APPENDIX A

Ultraviolet-Visible-Near Infrared (UV-Vis-NIR) absorption spectra of

green tourmalines from Madagascar, Mozambique and Tanzania

UV-Vis-NIR absorption spectra of green tourmalines from Madagascar,

Mozambique and Tanzania were measured of the ordinary and extraordinary rays.

(Black) : Extraordinary ray (0°)

(Blue) : Ordinary ray (90°)
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Appendix A UV-Vis-NIR absorption spectra of green tourmalines from

Madagascar
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Appendix A (continued).
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Appendix A (continued).

Abs TmMc.017 0°,90° Abs TmMc.013 05,90°
ik 20 i

338-443 nm o,
(™)
1091-1170 nm (Fe™)
P e, 1429 nm (OHY)

350417 nm
40t

690-775 nm (Fe*™- Fe** IVCT)

716, 723 - Fe" IVCT
b w 4 1425 nm (OH) 2.0

1.0 1.0
0.5 0.5
T T T T T T T T T T T I T T T T T T T T ‘
0.0 ‘ | bom 0.0 ! nm
500 1000 1500 500 1000 1500

Tm Mc.020 0% 90

214 [
11191280 nm (Fei-) 13051427 om (OH)

89



UV-Vis-NIR absorption spectra of green tourmalines from Mozambique

TmAb.001 07, 90 TmAL.002 0°, 90

714-768 nm (Fe**- Fe** IVCT)
1406-1473 nm (OH)

367,376 nm

1069-1292 nm (Fe™)

Abs Tm.AMb.003 0°, 90° Tm.Mb.004 0%, 90°

- 30
1431 nm (OFF)

712, 728 nm (Fe**- Fe" IVCT) -
338, 342, 362 nm

718-720 nm (Fe*- Fe¥* IVCT
om ) 14301463 am (OB 25

1140 nm (Fe*?) 1114 nm (Fe*)

10
1.0
05 0e
0.0 I | | et ; ———
2, 00° Tm.Mb.006 07, 90°
Abs TmMb.005 02, 00 Abs m

351,364 nm i

(Ma¥) 713, 736 nm (Fe*- Fe** IVCT) =
1420-1463 nm (OH)

i 3.0

366,371 am 715738 0 (FeFe IVCT)

1112-1431 nm (OH)

15 1112, 1128 nm (Fe™) 1.5 1149 nm (Fe*)
1.0 1.0
05 05
T T T T T T T T | T T T T T T T T I
0.0 1 I 1 om 0.0 [ o
500 1000 1500 500 1000 1500
TmMb.00§ 0, 90°
Abs Tm.MMb.007 0%, 90° Abs 715,719,727, 738 nm (Fe**- Fe” IVCT)

@

712,728, 732 nm (Fe*- Fe* IVCT) ! 30

1426, 1447, 1457 nm (OH)

1430-1450nm (OH) 1155, 1149, 1185 nm (Fe')

365,370 nm

1123, 1139 nm (Fe*)

15 1.5
1.0 1.0
0.5 05
— T ——T—T— . —— e
0.0 | nm 00 f I ' nm
500 1000 1500 500 1000 1500

90



Appendix A (continued).
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Appendix A (continued).
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UV-Vis-NIR absorption spectra of green tourmalines from Tanzania
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Appendix A (continued).
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Appendix A (continued).
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APPENDIX B

FTIR absorption spectra of green tourmaline from Madagascar,

Mozambique and Tanzania
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Appendix B FTIR absorption spectra of green tourmaline from

Madagascar
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Appendix B (continued).
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Appendix B (continued).
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FTIR absorption spectra of green tourmaline from Mozambique
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Appendix B (continued).
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Appendix B (continued).
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FTIR absorption spectra of green tourmaline from Tanzania
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Appendix B (continued).
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Appendix B (continued).
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APPENDIX C

Chemical analyses of three random locations of green tourmaline samples

from Madagascar, Mozambique and Tanzania using EPMA-WDS
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APPENDIX C

Chemical analyses three random locations of green tourmaline samples from Madagascar using EPMA-WDS

Weight% oxide
Total

Sample no. | Points Li2O | H20
AlO3 | SiO2 | V203 | MnO | TiO2 | F B203 | Cr203 | FeO | CaO | MgO | Naz:O | CuO | K20 O=F | 100%
calc. | calc.

Tm.Mc.005 #1 40.40 | 36.99 | 0.01 | 1.83 | 0.01 | 0.62 | 10.85 | 0.02 | 2.49 | 0.31 0 2.18 0 0.03 | 1.56 | 3.49 | -0.26 | 100.53

#2 40.64 | 36.41 0 1.53 0 0.55 | 10.93 0 3.23 1039 | 0.02 | 2.26 0 0.02 | 1.54 | 3.52 | -0.23 | 100.81

#3 40.35 | 36.12 0 1.66 0 0.68 | 11.02 0 3.57 | 0.36 0 2.36 0 0.02 | 1.55 | 3.45 | -0.29 | 100.85

Tm.Mc.012 #1 40.68 | 36.89 | 0.01 | 0.40 0 0.60 | 11.03 0 3.03 | 0.76 | 0.04 | 2.05 0 0.02 | 1.79 | 3.51 | -0.25 | 100.56

@ #2 40.70 | 36.98 0 032 | 0.01 | 0.58 | 1097 | 0.02 | 299 | 0.71 | 0.05 | 2.02 | 0.02 | 0.02 | 1.78 | 3.52 | -0.24 | 100.45

#3 40.04 | 36.12 0 0.54 | 0.02 | 0.72 | 11.10 0 3.26 | 0.72 | 0.05 | 1.99 | 0.01 | 0.02 | 1.80 | 3.41 | -0.30 | 99.50

Tm.Mc.015 #1 40.15 | 37.04 | 0.02 | 1.14 | 0.01 | 0.53 | 11.00 | 0.01 | 3.51 | 0.40 | 0.06 | 1.87 | 0.02 | 0.01 | 1.55 | 3.53 | -0.22 | 100.61

. #2 40.10 | 38.67 0 1.05 0 0.47 | 10.61 0 3.25| 017 | 0.09 | 1.84 | 0.02 | 0.02 | 1.56 | 3.59 | -0.20 | 101.24

#3 40.40 | 38.35 0 1.17 | 0.01 | 0.58 | 10.73 0 302 | 045 | 0.1 175 | 002 | 0.02 | 1.51 | 3.55 | -0.24 | 101.42
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Chemical analyses three random locations of green tourmaline samples from Mozambique using EPMA-WDS

Weight% oxide

Total

Sample no. | Points Li2O | H20
Al203 | SiO2 | V203 | MnO | TiO2 F B203 | Cr203 | FeO | CaO | MgO | Na2:O | CuO | K20 O=F | 100%

calc. | calc.
Tm.Mb.007 #1 40.49 | 36.88 0 0.87 | 0.01 | 0.60 | 10.33 0 3.07 | 0.25 0 2.22 0 0 1.37 | 3.45 | -0.25 | 99.29
l #2 40.68 | 37.16 0 0.10 0 | 0.60 | 1055 | 0.02 | 3.00 | 0.26 0 2.19 0 |[001] 156 |347 |-0.25| 99.35
‘ #3 40.93 | 35.14 | 0.01 | 1.26 | 0.01 | 0.76 | 10.52 0 3.18 | 0.27 0 240 | 0.03 | 0.01 | 1.36 | 3.34 | -0.32 | 98.90
Tm.Mb.013 #1 40.63 | 37.44 | 0.02 | 0.74 | 0.01 | 0.49 | 1147 | 0.01 | 2.34 | 045 | 0.01 | 194 0 0 197 | 3.60 | -0.21 | 100.91
' #2 40.76 | 37.30 0 0.90 0 | 0491011 | 0.03 | 2.36 | 0.42 0 1.92 0 |[001] 132|350 |-021| 9891
— #3 40.70 | 37.93 0 0.82 0 | 048] 11.28 0 251 | 0.37 0 1.98 | 0.01 | 0.02 | 1.85 | 3.62 | -0.20 | 101.37
Tm.Mb.018 | #1 40.43 | 35.74 0 0.94 0 | 0521066 | 004 | 405 |0.20| 0.04 | 231 0 |003] 136|348 |-0.22 | 99.58
. #2 4098 | 37.14 | 0.02 | 0.92 | 0.01 | 0.60 | 10.24 0 350 | 030 | 0.02 | 2.19 | 0.04 | 0.02 | 1.22 | 3.48 | -0.25 | 100.43
#3 40.26 | 36.12 0 0.99 | 0.01 | 052 | 11.14 0 374 | 0.23 | 0.06 | 2.17 0 0.02 | 1.61 | 3.52 | -0.22 | 100.16
Tm.Mb.020 #1 40.61 | 3501 | 0.02 | 1.74 0 0.62 | 11.23 | 0.02 | 3.39 | 0.39 | 0.03 | 2.37 0 0.02 | 1.62 | 3.45 | -0.26 | 100.26
. #2 40.33 | 36.19 0 2.20 0 | 0541084 0 2.22 | 057 | 001 | 208 | 0.03 | 0.02 | 1.57 | 3.49 | -0.23 | 99.86
#3 40.87 | 3541 | 0.02 | 0.86 | 0.02 | 0.55 | 11.51 0 338 | 0.24 | 0.03 | 238 | 0.02 | 0.02 | 1.42 | 3.45 | -0.23 | 99.95




60T

Chemical analyses three random locations of green tourmaline samples from Tanzania using EPMA-WDS

Weight% oxide

Total

Sample no. | Points Li2O | H20
Al203 | SiO2 | V203 | MnO | TiO2 F B20s3 | Cr203 | FeO | CaO | MgO | NaxO | CuO | K20 O=F | 100%

calc. | calc.
Tm.Tz.011 #1 26.89 | 38.63 | 0.19 | 0.02 | 0.12 | 0.46 | 10.31 | 0.07 0 | 391 | 1343 | 1.17 | 0.04 | 0.02 | 0.91 | 3.48 | -0.19 | 99.46
. #2 27.26 | 3865 | 0.20 | 0.01 | 0.12 | 0.60 | 11.04 | 0.09 | 0.02 | 3.70 | 13.54 | 1.26 0 |0.04 | 097 | 347 | -0.25 | 100.49
— #3 27.15 | 38.96 | 0.20 | 0.02 | 0.12 | 0.53 | 1042 | 0.07 | 0.01 | 3.74 | 13.20 | 1.24 0 |0.03] 109 | 351 |-0.22 | 100.07
Tm.Tz.017 #1 27.18 | 3823 | 0.19 | 0.01 | 0.12 | 0.54 | 1057 | 0.08 | 0.03 | 4.64 | 13.36 | 0.88 0 |0.03] 089|347 |-023 | 99.98
0 #2 27.24 | 38.09 | 0.18 0 0.10 | 0.53 | 10.63 | 0.07 0 | 452 | 1310 | 0.95 | 0.01 | 0.02 | 0.98 | 3.46 | -0.22 | 99.66
— #3 27.00 | 3830 | 0.18 | 0.01 | 0.11 | 0.54 | 11.19 | 0.06 0 | 450 | 1370 | 0.91 0 |0.04 ] 100 | 350 |-0.23 | 100.81
Tm.Tz.019 #1 27.06 | 38.64 | 0.24 0 0.20 | 0.19 | 10.84 | 0.12 0 3.58 | 1299 | 1.17 0 0.08 | 1.10 | 3.64 | -0.08 | 99.77
Q #2 2750 | 38.67 | 0.25 0 0.15 | 0.14 | 10.96 | 0.10 0 361 | 1234 | 1.22 0 0.06 | 1.26 | 3.67 | -0.06 | 99.87
— #3 27.19 | 3858 | 0.25 0 0.20 | 0.15 | 10.85 | 0.09 0 |376| 1212 | 1.16 | 0.02 | 0.07 | 1.32 | 3.65 | -0.06 | 99.33
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APPENDIX D
Chemical analyses of three random locations of green tourmaline samples from Madagascar using LA-ICP-MS

Trace element (ppm)

Sample no. | Points
Li Be Sc Ti \Y% Cr Fe Ni Zn Ga Ge Sr Nb Mo Sn Sh Ta Pb Bi

Tm.Mc.005 #1 144386 | 2.53 | 8.14 | 18.67 | 0.60 | 5.82 | 58038.31 | 2.68 80.32 | 13.94 | 329 | 239 | 049 | 183 | 313 | 1.25 | 1.05 | 55.72 | 0.47

#2 142474 | 2.61 | 842 | 1496 | 0.43 | 598 | 55462.63 | 2.12 77.89 | 1494 | 359 | 242 | 049 | 1.70 | 26.89 | 1.06 | 0.51 | 58.34 | 0.66

#3 1463.42 | 263 | 7.64 | 11.97 | 0.64 | 5.76 | 50906.26 | 3.14 | 76.06 | 14.05 | 3.51 | 1.81 | 0.42 | 217 | 29.9 | 0.99 | 0.87 | 57.14 | 0.69

Tm.Mc.012 #1 1619.23 | 352 | 8.74 | 29.05 | 0.68 | 7.49 | 4684553 | 2.97 | 150.87 | 28.78 | 583 | 455 | 1.09 | 2.74 | 9.12 | 4.06 | 0.88 | 44.39 | 15.98

#2 1657.51 | 2.07 | 7.76 | 42.89 | 0.43 | 6.63 | 50247.33 | 3.33 | 131.78 | 26.39 | 6.15 | 3.68 | 1.39 | 1.81 | 10.11 | 3.32 | 1.19 | 40.92 | 13.35

#3 167482 | 2.7 | 816 | 38.49 | 0.53 | 7.37 43487 370 | 136,59 | 2397 | 791 | 357 | 0.82 | 1.74 | 10.28 | 3.81 | 1.20 | 45.75 | 11.77

Tm.Mc.015 #1 1722.44 | 6.95 | 8.07 | 52.25 | 1.28 | 16.20 | 283.54 6.01 29.32 | 5880 | 9.18 | 0.72 | 0.76 | 5.06 | 823 | 3.21 | 0.75 | 576 | 71.76

. #2 165542 | 4.06 | 8.11 | 86.57 | 0.77 | 11.20 947.59 459 | 140.64 | 69.08 | 581 | 055 | 0.42 | 313 | 552 | 241 | 053 | 3.80 37.3

#3 14463 | 941 | 7.48 | 2860 | 201 | 26.85 | 538.98 | 12.32 | 48.17 | 59.63 | 1535 | 140 | 1.20 | 492 | 9.79 | 421 | 149 | 815 | 10.09
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Chemical analyses of three random locations of green tourmaline samples from Mozambique using LA-ICP-MS

Trace element (ppm)

Sample no. | Points
Li Be Sc Ti \% Cr Fe Ni Zn Ga Ge Sr Nb | Mo Sn Sh Ta Pb Bi

Tm.Mb.007 #1 130449 | 6.74 | 754 | 7.92 | 0.56 | 6.86 | 34647.56 | 452 | 667.13 | 12.20 | 10.21 | 6.29 | 0.40 | 245 | 16.30 | 1.29 | 1.42 | 31.81 | 0.67
' #2 1407.8 | 2.48 | 6.66 | 4.95 | 0.53 | 5.99 | 40170.15 | 3.10 | 706.87 | 11.52 | 11.26 | 9.43 | 0.36 | 2.26 | 15.01 | 0.88 | 0.39 | 56.08 | 0.71
‘ #3 1569.61 | 3.37 | 871 | 7.10 | 0.74 | 7.56 | 50553.68 | 3.69 | 634.89 | 9.93 | 4.92 | 65.88 | 0.48 | 2.69 | 6.79 | 2.08 | 3.01 | 169.11 | 0.89
Tm.Mb.013 #1 1428.11 | 358 | 6.73 | 845 | 0.78 | 8.34 | 29299.94 | 433 | 97.64 | 1235 | 5.39 056 | 049 | 295 | 22.14 | 261 | 058 | 14.72 | 1.20
l #2 145121 | 466 | 7.01 | 885 | 0.58 | 9.81 | 26596.32 | 4.94 | 128.08 | 13.66 | 5.61 | 091 | 0.41 | 254 | 21.22 | 1.88 | 0.62 | 11.72 | 0.97
- #3 139245 | 3.78 | 7.71 | 13.62 | 0.48 | 7.20 | 56195.93 | 3.24 | 204.39 | 13.17 | 3.65 228 | 040 | 247 | 419 | 1.00 | 1.25 | 54.22 | 0.85
Tm.Mb.018 #1 1311.89 | 295 | 6.72 | 29.39 | 0.73 | 6.34 | 38772 3.54 | 254.65 | 19.68 | 456 | 033 | 0.41 | 1.82 | 16.46 | 1.50 | 0.42 | 10.99 | 0.69
. #2 1323.12 | 3.64 | 6.34 | 29.40 | 0.53 | 599 | 39337.14 | 3.90 | 239.83 | 19.44 | 9.34 043 | 039 | 1.79 | 16.79 | 1.48 | 0.40 | 10.38 | 0.68
#3 1277.61 | 342 | 6.36 | 25.11 | 0.69 | 7.10 | 39368.41 | 3.14 | 258.77 | 18.40 | 9.92 | 032 | 053 | 2.28 | 13.52 | 1.53 | 0.45 | 952 | 1.02
Tm.Mb.020 #1 1298.98 | 268 | 7.21 | 7.95 | 0.43 | 5.88 | 60992.37 | 2.30 | 73.09 | 10.30 | 3.25 | 0.70 | 0.24 | 1.80 | 12.08 | 1.37 | 0.37 | 156 | 0.45
. #2 194082 | 3.23 | 6.51 | 8.17 | 0.63 | 7.69 | 20110.52 | 2.67 | 51.41 8.43 4.05 123 | 037 | 151 | 2588 | 1.54 | 041 2.13 0.87
l #3 1413.09 | 298 | 6.23 | 7.20 | 0.63 | 8.04 | 14608.56 | 2.96 | 32.17 | 10.24 | 6.19 114 | 054 | 3.23 | 29.18 | 1.44 | 0.39 2.27 0.70
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Chemical analyses of three random locations of green tourmaline samples from Tanzania using LA-ICP-MS

Trace element (ppm)
Sample no. | Points
Li Be Sc Ti \% Cr Fe Ni Zn Ga Ge Sr Nb | Mo | Sn Sh Ta Pb Bi

Tm.Tz.001 #1 1298 | 2.34 | 6.19 | 607.27 | 645.25 | 249.92 | 2856 | 231 | 6.29 | 0.84 | 3.27 92.18 | 032 | 156 | 163 | 1.12 | 0.39 | 1.01 | 0.63
#2 13.74 | 3.67 | 6.66 | 627.46 | 556.94 | 190.77 | 35.76 | 3.67 | 861 | 1.39 | 417 | 9696 | 0.30 | 250 | 2.42 | 141 | 0.29 | 1.81 | 0.94
s #3 1242 | 3.18 | 6.42 | 659.72 | 545.36 | 200.26 | 3791 | 381 | 7.78 | 1.38 | 426 | 11135 | 0.31 | 1.81 | 224 | 1.97 | 046 | 1.27 | 0.78
Tm.Tz.017 #1 551 | 542 | 5.62 | 565.49 | 174.09 | 16.82 | 60.29 | 641 | 1293 | 485 | 857 | 196.73 | 0.75 | 2.85 | 351 | 155 | 0.72 | 2.44 | 2.04
0 #2 4.05 | 6.13 | 540 | 555.03 | 170.72 | 18.21 | 66.30 | 842 | 17.55 | 291 | 8.33 | 201.05 | 0.78 | 4.00 | 4.93 | 3.26 | 0.82 | 3.68 | 1.49
i #3 549 | 6.58 | 480 | 554.07 | 183.30 | 18.04 | 83.35 | 9.97 | 18.15 | 3.50 | 10.36 | 209.15 | 0.85 | 6.74 | 579 | 4.80 | 0.94 | 355 | 2.31
Tm.Tz.019 #1 6.39 | 2.26 | 6.11 | 690.10 | 552.47 | 492.66 | 25.69 | 3.27 | 541 | 6.79 | 299 | 64.76 | 0.33 | 237 | 2.02 | 148 | 0.37 | 1.34 | 0.66
#2 6.68 | 2.13 | 6.66 | 721.18 | 543.26 | 476.27 | 27.82 | 212 | 3.97 | 7.19 | 3.88 65.88 | 0.28 | 218 | 219 | 156 | 0.39 | 1.50 | 0.66
= #3 644 | 255 | 6.66 | 713.82 | 483.92 | 361.03 | 28.19 | 3.70 | 6.07 | 6.81 | 2.61 | 68.16 | 0.26 | 2.37 | 2.10 | 0.84 | 0.32 | 1.99 | 0.74
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