+£0.28
238U 0 7.1£0.51 11+0.64

Table S2. Content of detected elements (wt.%) in shungite (0.2 g) depending on the nature of the
extractant, extraction time — 24 h

W, 104, wt.%

Element

H,0 CH;0H KOH HCI
Li 34+2.0 73+4.30 32+1.87 113+6.91
‘Be 0.73+0.05 1.8+0.12 0.48+0.03 0.32+0.02
1B 270£16.59 600+36.71 1300+78.49 360+22.55
Mg 16000+827.28 15000+818.05 6000+306.96 4900+262.51
2TAl 18000+£932.16 19000+1013.29 4500+231.87 3600+193.62
$Ca 14000+766.29 13000+707.32 6600+345.42 11000+620.30
HSc 23+1.62 52+3.72 18+1.24 14+1.06
41Ti 100+6.40 130+8.37 40+2.52 79+5.21
Sy 340+18.80 360+20.13 35+1.95 2000+113.92
2Cr 110+8.35 130+9.48 110+7.76 6300+469.51
>Mn 350+23.33 390+26.29 170+£11.18 170+11.74
>Fe 110000+5358.23 | 110000+5756.79 | 34000+£1694.29 | 22000+1155.93
¥Co 15+0.95 18+1.14 12+0.78 10+0.65
60Nj 250+13.97 360+20.61 220+12.53 170+£10.22
SCu 720+41.74 930+54.20 290+16.40 1100+64.54
667n 420+22.67 680+37.19 230£11.96 880+49.22




“Ga 20+1.36 22+1.50 6.5+0.43 10+0.70
2Ge 36+2.50 424+2.95 16=£1.08 17+1.25
As 290+£17.71 310+18.96 68+4.14 300+19.03
"Br 67+4.56 110+7.39 140+9.33 2000+138.68
82Se 86+6.46 95+7.09 14+1.03 6.3+0.49
8Rb 3442.59 39+3.01 60+4.56 16£1.27
8Sr 380+25.19 280+18.71 190+12.10 290+19.57
Y 29+2.23 35+2.66 12+0.86 124+0.90
NZr 44+3.18 49+3.55 17+£1.22 28+2.07
%Nb 0.54+0.06 1.2+0.13 5.6£0.66 0.21+0.02
%Mo 714£5.79 80+6.31 86+7.07 21+1.64
10IRy 0.14+0.02 0.30+0.03 0.15+0.02 0.14+0.02
103Rh 0.067+0.008 0.11+0.01 0.027+0.003 0.067+0.007
105pd 3.1+£0.32 3.7+£0.38 1.4+0.14 1.1+0.11
107Ag 4.5+0.43 5.4+0.52 10£0.97 2.0+0.19
Mcd 3.8+0.36 5.0+0.47 3.0+£0.28 2.0+£0.18
5In 0.53+0.05 0.64+0.06 0.17+0.02 0.094+0.009
118Sn 4.9+0.43 21+1.82 2.5+0.22 8.2+0.70
121Sb 0.47+0.05 1.04+0.11 2.08+0.23 1.1+0.12
125Te 2.1+0.21 3.3+0.33 1.6+0.16 1.7£0.16
127] 1600+£101.89 3600+225.83 720+43.65 1500+95.46
133Cs 2.4+0.25 2.3+0.24 0.82+0.09 0.89+0.09
137Ba 310+£23.68 320+24.93 120+9.30 120+9.66
78Hf 2.4+0.27 3.1£0.34 0.55+0.06 1.6+0.17
181Ta 0.065+0.008 0.075+0.009 1.5+0.18 0.03+0.004
182w 0.2140.02 1.8+0.20 62+7.14 3.4+0.38
185Re 1.5+£0.16 1.8+0.20 0.43+0.05 1.2+0.13
1%90s 0.16+0.02 0.35+0.04 0.17+0.02 0.16+0.02
193] 0.056+0.007 0.13+0.01 0.073+0.009 0.059+0.007
195pt 0.15+0.01 0.33+0.03 0.55+0.05 0.16+0.01
197Au 0.093+0.011 0.21+0.02 0.10+0.01 0.10+0.01
202Hg 10+0.69 17£1.17 5.4+0.37 4.1+0.29
20T 3.1+£0.25 3.2+0.03 1.3+£0.11 1.6+0.13
208Pp 390+23.19 4542.67 160+9.43 210+£12.67
209Bi 4.9+0.35 5.840.42 19+1.34 3.0+£0.22
22Th 33+£2.53 37£2.82 14+1.03 8.9+0.70
238U 71£5.07 73+£5.28 24+1.67 31+£2.24

Table S3. Content of detected elements (wt.%) in shungite (0.5 g) depending on the nature of the
extractant, extraction time — 24 h

W, 104, wt.%
CH:OH | KOH | HCI

Element
H,0 |




"Li 130+6.58 260+13.01 150+7.45 380+£19.70
‘Be 1.540.18 3.4+0.41 0.97+1.08 0.59+0.07

B 190+11.87 370+£23.35 1200+£75.23 190+£12.31
Mg 18000+£900.77 | 23000£1172.12 | 8000+401.86 11000+£583.59
2TAl 20400+1343.91 | 36000+2334.68 | 9300+588.12 6300+419.60
$Ca 23000+£1191.21 | 31000£1570.04 | 8700+433.53 15000+797.76
Sc 130+6.53 240+1264.34 87+4.37 54+2.86

Y1Ti 305+19.81 308+20.02 63+3.92 240+16.10
vV 320+19.32 530+31.79 150+84.29 53+3.26

2Cr 170+£11.79 250+£16.71 71+4.64 18000+1252.34
>Mn 900+50.34 1500+83.10 610+£33.56 690+39.92
STFe 10800+£570.51 | 18000+£955.24 6600+337.39 7700+417.52
Co 16+£1.06 30+£1.96 25+1.57 11£0.72

6ONi 260+13.20 970+50.53 400+19.83 25+1.34

8Cu 840+41.96 2400£121.53 560+27.97 4104£21.62
66Zn 1500+£82.56 6800+379.27 1800+98.87 2100+117.71
Ga 32+2.12 57£3.81 16+1.04 18+1.17

2Ge 21+1.82 36+3.10 19+1.66 160+13.81
As 290+15.78 460+25.52 92+4.97 1400+78.27
Br 250+16.32 130+8.54 350+21.97 14000+889.27
82Se 66+3.43 310+£15.92 22+1.15 38+2.05

8Rb 170+8.37 150+7.53 90+4.50 84+4.39

88Sr 5100+259.10 6500+332.86 2200+111.90 3200+171.31
Y 25+1.47 4542.72 21+1.23 114+0.66

NZr 23+£2.04 43+3.89 15+1.39 19£1.69

%Nb 0.36+0.04 0.55+0.06 0.40+0.05 0.49+0.06
%Mo 414+2.19 77+4.07 390+20.30 11£0.59

10Ru 0.11+0.01 0.22+0.02 81+£7.73 0.001+0.0001
103Rh 0.42+0.05 0.56+0.06 0.24+0.03 0.23+0.02
105pd 13+1.17 17+1.48 7.1£0.64 5.0+0.44
17Ag 1.0+0.10 2.0+0.19 6.7+£0.63 36+3.34

icd 6.6+0.41 11£0.67 16+0.95 114+0.71

5In 0.37+0.04 0.77+0.08 0.41+0.04 0.14+0.02
118Sn 11£1.05 54+£5.22 39+3.89 5.6+0.53

121Sb 1.7+0.16 5.6+0.53 1.240.12 1.2+0.11

125Te 2.0+0.20 4.8+0.46 1.1£0.11 3.7+0.35

1277 90+6.01 170£11.66 18000£1173.55 | 120+8.11
133Cs 1.8+0.15 3.6+0.30 1.2+0.11 0.79+0.07
137Ba 600+36.46 1.9£0.11 340+19.48 340+20.56
I78Hf 1.4+0.13 2.4+0.22 1.1+0.10 1.0+£0.09
181Ta 0.036+0.004 0.23+0.03 1.2+0.14 0.00078+0.00009




182w 2.7£0.23 9.5+0.84 15+1.31 18+1.57
185Re 1.02+0.10 1.5+0.14 0.49+0.05 0.64+0.06
1%90s 0.13+0.01 0.26+0.03 0.11+0.01 0.0012+0.0001
193¢ 0.047+0.006 0.092+0.011 0.041+0.005 0.042+0.005
195pt 0.25+0.02 0.33+0.03 0.2240.02 0.11+0.01
7Au 0.078+0.006 0.15+0.01 0.067+0.006 0.068+0.006
202Hg 33+£2.17 20+1.30 51+£3.34 36+2.47
205T] 2.0£0.18 3.9+£0.35 1.5+0.13 0.46+0.04
208Pp 320+34.84 860+95.02 240+27.09 89+9.361
209Bi 2.4+0.21 6.4+0.56 1.8£0.16 2.7+0.23
22Th 0 19+1.71 6.6+0.60 1.84£0.16
238U 0 82+7.32 294+2.63 1741.52

Table S4. Content of detected elements (wt.%) in shungite (0.2 g) depending on the nature of the
extractant, extraction time —2 h

W, 104, wt.%

Element

H,0 CH;0H KOH HCl
Li 24+1.23 25+1.32 23+1.15 190+10.06
‘Be 0.50+0.05 0.60+0.06 0.72+0.07 0.30+0.03
1B 440+28.57 480+30.92 1700+105.49 450+30.45
Mg 12000+603.96 11000+587.85 16+0.81 7700+405.84
21A1 73+374.66 6600+337.36 150+7.48 2900+152.26
$Ca 28000+1453.65 | 26000+£1402.65 | 24000+1204.85 | 19000+1039.12
5S¢ 27+2.17 29+2.29 20+1.55 20+1.63
41Ti 43+3.41 42+3.31 60+4.53 140+11.12
Ty 120+48.71 120+8.59 140+9.39 2040+147.13
2Cr 73+5.35 79+5.86 71+5.14 6800+509.58
>Mn 110+6.90 110+6.55 190+10.96 280+17.12
>Fe 420004+2211.40 | 40000+£2138.29 | 53000+2748.57 | 9800+537.12
PCo 6.5+0.49 5.7+0.43 18+1.30 4.24+0.33
“ONi 190+11.12 150+9.06 320+18.97 120+7.55
SCu 260+15.77 250+15.11 380+22.35 140+8.69
667n 460+33.23 410+£29.61 640+45.75 480+35.27
“Ga 10+0.85 9.3+0.68 11+0.81 11+0.86
2Ge 15+1.14 17£1.25 20+1.46 12+0.92
As 150+£9.51 130+8.64 98+6.18 370+24.61
Br 470+35.61 310+23.76 350+25.96 1800+142.56
82Se 4443 .41 38+2.93 24+1.83 414+3.22
85Rb 21+1.58 14+1.11 32+2.45 15+1.15
88Sr 670+38.13 650+37.24 590+32.71 520+30.49
Yy 12+0.80 11+0.79 16+£1.05 5.5+0.38
0Zr 12+0.68 13+0.73 12+0.65 12+0.72




%Nb 0.30+0.03 0.20+0.02 3.0+£0.31 0.24+0.02
Mo 49+3.48 32+2.29 20+1.40 16+1.17
101Ry 0.14+0.01 0.15+0.02 0.14+0.01 0.14+0.01
103Rh 0.10+0.01 0.13+0.01 0.11+0.01 0.10+0.01
105pd 2.3+0.24 0.083+0.009 2.1£0.22 1.0+£0.11
17Ag 3.3+0.38 1.9+0.22 10£1.18 2.0+£0.22
Hcd 3.7+0.37 3.9+0.38 6.840.68 1.0+0.10
15In 0.25+0.02 0.27+0.02 0.20+0.02 0.24+0.02
'18Sn 4.2+0.45 3.240.34 2.5+0.27 1.840.19
121Sb 0.43+0.05 0.32+0.04 0.60+0.07 0.40+0.05
125Te 2.2+0.23 1.9+0.20 1.5+0.16 1.7+0.17
1271 330+20.44 360+22.12 360+21.84 370+£23.84
133Cs 0.65+0.06 0.71+0.07 0.36+0.03 0.52+0.05
137Ba 200+13.85 180+12.50 190+13.13 102+7.38
178Hf 0.73+0.07 0.74+0.07 1.2+ 0.58+0.06
181Ta 0.14+0.02 0.045+0.005 0.31+0.04 0.028+0.003
182w 5.0£0.51 1.3+0.13 10£1.04 2.7+0.27
185Re 0.50+0.05 0.59+0.06 0.0+0.05 0.48+0.05
%905 0.16+0.02 0.17+0.02 0.16+0.02 0.16+0.02
193¢ 0.058+0.007 0.063+0.007 0.058+0.007 0.059+0.006
195pt 0.34+0.04 0.17+0.02 0.16+0.02 0.16+0.02
97Au 0.095+0.010 0.103+0.011 0.095+0.011 0.097+0.010
202Hg 2.8+0.20 2.4+0.18 1.7+0.13 5.4+0.40
2057 0.49+0.05 0.53+0.05 1.4+0.13 0.15+0.01
208Pp 170+12.63 150+11.50 190+13.56 110+8.22
209Bj 1.9+0.16 1.6+0.14 2.2+0.19 1.940.16
22Th 10£0.72 11+0.74 134+0.87 2.8+0.20
238U 24+1.7a4 23£1.70 25£1.75 10+£0.77

Table S5. The content of detectable elements (wt.%) in shungite (0.2 g) after heat treatment
depending on the nature of the extractant, extraction time — 24 h

Element W,104, wt.%

H,O0 CH;0H KOH HCI
Li 32+1.92 40+2.38 30+1.78 110+6.81
‘Be 3.3+0.27 2.9+0.24 2.3£0.18 1.74£0.13
1B 263+16.04 320+19.53 1200+73.23 350+22.21
24Mg 16200+£859.18 | 17800+£961.60 | 13400+695.81 | 12500+685.68
27A1 29600+£1570.3 | 29000£1540.3 | 20400+1063.3 | 13500+742.40
$Ca 14200+710.78 | 21600£1100.6 | 12700+634.49 | 22300+£1159.11
Sc 22+1.62 27+£2.02 17£1.22 14+1.08
47T 67+5.20 70+5.48 63+4.78 64+5.02
Sy 300+19.17 280+17.69 170+£10.23 1900+124.04




2Cr 94+5.67 100+£6.21 100+5.93 6100+£377.09
>SMn 420+25.88 380+23.75 320+19.77 210+13.48
STFe 61900+3405.1 | 57400+3216.9 | 49300+2662.7 | 14500+829.26
Co 30+2.13 28+2.04 250+1.80 8.8+0.65
6ONi 630+41.34 540+36.34 530+34.34 220+14.86
0Cu 360+23.27 520+33.24 470+29.76 790+52.39
667Zn 520+33.70 510+£33.94 540+34.28 390+26.31
“Ga 424+3.05 40+2.95 32+2.28 10.2+0.77
2Ge 242+1.70 21+1.52 18+1.22 12.7+£0.92
SAs 220+14.45 280+18.15 140+9.14 290+19.38
Br 63+4.74 78+5.96 90+6.68 1930+148.25
82Se 11+0.82 13+1.02 9.0+0.68 4.7+0.37
8Rb 88+5.26 81+4.92 71+4.16 45+2.80
8Sr 330+16.25 530+31.04 330+19.82 570+34.57
Y 37+2.19 34+2.33 200+12.98 12+0.86
NZr 29+1.97 24+1.61 17+1.11 13+0.93
2Nb 0.51+0.04 0.63+0.05 5.5+0.48 0.15+0.01
%Mo 31+1.74 36+2.05 22+1.21 6.9+0.41
10TRu 0.13+0.01 0.16+0.02 28+3.05 0.14+0.01
103Rh 0.08+0.01 0.08+0.01 0.06+0.01 0.10+0.01
105pq 3.5+0.34 4.1+0.40 1.4+0.13 1.8+0.18
107Ag 1.5+0.15 2.6+0.25 9.8+0.94 1.9+0.17
11Cd 11+0.79 11+0.80 9.2+0.66 2.6+0.20
5In 0.46+0.05 0.37+0.04 0.42+0.05 0.07+0.01
118Sn 2.7+0.18 2.8+0.19 11+0.79 1.5+0.10
121Sh 0.57+0.06 0.56+0.06 1.9+0.22 0.67+0.07
125Te 1.4+0.14 1.8+0.17 1.5+0.15 1.67+0.16
1271 1500+77.38 1900+96.89 670+33.39 1450+75.33
133Cs 3.4+0.32 3.1+0.29 2.4+0.23 1.6+0.15
137Ba 880+54.26 920+57.17 770+47.26 540+34.82
I8Hf 1.9+0.18 1.4+0.14 2.3+0.22 0.69+0.07
181Ta 0.03+0.004 0.03+0.004 1.4+0.17 0.03+0.003
182W 1.8+0.17 1.5+0.14 57+£5.51 2.8+0.26
185Re 0.79+0.08 0.29+0.03 0.924+0.09 0.33+0.03
1%90s 0.15+0.02 0.1940.02 0.16+0.017 0.16+0.02
193]p 0.05+0.01 0.07+0.01 0.07+0.01 0.06+0.01
195pt 0.14+0.01 0.18+0.02 0.51+0.05 0.15+0.02
197 Au 0.09+0.01 0.11+0.01 0.09+0.01 0.09+0.01
202Hg 2.6+0.25 3.2+0.30 5.0+0.48 3.8+0.35
205T] 3.8+0.35 3.9+0.37 2.9+0.28 1.5+0.14
208pp 300+18.08 300£18.49 300+18.17 120£7.35
209Bj 5.9+0.48 6.3+0.52 5.7£0.47 0.60+0.05




232Th

324218

30+2.13

29+1.96

12+0.88

238U

81+4.77

71+4.18

56+3.24

15+0.88




